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This is a response to a comment by Per Pettersson-Lidbom (�the author�thereafter) on our forthcoming
paper in American Economic Journal. The comment makes a critical error of ignoring decennial redistricting
of state legislative districts. As a result, its main premise is not valid and the regressions estimated by the
author are incorrect.

1 The premise

The main premise of the comment is that the data used in our paper is �a panel of 598 districts over 14 years
but their <our> empirical analysis completely ignores this fact.� This is incorrect. Whilst our data indeed
span 14 years from 1992 to 2005, it is not a panel of 598 districts. The redrawing of legislative district
boundaries after the year 2000 Census implies that the set of districts after the redistricting is not the same
as that before the redistricting.1 The mistaken belief that �a district�is a time invariant unit underlies the
author�s main objection to our results, underpins his arguments, and, coupled with the author�s erroneous
assumption that district numbering is consistent over time, leads him to construct and estimate an incorrect
set of regressions.

2 The author�s regression results

Although the author did not provide the code that generates his results, we have now managed to replicate
them and so understand the process by which they had been obtained. In attempting to adjust our
standard errors for potential serial correlation, the author assumed that each state-assigned district number
(the variable called �district�in the dataset) refers to one and the same legislative district during all the years
of the sample. To estimate regressions with district �xed e¤ects, the author �rst assumed that districts are
�xed (and hence a �district �xed e¤ect�is a meaningful concept) and then created a dummy variable for each
district number, again taking a district number as consistently referring to the same district over time.
Given the way the decennial redistricting in the United States works, it should now be clear that the

author�s regressions rest on two erroneous assumptions. The �rst is that each district stays the same for all
of the 14 years in the sample. The second related though distinct assumption is that the district number
assigned by the state refers consistently to even approximately the same constituency across all years.
The �rst of these assumptions is not correct because redrawing of state legislative district boundaries

after each Census, including the 2000 Census which is relevant here, means that the new set of districts
is not the same as the old one. The second assumption is erroneous since during redistricting states often
renumber districts; as a result the same number may refer to an entirely di¤erent part of the state before
and after redistricting.
We illustrate this with the example of Colorado, though the point is general across states. Figure 1

shows two maps of Colorado�s state legislative districts: before and after the redistricting which followed
2000 Census. First, eyeballing of districts shows that their boundaries change as a result of redistricting.
Second, the numbering of districts changes so that one number can refer to two entirely di¤erent locations
before and after the redistricting. An example of this is district 60, circled on the two maps.
Therefore, the central premise of the author�s arguments that our data are a panel of a �xed set of

districts is not correct. His regressions results are invalid because �rst, they are generated under this
misguided assumption, and second, they make a serious error in assuming that very di¤erent constituencies
are the same, and similar constituencies are instead di¤erent. Having said this, it is possible to imagine how
such an impression can be formed by someone who is insensitive to the issue of redistricting handling our
dataset, where the variable named �district�might be misinterpreted as referring to the same constituency
across all years.2

1We discuss this on page 5 of the on-line data appendix to our paper.
2The variable �district�is included in the replication dataset because it is needed to construct district-year dummies (which

are unique in the data) used to cluster the standard errors at the district-year level.
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3 The three points

As we have shown, recognizing the impact of redistricting in the United States undermines the main premise of
the author�s objections and invalidates his empirical results. Nevertheless, we would like take the opportunity
to comment brei�y on each of the three speci�c points raised by the author: district �xed e¤ects, clustering
and functional form.

3.1 District �xed e¤ects

Since the districts are not �xed in our data, the concept of a �district �xed e¤ect�is not a very meaningful
one. At the same time, the author�s arguments to include such �xed e¤ects do not have a basis even
if the districts were �xed over time. The author argues that �it is essential to control for unmeasured
district characteristics... to avoid omitted variable bias�. First, omitted variable bias might be a threat to
identi�cation but only when the hypothesized omitted variables are correlated with the independent variable,
in our case whether the legislator is in the last term or not. Without a speci�c theoretical conjecture for
what these variable are and why we might expect such correlation, it is hard to engage with the author�s
argument. Second, even in presence of such correlation, the argument does not hold once legislator dummies
are included provided that a legislator only represents one district during his tenure, which is almost always
the case in our data. This is because in such setting, legislator �xed e¤ects capture both any district-speci�c
time-invariant factors and any legislator-speci�c time-invariant characteristics. Third, as we argue at length
in the paper, the estimations that include district �xed e¤ects without legislator �xed e¤ects will deliver
biased estimates of the incentive e¤ect of elections due to systematic selection into political �survivors�(page
16). The attached Appendix provides a formal exposition of these points.

