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Abstract
The canonical income process, including autoregressive, transitory, and fixed effect components, is rou-
tinely used in macro and labor economics. We provide a guide for its estimation using quasidifferences,
cataloging biases in the estimated parameters for various N, T, initial conditions, and weighting schemes.
Using Danish administrative data on male earnings, estimation in quasidifferences yields divergent esti-
mates of the autoregressive parameter for different weighting schemes, which conforms to our simulation
results when the variance of transitory shocks is higher than that of persistent shocks, true persistence is
high, and the persistent component’s variance in the first sample year is nonzero. We further apply qua-
sidifferences to the data from a calibrated lifecycle model and find significant biases in the persistence of
shocks and their insurance. Estimation of the income process using quasidifferences is reliable only when
the variance of persistent shocks is higher than that of transitory shocks and the moments are equally
weighted.
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1. Introduction
Answering many questions in macro and labor economics requires modeling of the individual
and household income dynamics. It is common to posit a model of log-idiosyncratic income as
a sum of long-lasting and transitory components and a fixed effect. Due to its relative simplicity
and wide applicability, such an income process is often labeled as the canonical income process;
for example, Arellano et al. (2017).

There are various approaches to estimating the income process parameters. The literature typi-
cally relies on a minimum-distance estimation and autocovariance moments of log-income levels,
yit , or differences, �yit = yit − yit−1; see, for example, Daly et al. (2022) for a discussion. The
objective of this paper is to provide a guide to estimating the canonical income process using qua-
sidifferences defined as �̃yit = yit − ρyit−1, where ρ is the persistence of shocks to the long-lasting
component.

Estimations in levels, differences, and quasidifferences have their advantages and disadvan-
tages. Estimation in levels can recover the variance of fixed effects but requires a stand on the
distribution of fixed effects and initial conditions and can be cumbersome to implement if the
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shocks’ variances change with time and age. Estimation in differences is preferable when the
long-lasting component is a random walk since fixed effects and initial conditions get differenced
out and do not affect the estimated parameters. However, even though there is a consensus that
the shocks to the long-lasting component are persistent, the literature is far from the consensus
that these shocks are permanent. If one departs from assuming that the long-lasting component
is a random walk, estimation in differences loses its advantages relative to estimation in levels.
Estimation in quasidifferences inherits the advantages of estimation in levels and differences. Like
estimation in differences when the long-lasting component is a random walk, it is not dependent
on the distribution of initial conditions and is easy to implement. In quasidifferences, this is true
even if the shocks to the long-lasting component are not permanent. Like estimation in levels,
it allows for estimation of the variance of fixed effects. The challenging aspect of estimation in
quasidifferences, however, is the requirement of an estimate of the persistence. In principle, esti-
mation could proceed in two stages: first, estimation of the persistence, and second, estimation
of the other parameters of the income process. Persistence could be estimated by GMM, which,
like estimation in levels, requires modeling of the initial conditions.1 To overcome this challenge,
Blundell et al. (2015) proposed recently to jointly estimate the persistence and the other income
process parameters using quasidifferences. The procedure they suggest involves the evaluation of
the distance between the model and the data autocovariance moments for a predefined grid in
persistence and choosing the set of the income process parameters that minimizes the distance
as the model estimates. Although this procedure is appealing in its simplicity and merits relative
to the estimations in levels and differences, nothing is known about its performance in realistic
settings. Using Monte Carlo simulations, our paper is the first to conduct such an analysis and
examine the biases in the estimated parameters using quasidifferences for various true values of
the persistence, N, T, initial conditions, and weighting schemes.

Following a large GMM literature,2 our primary focus is on evaluating the biases in the esti-
mates of persistence, but we also catalog the results for the other parameters in the appendix.
Precise estimation of the persistence is important for the design of the optimal tax policy as high-
lighted in Farhi and Werning (2012) and for the interpretation of transmission coefficients for
long-lasting income shocks to household consumption as emphasized in Blundell (2014), Hryshko
and Manovskii (2022) and Bryukhanov and Hryshko (2020).34 Blundell et al. (2015) measure the
persistence of long-lasting shocks to male earnings, male and family disposable income to evaluate
the insurance role of the tax and transfer system and family labor supply in moderating the per-
sistence of longer-lasting shocks to male earnings. We find that equally weighted estimation often
results in downward-biased estimates of the persistence in small and large samples regardless of
the magnitude of true persistence. The bias is bigger, ceteris paribus, when the variance of fixed
effects is smaller, the variance of persistent shocks is smaller, or the variance of transitory shocks
is higher. Only when the variance of persistent shocks is bigger than the variance of transitory
shocks equally weighted estimation is reliable in recovering the true values of the persistence. This
is the setting of Blundell et al. (2015), who used equally weighted estimation and very big samples
from administrative Norwegian data on earnings and incomes. Optimal and diagonal weighting
produce nontrivial upward biases in the estimated persistence when the true persistence is low and
the variance of incomes in the first sample year is nonnegligible—this may happen either when
the average age of individuals in the first sample year is sufficiently large (due to accumulation
of persistent shocks) or when the variance of initial conditions is nonnegligible. Similar to equal
weighting, optimal and diagonal weighting produce unbiased estimates of the persistence when
the variance of long-lasting shocks is bigger than the variance of transitory shocks but only when
the variance of the persistent component in the first sample year is small (e.g., when following a
cohort of individuals from the start of their working careers).

Other applications require precise estimates of the variance of persistent and transitory shocks
and fixed effects. The variance of long-lasting shocks, for example, is an important driver of
wealth accumulation in a buffer-stock model of saving (Carroll (1997)), whereas the variance of
fixed effects determines if inequality is important for the determination of the aggregate demand
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(Auclert and Rognlie (2018)). Using quasidifferences, we find that the variance of fixed effects is
severely upward-biased when the true persistence is high, but the biases in its estimation are small
when the true persistence is low. The variances of persistent and transitory shocks are estimated
with small biases, especially when the number of sample individuals is large.

In an empirical application, we use administrative data on earnings for a large sample of Danish
males born in 1952 observed during the 1984–2008 period to estimate the canonical income pro-
cess using quasidifferences. We find that the variance of transitory shocks is about twice as large
as the variance of persistent shocks and that optimal weighting of the moments yields a relatively
high estimate of the persistence followed by smaller estimates when using a diagonal and equal
weighting of the moments. We next estimate the income process using small bootstrap samples
out of the original sample of Danishmales. Optimal weighting produces a relatively stable estimate
of the persistence in large and small samples, whereas diagonal weighting results in a substantially
higher estimate of the persistence in small samples, and equal weighting yields a smaller estimate
in small samples. These results agree with our results for large and small samples from simulated
data generated for high persistence of long-lasting shocks when the variance of transitory shocks
is higher than the variance of persistent shocks and the variance of the persistent component in
the initial sample year is nonnegligible (due to a history of accumulation of persistent shocks or
nonzero initial conditions).

Estimation in quasidifferences is amenable to the methodology of Blundell et al. (2008) that
aims to recover, besides the income process parameters, the transmission of long-lasting and tran-
sitory shocks to household consumption, that is, the fraction of long-lasting and transitory shocks
that are absorbed by consumption. It generalizes the original methodology due to its potential
to recover the persistence of long-lasting shocks that may differ from unity and the variance
of fixed effects in household incomes. Our analysis of the income-process estimation in qua-
sidifferences recovers the variance of persistent and transitory shocks nearly without biases but
produces biased estimates of persistence in balanced panels. These results, if maintained within
the methodology of Blundell et al. (2008), would raise the issue of interpretation of the extent
of consumption insurance even if it was estimated without a bias. To explore the effectiveness
of estimation in quasidifferences using consumption and income data, we calibrate a standard
incomplete-markets model for low and high values of persistence and simulate the data replicat-
ing the age structure of data from the Panel Study of Income Dynamics (PSID) used in Hryshko
and Manovskii (2022). We find significant biases both in the estimated persistence and the trans-
mission coefficients for persistent and transitory shocks for high and low values of persistence,
different weighting schemes, and the number of households in the simulated data.

The results in our paper warn against the routine use of estimation in quasidifferences despite
its attractive features. However, there is one case when estimation in quasidifferences reliably
recovers the persistence of long-lasting shocks. When the variance of persistent shocks is higher
than the variance of transitory shocks, equally weighted estimation recovers the true persistence
of long-lasting shocks for different T, N, and initial conditions. Since biases in the variances of
the shocks using estimation in quasidifferencs are small, our advice is to estimate the income pro-
cess using equal weighting of the moments and use the results with confidence if the estimated
variance of persistent shocks is higher than the variance of transitory shocks.

