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Contributions to Causal Inference for Political Science
Abstract

‘This thesis presents five independent essays that advance causal inference in po-
' liticai science. It is divided into a methodological and an empirical part.

- The methodological part presents a suite of statistical techniques, called synthetic
inference methods, that allows researchers to construct control groups that more
accurately resemble the treated units than is possible by commonly used methods
of cova.riafe adjnstment. Synthetic inference is based on the idea of using weighted
‘ averages'of control units to create so-called synthetic comparison units or comparison
groups that resemble either a single treated unit or a group of treated units in all
relevant characteristics that may confound a comparison. The thesis develops two
vaiiants of synthetic inference for empirical settings that are typically encountered
in political science: comparative case studies (essay 1, with Alberto Abadie and
Alexis Diamond) and cross-sectional studies (essay 2). Both methodologicaiessays
~ demonstrate the methods in real world applicatiens and pirovidecempa,nion software
for implementatien.

The empirical part of the thesis “pvresents three original empirical studies that
contribute answers to previously unanswered causal questions about (a) the finan-

cial rewards to serving in Parliament (essay 3, with Andy Eggers), (b) the impact
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‘of foreign free media on the stability of authoritarian regimes (essay 4, with Holger
Kern), and (c) the impact of economic concerns on public attitudes tov‘vard‘immigra-
tion‘ (essay 5).- The empirical essays advance the debates in these substantive fields
by combining newly‘ collected data and a deSign—baséd approach to causal inference.
Design—based inferenqe provides an»effective strategy to identify valid control groups
in settings where statistical co‘ntbrol 18 insufficient since units potentially differ on more

characteristics than can be measured and controlled for in a statistical model.
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Chapter 1
Introduction

1.1 Motivation a’hd Structure

- . The dissertation consists of five self-contained essays within the rubric of causal
inference for political science. The goal in causal inference is to estimate the effect
of treatments, interventions, or policies within the framework of potential outcomes
that contrasts similar units under active treatment or control (see for example Hoiland
(1986)). Many questions in political science are causal, but modern methods of causal
inference are still rarely used in political science research despite the fact that such
methods have gained considerable grounds in other disciplines such as economics,
épidemiology, and program evaluation. Sometimes there is even a latent scepticism
that these methods cannot be frultfully applied to study the political realm where
causal inference is often exceptionally difficult. '

For causal inference to succeed the researcher needs to find a treatment and a
control group that are equivalent or f‘balanced” in observed and unobserved back-
}g‘round characteristics so that differences in outcomes can be attributed to the effect
of the treatment and isolated from pre-existing differences. Since Fisher (1925) we
know that this is straightforward in experiments where fhe researcher can construct

balanced g'roups by random assignment of the treatment. But in political science
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‘we often have to resort to observational studies because we cannot randdmly ass‘ign
our treatments or it would be even unethical to do so. In observational studies ex- -
tremely careful study design is required to identify causal effects. The researcher
needs to ask the vexing qﬁestion: “To whom should Vthe}trveated be compared?” The
key challenge is to find a valid control grdup that accurateiy resémbles the treatmeht
group, whether the treatment under consideration be political office, the pa.ssageiof a
new law, or regime type. There can hardly be >any credible causal inference without
a valid control group. | However, the methods currently used in political science to
construct or find valid control groups are still fairly limited and the field of political
méthbdology has pa.id insufficient attention to assist applied researchers in this crucial
task. .

This thesis contributes to the causal inference literature in political science both
methodologically and empirically. It is therefore divided into two parts. The first
part is primarily methodological and lays out the statistical innovatibns (chépters
- 1-2). It develops methods to statistically construct better control groups in two
typical political science settings, namely comparative case studies and cross-sectional
studies. The second part of the thesis is primarily empirical, and presents three
Ny original studies that use newly collected data and design-based inference to answer
| three previously unanswered causal questions that arise in political science debates.
Beyond éontfibuting new empirical knowledge to these debates, the empirical essays -
demonstrate how “controlling by design” provides an effective empirical strategy to
identify valid control groups in political science settings where model-based control
is insufficient beéause ‘units potentially différ on more characteristics than can be

" measured and accounted for in a Statistical model.

1.2 Summary of the Methodological Part

'The methodological part of the thesis presents a suite of statistical techniques,
called synthetic inference methods, that allows researchers to construct control groups

that more accurately resemble the treated units than is possible by commonly used
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methods of covariate a.djustment. Synthetic inference is based on the idea of using
weighted averages of control units to create so-called synthetic comparison units or
comparison groups that r‘ese’mble' either a single treated unit or a group of treated
units in all relevant characteristics that may confound a comparison; We present two
 variants of synthetic inference for typical political science settings, namely compara-
tive case studies and cross-sectional studies.

The first essay presents the syhthetic control method for comparative case studies
building on the pioneering paper by Abadie & Gardeazabal (2003). We derive an
estimator that identifies the effect of aggregate level eventé or interventions (such iasb
the passage of a law, an economic shock, etc.) on a single treated entity (such as a
region, a country, or a school, etc.) in a way that is consistent with the traditional
comparative case study design but more general than the conditions under whichb
traditional linear panel data or difference—in—differences estimators are valid. It offers
an appealing data driven rationale to tackle the classic problem of case selection. We
also develop new methods for permutation inference in the comparative case study
frameWbrk. : |
~ In the second essavae take synthetic inference to the cross-sectional setting and
develop synthetic matching as a technique to create balanced samples for the estima-
tion of treatment effects under the assumption of selection on observables. Synthétic
matching allows researchers to calibrate a set of unit specific weights so that the re-
weighted control group exactly matches the treatment group on a potentially large
set of pre-specified balance constraints. We show that these balance improvements
translate into lower bias and higher efficiency for the estimation of treatment effects in
finite samples compared to othér adjustmeht methods commonly used in this context.

Both methodological papers emphasize the applicability of the proposed tools for
research in political science, demonstrate the strength of the methods in real world

empirical applications, and offer companion software.!

10ne of the two software packages is published as Abadie, Diamond & Hainmueller (2009).
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1.3 Summary of the Applied Part

: The apphed part of the thesis presents three original empirical studies that a.nswer
three prev1ously unanswered causal questions arising from political science debates.
‘Each study demonstrates how carefully crafted research designs combined with newly
collected data can identify causa,l‘quantities of interest that directly speak to impor-

‘tant theoretical debates in the relevant fields. ,’ _ ,
| The first empirical study presents the first estimates ofthe returns to political
office; an often cited quantity of interest in the political economy literature, in Post-
War British politics. We like to know how much Members of Parliament (MPs)
gained financially as a result of serving in the legislature. Since political office is not
randomly assigned, the key challenge is to find a valid control group of people that are
similar to MPs, but did not serve in Parliament. We solve this identification problem
by careful choice of the research design. We track down the wealth of narrowly
defeated candidates that we can use in a regression discontinuity design that exploits
the quasi random assignment to office in close races (as in Lee (2008) or Hainmueller |
~ & Kern (2008)). If a race is decided by a razor thin margin the outcome is essentially
random and thus the groups of marginally winning and marginally loosing candidates
are essentially identical in terms of their characteristics allowing us to attribute any
differences in wealth to the effects of serving in parliament. We find that serving in
Parliament roughly doubled the wealth at death of Conservative MPs but had no
discernible effect on the wealth of Labour MPs. | '

