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1. Introduction

What is the standard error?
▶ The standard deviation of the sampling distribution of an estimated

regression coefficient, representing the accuracy of the estimate.

▶ In Y = Xβ + ε, SE (β̂) = var(β̂)

It is important to get accurate standard erros to avoid faulty
estimation.

→ Since t = β̂

SE(β̂)
, we will reject null hypotheses too often if we

underestimate standard errors. It means that it makes us mistakenly
believe there is ’statistical significance’.
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2. Problem of SE in finance
Homoskedasticity

First, we have to determine homoskedasticity versus
heteroskedasticity.

▶ Homoskedasticity assumes that variance of the residuals does not
depend on the X ; var(ε̂i ) = σ̂2

▶ Heteroskedasticity assumes that variance of the residuals depends on
the X ; var(ε̂i ) = σ̂i

2

▶ In ROA = α+ βdebt + γsize + ε, residuals can depend on the size of
the firm.

We can use ’robust standard errors’ in stata, which allows for
heteroskedasticity assumption. ; reg y x, vce(robust) or reg y x, r

Since the robust SE can be smaller than the classical SE in small
samples, compare the robust SE to the classical SE and take
maximum of the two. Angrist-Pischke argue that this will tend to be
closer to the true SE in samples that exhibit heteroskedasticity.
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2. Problem of SE in finance
Independence

Secondly, we have to recognize that ’Classical’ or ’robust’ SE
calculation in OLS are based on ’independence’ assumption.

→ Cov(εit , εit−k) ̸= 0 and Cov(εjt , εit) ̸= 0

OLS standard errors are unbiased(converge to true) when the errors
are independent and identically distributed. In practice, independence
is unrealistic in finance literature. So, researchers have tried to
address possible biases in the SE.
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2. Problem of SE in finance
Independence

In 2001-2004, 42% of the papers publised JF, JFE and RFS did not
adjust the standard erros for possible dependece in the residuals
(Petersen, 2009).

→ Petersen shows a difference in performance of the different
methods and gives the researchers guidance on how to use these
methods.
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3. Estimating Standard Errors in Finance Panel Data Sets
Main finding

1 In the presence of a firm effect [e.g., Cov(Xit ,Xit−k) ̸= 0], SEs are
unbiased when estimated clutered by firm and produce correctly sized
confidence intervals. And it is still unbiased whether firm effect
permanent or temporary.

2 In the presence of a time effect [e.g., Cov(Xjt ,Xit) ̸= 0],
Fama-MacBeth produced unbiased SEs. When there are a sufficient
number of clusters, clustered SEs by time are also unbiased.

3 When both a firm and a time effect are present in the data,
researchers can address one parametrically (e.g., time dummies) and
then estimate SEs clusterd on the other dimension. Alternatively,
researchers can cluster on multiple dimensions when there are
sufficient number of clusters in each dimension.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

The standard regression for a panel data set is Yit = Xitβ + εit .

When errors are i.i.d., the asymptotic variance of the estimated

coefficient is AVar [ ˆβOLS − β] = 1
N (Tσ2

xσ
2
ε)(Tσ2

x)
−2 = σ2

ε

σ2
xNT

.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

In relaxing the assumption of independent errors, assume that the
data have an unobserved firm effect that is fixed. Thus the residuals
consist of a firm-specific component and an idiosyncratic component
that is unique to each observation.

▶ εit = γi + ηit and Xit = µi + νit

It is called a firm effect when the residuals may be correlated across
years for a given firm.

▶ Corr(Xit ,Xis) = ρx and Corr(εit , εis) = ρε
▶ AVar [ ˆβOLS − β] =

σ2
ε

σ2
xNT

(1 + (T − 1)ρxρε)

Therefore, when the data have a fixed firm effect, the OLS standard
errors will underestimate the true standard error if and only if both
correlation are nonzero.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

Simulated a panel data set and then estimated the slope coefficient
and its standard error. By doing this 5,000 times.

Each simulated data set contains five thousand observations.

Across different simulations, he altered the fraction of the variance in
the independent variable that is due to the firm effect. This fraction
ranges from 0% to 75% in 25% increments. The same thing was done
for the residual.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

11 / 28



3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

An alternative way to estimate the regression coefficients and
standard errors when the residuals are not independent is the
Fama-MacBeth approach (Fama and MacBeth, 1973).

The Fama-MacBeth standard errors are biased in exactly the same
way as the OLS estimates.

▶ AVar [ ˆβOLS − β] =
σ2
ε

σ2
xNT

(1 + (T − 1)ρxρε)

In both cases, the magnitude of the bias is a function of the serial
correlation of both the independent variable and the residual.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

Same with OLS, Moving down the diagonal of Table 2 from upper
left to bottom right, the true standard error increases but the
standard error estimated by Fama-MacBeth actually shrinks.