The rest of the paper is structured as follows. In Section 2, we present theoretical moments in
levels, differences, and quasidifferences for the canonical income process and discuss the identi-
fication and estimation of the income-process parameters. In Section 3, we present the details of
our Monte Carlo simulations, and in Section 4, we present the results of estimations in quasidif-
ferences using the simulated data. Section 5 analyzes the bias in the estimated persistence using
simulated income data, presents the results from an empirical application using administrative
data on earnings from Denmark, and analyzes the bias in the income- and consumption-process
parameters using data from a calibrated lifecycle model of consumption. Section 6 discusses the
implications of our results for practical use, and Section 7 concludes.
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2. The canonical income process
We consider the canonical decomposition of idiosyncratic (log-)income for individual i at time t,
yit , into a sum of an autoregressive component zit , fixed effect αi, and transitory shock εit :

yit = αi + zit + εit
zit = ρzit−1 + ηit (1)

ηi,t ∼ iid
(
0, σ 2

η

)
εi,t ∼ iid

(
0, σ 2

ε

)
αi ∼ iid

(
0, σ 2

α

)
.

Shocks ηit have persistence ρ, all shocks and the fixed effect are i.i.d. and are orthogonal to
each other. In quantitative macro, it is common to assume that the initial condition zi0 takes the
value of zero for everyone, whereas in the panel-data literature, the initial condition is commonly
assumed to be drawn from some distribution. We will consider both of these assumptions in our
Monte Carlo simulations.

2.1 Theoretical moments
Assuming that initial conditions zi0 are i.i.d. and orthogonal to the shocks and fixed effects, the
autocovariance function of incomes in levels, differences, and quasidifferences for a cohort of
individuals who start their working life at time 0 can be characterized as follows.

Levels:

E[yityit]= σ 2
α + ρ2tvar(zi0)+ 1− ρ2t

1− ρ2
σ 2
η + σ 2

ε , t = 1, 2, . . . , T (2)

E[yit+kyit]= σ 2
α + ρk

[
ρ2tvar(zi0)+ 1− ρ2t

1− ρ2
σ 2
η

]
, t = 1, 2, . . . , T − k; 1≤ k≤ T − t. (3)

Differences:

E[�yit�yit]= ρ2(t−1)(1− ρ)2var(zi0)+
[
1+ 1− ρ

1+ ρ

(
1− ρ2(t−1)

)]
σ 2
η + 2σ 2

ε , t = 2, . . . , T

(4)

E[�yit+1�yit]= ρ2t−1(1− ρ)2var(zi0)

+
[
−(1− ρ)+ ρ

1− ρ

1+ ρ

(
1− ρ2(t−2)

)]
σ 2
η − σ 2

ε , t = 2, . . . , T − 1 (5)

E[�yit+k�yit]= ρk−1
[
ρ2t−1(1− ρ)2var(zi0)− (1− ρ)+ ρ

1− ρ

1+ ρ

(
1− ρ2(t−2)

)]
σ 2
η ,

t = 2, . . . , T − k; 2≤ k≤ T − t. (6)

Quasidifferences:

E[�ỹit�ỹit]= (1− ρ)2σ 2
α + σ 2

η + (1− ρ)2σ 2
ε , t = 2, . . . , T (7)

E[�ỹit+1�ỹit]= (1− ρ)2σ 2
α − ρσ 2

ε , t = 2, . . . , T − 1 (8)

E[�ỹit+k�ỹit]= (1− ρ)2σ 2
α , t = 2, . . . , T − k; 2≤ k≤ T − t. (9)
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2.2 Identification and estimation
Identification of the income process parameters in equation (1) is typically established by using the
moments involving combinations of autocovariances of income in levels or differences, whereas
estimation is commonly performed relying on the minimum-distance method that involves
matching all available autocovariance moments of incomes in levels or differences to their the-
oretical counterparts; see, for example, Meghir and Pistaferri (2004), Heathcote et al. (2010), and
Daly et al. (2022).

There are advantages and disadvantages of estimations relying on the moments in levels or
differences. Estimation in differences is the most obvious choice if the autoregressive component
is a random walk, ρ = 1, as it is valid for various distributions of the initial conditions for the
persistent component and fixed effects. However, it does not allow for the identification of the
variance of fixed effects; they are differenced out. Estimation in levels, in turn, requires making a
stand on the distribution of initial conditions for the autoregressive component, as we have done
at the start of Section 2.1. Our focus is on recovering the model parameters using quasidifferences
defined as �̃yit = yit − ρyit−1. Themoments in equations (7)–(9) are much simpler than the levels
and differences moments in equations (2)–(6): they do not vary with t and k and allow for the
identification of only three out of four unknown parameters—fixing ρ enables identification of the
variance of fixed effects and the variances of persistent and transitory shocks.5 Thus, although this
method inherits the simplicity of estimation in differences when the autoregressive component is
a random walk and allows for estimation of the variance of fixed effects, it requires an estimate of
the persistence, ρ.

How would one obtain a reliable estimate of the persistence? One possibility is to use GMM.
Similar to the minimum-distance estimation in levels, GMM requires modeling initial condi-
tions. It can also be substantially biased in small samples when ρ is close to one; see, for example,
Gouriéroux et al. (2010). Another possibility is to use indirect inference, but, like GMM, it does
not allow for the identification of the model parameters apart from the persistence; Gouriéroux
et al. (2010). These challenges could be potentially overcome if ρ is estimated simultaneously with
the other parameters when using quasidifferences as was recently suggested by Blundell et al.
(2015). This approach involves minimizing the distance between the full set of data and model
autocovariance moments for �̃yit for a prespecified grid of values of ρ. One then chooses ρ̂ and
the corresponding set of the model parameters yielding the lowest distance across all grid values
of ρ as estimates of the income process parameters for a given sample.

3. Monte Carlo setup
In this section, we will analyze how well estimation in quasidifferences recovers the true
persistence in various Monte Carlo settings.

3.1 Time dimension
To examine the influence of the time dimension on the identification of the income process
parameters, we consider earnings histories simulated for fifteen and thirty periods. Survey data
with a shorter time span of fifteen periods and less was used, for example, in Abowd and Card
(1989) and more recently in Blundell et al. (2008). Recent literature uses administrative data that
allows for longer samples spanning more than twenty years of individuals’ life cycles; see, for
example, Blundell et al. (2015), Daly et al. (2022), and Guvenen et al. (2021).

3.2 Sample size
We consider two sample sizes, a small and a large one, with the number of panel individuals equal
to 1000 and 10,000, respectively. Small sample sizes are common in research relying on survey
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data, whereas large sample sizes are encountered in the literature utilizing administrative data. The
low number of simulated panel units is motivated by a recent paper of Hryshko and Manovskii
(2022) who considered samples of around 1000 households and lower. We settled on 10,000 for
our bigger sample size for computational reasons. This number is in the ballpark of sample sizes
from German administrative data used by Daly et al. (2022) and in our empirical application in
Section 5.3.

3.3 Initial conditions
To examine the influence of initial conditions, we proceed as follows. In the first experiment, we
depart from the assumption of zero persistent component for every individual in period zero.
In the second experiment, we maintain that assumption, simulate the income process for thirty
periods, and estimate it using simulated data for the last fifteen periods. In both of the experi-
ments, initial periods are characterized by the variances of the persistent component significantly
different from zero.

3.4 Parameter values
We focus on two values for the persistence of long-lasting shocks, ρ = 0.90 and ρ = 0.995. The
higher value characterizes the persistent component as a near-unit root process, which is fre-
quently studied in the literature. The lower value was found to characterize the persistence of
long-lasting shocks for about half of the PSID families formed after 1968, the year of the dataset’s
inception; see Hryshko and Manovskii (2022).6 Our benchmark values for the variance of fixed
effects, variance of persistent shocks, and variance of transitory shocks are standard and equal to
0.10, 0.01, and 0.04, respectively; see, for example, Meghir and Pistaferri (2004), Storesletten et al.
(2004), Hryshko (2012), and Guvenen et al. (2021). In separate experiments, holding the other
parameters fixed at their benchmark values, we consider a higher variance of persistent shocks at
0.04, a lower variance of transitory shocks at 0.01, and equally low and high variances of persistent
and transitory shocks, simultaneously set to 0.01 and 0.04, respectively. We have also analyzed
a case with a lower variance of fixed effects equal to 0.05, as estimated in Guvenen (2009). We
assume that all shocks and fixed effects are drawn from normal distributions.7

3.5 Implementation
As mentioned above, one requires a prespecified grid for persistence, ρ, to implement estimation
in quasidifferences. The grid should be wide, with many points, while allowing for a manageable
estimation time. After some experimentation, we settled on a piecewise linear grid with 100 points
ranging from 0.3 to 1.4. The grid is split into four parts corresponding to ranges [0.3, 0.5], (0.5,0.7],
(0.7,1.1], and (1.1,1.4] with 5, 10, 70, and 15 grid points (equidistant within each range), respec-
tively. For the two values of true persistence and a given set of other parameters, we simulate one
hundred samples. For each of those samples, we perform one hundred minimum-distance esti-
mations (for each grid value) and set the grid value yielding the minimum objective value as an
estimate of the persistence. The estimated persistence is the average estimate across one hundred
samples.8 Objective values are calculated as a weighted distance between the data and theoret-
ical autocovariance moments. We use three popular weighting schemes in estimations—equal
weighting of the moments; diagonal weighting, with the diagonal elements of the weight matrix
containing the diagonal of the inverse of the variance-covariance matrix of the data moments and
zero off-diagonal elements; and optimal weighting, with the weight matrix being the inverse of
the variance-covariance matrix of the data moments.
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4. Results
In this section, we present our results from Monte Carlo simulations for different weighting
schemes, N, T, and initial conditions for the persistent component.