The second empirical study re-examines the common claim in democratization
theory that 'penetration by foreign free media undermines authoritarian rule. No reli-
able micro-level evidence on this topic exists given that independent survey research
is rarely possible in authoritarian regimes. Moreover, causal inference is rather com-
plicated because people self-select into media consumption and thus a comparison of
those who chose to censume foreigri media with those that do not is not informative
about the effect of foreign media on regime support (just imagine staunch regime sup-
porters refuse to watch foreign televisiOn). The key ehellenge is to find two identical

groups of people only one of which is e)rposed to foreign media. We solve this thorny
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1dent1ﬁcat10n problem us1ng a case study of the impact of West German television on
pohtlcal attltudes in commumst East Germany, a “most likely” case for democrati-
zation theory given that the potential effect of foreign free media was not diluted by
language or cultural barriers. We find a \}alid control group by exploiting variation
in media exposure that arose from East Germany’s topography. While most East
‘Germans enJoyed access to West German television some where cut off from the sig-
nal because of mountainous terrain. Our results show that East Germans who could
tune in to West German television became more, and not less, satisfied with the East
German regime, compared to those who could not. In contrast to what theories of
democratization predict, the ‘n'a.rcotizing effect of television served to stabilize rather
" than to undermine communist rule. | ‘

| - The third empirical study presents the first experimental test of the two major the-
ories that‘ predict how economic concerns generate anti-immigrant sentiment among
native citizens: concerns about labor market competition and fears about the fiscal
burden on public services. Both theories begin with a general equilibrium model e,nd
derive predictions about how native citizens who own different types of productive
factors, and who have different levels of income, will differ in their views regarding -
highly skilled and low skilled immigration. We provide direct tests of both models
of attitude formation using an original survey experiment embedded in a nationwide
U.S. survey. The labor market competition model predicts that natives will be most
opposed to immigrants who have similar skill levels to their own. We find instead ‘
that both low skilled and highly skilled natives strongly prefer highly skilled immi-
grants over low skilled immigrants, and thls preference is not decreasing in natives’
skill levels. The fiscal burden model ant1c1pates that rlch natives oppose low skilled
immigration more than poor natlves, and that this gap is larger in states with greater
fiscal exposure (in terms of immigrarlt access to public services). We find instead
that rich and poor natives are equallyvoppo.sed to low skilied inimig;ration, and rich
natives are actually less opposed to low skilled immig;ratiorl in states with more fiscal
exposure than they are elsewhere. We do find that poor natives are more opposed

to low skilled immi_gration in states with greater fiscal exposure than elsewhere, sug-
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gesting that concerns about access to or overcrowding of public services contributes

to anti-immigrant attitudes.



Chapter 2

Synthetic Control Methods vfor
Comparative Case Studies: ’
Estimafing the Effect of
California’s Tobacco Control
Prégram 3 '

2.1 Introduction

- "Economists and other social scientists are often interested in the effects of events or
policy interventions that take place at an aggregate level and affect aggregate entities,

such as firms, schools, or geographic or administrative areas (countries, regions, cities,
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etc.).! To estimate the effects of these events or interventions, researchers often
use comparative case studies. In vompa.ratwe case studies, researchers estlmate the
evolution of aggregate outcomes (such as mortality rates, average income, crime rates,
etc.) for a unit affected» by a particular occurrence of the event or intervention of
interest and compare it to fhe evolution of the same aggregates estimated for some
control group of unaffected units. Card (1990) studies the impact of the 1980 Mariel
Boatlift, a large and sudden Cuban migratory influx in Miami, using other cities in
‘the southern United States as a comparison group. In a well-known study of the
effects of minimum wages on employment, Card and Krueger (1994) compare the
evolution of employment in fast-food restaurants in New Jersey and its neighboring
state Pennsylvania around the time of an increase in New Jersey’s minimum wage.
‘Abadie and Gardeazabal (2003) estimate the effects of the terrorist conflict in the
Basque Country on the Basque economy using other Spanish regions as a comparison
group. ‘ '
| Comparing the evolution of an aggregate outcome (e.g., state-level crime rate)
between a unit affected by the event or intervention of interest and a set of unaffected
- units requires only aggregate data, which are often available. However, when data are
not available at the same level of aggregation as the outcome of interest, information
on a sample of disaggregated units can sometimes be used to estimate the aggregate

outcomes of interest (like in Card, 1990, and Card and Krueger, 1994).2

- !This paper is co-authored with Alberto Abadie, John F. Kennedy School of Government, and
Alexis Diamond, Political Economy and Government. We thank Joshua Angrist, Jake Bowers, Javier
Gardeazabal, Bryan Graham, Dan Hopkins, Rustam Ibragimov, Guido Imbens, Paul Rosenbaum,
" Don Rubin, Jas Sekhon, Gary Solon, Chris Winship, and seminar participants at Harvard, Syracuse,

Uppsala, the NBER Labor Meetings, and the 2006 APSA Meetings in Philadelphia for helpful
- comments. Funding for this research was generously provided by NSF grant SES-0350645 (Abadie).
This paper was awarded the 2007 Gosnell Prize for the best work in methods presented at any
political science conference during the preceding year. Companion software developed by the authors
(Synth package for MATLAB, R, and Stata) is available at the authors’ website and published as
Abadie et al. (2009).

2Card (1990) uses individual-level data from the U.S. Current Populatlon Survey to estimate the
unemployment rates of native workers in Miami and a group of comparison cities before and after the
arrival of the Ma.rlel expatriates to Miami in 1980. Card and Krueger (1994) use a telephone survey

- of fast-food restaurants in New Jersey and Pennsylvania to estimate average wages and employment
in the fast-food industry in those two states around the time of the increase in minimum wage in
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- Given the’wideSpre@d availability of aggregate/macro data (for example, at the
school, city, or region level), and the fact that many policy interventions and events
of interest in the social sciences take place at an aggregate level, comparative case
study research has -broéd potential. How'ever', comparative case study research re-
mains limited in economics and other social sciences, perhaps because its empirical
implementation is subject to two elusive problems. First, in comparative case studies
there is typically sorhe degree of ambiguity about how comparisdn units are chosen.
Researchers often selecf comparison groups on the basis of subjecfive measures of
affinity between affected and unaffected units. Second, comparative case studies typ-
icaliy employ data on a sample of disaggregated units and inferential techniques that
measure only uncertainty about the aggregate values of the data in the population.
Uncertainty about the values of aggregate variables can be eliminated completely if
aggregate data are available. However, the availability' of aggregate data does not
imply that the effect of the event or intervention of interest can be estimated without
error. Even if aggregate data are employed, there remains uncertainty about the abil-
ity of the control group to reproduce the counterfactual outcome trajectory that the
affected units would have experienced in the absence of the intervention or event of
interest. This type of uncertainty is not reflected by the standard errors constructed
with traditional inferential techniques for comparative case studies. |

This article addresses current:methodological shortcomings of case study analy-
sis. We advocate the use of data-driven procedures to construct suitable comparison
groups, as in Abadie and Gardeazabal (2003). Data-driven procedures reduce discre-
tion in the choice of the comparison control units, forcing fesearchers to demonstrate
the affinities between the affected and unaffected units using observed quantifiable
characteristics. In practice, however, it is often difficult to find a single unexposed
unit that approximates the most relevant characteristics of the unit(s) exposed to the
event‘ of intefeSt. The idea behind the synthetic control approach is that a combi-
nation of regions often provides a better comparison for the region exposed to the

~ intervention than any single région alone. For example, in their study of the eco-