3.2 Serial correlation

The author does not explain why we need to be particularly concerned with within-district serial correlation.
Moreover, his implicit argument that such auto-correlation is important is weakened when the changes in
districts due to redistricting are recognized.
The author refers to the work of Bertrand et al. (2004). They show that under some conditions auto-

correlation within a panel unit may lead to under-estimation of standard errors and hence over-rejection of
the null hypothesis in panels that rely heavily on temporal variation relative to cross-sectional variation for
identi�cation. Bertrand et al. (2004) analyze panels with a small number of cross-sectional units relative to
the number of time periods (between 6 and 50 cross-sectional units and between 2 and 21 time periods). Our
data are very di¤erent: we have nearly 600 districts for each of the 14 years. The conclusions of Bertrand
et al. (2004) are much less applicable to such data because in it the identi�cation relies much less heavily
on the over-time variation. Indeed, they show that even in their samples with a small number of cross-
sectional units the extent of the problem sharply declines as the number of periods falls, and the reliance
of identi�cation on the time dimension decreases. In short our data are not the sort of data for which this
is likely to be an issue. Nevertheless, we have now explored the issue using our data and taking account of
redistricting. We have re-estimated the regressions reported in Table 5 of the paper with standard errors
adjusted for serial correlation at the district level within each redistricting wave. We report these results
below in Table 1. The e¤ect on total transfers drops to a p-value of 12%, while the e¤ect on discretionary
spending remains signi�cant at the 5% level.

3.3 Non-linearity

We use a linear speci�cation in our estimations. Athey and Imbens (2006) argue that such a speci�cation
is not always appropriate, and that units with di¤erent characteristics may have systematically di¤erent
�treatment e¤ects�. In our case, the �treatment� is the absence of re-election incentives in the last term.
Applying the logic of Athey and Imbens (2006) to our context, then, suggests the possibility that legislators
with particular characteristics (or representing districts with particular characteristics) react di¤erently to
re-election incentives. In order to make progress in investigating this possibility, one would need to construct
a theoretical model of why these di¤erences might arise and how they are related to legislator or district
characteristics. Without such theoretical crutch, it is di¢ cult to know which econometric speci�cation to
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estimate, in particular if a linear, a log or some other speci�cation would be appropriate. In the paper, we
have taken the view that the standard linear model is a senisble starting point.

4 Minor remarks

We do not feel that it is worth dwelling on a number of small errors in the author�s comment. However, we
would like to point out that the author�s summary of our main result on page 1 of his comment is incorrect.
The author writes that � �the last term e¤ect ... is predicted to be positive�. Instead, the main argument
and the conclusion of our paper is that this e¤ect is negative.
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Appendix

Here we show formally that the author�s statement about the need to include district �xed e¤ects is incorrect.

1 Our model

It is convenient to rewrite our empirical model (equation 10 in the paper ) in conditional expectations form:

E(yijtjLTijt; Li = 1; Tjt = 1) = LTijt + �i + �jt; (1)

where i denotes legislator, j state and t year; LTijt is the last term dummy, Li = 1 is an indicator variable
that is equal to 1 for legislator i and zero otherwise (this is to capture the �legislator i �xed e¤ect�), Tjt = 1
is an indicator variable which is equal to 1 in state j and year t. So, �i is the component of spending that
captures all e¤ects on spending that are due to �xed characteristics of legislator i (�legislator i �xed e¤ect�),
and �jt is a component of spending that is due to factors a¤ecting all transfers in state j in year t.

2 The author�s alternative

The author of the comment does not explain how he sees district characteristics entering the data gener-
ating process. To make the present analysis rigorous, we write down the model that corresponds to the
author�s implicit assumptions about the data generating process (which we infer by reverse engineering his
regressions):

E(yikjtjLTikjt; Li = 1; Tjt = 1; Dk = 1) = LTikjt + �i + �jt + �k (2)

where k denotes district and Dk = 1 is an indicator variable that is equal to 1 for district k. So, �k is
the component of spending that is due to district characteristics that are �xed over time (�district k �xed
e¤ect�). The author argues that without introducing a set of variables Dk into our estimations, the coe¢ cient
of interest, , will be biased. We now show that this argument is incorrect.
Before we do this, we should make one clari�cation. The author refers to the set of dummy variables Dk

as �district �xed e¤ects�(for example, he says on page 2 of his comment �the ... problem of speci�cation (1)
is that it does not include district �xed e¤ects�). Although this is a commonly used shorthand, the precise
de�nition of a district �xed e¤ect is �k; the e¤ect of the dummy variable Dk on y: For the formal argument,
this distinction is important and so throughout this appendix we keep the two concepts separate. The same
applies to the distinction between legislator dummies Li and legislator �xed e¤ects �i:

3 Redistricting

It is clear that (2) is an inappropriate model for the process that generates our data where districts change
over time. �k is not independent of time, and so the notion of a �district �xed e¤ect�is ill-de�ned in our
context. We have already discussed this issue in the body of our response.