4.1 Equal weighting
4.1.1 Low persistence
Table 1 contains the results for low persistence and no variation in the persistent component at
time zero. Panel A contains the results for samples with a small number of individuals, while Panel
B contains the results for larger samples.

Row (1) focuses on the benchmark parameters for the variances of fixed effects, persistent,
and transitory shocks. Column (1) shows the results for estimations utilizing the first thirty peri-
ods of simulated data. There is a sizeable downward bias in the estimated persistence that equals
about 0.10. Row (2) holds the variance of fixed effects and transitory shocks fixed but increases
the variance of persistent shocks to 0.04. The estimated persistence is, on average, 0.867, featur-
ing a smaller downward bias relative to that in row (1). Row (3) conducts a comparative statics
exercise of lowering the variance of transitory shocks from 0.04 in row (1) to 0.01. The estimated
persistence is now 0.898, so the bias nearly vanishes. Row (4) conducts a comparative statics exer-
cise of increasing the variance of persistent shocks from 0.01 in row (3) to 0.04 while keeping the
variance of transitory shocks at a low value of 0.01. The estimated persistence is somewhat higher
than in row (3) but close to the true value. Summing up, it appears that increasing the variance of
transitory shocks raises a downward bias in the estimated persistence, more so when the variance
of persistent shocks is low. The downward bias becomes smaller with an increase in the variance
of persistent shocks. Both of these effects indicate that a higher ratio of transitory to persistent
variances results in a bigger downward bias in the estimated persistence. Row (5) conducts a com-
parative statics exercise of lowering the variance of fixed effects to 0.05 from 0.10 in row (1) and
shows that the downward bias becomes bigger when the variance of fixed effects is smaller. In col-
umn (2), we use the first fifteen years of the simulated data, whereas in column (3), we use its last
fifteen years. The results are qualitatively similar—with generally bigger downward biases than in
column (1)—and, as expected, are less precise.

In Panel B, rows (1)–(5), we conduct the same analysis but now for samples that are ten times
bigger cross-sectionally. A downward bias in the estimated persistence remains substantial when
the ratio of the variance of transitory to persistent shocks is high, rows (1) and (5), but nearly
vanishes for the other experiments in rows (2) to (4).

4.1.2 High persistence
Table 2 repeats the analysis of Table 1 for the persistence of long-lasting shocks equal to 0.995. The
results are similar overall, although, in addition, a substantive downward bias remains even when
N = 10, 000 and the variances of persistent and transitory shocks are both low, Panel B row (3).

4.2 Optimal weighting
4.2.1 Low persistence
Using an optimal weighting matrix and the first thirty periods of the simulated data produces
nearly unbiased estimates of the persistence; see column (4) of Table 1. Using the first fifteen
periods makes the estimates somewhat noisier, but the results are qualitatively similar. This is true
both for samples with small and big N, Panels A and B, respectively. Using the last fifteen periods
produces a substantial upward bias in the estimated persistence. The key difference between the
samples used in columns (4) and (5) versus column (6) is that, in the latter case, the variance of
incomes in the first panel year is substantially higher due to the accumulation of persistent shocks.
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Table 1. Estimated persistence. True persistence ρ = 0.9. Zero initial conditions

Weighting: Equal Optimal Diagonal

t= [1–30] [1–15] [16–30] [1–30] [1–15] [16–30] [1–30] [1–15] [16–30]

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: N= 1000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.01 0.7971 0.7733 0.7692 0.9071 0.9180 0.9953 0.7352 0.7382 1.0236
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0230) (0.0494) (0.0486) (0.0457) (0.0886) (0.1120) (0.0190) (0.1223) (0.3415)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(2) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.04 0.8671 0.8463 0.8540 0.9020 0.8906 1.0076 0.8523 0.8319 1.0382
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0113) (0.0261) (0.0209) (0.0120) (0.0267) (0.1113) (0.0190) (0.1223) (0.3415)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(3) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.01 0.8983 0.8919 0.8966 0.8998 0.9059 1.0222 0.8815 0.8813 1.0207
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0146) (0.0348) (0.0330) (0.0131) (0.0370) (0.1062) (0.0127) (0.0496) (0.1469)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(4) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.04 0.8987 0.8936 0.8988 0.9003 0.8999 1.0319 0.8954 0.8897 1.0201
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0078) (0.0209) (0.0178) (0.0106) (0.0222) (0.1084) (0.0074) (0.0125) (0.1229)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(5) σ 2α = 0.05, σ 2ε = 0.04, σ 2η = 0.01 0.7686 0.7391 0.7353 0.8985 0.8895 0.9955 0.7217 0.6956 0.9571
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0170) (0.0433) (0.0391) (0.0158) (0.0442) (0.1387) (0.0661) (0.0747) (0.3592)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Panel B: N= 10, 000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.01 0.8602 0.8361 0.8400 0.9002 0.9021 1.0013 0.8277 0.8091 1.0142
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0078) (0.0194) (0.0196) (0.0046) (0.0191) (0.1040) (0.0078) (0.0171) (0.2218)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(2) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.04 0.8938 0.8887 0.8880 0.8999 0.9009 0.9904 0.8872 0.8753 1.0092
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0035) (0.0108) (0.0109) (0.0032) (0.0099) (0.1050) (0.0033) (0.0067) (0.1367)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(3) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.01 0.8999 0.9011 0.9002 0.8997 0.9018 0.9882 0.8957 0.8894 1.0007
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0049) (0.0156) (0.0136) (0.0029) (0.0121) (0.1069) (0.0041) (0.0122) (0.1222)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(4) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.04 0.9005 0.9006 0.9004 0.9002 0.8994 0.9809 0.8990 0.8969 0.9787
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0026) (0.0075) (0.0075) (0.0032) (0.0077) (0.1035) (0.0027) (0.0072) (0.1070)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(5) σ 2α = 0.05, σ 2ε = 0.04, σ 2η = 0.01 0.8533 0.8332 0.8305 0.8997 0.9024 1.0008 0.8213 0.7981 1.0605
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0070) (0.0161) (0.0191) (0.0040) (0.0179) (0.1066) (0.0059) (0.0144) (0.2354)

Notes: The table shows estimated persistence for various T, N, and weighting schemes from simulated data for ρ = 0.9 and various values for the variances of fixed effects and shocks. σ 2α , σ 2η , and σ 2ε are the variances
of fixed effects, persistent, and transitory shocks, respectively. Standard errors are in parentheses.
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Table 2. Estimated persistence. True persistence ρ = 0.995. Zero initial conditions

Weighting: Equal Optimal Diagonal

t= [1–30] [1–15] [16–30] [1–30] [1–15] [16–30] [1–30] [1–15] [16–30]