13 / 28



3. Estimating Standard Errors in Finance Panel Data Sets
Presence of fixed firm effect

The bias in OLS and Fama-Macbeth standard errors is highly sensitive
to the number of time periods (years) used in the estimation.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Time effect

How the techniques work in the presence of a time effect, data sets
containing only a time effect were generated (observations on
different firms within the same year are correlated).

▶ εit = δt + ηit and Xit = ζt + νit

Simulated a panel data set (5,000 obs) and then estimated the slope
coefficient and its standard error. By doing this 5,000 times.

Across different simulations, he altered the fraction of the variance in
the independent variable that is due to the time effect. This fraction
ranges from 0% to 75% in 25% increments. The same thing was done
for the residual.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Time effect

The clustered standard errors are much more accurate, but unlike the
results with the firm effect, they underestimate the true standard
error. The problem arises due to the limited number of clusters.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Time effect

Data sets of five thousand observations were simulated with the
number of years (or clusters) ranging from 5 to 100. In all of the
simulations, ρx = ρε = 0.25.

Bias = SEc − ŜE

MSE = E [(ŜE − SEtrue)
2]

17 / 28



3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Time effect

Fama-MacBeth produces unbiased standard errors and correctly sized
confidence intervals. This is not surprising since it was designed for
just such a setting.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Fixed Firm and Time effect

If the data have only a firm effect, SEs clustered by firm are unbiased.
On the other hand, only a time effect, the Fama-MacBeth is better
than SEs clustered by time when there are few clusters(years) and
equally good when the number of clusters is sufficiently large.

If panel data sets have both fixed firm and time effect, there are two
choices.

1 Since the time effect is fixed, the time dummies completely remove the
correlation between observations in the same time period. Then, there
is only a firm effect left and researchers can use SEs clustered by firm.
But, The parametric approach only works when the dependence is
correctly specified.

2 Cluster on two dimensions simultaneously (e.g., High beta firms will
repspond more to systematic shocks across year. since it is not solved
by time dummy).
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Fixed Firm and Time effect

Var(γ) = Var(δ) = Var(η) and Var(µ) = Var(ζ) = Var(ν)

The figure graphs the fraction of t-statistics that are statistically
significant at the 1% level (greater than 2.58 in absolute value).

Nine data sets are then simulated. The number of firms and time
periods range from 10 to 1,000 so that the total number of
observations is always 10,000.
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Temporary Firm effect

The analysis thus far has assumed that the firm effect is fixed, but it
may not always be true in the data. The dependence between
residuals may decay as the time between them increases.

A data structure is simulated that includes both a permanent
component (a fixed firm effect) and a temporary component (nonfixed
firm effect) that is assumed to be a first-order autoregressive process.

▶ ηit = ζit if t = 1, ηit = ϕηit−1 +
√
(1− ϕ2) if t > 1
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3. Estimating Standard Errors in Finance Panel Data Sets
Presence of Temporary Firm effect

Once the firm effects are included, the OLS SEs are unbiased (column
I). If the firm effect decays over time, the firm dummies no longer fully
capture the within-cluster dependence, and SEs are still biased. But,
the clustered SEs are unbiased with and without the firm dummies.
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3. Estimating Standard Errors in Finance Panel Data Sets
Summary

If a firm exhibits correlation across years (whether permanent or
temporary), we must use clustered standard errors by firm to avoid
underestimating the standard errors.

If observations on different firms within the same year are correlated,
use Fama-Macbeth SEs or clustered SEs by year (only sufficient
sample case).

If observations have both fixed effects, cluster on two dimensions
simultaneously(=double clustering).

In stata, reg y x, vce(clustered firm)
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4. Number of Clusters

The paper dealt with previously leads to question about the number
of enough clusters to get ubiased estimator.

▶ Too small clusters can cause downward bias.

There is no absolute method.
▶ Simulations of Hanssen (JoE, 2007) suggest that 10 clusters is enough

when using clusters to account for serial correlation.
▶ Betrand, et al(QJE 2004) suggest 50 clusters are sufficient in DID

setting.
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5. Double Clustering
Thomson(JFE,2011)

Thomson(JFE,2011) derives easy-to-compute formulas for SEs that
cluster by both firm and time, suggesting simultaneously clustering by
firms and time leads to significantly more accurate inference in
finance panels.

The double-clustering SEs are reliable in data sets with at least 25
firms observed over 25 time periods. However, they said that when
there are far more firms than time periods or regressor vary by time
but not by firm, it can’t make a big difference.

We can use a double-clustering easily in stata.; reg y x, vce(cluster
gvkey year)
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5. Double Clustering
Practice

Industry clustering

Allows that regressors or errors of firms within the same industry are
correlated.

Allows that regressors or errors of the same firms across different
years are correlated.

Not allows correlation between firms in different industries.
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5. Double Clustering
Practice

Industry-Year clustering

Allows that regressors or errors of firms within the same industry and
the same year are correlated.

However, even if firms belong to the same industry, they are
uncorrleated across different years.
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5. Double Clustering
Practice

Double clustering: Industry and Year

Allows that regressors or errors of firms within the same year are
correlated.
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