New Jersey in 1992.
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nomic. impact. of .teirrorism in the Basque Country, Abadie and Gardeazabal (2003)
use a combination of two Spanish regions to approximate the economic‘grc‘)wth that
the Basque Country would have experienced in the absence of terrorism. Card (1990)
implicitly uses a combination of cities in the southern United States to approximate
the evolution that thé Miami laLbor market would have experienced in the absence of
the Mariel Boatlift. |
Relative to traditional regression methods, transparency and saféguard against
extrapolation are two attractive features of the synthetic control method. Because
_a synthetic control is a weighted average of the available control units, the synthetic
control method makes expliéit (1) the relative contribution of ea,ch'control‘unit to the
counterfactual of interest; a.nd(2) the similarities (or lack thereof) between the unit
affected by the event or intervention of interest and the synthetic cbntrol, in terms
of pre-intervention outcomes and other predictors of post-intervention outcomes. Be- |
cause the weights can be restricted to be positive and sum to one, the synthetic
control method provides a safeguard against extrapolation. |
" In addition, because the choice of a synthetic control does not require access to
pos‘t—intervention outcomes, the synthetic control method ailows researchers to decide
on study design without knowing how those decisions will affect the conclusions of
their studies. Rubin (2001) and others have advocated that the ability to make
decisions on research design while remaining blind to how each particular decision |
~ affects the conclusions of the study is an important device for promoting research
| honesty in observational Studiés. |
~ We describe a simple econometric model that justifies the synthetic control ap-
proach. The model extends the traditional linear panél data (difference-in-differences)
framework, allowing that the effects on uhobserved variables on the outcome vary with
time. In addition, we propose new methods that allow researchers to perform ihfer-
ential exercises about the effects of the evenf or intervention of interest that are valid
regardless of the number of available éomparison units, the number of available time
periodé', and whether aggregate or individual data are used for the analysis.

We apply the synthetic control method to study the effects of California’s Proposi-
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tionf.99, a large-scale tobacco control program implemented in California in 1988. We
demonstrate that following the passage of Proposition 99 tobacco consumption fell
markedly in California relative to a comparable synthetic control region. We estimate
that, by the year 2000, annual per-capita cigarette sales rin‘ California were about 26
packs lower than what they would have been in the a‘bsence of Proposition 99. Us-
ing new inferential methbds proposed in this paper, we demonstrate the statistical
significance of our estimates. '

Cross-country regressions are often criticized because they put countries side-by-
side regardless of whether they have similar or ra,dlcally dlfferent characteristics (see,
for example, Temple, 1999). The synthetic control method provides an appealing
data-driven procedure to select comparison groups for the study of the effects of
events or interventions’tha‘,t take place at the level of a country. To illustrate the:
application of thé techniques proposed in this article to cross-country data, we include
an appendix where we use the synthetic control method to estimate the impact of the
1990 German re-unification on the West German economy.

The rest of the article is organized as follows. Section 2.2 describes the main
ideas behind the synthetic control approach to comparative case studies of aggregaté
events. In section 2.3 we apply syhthetic control methods to estimate the effect
of California’s Proposition 99. Section 2.4 concludes. Appendix A lists the data
sources for the application in section 2.3. Appendix B contains the application of
the synthetic control method to the study of the economic effects of the Germa.n

reunification. Appendlx C contains technical details.
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2.2 Synthetic Control Methods for Cdmparative‘

Case Studies

2.2.‘1 Comparative Case Studiee

Case studies focus on particular occurrences of the events or interventions of in-
terest. Often, the motivation behind case studies is to detect the effects of an event or
policy intervention on some outcome of interest by focusing on a particular instance
in which the magnitude of the event or intervention is large relative to other determi-
nants of the outcome, or in which identification of the effects of interest is facilitated
by some other characteristic of the intervention. For example in his classic study of
the economic impact of immigration, Card (1990) a.nalyzes the behavior of the Miami
labor market in the wake of the 1980 Mariel Boatlift, when the Mariel immigrants
increased the size of the labor force in Miami by 7 percent in a matter of a few
monthe. In comparative case studies, researchers compare units affected by the event
or intervention of interest to a group of unaffected units. Therefore, comparative case
studies are only feasible when some units are exposed and others are not (or when
their levels of exposure differ notably). |

To simplify the exposition, we proceed as if only one unit or region is subject
to the intervention of interest.* In addition, we adopt the terms “region” or “uﬁit”
and “intervention” or “treatment”, which can be substituted for “ceuntry”, “state”,

»

“citY"’, etc. and ¢ even 7, “shock”, “law”, etc. respectlvely for specific applications.

3In comparative case studies, the main emphasis is sometimes on identification of the impact of
the particular event or intervention on hand (internal validity), at the cost of limited immediate
generalizability to other settings (external validity). In other instances, as in the Card and Krueger
(1994) study on the employment effects of a minimum wage raise, cases studies are used to test
hypotheses previously derived from theoretical models.

4Otherwise, we could first aggregate the data from the regions exposed to the intervention.
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2.2.2 A MOtiVating Model
,The following simple model provides a rationale for the use of synthetic control

methods in comparative case study research. Suppose that we obsexjve J +' 1 regions.
Without loss of generality, suppoee also that only the first regien is exposed to the
intervention of interest, so that We’ha‘,ve'J remaining regions as potential contrels. :
Also Withoﬁt ‘loss of generality and‘ to simplify notation, we assﬁme that the first
reglon is uninterruptedly exposed to the mterventlon of interest a,fter some 1n1t1al
1ntervent10n period. |

' Let Y. be the outcome that would be observed for region ¢ at time ¢ in the absence
of the intervention, for units ¢ = 1,...,J + 1, and time periods t = 1,...,T. Let
T, be number of 'p‘re-intervent‘ion periods, with 1 < Tp < T. Let Y, be the outcome
that Woﬁld be ebserved for unit ¢ at time ¢ if unit 7 is exposed to the intervention in
periods Tp + 1 to T. We e.ssume that the intervention has no effect on the outcome
before the implementation period, so for ¢ €{1,...,To} and alli € {1,...,N}, we
have that K{ =Y N5 Let ay = Y — YV be the effect of the intervention for unit ¢ at
“time ¢, if unit 4 is exposed to the intervention in periods To+1,Tp+ 2,...,T (whei‘e ,
1<To<T). Therefore: ‘ -

| Yi=Y+au
Let D;; be an indicator that takes value one if unit ¢ is exposed to the intervention

at time ¢, and value zero otherwise. The observed outcome for unit i at time ¢ is
Yi =Yy +auDy.

Because only the first region (region “one”) is exposed to the intervention and only
after period Tp (with 1 < Ty < T'), we have that: ‘

1 ifi=1landt>Tp
,Dit= ' |

0 otherwise.

50f course, this is done without loss of generality. If the anticipation of the intervention impacts
the outcome before the intervention is implemented, we can always redefine Tp to be the first period -
in which the outcome may possibly react to the (anticipated) intervention.
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We aim to estimate (a1y41, - - -, @1r). For t > T,
R N VN
o =Yy =Yy =Y =Y.

Because Y}, is observed, to estimate 0 we Just need to estimate Y. Suppose that

Yy is given by a factor model:
Yziv =45 +>0¥Zi.+> Attt + €ty - (2.1)

where §; is an unknown common fabtor with constant factor loadings across units, Z;
is a (r x 1) vector of observed covariates (not affected by the inter\}enti'on), 6 is a
(1 x r) vector of unknown parameters, At is a (1.x F) vector of unobserved common
facﬁors, u; is an (F x 1) vector of vunknown factor loadings, and the error terms &;
' are unobserved transitory shocks at the region level with zero mean for all s.