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: N= 1000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.01 0.9170 0.8739 0.8951 0.9836 0.9899 0.9996 0.9222 0.9317 1.0203
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0095) (0.0237) (0.0343) (0.0142) (0.0482) (0.0535) (0.0838) (0.1622) (0.1698)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(2) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.04 0.9862 0.9760 0.9875 0.9949 0.9958 1.0148 0.9784 0.9499 1.0819
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0040) (0.0245) (0.0065) (0.0030) (0.0056) (0.0283) (0.0838) (0.1622) (0.1698)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(3) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.01 0.9659 0.9516 0.9578 0.9827 0.9839 0.9950 0.9580 0.9403 0.9969
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0079) (0.0212) (0.0184) (0.0127) (0.0344) (0.0434) (0.0057) (0.0365) (0.0744)
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(4) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.04 0.9935 0.9932 0.9935 0.9945 0.9942 1.0106 0.9923 0.9913 1.0206
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0030) (0.0051) (0.0041) (0.0030) (0.0105) (0.0264) (0.0032) (0.0059) (0.0347)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(5) σ 2α = 0.05, σ 2ε = 0.04, σ 2η = 0.01 0.9127 0.8690 0.8887 0.9838 0.9750 1.0037 0.8892 0.8811 1.0211
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(0.0089) (0.0188) (0.0280) (0.0134) (0.0274) (0.0486) (0.0267) (0.1275) (0.1796)
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Panel B: N= 10, 000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.01 0.9536 0.9293 0.9332 0.9903 0.9832 0.9906 0.9392 0.9070 0.9173
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0040) (0.0115) (0.0123) (0.0051) (0.0134) (0.0266) (0.0037) (0.0076) (0.0466)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(2) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.04 0.9929 0.9931 0.9934 0.9951 0.9947 0.9965 0.9914 0.9917 1.0077
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0025) (0.0026) (0.0029) (0.0028) (0.0028) (0.0093) (0.0000) (0.0021) (0.0287)
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(3) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.01 0.9783 0.9693 0.9710 0.9899 0.9853 0.9896 0.9735 0.9578 0.9638
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(0.0038) (0.0086) (0.0124) (0.0049) (0.0105) (0.0189) (0.0021) (0.0058) (0.0264)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(4) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.04 0.9953 0.9943 0.9942 0.9953 0.9949 0.9947 0.9946 0.9946 0.9953
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0027) (0.0029) (0.0029) (0.0027) (0.0028) (0.0028) (0.0029) (0.0029) (0.0074)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(5) σ 2α = 0.05, σ 2ε = 0.04, σ 2η = 0.01 0.9534 0.9292 0.9289 0.9898 0.9833 0.9900 0.9384 0.9050 0.9106
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0037) (0.0104) (0.0119) (0.0047) (0.0131) (0.0256) (0.0033) (0.0068) (0.0390)

Notes: The table shows estimated persistence for various T,N, andweighting schemes from simulated data for ρ = 0.995 and various values for the variances of fixed effects and shocks. σ 2α , σ 2η , and σ 2ε are the variances
of fixed effects, persistent, and transitory shocks, respectively. Standard errors are in parentheses.
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We will show below that the high variability of the persistent component in the first sample year
is the driver of the divergent results for the first fifteen vs. the last fifteen periods.

4.2.2 High persistence
For the case of high persistence, using the first fifteen periods in estimation produces substantively
downward-biased estimates of the persistence even if the number of sample individuals is large
when the ratio of the variance of transitory to persistent shocks is large or when both persistent
and transitory variances are small—rows (1) and (5), and row (3) in Table 2, respectively. Similar
to the case of low persistence, optimal weighting typically produces upward-biased estimates of the
persistence when the number of sample individuals is small, and one uses the last fifteen sample
periods. However, the bias is small in magnitude.

4.3 Diagonal weighting
Diagonal weighting produces results similar to equal weighting when (i) the true persistence is
high, and the number of individuals is large; (ii) when the true persistence is high, the number
of individuals is low, and one uses the first fifteen or the first thirty sample periods; or (iii) when
the true persistence is low, and one uses the first fifteen or the first thirty sample periods, regard-
less of the number of sample individuals. Diagonal weighting produces results similar to optimal
weighting when (i) the true persistence is low, and one uses the last fifteen sample periods, or (ii)
when the true persistence is high, and one uses the last fifteen sample periods when the number
of sample individuals is small.

4.4 Nonzero initial conditions
In period 16, the variance of the persistent component equals σ 2

η (1− ρ32)/(1− ρ2) when the ini-
tial variance of the persistent component is zero—see equation (2). To verify our conjecture above
that it is the variance of the persistent component in the first sample year that makes our diagonal
and optimal weighting results for periods t = 1, . . . , 15 and t = 16, . . . , 30 diverge, we conduct
separate experiments where we assume that var(zi0)= σ 2

η (1− ρ30)/(1− ρ2). We then simulate
data for fifteen periods and compare the results with those in Tables 1–2 that are based on zero
initial conditions and the last fifteen periods. By design, income variances in the first sample year
in these experiments are identical.9 For convenience, columns (4)–(6) and (10)–(12) of Table 3
reproduce our results from Tables 1–2 for low and high persistence, respectively. Reassuringly,
our new results in columns (1)–(3) and (7)–(9) of Table 3 based on nonzero initial conditions are
nearly identical to the corresponding results in the reproduced columns, both in small and large
samples. For example, using the first fifteen periods of the samples with nonzero initial conditions
and diagonally weighted estimation produces a substantial upward bias in the persistence when
the true persistence is low—column (3) Panels A and B of Table 3. Those results are nearly the
same in all of our experiments when we use the last fifteen periods of the data with zero initial
conditions and diagonally weighted estimation—column (6) of Panels A and B.

An important takeaway is that even when using large samples that mix various cohorts of indi-
viduals at different stages of their life cycles, with optimal and diagonal weighting, one should
expect an upward-biased estimate of persistence.

4.5 Themechanics of an upward bias in optimally- and diagonally weighted estimations
As we documented above in Tables 1–2, there is a stark difference in the estimated persistence
for equal versus optimal and diagonal weighting when the true persistence is low, and one relies
on the first fifteen (or first thirty periods) as opposed to the last fifteen periods. Since the number
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Table 3. Estimated persistence. Nonzero vs. Zero initial conditions

Persistence: ρ = 0.9 ρ = 0.995

Initial conditions Nonzero Zero Nonzero Zero

t= [1–15] [16–30] [1–15] [16–30]

Weighting E O D E O D E O D E O D

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Panel A: N= 1000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.01 0.7650 1.0180 1.0298 0.7692 0.9953 1.0236 0.8933 0.9928 0.9959 0.8951 0.9996 1.0203
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0551) (0.1244) (0.3432) (0.0486) (0.1120) (0.3415) (0.0292) (0.0523) (0.1662) (0.0343) (0.0535) (0.1698)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(2) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.04 0.8545 1.0094 1.0027 0.8540 1.0076 1.0382 0.9863 1.0165 1.0764 0.9875 1.0148 1.0819
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0265) (0.1135) (0.1916) (0.0209) (0.1113) (0.1959) (0.0071) (0.0288) (0.0429) (0.0065) (0.0283) (0.0371)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(3) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.01 0.8986 1.0006 1.0187 0.8966 1.0222 1.0207 0.9559 0.9915 0.9847 0.9578 0.9950 0.9969
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0302) (0.1041) (0.1481) (0.0330) (0.1062) (0.1469) (0.0213) (0.0423) (0.0734) (0.0184) (0.0434) (0.0744)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(4) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.04 0.9014 1.0104 1.0353 0.8988 1.0319 1.0201 0.9942 1.0108 1.0195 0.9935 1.0106 1.0206
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0172) (0.1061) (0.1192) (0.0178) (0.1084) (0.1229) (0.0067) (0.0270) (0.0339) (0.0041) (0.0264) (0.0347)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(5) σ 2α = 0.05, σ 2ε = 0.04, σ 2η = 0.01 0.7344 1.0130 0.9513 0.7353 0.9955 0.9571 0.8851 1.0048 1.0273 0.8887 1.0037 1.0211
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0434) (0.1221) (0.3514) (0.0158) (0.1387) (0.3592) (0.0331) (0.0558) (0.1824) (0.0486) (0.0486) (0.1796)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Panel B: N= 10, 000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.01 0.8365 1.0083 1.0216 0.8400 1.0013 1.0142 0.9315 0.9902 0.9241 0.9332 0.9906 0.9173
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0223) (0.1057) (0.2243) (0.0196) (0.1040) (0.2218) (0.0130) (0.0252) (0.0587) (0.0123) (0.0266) (0.0466)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(2) σ 2α = 0.10, σ 2ε = 0.04, σ 2η = 0.04 0.8869 0.9874 0.9929 0.8880 0.9904 1.0092 0.9933 0.9954 1.0111 0.9934 0.9965 1.0077
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0088) (0.1037) (0.1350) (0.0109) (0.1050) (0.1367) (0.0029) (0.0061) (0.0301) (0.0029) (0.0093) (0.0287)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(3) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.01 0.9015 0.9766 0.9839 0.9002 0.9882 1.0007 0.9713 0.9885 0.9599 0.9710 0.9896 0.9638
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0176) (0.1003) (0.1181) (0.0136) (0.1069) (0.1222) (0.0120) (0.0183) (0.0201) (0.0124) (0.0189) (0.0264)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(4) σ 2α = 0.10, σ 2ε = 0.01, σ 2η = 0.04 0.8999 0.9975 0.9907 0.9004 0.9809 0.9787 0.9946 0.9956 0.9951 0.9942 0.9947 0.9953
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0077) (0.1064) (0.1098) (0.0075) (0.1035) (0.1070) (0.0029) (0.0060) (0.0061) (0.0029) (0.0028) (0.0074)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(5) σ 2α = 0.05, σ 2ε = 0.04, σ 2η = 0.01 0.8278 1.0007 1.0132 0.8305 1.0008 1.0605 0.9280 0.9898 0.9201 0.9289 0.9900 0.9106
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0186) (0.1048) (0.2372) (0.0191) (0.1066) (0.2354) (0.0126) (0.0234) (0.0591) (0.0119) (0.0256) (0.0390)