4 Assuming no redistricting

We will now show that the author�s argument does not hold even if we assume away redistricting and suppose
that (2) is a good description of the data generation process.
We begin by noting that in general omitting Dk would cause bias only if �xed district characteristics

correlated with our independent variable LT: The author does not present an argument for why this should
be so. Nevertheless, let us suppose that it is the case.
We now emphasize two features of our data. First, with extremely few exceptions, each legislator gets to

represent only one district during his carrier (limited as it is by the term limit). Second, the vast majority
of districts go through more than one legislator.3

a) No district dummies. To engage with the author�s argument that without including district
dummies Dk along side legislator dummies Li, the estimate of  will be biased, we explore what happens if

3 In the ten years prior to redistricting, of the 1,335 legislators, only four go on to represent more than one district. At the
same time, more than three quarters of districts experience two or more legislators during this period.
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we do not condition (2) on Dk. The expected transfer can then be rewritten as

E(yikjtjLTijt; Li = 1; Tjt = 1) = LTikjt + �i + �jt +
KX
k=1

�kp(Dk = 1jLi = 1): (3)

When each legislator only serves one district through out his career, p(Dk = 1jLi = 1) = 1 only for one
district k and is 0 for all other districts. So, it follows that

E(yikjtjLTijt; Li = 1; Tjt = 1) = LTikjt + �i + �jt + �k

Hence, conditional expectation of yikjt is the same as in (2) where Dk was explicitly included. This
is because the legislator indicator variable Li captures all time invariant e¤ects of both legislator i and
district k characteristics on transfers (�i+ �k). The corollary of this is that even in presence of unobservable
district characteristics that are correlated with the last term variable, ; the impact of electoral incentives,
is consistently estimated in a regression that includes only legislator �xed e¤ects. This directly contradicts
the argument for inclusion of district �xed e¤ects in addition to legislator �xed e¤ects made by the author.

b) No legislator dummies. The author also estimates a regression with district dummies but without
legislator dummies. We now show that such a regression is likely to deliver a biased estimate of the incentive
e¤ect of elections (this complements the intuitive explanation on page 16 of our paper). Consider how the
expected value of yikjt changes when we do not condition it on the legislator indicator variable Li:

E(yikjtjLTikjt; Dk = 1; Tjt = 1) = LTikjt + �jt +
IX
i=1

�ip(Li = 1jDk = 1):

Most districts see several legislators come and go during the years of the sample. For such district k,PI
i=1 �ip(Li = 1jDk = 1) 6= �i (except in the special case where �i does not vary across legislators).

Moreover, the main independent variable LT is likely to be correlated with the now omitted e¤ect �i. In
particular, our theoretical model predicts a positive correlation between the two as the legislators who are
more able are also more likely to be re-elected to the last term. This means that excluding legislator
indicators Li from the regression in a way proposed by the author on page 2 of his comment would result in
a biased estimate of .

5 Conclusion

The author argues that the inclusion of district �xed e¤ects with or instead of legislator �xed e¤ects is
required to avoid omitted variable bias. We have shown that the key features of the process that generates
our data are taken into account, this argument is false. This is true even if we ignore the presence of
redistricting which, by itself, makes �district �xed e¤ect�an ill-de�ned concept.
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Figure 1.  Colorado State House of Representative Districts,
before and after the redistricting based on 2000 Census.

Before* After

Source: Colorado State Legislative Council http://www.colorado.gov/lcs
* These districts were first used in 1992 elections



(1) (2) (3) (4)

Total Education Discretionary Non-discretionary

Last term -14.4** -9.8** -9.5** -5.0
(6.6) (4.2) (4.2) (4.2)

Last term -14.4 -9.8* -9.5** -5.0
(9.3) (5.6) (4.9) (6.2)

N 8,166 8,166 8,166 8,166

Estimates include legislator fixed effects and state-specific year effects.  
Standard errors are in parentheses. 
Original estimation: the standard errors are clustered at district-year level.
Adjusted estimation: the standard errors are clustered at district level within each redistricting wave.
*** significant at 1% level, ** significant at 5% level, * significant at 10% level.

Adjusted estimation

Original estimation

Table 1. Main results after adjustment for serial correlation

Transfers per capita


	Reply & appendix.pdf
	Figure 1.pdf
	Table 1.pdf