It is important to ndtice,that» this model does not rule out the existence of time-
varying measured determinanté of Y;N. The vector Z; may contain pre- and post-
intervention values of time-varying variables, as long as they are not affected by the -
intervention. For example, Suppcse that T = 2, Ty = 1, and that Z; is a scalar
random variable for i = 1,...,J+1and ¢ = 1,2. Then, if Z; = (Zy, Zi), 61 = (8 0)
and 6, = (0 B), we obtain 6,Z; = Z;;(3. Notice also that the model in (2. 1) does not
restrict Z;, u;, and g3 to be independent.

Consider a (J x 1) vector of weights W = (ws,...,wj41) such tha'ut’ w; > 0 for

J=2,...,J+1and wp +--- + w J41 = 1. Eac‘h‘pa,rticula.r value of the vector
| W represents a ‘potent'ial synthetic 'contfol, that is, a par_t:icvular weighted average of
control regions. The value of the outcome variable for each synthetic coﬁtrol indexed

by W is: :
o ‘ J+1 J+1 J+1 J+1

zwj Jt = 6t +0tszZ +/\tzwjuj +zszjt

Suppose that there are (w},..., w} +1) (that sum to one) such that:
J+1 ’ a1 I AeY ,
z Yi —Yu, ,Zw} YlTo, and zw Z; = 7. (2.2)
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Then,; it is easy-to-see that if 321, AL, is non-singular, then,

J+I o J4L -1 J+1 |
Ylt—Zw it = Zw ZAt(ZA' ) W(Ejs —€15) Zw Ejt — €1t)-- (2.3)

j=2 j=2 =1
Appendix C shows that, under standard conditions, the average of the right hand
s1de of equation (2.3) will be close to zero if the number of pre-intervention perlods

is large relative to the scale of the transitory shocks. This suggests using
J+1

oy = Y1 — E w
=2

fort € {To+1,...,T} as an estimator of ay;.

Equation (2.2) can hold exactly only if (Yii,..., Y17, Z) belongs to the convex
hull of {(Yar, -, Yoz, Z3)s - -, (Yo, - - Yor7s Zh41)}. In practice, it is often the
case that no set of weights exists such that eqﬁation (2.2) holds exactly in the data.
Then, the synthetic control region is selected so that equation (2.2) holds approxi-
mately. |
~ The simple linear model presented in this section does not need to hold over the
entire set of regions in any particular sample. Researchers trying to mininﬁze biases
caused by interpolating across regions with very different characteristics may restrict
the donor pool to regions with similar characteristics to the region exposed to the
event or intervention of interest. As explained below, in contrast with more traditional
regression methods; which typically rely on asymptotic limit theorems for inference,
the‘é.va.ila.bility of a small number of regions to construct the synthetic control does
not invalidate our inferential procedures. - ,
~ Notice that, even if ta.kenv at face value, equation (2.1) generalizes the usual
difference-in-differences (fixed-effects) model commonly applied in the empirical lit-
erature. The difference-in-differences model allows for the presence of unobserved
confounders but resfricts the effect of those confounders to be constant in time. In
contrast, the model presenfed in this section allows the effects of confounding un-
observed characteristics to vary with time. Notice that the traditional difference-in-
differences (fixed-effects) _model can be obtained if we impose that A; in equation (2.1)

is constant for all ¢.
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'Synthétic’cont'rols"'c,an’provide. usefuil estimates in more general contexts than the
factor model considered thus far. Consider, for example, the following autoregressive

model with time-varying coefficients:
Y = Y + B Zivrr + tienr, )

| | - (24)
Zisyn = %Yy + I Zit + vitgr,

where ;141 and v;:4, have mean zero conditional on F; = {Y},, Z;s}1<j<n, s<t- Sup-

pose that we can choose {w}}2<;j<n such that:

Jt1 | J+1 ‘
—— 'Zw;ijT;, =Y, and Zw;‘ Zity = L17Tp- (2.5)
j=2 j=2 :

Then, it is easy to see that the synthetic control estimator is unbiased even if data

for only a single pretreatmént period are available.®

2.2.3 Implementation

Assume that there are J reg’ions: not exposed to the event or intervention of inter-
est, so they can serve as controls. We consider any weighted average of non-exposed
regions as a potential (synthetic) control. Let W be a (J x 1) vector of positive Weights
that sum to one. That is, W = (wy,...,ws41) withw; >0for j=2,...,J+1 and
w2+ -+ +wyy1 = 1. Each value of W represents d weighted average of the available
control regions and, therefofe, a synthetic control.” '

" The outcome variable of interest is observed for T periods for the region affected by
the intervention Yis, (t=1,...,T) and the unaffected regions Yy, (j = 2,..., J+1,t =
1, T). Let T =T — To be the number of post-intervention periods. Let Y; be the
(Th X 1) vector of post-intervention outcomes for the exposed region, and Y; be the

(Ty x J) matrix of post-intervention outcomes for the potential control regions.

6See Appendix C for details.

7 Although we define our synthetic controls as convex combinations of unexposed units, negdtive
weights or weights larger than one can be used at the cost of allowing extrapolation. The severity
of the extrapolation can be limited by specifying lower and upper bounds for the weights.
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. Let. the;(To,-,x 1). vector K = (ki,...,kr,)" define a linear combination of pre-
intervention outcomes: YK = zfglksns.s Consider M of such linear combinations
" defined by the vectors K, ..., K. Let X, = (2, Y, ..., ¥;X) be a (k x 1) vector
of pre-intervention characteristics for the exposed region, with k = r + M. Similarly,
Xois a (kxJ) matrix that contains the same variables for the unaffected regions.
That is, the j-th column of X, is (Z, ¥, ... ,’Y}KM )'. The vector W* is chosen to
minimize some distance (or pseudo-distance), || X; — XoW||, between X; and X,W,
‘subject towy >0,...,wy41 >0, wo+---+wyyy = 1. In particular, we will consider
1 X1 = XoW(lv = /(X1 — XoW)' V(X1 — XoW), where V is some (k x k) symmetric

and positive semidefinite matrix, although other choices are also possible.9

Although our inferential procedures are valid for any choice of V, the choice
of V influences the mean square error of the estimator (that is, the expectation
of (Y1 — YoW*) (Y1 — YoW*)). Because V is symmetric and positive semidefinite,
there exist two (k X k) matrices, U and A, such that the rows of U , {un}e_,, form
an orthonormal basis of R¥, A is diagonal with all diagonal elements, {ana}E_,,
equal or greater than zero, and V = U'AU. As a feeult, the vector W* minimizes
(H1 W)Y A(H, — HiW), subject to‘w‘z >0,..., w541 20, wa+---+wyyy =1,
where H1 = UX; and Hy = UXp. In other words, the matrix V assigns weight a,,
to the linear combinatioh of characteristics in X, and X; with coefficients u,. The
optimal choice of V' assigns weights to linear combination of the variables in X and
X to minimize the mean square error of the synthetic control estimator. Sometimes

“this choice can be based on subjective assessments of the predictive power of the vari-