Notes: The table shows estimated persistence for various N, initial conditions, and weighting schemes from simulated data for ρ = 0.995 and ρ = 0.90 and various values for the variances of fixed effects and shocks.
σ 2α , σ 2η , and σ 2ε are the variances of fixed effects, persistent, and transitory shocks, respectively. Standard errors are in parentheses. “E” [“O”] (“D”) stands for equally [optimal] (diagonally) weighted estimations. The
variance of the persistent component in period 0, var(zi0), equals 0 or σ 2η (1− ρ30)/(1− ρ2) for zero and nonzero initial conditions, respectively.
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of individuals and time periods is held constant across those two scenarios, the key difference
between them is the variance of persistent component in the initial period of the data—no variance
of the persistent component for the samples utilizing the first fifteen periods in estimation, as we
assume that initial conditions are zero for everyone, and a relatively high variance of the persistent
component for the samples utilizing the last fifteen periods, due to a history of accumulation of
persistent shocks.

To further explore the importance of this mechanism for the results, we simulate data for a
very large number of individuals—N = 50, 000—using our benchmark parameters and the per-
sistence of long-lasting shocks of 0.90 and plot the minimized objective function values at each
value of the persistence grid. Panels (a)–(b) of Fig. 1(A) plot the minimized objective values for
the equally weighted estimations using the first fifteen and the last fifteen periods for the case
of zero initial conditions, whereas Panel (c) does the same but for the estimations based on the
first fifteen periods and nonzero initial conditions for the persistent component, with the variance
equal to σ 2

η (1− ρ30)/(1− ρ2). The plots have two minima, one well below the true value of 0.90
and another one above 1 but below 1.1. All estimations capture well the global minimum that
generates the downward bias in the estimated persistence we have documented in Tables 1 and 3.
Panels (d)–(f) and (g)–(i) of Fig. 1(A) contain the same plots but for the optimally and diagonally
weighted estimations, respectively.

When the first fifteen periods are used in estimation, and initial conditions for the persistent
component are zero, both optimal and diagonal weighting estimations capture well the global
minimum visible in Panels (d) and (g). When the variance of the persistent component in the
initial year of the sample is high—due to nonzero initial conditions or when using the last fifteen
periods for the case of zero initial conditions—there are two local minima, one around 0.90 and
another one above 1 that yield close values of the objective function; see Panels (e)–(f) for optimal
and (h)–(i) for diagonal estimations, respectively. Both of these minima are frequently chosen in
the estimations, resulting in an upward-biased estimate of the persistence when the variance of
incomes in the first year of the sample is high and either optimally- or diagonally weighted esti-
mations are utilized. These estimations also result in a relatively higher variability in the estimated
persistence.

When the true persistence is high, equally weighted estimations using the first fifteen or the last
fifteen observations produce global minima, which are well below the true value of persistence—
Panels (a)–(c) of Fig. 1(B). Similar to the case of low persistence, estimations capture these global
minima well. For diagonal and optimal weighting, some estimations feature local minima, below
and above the true value, that are not far apart—Panels (e), (f), (h), and (i). As with the case of low
persistence, these estimations result in a relatively higher variability of the estimated persistence.

5. Quantitative evaluation of the biases
In the previous section, we examined the direction of biases by varying the income process
parameters one by one. In this section, we, first, compute biases in the persistence and the other
parameters using the regression analysis; second, perform an empirical application of estimation
in quasidifferences to Danish administrative data on male earnings; and, third, analyze biases in
the income and consumption process parameters from a minimum-distance estimation based on
consumption data and income data in quasidifferences from a calibrated standard incomplete
markets model.

5.1 Biases in persistence
In Table 4, we report the results from regressions of a bias in the estimated persistence, ρ̂ − ρ, on
the true values for the variances of fixed effects, persistent shocks, and transitory shocks. In odd
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(A)

(B)

Figure 1. Objective function value at grid points for the persistence. Simulated data. Large N. Notes: Each panel shows
objective function values at various grid points for the persistence for equally, optimally, and diagonally weighted mini-
mum distance estimation (EWMD, OMD, and DWMD). OMD and DWMD objective function values are divided by 1000 and 100,
respectively.

columns, we combine the samples that use the first fifteen or the first thirty observations, while
in even columns, we use the simulated data for the last fifteen observations from Tables 1–2. Our
analysis above emphasized that those samples yield drastically different results for the estima-
tions relying on optimal and diagonal weighting. The dependent variable is divided by 100, and
the independent variables are standardized so that they all have a mean of zero and a standard
deviation of one.

When the true persistence is low, equally weighted estimates have an average downward bias
of 0.06–0.07 in small samples; the bias drops to 0.02–0.03 in samples with 10,000 individuals—see
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Table 4. Bias in the estimated persistence. Regression analysis

ρ = 0.90 ρ = 0.995

Weighting: Equal Optimal Diagonal Equal Optimal Diagonal

t= [1–15], [16–30] [1–15], [16–30] [1–15], [16–30] [1–15], [16–30] [1–15], [16–30] [1–15], [16–30]

[1–30] [1–30] [1–30] [1–30] [1–30] [1–30]

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Panel A: N= 1000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2α 1.961∗∗∗ 2.184∗∗∗ 0.607∗∗∗ 0.021 2.228∗∗∗ 2.813 0.693∗∗∗ 0.821∗∗∗ 0.270∗∗∗ −0.171 1.636∗∗∗ 0.350
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.142) (0.230) (0.179) (0.676) (0.268) (1.786) (0.102) (0.161) (0.100) (0.259) (0.374) (0.886)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2η 1.777∗∗∗ 2.135∗∗∗ −0.466∗∗∗ 0.538 2.852∗∗∗ 0.344 2.946∗∗∗ 3.144∗∗∗ 0.481∗∗∗ 0.756∗∗∗ 1.972∗∗∗ 2.090∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.114) (0.189) (0.140) (0.536) (0.202) (1.073) (0.079) (0.120) (0.078) (0.193) (0.232) (0.473)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2ε −3.662∗∗∗ −4.222∗∗∗ 0.144 −1.257∗∗ −4.783∗∗∗ 0.516 −1.851∗∗∗ −1.684∗∗∗ 0.109 0.216 −1.269∗∗∗ 2.079∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.114) (0.189) (0.140) (0.536) (0.202) (1.073) (0.079) (0.120) (0.078) (0.193) (0.232) (0.473)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Const. −6.261∗∗∗ −6.923∗∗∗ 0.117 11.051∗∗∗ −8.844∗∗∗ 11.194∗∗∗ −5.110∗∗∗ −5.046∗∗∗ −0.717∗∗∗ 0.973∗∗∗ −5.212∗∗∗ 3.314∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.106) (0.173) (0.124) (0.518) (0.182) (1.132) (0.075) (0.112) (0.071) (0.185) (0.228) (0.527)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Panel B: N= 10, 000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2α 0.629∗∗∗ 0.861∗∗∗ 0.007 −0.014 0.929∗∗∗ −1.467 0.312∗∗∗ 0.543∗∗∗ 0.014 0.033 0.452∗∗∗ 0.823∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.067) (0.107) (0.048) (0.559) (0.068) (1.172) (0.055) (0.070) (0.038) (0.131) (0.066) (0.218)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2η 1.057∗∗∗ 1.181∗∗∗ −0.040 −0.449 1.676∗∗∗ −1.196 1.779∗∗∗ 2.044∗∗∗ 0.382∗∗∗ 0.269∗∗∗ 2.390∗∗∗ 3.068∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.057) (0.089) (0.033) (0.514) (0.062) (0.751) (0.040) (0.063) (0.025) (0.084) (0.048) (0.160)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2ε −1.510∗∗∗ −1.781∗∗∗ 0.025 0.556 −2.214∗∗∗ 0.547 −0.837∗∗∗ −0.946∗∗∗ −0.025 0.070 −1.110∗∗∗ −0.759∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.057) (0.089) (0.033) (0.514) (0.062) (0.751) (0.040) (0.063) (0.025) (0.084) (0.048) (0.160)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Const. −2.326∗∗∗ −2.818∗∗∗ 0.063∗ 9.233∗∗∗ −3.993∗∗∗ 11.701∗∗∗ −2.614∗∗∗ −3.085∗∗∗ −0.483∗∗∗ −0.271∗∗∗ −3.581∗∗∗ −3.671∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.051) (0.082) (0.032) (0.470) (0.055) (0.772) (0.039) (0.057) (0.025) (0.085) (0.046) (0.152)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

No. obs. 1000 500 1000 500 1000 500 1000 500 1000 500 1000 500

Notes: The table contains the results from a regression of the bias in the persistence scaled by 100, 100 · (ρ̂ − ρ), on the standardized variances of fixed effects, σ 2α , persistent shocks, σ 2η , and transitory shocks, σ 2ε .
Columns t=[1–15], [1–30] (t=[16–30]) utilize estimation data based on the first fifteen or thirty (last fifteen) observations from Tables 1–2. Standard errors are in parentheses. ∗∗∗ (∗∗) [∗] significant at the 1% (5%)
[10%] level.
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the estimated constants in columns (1)–(2) of Panel A and B, respectively. In small samples, an
increase in the variance of transitory shocks by one standard deviation,10 ceteris paribus, raises
the downward bias by additional 0.04 points, resulting in an estimate of the persistence of 0.80.
A reduction in the variance of persistent shocks by one standard deviation raises the downward
bias by additional 0.02 points, whereas a reduction in the variance of fixed effects by one stan-
dard deviation raises the downward bias by about 0.02 points.11 All these effects are significant at
the 1% level. They are quantitatively smaller when N is large, although they are still statistically
significant—Panel B, columns (1)–(2). Thus, even if samples are large, a particular configuration
of model parameters could result in biased estimates of the persistence.

When the true persistence is high, the average bias is similar, the effects of a variation in the
variance of fixed effects and transitory shocks are somewhat smaller, whereas the effect of a change
in the variance of persistent shocks is somewhat larger—columns (7)–(8).

Optimally weighted estimates have small biases when the first fifteen or thirty observations are
used and little variation of these biases when the model parameters change—columns (3) and (9).
An upward bias is substantial when the last fifteen observations are used, the true persistence is
low, and the bias varies little with the model parameters, especially when N is large—column (4).

Diagonally weighted results are quantitatively similar to the equally weighted results when the
first fifteen or thirty observations are used in estimation and similar to the optimally weighted
results when the last fifteen observations are used in estimation.

5.2 Biases in the other parameters
Online Appendix Tables A-1–A-3 contain the results from analogous regressions for the biases in
the variance of fixed effects, persistent, and transitory shocks, respectively. Briefly, the variance of
fixed effects is severely upward-biased when the true persistence is high regardless of the weighting
matrix, sample size, or the number of periods. The variances of persistent and transitory shocks
typically have small biases, especially when samples are large cross-sectionally. See the Online
Appendix for the full details.

5.3 Empirical application
To illustrate our results empirically, we use administrative earnings records from Denmark for
the cohort of males born in 1952 observed during 1981–2006. We use a balanced sample and
the sample selection criteria of Daly et al. (2022) that are standard in the literature. Briefly, we
dropped individuals who were ever self-employed, dropped records for males working less than
10% of the year as full-time employees, and earnings histories with growth outliers defined as an
increase of earnings in adjacent periods by more than 500% or a drop by less than –80%. Earnings
are expressed in the 1981 Danish kroner.We remove predictable variation in earnings by running,
for each year, cross-sectional regressions of log earnings on educational dummies, a third-order
polynomial in age, and the interaction of the educational dummies with the age polynomial. Our
final sample comprises 13,543 individuals with 26 earnings observations.

As in Daly et al. (2022), we allow for an MA(1) transitory component but also allow for the
variances of persistent and transitory shocks to vary over time.12 Using an optimal weighting
matrix and estimation in quasidifferences, similar to Daly et al. (2022), we find that the variance
of transitory shocks is about twice as large as the variance of persistent shocks. The persistence of
long-lasting shocks is estimated at 0.975, close to an estimate inDaly et al. (2022) for their balanced
sample. Using diagonal weighting, we estimate persistence at 0.935, whereas equal weighting of
the moments yields an estimate of 0.895. The most fitting reference to our empirical setting is
the simulation results in rows (1) and (5) and columns (3), (6), and (9) of Table 2 Panel B. Those
results are based on the experiments where the variance of transitory shocks is relatively higher
than the variance of persistent shocks, samples are cross-sectionally large, and individuals have
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already accumulated persistent shocks for a number of years when they are first observed in the
data. Similar to our empirical results, optimal weighting yields a higher estimate of the persistence
than equal and diagonal weighting of the moments. Using 100 bootstrap samples of 1000 individ-
uals from our Danish data, we obtain the average values of persistence of 0.984, 1.00, and 0.867 for
optimal, diagonal, and equal weighting, respectively. This corresponds to our simulation results
where the estimates of the persistence are comparable for large and small samples for optimal
weighting (column (6) row (1) Panels A and B, or column (6) row (5) Panels A and B), are sub-
stantially higher in small samples when diagonal weighting is used (column (9) row (1) Panels A
and B, or column (9) row (5), both panels), and are lower in small samples when equal weighting
is used (column (3) row (1), or column (3) row (5) in both panels).

5.4 Biases when using consumption and income data
Blundell et al. (2008) developed a methodology for estimating the income process and consump-
tion insurance parameters using auto- and cross-covariances of consumption and income growth
rates. They applied it to longitudinal data from the U.S., assuming that the autoregressive com-
ponent of income is a random walk. Specifically, they estimated the variances of permanent and
transitory income shocks in equation (1) along with the transmission of those shocks to household
consumption, evaluating the following equation:

�cit = φηit +ψεit + ζit +�uit ,

where cit is the household i’s log consumption at time t, φ, and ψ are the transmission coeffi-
cients for permanent and transitory income shocks to household consumption, respectively, uit
is the measurement error in consumption, and ζit is a permanent shock to consumption that is
orthogonal to the income shocks.

Estimation using quasidifferencing can be easily embedded into the methodology of Blundell
et al. (2008) when the long-lasting component is, instead, an autoregressive process with finite
persistence.13 Although we showed above that estimation in quasidifferences is often unreliable
when using income data, consumption data could provide valuable information for identifying the
persistence of the shocks and, used jointly with income, might potentially help correct the biases
outlined above. To explore this possibility, we simulate data from a calibration of the standard
incomplete-markets model of consumption.

In themodel, households value consumption,C, using CRRA utility function u(C)= C1−γ
1−γ , face

zero borrowing constraints, and accumulate savings for retirement and precautionary reasons to
insulate their consumption from persistent and transitory shocks to income and the predictable
income drop at retirement. The real interest rate on saving is set to 4%. Households discount
future utility exponentially using the time discount factor β and face mortality risk after retire-
ment. They start their working life at age 26, retire at age 65, and die with certainty at age 90.
Income is exogenous and is subject to the persistent and transitory risk before retirement, as in
equation (1). After retirement, income equals 70% of its autoregressive component at age 65.

We focus on the two persistence values as we have done above. Those values were found to
characterize the income dynamics of the families formed by sons and daughters of the original
PSID households; see Hryshko and Manovskii (2022). The variance of persistent and transitory
shocks and the variance of fixed effects are set to the benchmark values of row (1) in Table 1.
We assume that all households start with zero persistent component of incomes at age 26, and
all shocks and fixed effects are normally distributed. The predictable components of income
and mortality risk are taken from Hryshko and Manovskii (2022). The time discount factor is
calibrated by matching the wealth-to-income ratio in each economy characterized by different
persistence of long-lasting income shocks to the value of 3. The calibrated values are 0.9529
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Table 5. Calibration

Parameter Value Internally calibrated Data source

Income age profile, ages 26–65 Various N Kaplan and Violante (2010)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Survival probabilities, ages 66–90 Various N Hryshko (2014)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CRRA, γ 2 N Kaplan and Violante (2010)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interest rate 4% N Carroll (2009)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance of persistent income shocks, σ 2η 0.01 N Benchmark value
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance of transitory income shocks, σ 2ε 0.04 N Benchmark value
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance of fixed effects, σ 2α 0.10 N Benchmark value
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Persistence of long-lasting shocks, ρ 0.90 [0.995] N Hryshko and Manovskii (2022)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Replacement rate 0.70 N Hryshko and Manovskii (2022)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Time discount factor, β 0.9555 [0.9529] Y

Notes: The table shows various inputs for calibrating the standard incomplete-markets economywith zero borrowing constraints. The time discount
factor is calibrated internally by matching the wealth-to-income ratio in the economies characterized by different values of the persistence of long-
lasting shocks to the value of 3.

and 0.9555 in the economies with the persistence of long-lasting shocks equal to 0.995 and 0.90,
respectively. Table 5 summarizes details of the calibration.