8 For example, if k; = ko = = kTo 1 = 0 and k7, = 1, then YK = Ty, the value of the
outcome variable in the period immedlately prior to the intervention. If k; = k2 =.--=kqp, =1/Tp,
then YX = 15! E Y., the simple average of the outcome variable for the pre-intervention
penods

s=1

SIf the relationship between the outcome variable and the explanatory variables in X; and Xg is -
highly nonlinear and the support of the explanatory variables is large, interpolation biases may be
severe. In that case, W* can be chosen to minimize || X; — XoW/|| plus a set of penalty terms specified
as increasing functions of the distances between X; and the corresponding values for-the control units
with positive weights in W. Alternatively, as mentioned in section 2.2.2.2.2, interpolation biases can
be reduced by restricting the comparison group to units that are similar to the exposed units in
term of the values of X 1.
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ables in X and Xjo. The choice of V' can also be data-driven. One possibility is to
choose V such that the resulting synthetic control region approximates the trajectory
of the outcome variable of the affected regibn in the pre-intervention periods. For
example, Abadie and Gardeazabal (2003) choose V' among positive definite and di-
agonal matrices such that the mean squared prediction error of the outcome variable
is minimized for the pre-intervention periods. Alternatively, if the number of avail-
able pre-intervention periods in the sample is large enough, researchers may divide
them iﬁto an initial training period and a subseduent validation period. Given a V,
W*(V) can be computed using data from the training period. Then, the matrix V
can be chosen to minimize the mean squared prediction error produced by the weights
W;‘(V) during the validation period.% |

. L. X/ : K e S : </
One obvious choice for VX1, ... V" is V51 = ¥;,... Y,

Kr, L.
™ =Y,,. In practice,

however, the computation of the weights w3, . .., wj,, can be simplified by considering
‘only a few linear combinations or pre-intervention outcomes and checking whether

equation (2.2) holds approximately for those weights.

2.2.4 Inference

The standard errors commonly reported in regression-based comparative case
studies measure uncertainty about aggregate data. For example, Card (1990) uses
data from the U.S. Current Population Survey to estirhate native employment rates
in Miami and a set of comparison cities around the time of the Mariel Boatlift. Card
‘and Krueger (1994) use data on a sample of fast-food restaurants in New Jersey and
Pennsylvania to estimate the average number of employees in fast-food réstaurants
in these two states around the time when the minimum wage was increased in New
Jersey. The standard errors reported in these studies reflect orﬂy the unavailability

~of aggregate data on employment (for native workers in Miami and other cities, and

101n cases when little is known about the relative predictive power of the pre-intervention variables,
researchers may decide to normalize the variables in X, and X; using V' equal to the inverse of the
" estimated variance-covariance matrix of the variables in X and X; (Mahalanobis distance) or equal
to a diagonal matrix with the elements in the main diagonal equal to the inverses of the sample
variances of the variables in X, and X; (normalized Euclidean distance).
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in fast-food restaurants in New Jersey and. Pennsylvanla respectlvely) This mode
of 1nference would logically produce zero standard errors if aggregate data were used
for estimation. However, perfect knowledge of the value of aggregate data does not
. reduce to zero our uncertainty about the parameters of interest. That is, even if ag-
gregate data are used for estimation, in most cases researchers would not believe that
there is no remaining uncertainty about the value of the parameters of interest. The
reason is that not all uncertainty about the value of the estimated parameters come
frorn Iack of knowledge of aggregate data. In comparative case studies, an additional
source of uncertainty derives from our ignorance about the ability of the control group |
to reproduce the‘counterfactual of how the treated unit would have evolved in the
absence of the treatment. This type of uncerta1nty is present regardless of whether
aggregate data are used for estlmatlon or not. The use of individual micro data, as
- opposed to aggregate data only increases the amount of uncertalnty if the outcome
of interest is an aggregate

Large sample inferential techniques are not well-suited to comparative case stud-
" ies when the number of units in the comparison group and the number of periods
in the sample are relatively small. In this article, we propose exact inferential tech-
niques, akin to permutation tests, to perform inference in comparative case studies.
The methods proposed here produce‘informative inference regardless of the number
- of available comparison units, the number of available time periods, and whether
- the data are individual (micro) or aggregate (macro).i However, the quality of the
inferential exercises proposed in this article increases with the number of available
cornparison units or the number of availahle time periods. The inferential techniques
- proposed in this article extend Abadie and Gardeazabal (2003) in several directions.

In their study of the economic effects of terrorism, Abadie and Gardeazabal (2003)
use a synthetic control region to estimate the economic growth that the Basque Coun-
try would have experienced in the absence of terrorism. To assess the ability of the
synthetic control method to reproduce the evolution of a counterfactual Basque Coun-
try w1thout terrorism, Abadie and Gardeazabal (2003) introeduce a placebo study, ap-

plying the same technlques to Catalonia, a region similar to the Basque Country but
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Withf-a‘muchil'ower exposure to terrorism. Similar falsification tests have been used
to assess the effects of computers on the distribution of wages (DiNardo and Plschke
1997), the effect of the Mariel Boatlift on native unemployment in Miami (Angrist
and Krueger, 1999), and the validity of the rational addiction model for cigarette
consumption (Auld and Grootendorst, 2004).}! '

In this paper, we extend the idea of a placebo study to produce quantitative in-
ference in compa,ratiffe case studies. As in classical permutation tests, we apply the
synthetic controlrmethod to every potential control in our sample. This allows us to
assess whether the effect estimated by. the synthetic control for the region affected
by the intervention is large relative to the effect estimated for a region chosen at
random.. This inferential exercise is exact in the sense that, regardless of the number
of available comparison regions, time periods, and whether the data are individual
or aggregate, it is always possible to calculate the exact distribution of the estimated
‘effect of the placebo interventions. Notice also that the inferential exercise proposed
here produces classical randomization inference for the case where the intervention
is indeed randomized across regions, a rather restrictive condition. More generally,
our inferential exercise examines whether or not the estimated effect of the actual in-
tervention is large relative to the distribution of the effects estimated for the regions
not exposed to the intervention. This is informative inference if under the hypothesis
of no intervention effect the estimated effect of the intervention is not expected to
be abnormal relative to the distribution of the placebo effects.’? In this sense, our
inferential procedure is related to that of DiNardo and Pischke (1997) and Auld and
Grootendorst (2004). DiNardo and Pischke (1997) compare the wage differential asso-
ciated with computer skills (as reflected in the on-the-job computer use) to the wage

differentials associated with the use of other tools (pencils, telephones, calculators)

1'What we refer to in this article as“placebo tests” or “falsification tests” sometimes appear with
different names in the literature. Angrist and Krueger (1999) discuss empirical tests of this type
- under the heading “refutability” tests. Rosenbaum (2002a) discusses the use of outcomes “known
to be una.ffected by the treatmen ” to evaluate the presence of hidden biases.

12Gee Rosenbaum (2002a b) for a detailed discussion of the use of permutation inference in ran-
domized experiments and observational studies. '
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that. do not. proxy ,‘f:o:g ‘-Sk;ﬂls. that are scarce in the job market. Similarly, to assess
the va.lidity of the rational addiction model, Auld and Grootendorst (2004) compare
the result of a test of rational addiction for éigarette consumption to the results of
the same test applied to substances that are not considered addictive (milk, eggs, |
oranges, apples). | | ’

For cases in Which the number of available comparison regions is very small small,
one can use the longitudinal dimension of the data to produce placebo studies, as in
Bertrand, Duflo, and Mullainathan (2004) where the dates of the placebo interven- -

tions are set at ra.ndom 13, 14

2.3 Estimating the Effects of California’s Propo-
sition 99

2.3.1 Background

Anti-tobacco legislation has a long history in the United Stdtes, dating back at
~ least as far as 1893, when Washington became the first state to ban the sale of

cigarettes. Over the next 30 years 15 other states followed with similar anti-smoking "
measures (Dinan and Heckelman, 2005). These early anti-tobacco laws were primarily
motivated by moral concérnsé health issues were secondary (Tate, 1999). Almost 100
years later, after these early laws had long since been repealed, widespread awareness

- of smoking’s health risks launched a new wave of state and federal anti-tobacco laws

13Gee also Heckman and Hotz (1989) for an earlier application of in-time placebos. In Appendix
B we use an in-time placebo to study the economic impact of the 1990 German reunification.

14Gee Wooldridge (2003), Athey and Imbens (2006) and Donald and Lang (2007) for related
work on inference in difference-in-differences models. Section 6.5 in Wooldridge and Imbens (2008)
provides a recent survey of this literature. Conley and Taber (2008) propose an alternative method
to do inference in comparative cases studies based on consistent estimation of the distribution of
regression residuals for the case where the number of regions in the control group is large.
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dcross the United States and, ultimately, overseas.l5 Leading this wave, in 1988, -
was a voter initiative in California known as Propdsition 99, the first Inodern—time"
large-scale tobacco control prograln in the United States.

Proposition 99 increased California’s cigarette excise tax by 25 cents pef pack, ear-
marked the tax revenues to health and anti-smoking education budgets, funded anti-
smoking media cé,mpaigns, and spurred local clean indodr;air ordinances throughout
the state (Siegel, 2002).1¢ Upon initial implementation, Proposition 99 produced more"
than $100 Inillidn per year in anti-tobacco projects for schoolbs, communities, counties,

: ‘a.nd at the sfate level. Almost $20 million a year became available for tobacco-related
research. As Glantz and Balbach (2000) put it, “[t]hése programs dwarfed anything |
that any other state or the federal government had ever ddne on tobacco.”

Proposition 99 triggered a wave of local clean—aif ordinances in California. Before
Proposition 99 no city or town in California required restaurants to be 100 percent
smoke-free. From 1989 to 2000 approximately 140 such laws were passed (Siegel,
2002) By 1993 local ordinances prohibiting smoklng in the workplace protected
nearly two-thirds of the workers i in California (Glantz and Balbach, 2000) In 1994
the State of California passed additional legislation that banned smoking in enclosed
workplaces. By 1996 more than 90 percent of California workers were covered by a |
smoke-free workplace policy (Siegel, 2002). Non-smokers’ rights advocates view the
wave of local ordinances _passed under the ilnpetus of Prdposition 99 as an irnportant

' stép in the effort to undercut the then existing social support network for tobacco use
in California (Glantz and Balbach, 2000). | '

The tobacco industry responded to Proposition 99 and the spread of clean;air
ordinances by increé,sing its political activity in California at both the state and local

levels. Tobacco lobby groups spent 10 times as much money in California in 1991-1992

~ 15See Gruber (2001) for a survey on tobacco consumption and regulation in the United States.
Ireland imposed a workplace smoking ban in 2004. This was followed by Italy in 2005, and Scotland
-in 2006. Belgium, Australia, and the United Kingdom have workplace smoking bans scheduled for
2007 (Borio, 2005).

ylG-Proposition 99 assigned tax revenues to six accounts: Physician Services (35 percent), Health
Education(20 percent), Hospital Services (10 percent), Research (5 percent), Public Resources (5
percent), and Unallocated (25 percent) (Glantz and Balbach 2000). Co
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as they had spent in 1985-1986 (Begay et al., 1993)‘; In addition, after the passage of
Proposition 99, tobacco companies increased promotional expenditures in California
(Siegel, 2002). _ .

In 1991 California passed Assembly Bill 99, a‘ new piece of legislation implementing
Proposition 99. Contrary to the original mandate of Proposition 99, Assembly Bill
99 diverted a significant fraction of Health Education Account funds into medical »
services with little or no connection to tobacco (Glantz and Balbach, 2000). Also in
1991 a new governor began to exert increasing control over California’s anti-smoking
media campaign. In 1992 Gover'nor‘Pete Wilson appointed a new Department of
Health Services director and halted the media campaign, which provoked a lawsuit
by the American Limg Association (ALA). The ALA won the suit and the campaign
was back by the end of 1992, although with a reduced budget (Siegel, 2002).

Even so, Proposition 99 was widely perceived to have successfully cut smoking in
California. From the passage of Proposition 99 through 1999 adult smoking prevalence
fell in California by more than 30 percent, youth smoking levels dropped to the lowest
in the country, and per capita cigarette consumption more than halved (Califorhia
Department of Health Services, 2006). Prior to 1988 per capita cigarette consumption
in California trailed the national average by 22.5 packs; ten years later per capita
conéumption was 40.4 packs lower than the national average (Siegel, 2002).

Following‘ early reports of California’s succeSs‘with Proposition 99, other states
adopted similar policies. In 1993 Massachusetts raised taxes on cigarettes from 26
to 51 cents vpe‘r pa.ck to fund a Health Protection Fund for smoking prevention and
cessation programs. Similar laws passed in Arizona in 1995, with a 50-cent tax
increase, and Oregon in 1997, where the tax on cigarettes rose from 38 to 68 cents
per pack, (Siegel, 2002). In November 1998 the tobacco companies signed a $206
billion Master Settlement Agreementvthat led the industry to irripOse an immediate
45-cent increase in cigarette prices nationwi‘dé (Capehart, 2001’). As of October 6, |
2006, there were 17 states é,nd the District of Columbia and 519 municipalities across
the éounfry with laws in effect requiring 100 percent smoke-free workplaces, bars, or

restaurants. Similar laws havé been enacted but are not yet effective in other states



Chapter 2: Synthetic Control Methods for Comparative Case Studies: Estimating the
Effect of California’s Tobacco Control Program 24

(ANRF, 2006). v ‘

Previous studies have 1nvest1gated the impact of Propos1t1on 99 on smoking preva-
_ lence using a variety of methods. Breslow and Johnson (1993), Glantz (1993), and
Pierce et al. (1998) show that cigarette consumption in California after the passage of
‘Proposition 99 in 1988 was lower than the average national trend and lower than the
linearly extrapolated pre-program trend in California. Hu, Sung and Keeler (1995)
use time-series regression to disaggregate the effects of Proposition 99’s tax hike and
media campaign on per-capita c1garette sales.

A related literature has studied the effect of smoking bans on smoking prevalence
Woodruff et al. (1993) show that smoking prevalence in California in 1990 was lower
among workers affected byr workplace smoking restrictions than among unaffected
workers. More generally, Evans, Farrelly, and Montgomery, (1999), Farrelly, Evans,
and Sfekas (1999), and Longo et al. (2001) have prov1ded evidence on the effectiveness
of workplace smoking bans.!”