We next simulate income and consumption data for a large number of households and ran-
domly select either 1000 or 10,000 out of the simulated dataset. We assume that consumption is
measured with error in the data and set the variance of measurement error to 0.04. We replicate
the PSID design of the data in Hryshko and Manovskii (2022) by creating fifteen years of data
on consumption and income and matching the age distribution in the PSID during the 1978–
1992 period analyzed in Blundell et al. (2008) and Hryshko and Manovskii (2022). Specifically,
we observe the distribution of birth years for households formed by sons and daughters of the
original PSID households, and we use the income and consumption data when those households
were 30–65 years of age within the 1978–1992 period. This is a different data structure relative
to the ones we analyzed above due to the presence of various birth-year cohorts in each year. In
the simulated data, similar to the PSID, households are on average 36.5 years of age in 1978 (the
first year of the simulated dataset) and 42.5 years of age in 1992 (the last year of the dataset). Since
many households have accumulated a substantial history of shocks prior to the first year in the
simulated data, we expect our results to resemble the above results for the estimations relying on
periods 16–30 of the simulated income data.

Table 6 presents the results from estimations in quasidifferences using simulated income data
only and verifies this conjecture. Both for small and large samples, equal weighting yields sub-
stantial downward biases in the estimated persistence when the true persistence is low or high.
Diagonal and optimal weighting yield substantial upward biases when the true persistence is low
for small and large samples and some downward biases when the true persistence is high and sam-
ples are large. The estimated variances of persistent and transitory shocks are not very far from
their true values, whereas the variance of fixed effects is biased, more so for the estimations on the
data with high true persistence.

Tables 7 and 8 show the results for the income process and consumption insurance param-
eters from estimations using consumption data and incomes in quasidifferences in small and
large samples, respectively. Equal weighting yields an estimate of persistence close to its true value
when the true persistence is low and the sample is large, whereas optimal weighting yields slightly
upward-biased estimates of the persistence when the true persistence is high, both in small and
large samples. The variance of persistent shocks is substantially overestimated when the diagonal
weighting matrix is used. The true transmission coefficients for persistent and transitory shocks
in our low-persistence economy are 0.59 and 0.25, respectively. Both transmission coefficients
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Table 6. Estimates of the income process parameters. Data from a calibrated lifecycle model

ρ = 0.90 ρ = 0.995

Weighting: Equal Optimal Diagonal Equal Optimal Diagonal

(1) (2) (3) (4) (5) (6)

Panel A: N= 1000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Persistence, ρ 0.7522 1.0267 0.9469 0.8394 1.0108 1.1364
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0570) (0.1756) (0.3537) (0.0525) (0.1877) (0.2815)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance fixed effects, σ 2α 0.1215 0.0696 0.1224 0.2562 0.2967 0.1938
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0086) (0.0517) (0.0079) (0.0285) (0.8675) (0.0369)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance pers. shocks, σ 2η 0.0115 0.0119 0.0156 (0.0099 (0.0096 0.0149
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0570) (0.0031) (0.0048) (0.0020) (0.0027) (0.0049)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance trans. shocks, σ 2ε 0.0388 0.0383 0.0381 0.0396 0.0385 0.0390
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0015 (0.0012) (0.0015) (0.0014) (0.0011) (0.0015)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Panel B: N= 10, 000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Persistence, ρ 0.8058 0.9889 1.0467 0.8598 0.9889 0.9561
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0248) (0.1205) (0.2994) (0.0378) (0.0675) (0.2104)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance fixed effects, σ 2α 0.1208 0.0840 0.1209 0.2648 0.2282 0.2190
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0032) (0.0335) (0.0036) (0.0213) (0.1793) (0.0410)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance pers. shocks, σ 2η 0.0103 0.0108 0.0147 (0.0099 0.0100 0.0117
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0006) (0.0016) (0.0042) (0.0005) (0.0007) (0.0029)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance trans. shocks, σ 2ε 0.0396 0.0399 0.0392 0.0396 0.0399 0.0394
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0005) (0.0004) (0.0005) (0.0004) (0.0003) (0.0005)

Notes: The table shows results from estimations in quasidifferences using simulated income data from the calibrated standard incomplete-markets
model for different values of persistence, N, and weighting schemes. See Section 5.4 for the details on themodel and simulations. Age distribution in
the simulated data is as in the PSID. True values for the variance of fixed effects, persistent, and transitory shocks are 0.10, 0.01, and 0.04, respectively.
Standard errors are in parentheses.

are close to their true values when optimal weighting is used, both for small and large samples.
However, in this setting, one would conclude that consumers are excessively insured against per-
sistent income shocks since the estimated persistence is well above the true value of 0.90. Diagonal
weighting produces noisy and biased estimates of the persistence and the transmission coefficient
for persistent shocks in small samples and is very unreliable in large samples.

The true transmission coefficients for persistent and transitory shocks in our high persis-
tence economy are 0.90 and 0.20, respectively. Diagonal weighting substantially underestimates
the transmission of persistent shocks to consumption. Equal weighting yields transmission
coefficients that are close to their true values in small and large samples yet significantly under-
estimates the persistence, producing an erroneous impression of underinsurance of persistent
income shocks. Diagonal weighting produces slightly biased transmission coefficients but an
upward-biased estimate of the variance of persistent shocks.

To sum up, using data from a calibrated lifecycle model of consumption, we showed, for the
benchmark income parameters, that the estimated income and consumption process parameters
are biased regardless of the weighting scheme and the number of sample households.

6. Implications
Despite its virtues in implementation, estimation in quasidifferences is biased in the predomi-
nant number of cases we considered. What are the implications for researchers who wish to rely
on quasidifferences to recover the income process parameters? There are a number of positive

https://doi.org/10.1017/S1365100523000457 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100523000457


Macroeconomic Dynamics 19

Table 7. Estimates of income and consumption insurance parameters. Data from a calibrated lifecycle model, N= 1000

ρ = 0.90 ρ = 0.995

Weighting: Equal Optimal Diagonal Equal Optimal Diagonal

(1) (2) (3) (4) (5) (6)

Persistence, ρ 0.7775 1.0188 0.9366 0.8763 1.0096 1.2313
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0400) (0.0821) (0.3576) (0.0294) (0.0535) (0.1802)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance fixed effects, σ 2α 0.1177 0.0347 0.1197 0.2494 0.0193 0.1685
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0094) (0.0465) (0.0082) (0.0244) (0.0467) (0.0215)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance pers. shocks, σ 2η 0.0127 0.0100 0.0196 0.0130 0.0081 0.0178
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0013) (0.0021) (0.0066) (0.0012) (0.0009) (0.0028)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance trans. shocks, σ 2ε 0.0383 0.0358 0.0369 0.0383 0.0351 0.0385
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0013) (0.0011) (0.0013) (0.0011) (0.0011) (0.0013)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance meas. error, σ 2u 0.0417 0.0367 0.0421 0.0410 0.0367 0.0416
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0009) (0.0010) (0.0010) (0.0010) (0.0011) (0.0011)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Transm. of pers. shocks, φ 0.7075 0.6554 0.5503 0.9169 0.9165 0.7115
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0681) (0.0776) (0.1020) (0.0720) (0.0597) (0.1025)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Transm. of trans. shocks,ψ 0.2704 0.1943 0.2828 0.2277 0.1679 0.2551
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0322) (0.0287) (0.0450) (0.0367) (0.0303) (0.0390)

Notes: The table shows results from estimations using simulated consumption data and income data in quasidifferences from the calibrated stan-
dard incomplete-markets model for different values of persistence, N, and weighting schemes. See Section 5.4 for the details on the model and
simulations. Age distribution in the simulated data is as in the PSID. True values for the variance of fixed effects, persistent, and transitory shocks are
0.10, 0.01, and 0.04, respectively. Standard errors are in parentheses.