The most ‘recently .published study similar to ours is F1chtenberg and Glantz
(2000), in the New England Journal of Medicine. This article uses least-squares re-
gression to predict smoking rates in California as a function of the smoking rate for
the rest of the United States. The regressions in Fichtenberg and Glantz (2000) esti-
mate the effect of Proposition 99 as a time trend in per-capita cigarette consumptionr
starting after the implementation of Proposition 99 in 1989. Fichtenberg and Glantz -
(2000) allow also for a change in this trend after 1992, when the anti-tobacco media
campa.ign was first temporally eliminated and then reestabliShed but with reduced
funds. Using this regression speciﬁcation, Fichtenberg and Glantz (2000) estimate
that' during the period 1989-1992 'Proposition 99 accelerated the rate of decline of
per-capita cigarette consumption in California by 2.72 packs per year. Due to pro-
gram cut- backs after 1992, Fichtenberg and Glantz (2000) estimate that during the
period 1993—1997 Propos1t10n 99 accelerated the rate of decline of per—cap1ta cigarette

consumpt1on in California by only 0.67 packs per year.

1"See also Goel and Nelson (2006) for a recent 11terature review on the effectiveness of ant1—smok1ng
leg1slat10n
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232 Data and Sample .

- We use annual state-level panel data for the period 1970-2000. Proposition 99 was
passed in November 1988, giving us 18 years of pre-intervention data. Our Satnple
peridd bégins in 1970 because it is the first year for which data on cigarette sales
are available fof all our control states. It ends in 2000 because at about this time
a,nti-tobacéo measures were implemented across many states, invalidating them as
potential control units. Moreover, a decade-long period after the passage of Proposi- -
'vtio.n 99 seems like a reasonable limit on the span of plausible prediction of the effect
of this 1ntervent10n | o .'

Recall that the synthetlc Calnorma is constructed as a weighted average of po-
tential control states, with weights chosen so that the resulting synthetic California
best reprbduces the values of a set of predictors of cigarette consumption in Califor- |
nia before the passage of Proposition 99. Borrowing from the statistical matching
literature, we refer to the set of potential controls for California as the “donor pool”.

- Because the synthetic California is meant to reproduce the smoking rates that would
have been observéd for California in the absence of Proposition 99, we discard from
the dt)nor pool states that adopted some other large-scale tobacco control program
during our sample period. Four states (Massachusetts, Arizona, Oregon, and Florida)
introduced formal statewide tobacco COntrolvprogra,ms in the 1989-2000 period and
they are excluded from the donor pool. We also discard all states that raised thei‘r |
state cigarette taxes by 50 cents or more over the 1989 to 2000 period (Alaska, Hawaii,

 Maryland, Michigan New Jersey, New York, Wa.shin‘gton) 18 Finally, we also exclude

the District of Columbia from our sample. Our donor pool includes the remalnlng 38

states. Our results are robust, however, to the inclusion of discarded states.
Our outcome variable of interest is annual per capita agarette consumption at
the state level, measured in our dataset as per-capita cigarette sales in packs. We

obtained these data from Orzechowski and Walker (2005) where they are constructed -

18Notice that, ‘even if the remaining tax increases substantially reduced smoking in any of the
 control states that gets assigned a positive W-weight, this should if anything attenuate the treatment
effect estimate that we obtam for California. .



Chapter 2: Synthetic Control Methods for Comparative Case Studies: Estimating the
Effect of California’s Tobacco Control Program 26

using information on state-level tax revenues on cigarettes sales. This is the most
w1dely used 1nd1cator in the tobacco research literature, available for a much longer
tlme-perlod than survey-based measures of smoking prevalence We include in X;
‘and X, the values of predictors of smoking prevalence for California and the 38
potential. controls, respectively. Our predictors of smoking prevalence are: average
retail price of ‘cigarettes, per-capita state personal income (logged), the percentage
of the population age 15-24, and per-capita beer consumption. These variables are
averaged over the 1980-1988 period, and augmented by adding three years of lagged
smoking consumption (1975, 1980, and 1988). Appendix A provides data sources.% 20

Using the techniques described in Section 2.2, we construct a synthetic California
that mirrors the values of the predictors of cigarette consumption in California before
the passage of Proposition 99. We estimate the effect of Proposition 99 on per-
capita cigarette consumption as the difference in cigarette consumption levels between
California and its synthetic versions in the years after Proposition 99 was passed. We .
then perform a series of placebo studies that confirm that our estimated effects for
California are unusually large relative to the distribution of the est1mate that we

obtain when we apply the same analysis to all states in the donor pool.

2.3.3 Results

Figure 2.1 plots the trends in per-capita cigarette consumption in California and
the rest of the United States. As this figure suggests, the rest of the United States
may not provide a suitable comparison group for California to study the effects of

- Proposition 99 on per-capita smoking. Even before the passage of Proposition 99

* 19 Average retail prices of cigarettes vary quite a bit across the United States. For example, in
1989, average retail prices ranged from $1.16 in Kentucky to $1.74 in Nevada.

20Results are robust regardless of which and how many predictor variables we include. The
list of predictors used for robustness checks include: unemployment, income inequality, poverty,
welfare transfers, crime rates, drug related arrest rates, state cigarette taxes, population density,
and numerous variables to capture the demographic, racial, and social structure of states. Inclusion
of these predictors leaves our results virtually unaffected. The weights associated with additional
predictors in the matrix V' usually are close to zero because the few predictors used in the streamlined
‘baseline model already account for most of the variation in cigarette consumption over time.
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the time series of cigarette consumption in California and in the rest of the United
States differed notably. Levels of cigarette consumption were similar in California
~and the rest of the United States in the early 1970’s. Trends began to divergé in
~ the late 1970’s, when California’s cigarette consumption peaked and began to decline
while consumption in the rest of the United States was still rising. Cigarette salés
declined in the 1980’s, but with larger decreases in California than in the rest of
the United States. In 1988, the year Propositioh 99 passed, cigarette consumption
was about. 27 percent higher in the rest of the United States relative to California.
Following the law’s passage cigarette consumption in California continued to decline.
To evaluate the effect of Proposition 99 on cigarette smoking in California the central
qﬁestion is how cigarette consumption would have evolved in California after 1988 in
the absence of Proposition 99. The synthetic control method provides a systematic
way to estimate this counterfactual. '

As explained above, we construct the synthetic California as the convex combi-
nation of states in the donor pool that most closely resembled California in terms of
pre-Proposition 99 values of smoking prevalence predictors. The results are displayed
in Table 2.1, which compares the pretreatment characteristics of the actual California
with that of the synthetic California, as well as with the population-weighted aver-
age of the 38 states in the donor pool. We see that the average of states that did
not implement a large—séa,le tobacco-control program in 1989-2000 does not seem to
provide a suitable control group for California. In particular, prior to the passage of
' Proposition 99 average beer cohsumptioh and cigarette retail prices were lower in the
38 control statés than in California. Moreover, prior to the passage of Proposition 99
average cigarette sales per-capita weré substantially higher in the 38 control states
than in California. In contrast, the synthetic California accura,tely reproduces the

values that smoking prevalence and smoking prevalence predictor variables had in
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California prior to the passage of Proposition 99.21: 22

Table 2.2 displays the weights of each control state in the synthetic California.
The weights reported in Table 2.2 indicate that smoking trends in California prior
to the pa,ssage' of Proposition 99 is best reproduced by a combination of Colorado,‘
Connectiéut, Monténa,’ Nevada, ‘and Utah. All other states in the donor pool are
assigned zero W-weights. o

Figure 2.2 displays per-capita cigarette sales for California é.nd its synthetic coun-
terpart during thé period 1970-2000. Notice that, in contrast to per capita sales
in other U.S. states (shown in Figure 2.1), per-capita sales in the synthetic Cal;
- ifornia \}ery clOsely track the trajectory of this variable in California for the entire
pre-Proposition 99 period; Combined With the high balance on all smoking predictors
.(Table 2.1), this suggests that the synthetic California provides a sensible approxi-
mation to the number of cigafette packs per;capita that would have been sold in
California in 1989-2000 in the absence of Proposition 99. - |