Table 8. Estimates of income and consumption insurance parameters. Data from a calibrated lifecycle model, N= 10, 000

ρ = 0.90 ρ = 0.995

Weighting: Equal Optimal Diagonal Equal Optimal Diagonal

(1) (2) (3) (4) (5) (6)

Persistence, ρ 0.8845 1.0489 1.3996 0.9579 1.0161 1.1780
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0196) (0.0024) (0.0028) (0.0102) (0.0256) (0.0141)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance fixed effects, σ 2α 0.0913 0.0006 0.1158 0.2238 0.0000 0.1393
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0168) (0.0016) (0.0019) (0.0410) (0.0000) (0.0069)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance pers. shocks, σ 2η 0.0120 0.0102 0.0273 0.0132 0.0107 0.0161
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0004) (0.0002) (0.0007) (0.0004) (0.0010) (0.0007)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance trans. shocks, σ 2ε 0.0391 0.0387 0.0375 0.0387 0.0378 0.0389
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0004) (0.0003) (0.0003) (0.0004) (0.0008) (0.0004)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variance meas. error, σ 2u 0.0414 0.0398 0.0421 0.0411 0.0394 0.0416
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0003) (0.0002) (0.0003) (0.0003) (0.0003) (0.0004)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Transm. of pers. shocks, φ 0.7539 0.6431 0.4419 0.9023 0.9183 0.7610
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0211) (0.0120) (0.0121) (0.0222) (0.0239) (0.0299)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Transm. of trans. shocks,ψ 0.2818 0.2101 0.3167 0.2404 0.1691 0.2504
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.0106) (0.0047) (0.0095) (0.0097) (0.0269) (0.0087)

Notes: The table shows results from estimations using simulated consumption data and income data in quasidifferences from the calibrated stan-
dard incomplete-markets model for different values of persistence, N, and weighting schemes. See Section 5.4 for the details on the model and
simulations. Age distribution in the simulated data is as in the PSID. True values for the variance of fixed effects, persistent, and transitory shocks are
0.10, 0.01, and 0.04, respectively. Standard errors are in parentheses.
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results from our analysis. First, looking closely at the results in Tables 1–3 reveals that, regardless
of the sample size, initial conditions, or the true persistence, the estimated persistence is virtually
unbiased if one uses equally weighted estimation when the variance of persistent shocks is sig-
nificantly bigger than the variance of transitory shocks—columns (1)–(3) and row (4) of Tables 1
and 2, and columns (1) and (7), row (3) in Table 3.14 Although this is not characteristic of U.S.
survey and administrative data,15 it is the case for administrative income data fromNorway as was
found in Blundell et al. (2015). This result is based on the knowledge of the relative variances of
persistent and transitory shocks, not available a priori. However, our second positive result is that
the variances of persistent and transitory shocks are not significantly biased for the cases we con-
sidered. Our advice, therefore, is to apply an equally weighted estimation of the income process in
quasidifferences and use the results with confidence if the variance of persistent shocks is found
to be larger than the variance of transitory shocks. It would be ideal to have a robust method for
correcting the biases in all other circumstances, but unfortunately, after some experimentation,
we could not come up with such a method.16

7. Conclusion
The income process parameters are key in quantitative models featuring incomplete insurance
markets. To recover the parameters, one typically matches autocovariance moments for incomes
in levels or growth rates. Blundell et al. (2015) recently applied estimation in quasidifferences to
administrative data on incomes from Norway, assuming a variant of the canonical income pro-
cess featuring fixed effects, persistent, and transitory components. Estimation in quasidifferences
combines the features of estimations in levels and differences but relies on more concise moments
when the true persistence of long-lasting shocks is different from one. It also requires searching
through a predefined grid for the persistence of autoregressive shocks, as the persistence is not
jointly identified with the other parameters. In contrast to a voluminous GMM literature, nothing
is known about how well the persistence is recovered using estimation in quasidifferences. In this
paper, we provide a guide to estimating the canonical income process using quasidifferences by
conducting Monte Carlo simulations and cataloging biases for various N, T, initial conditions,
and weighting schemes. We find that equally weighted estimations result in downward-biased
estimates of the persistence when the variance of transitory shocks is higher than the variance of
persistent shocks, whereas optimally and diagonally weighted estimations result in upward-biased
estimates of the persistence when the variance of the persistent component in the first sample year
is nonnegligible, which is a typical feature of the data containing individuals of different ages
in the first sample year of the data. The variance of fixed effects is substantially biased upward
when the true persistence is high. The biases in the estimated variances of persistent and transi-
tory shocks are, however, small. Our estimations based on Danish administrative earnings data
yield divergent estimates of the persistence for different weighting schemes, which conform to the
simulated results for the high persistence and nonzero initial conditions. Using data from a cali-
brated lifecycle model of consumption, we also show, for the benchmark income parameters, that
the estimated income and consumption process parameters are biased regardless of the weighting
scheme and the number of sample households.

The results in our paper provide a warning against the routine use of estimation in quasidiffer-
ences despite its attractive features. However, there is one case when estimation in quasidifferences
recovers the true persistence of long-lasting shocks. When the variance of persistent shocks is
higher than the variance of transitory shocks, equally weighted estimation is reliable for differ-
ent T, N, and initial conditions. Since biases in the variances of the shocks using estimation in
quasidifferencs are small, our advice is to estimate the income process using equal weighting of
the moments and use the results with confidence if the estimated variance of persistent shocks
is higher than the variance of transitory shocks. This is, for example, the case for Norwegian
administrative data as shown in Blundell et al. (2015).
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Supplementary material. The supplementary material for this article can be found at https://doi.org/10.1017/
S1365100523000457

Notes
1 Moreover, estimates of the persistence could be biased in small samples; for example, Chen et al. (2019).
2 See, for example, Bun and Sarafidis (2015) for a review.
3 Transmission coefficients for permanent and transitory income shocks to household consumption as measured by the
methodology of Blundell et al. (2008) have been used recently as a metric of the performance of quantitative macro models;
see, for example, De Nardi et al. (2019), Commault (2022), and Daly et al. (2022). These coefficients and the income process
parameters can also be estimated using quasidifferences when the income process allows for persistent rather than permanent
shocks. See Section 5.4 for implementation.
4 Kaplan and Violante (2010), in the setting of a calibrated lifecycle model with natural borrowing constraints, recovered true
transmission coefficients for long-lasting shocks using the methodology of Blundell et al. (2008) when the true persistence of
the autoregressive component is below unity. Thus, even if the degree of insurance can be estimated without bias, it cannot
be properly interpreted without an accurate measure of persistence. Indeed, what one may deem as large insurance when the
income process is a random walk may be just right for the income process with a finite persistence of long-lasting shocks.
5 This is in contrast to the moments for levels and differences in equations (2)–(6) providing sufficient variation with t and k
to enable the identification of the model parameters with the caveats outlined above.
6 We also considered an intermediate value ρ = 0.95 but chose not to tabulate the results to avoid cluttering.
7 We have also experimented with heavy-tailed distributions, but the results were similar.
8 Although we do not consider income processes with a true persistence of long-lasting shocks above one, it is important
to allow for a grid and an estimated persistence to exceed one. If this is not done, the estimated persistence will surely be
biased downward when the true persistence is very close to or equal to one. Suppose the true persistence is 0.995. Among
one hundred estimations, some estimates will be higher than one, and some will be lower. If all estimates above one were
truncated at one, the average would be heavily influenced by the relatively low estimates, resulting in a downward bias. This
will be less of an issue when the true persistence is low. However, one does not have the knowledge of true persistence. Thus,
allowing for a grid spanning the values above one makes us avoid a downward bias in persistence induced by truncation.
9 This is so because the variance of the persistent component in the first year for the case with nonzero initial conditions
equals ρ2var(zi0)+ σ 2

η = ρ2σ 2
η (1− ρ30)/(1− ρ2)+ σ 2

η = σ 2
η (1− ρ32)/(1− ρ2).

10 In the estimation sample of column (1), mean and standard deviations for the variance of transitory shocks equal about
0.03 and 0.015, respectively.
11 Mean and standard deviation for the variance of persistent shocks and fixed effects in this sample are 0.02 and 0.09 and
0.015 and 0.02, respectively.
12 Our results in Tables 1–3 are similar if we allow for an MA(1) transitory component instead of a purely transitory shock.
13 See Kaplan and Violante (2010) for the income-consumption moments, in addition to those listed in equations (7)–(9),
needed for identification of income and consumption processes.
14 Optimal and diagonal weighting also produce unbiased estimates of the persistence when the variance of persistent shocks
is bigger than the variance of transitory shocks but only when the variance of the persistent component in the first sample
year is small (e.g., when following a cohort of individuals from the start of their working careers).
15 See, for example, Guvenen et al. (2021) and Hryshko and Manovskii (2022) for recent studies using U.S. administrative
and survey data, respectively.
16 We tried a debiased estimator of Chen et al. (2019) that relies on splitting the sample in half on the cross-sectional or
time dimension to correct biases in the persistence, but, as can be seen from Tables 1 and 2, splitting on the time dimension
will not work (e.g., the estimated persistence in columns (1), (2), (3) relying on fifteen or thirty periods is very similar for
the equally weighted case), and the estimated persistence does not drastically change when splitting the sample, big or small
cross-sectionally, in half (we do not report these results to avoid cluttering).
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