Our estimate of the effect of Prdposition 99 oh cigarette consumption in California
is the difference between per-capita cigarette sa,les in California and in its synthetic
version after the passage of Proposition 99. Immediately after the law’s passage, the
two lines began to diverge noticeably. While cigarette consumption in the synthetic
California’ cbntinued on its moderate downward trend, the real California experienbed
a sharp downward kink. The discrepancy between the two lines suggests a large
negative effect of Proposition 99 on per-capita cigarette sales. Figure 2.2 plots the

yearly estimates of the impacts of Proposition 99, that is, the yearly gaps in per capita

- ?1Table 2.1 highlights an attractive feature of synthetic control estimators. Similar to matching
estimators, the synthetic control method forces the researcher to demonstrate the affinity between
the region exposed to the intervention of interest and the regions in the donor pool. As a result, the
synthetic control method safeguards against estimation of “extreme counterfactuals,” that is, those
counterfactuals that fall far outside the convex hull of the data (King and Zheng, 2006).

22We chose V among all positive definite and diagonal matrices to minimize the mean squared
prediction error of per-capita cigarette sales in California during the pre-Proposition 99 period. The
resulting value of the diagonal element of V" associated to the log per-capita GDP variable is very
small, which indicates that log GDP per-capita does not have substantial power predicting the per-
capita cigarette consumption in California before the passage of Proposition 99. This explains the
discrepancy between California and its synthetic version in terms of log GDP per-capita.
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cigarette consumption between California and its synthetic counterpart. Figure 2.2

suggests that Proposition 99 had a la.rge effect on per-capita cigarette sales, and that

this effect increased in time. The magnitude of the estimated impact of Proposition 99

in Figure 2.2 is substantial. Our results suggest that for the entire 1989-2000 period

cigarette consumption was reduced by an average of almost 20 packs per capita, a

decline of approximately 25 percent. ’ ’ |

Our analysis produ_ees estimates of the effect of Proposition 99 that are consid-

erably larger than those obtained by Fichtenberg and Glantz (2000) using linear
regression methods. In particular, Fichtenberg and Glantz (2000) estimate that by

1997 Proposition 99 had reduced per—caplta cigarette sales in California by about

14 packs per year. Our estimates increase this ﬁg‘ure substantlally, to 24 packs per |

year.2

234 Inference about the effect of the CaIifornia Tobacco

Control Progrern'

To evaluate the statistical significance of our estimates, we pose the question of
" whether our results could be driven entirely by chance. How often would we obtain
- results of this magnitude if we had chosen a state at random for the study instead
of Ca.lifornia? To answer this question, we use placebo tests. Similar to Abadie and
Gardeazabal (2003) and Bertrand, Duflo, and Mullainathan (2004), we run placebo
studies by applying the synthetic control method to states that did not implement
a large-scale tobacco control program during the sample period of our study. If the
placebo studies create gaps of magnitude similar to the one estimated for California

we interpret that our analysis does not provide significant evidence of a negative effect

23Part of this difference is likely to be explained by the fact that Fichtenberg and Glantz (2000)
use per-capita cigarette sales in the rest of the United States to reproduce how this variable would
have evolved in California in the absence of Proposition 99. As explained above, after the enactment
of Proposition 99 in California, other states, like Massachusetts and Florida passed similar tobacco
control legislation. While we eliminate these states as potential controls, Flchtenberg and Glantz
(2000) do not do so, Wthh is likely to attenuate their estimates.
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of Proposition 99 on cigarette sales in California. If, on the other hand, the placebo
studies show that the gap estimated for California is unusually large, relative fo
the gdps for the states that did not implement large-scale tobacco control program,
we interpret that our analysis provides significant evidence of a negative effect of
- Proposition 99 on cigarette sales in California.

The idea of the placebo test is akin to the classic framework for permutation
inference, where the distribution of a test statistic is computed under random per—
mutatiohs of the sample units’ assignments to the intervention and non-intervention
groups (see, for example, Lehmann, 1997). |

To assess the significance of our estimates, we conduct a series of placebo studies
by iteratively applying the synthetié control method used to estimate the effect of

| Proposition 99 in California to every other state in the donor pool. In each iteration

we reassigri in our data the tobabco control intervention to one of the 38 control states.
That is, we proceed as if one of the states in the donor pool would have passed a large-
scale tobacco control program in 1988, instead of California. We the‘n‘compute the
, estimated effecf associated with each placebo run. This iterative procedure provides
us with a distribution of estimated gaps for the states in which no intervention took
place. '

Figure 2.4 displays the results for the placebo test. The gray lines represent the
gap associated with each of the 38 runs of the test. That is, the gray lines show the
difference in per-capita cigarette sales between each state in the donor pool and its
respective synthetic version. The superimposed black line denotes the gap estimated
for California. As the figure makes apparent, the estimated gap for Californiavduring
the 1989-2000 period is unusually large relative to the distribution of the gaps for the
states in the donor pooI. } ' _ |

As Figure 2.4 indicates, the synthetic method provides an excellent fit for per-
capita cigarette sales in California prior to the passage of Proposition 99. The pre- »
intervention mean squared predictioh error (MSPE) in California (the average of
the Squared discrepancies between per—capifa cigarette sales in California and in its

synthetic counterpart during the period 1970-1988) is about 3. The pre-Proposition
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- 99 median MSPE among the 38 states in the donor pool is about 6, also quite small,
1nd1cat1ng that the synthetic control method is able to prov1de a good fit for per-
cap1tac1garette consumpt1on prior to rPropos1t1on 99 for the majority of the states
in the donor pool. Hewever, Figure 2.4 indicates also that per-capita cigarette sales
during the 1970-1988 period cannot be well-reproduced fer some states by a convex
‘combination of per-capita cigarettesales in other states. The state with worst fit in
the pre-Proposition 99 period is New Hampshire, with a MSPE of 3,437. The large
MSPE for New Hampshlre does not come as a surprise. Among all the states in the
donor pool, New Hampshire is the state with the highest per-capita cigarette sales for
every year prior to the passage of Proposition 99. Therefore, there is.no combination
of states in our sample that can reproduce the time series of per-capita cigarette sales
in New Hampshire pr10r to 1988. Similar problems arise for other states with extreme
- values of per-cap1ta mgarette sales during the pre—Proposmon 99 period.

If the synthetic California had failed to fit per-capita cigarette sales for the real
California in the years before the pa.ssage of Proposition 99 we would have interpreted
that much of the post-1988 gap between the real and the synthetic California was also |
artificially created by lack of fit, rathef than by the effect of Proposition 99. Similarly,
placebo runs with poor fit prior to the passage of Proposition 99 do not provide

“information to measure the relative rarity of estimating a large post-Proposition 99
gap for a etate that was well-fitted prior to Prdposition 99. For this reason, we provide
several different versions of Flgure 2.4, each version excludlng states beyond a certain
level of pre-Proposition 99 MSPE.

Flgure 2.5 excludes states that had a pre—P'ropositiOn 99 MSPE of more than 20
times the MSPE of California.. This is a very lenient cutoff, discarding only four
states with extreme values of pre—Propos1t10n 99 MSPE and for which the synthetic
method would be clearly ill-advised. In this figure there remain a few lines that still
deviate substahtially from the zero gap line in the pre-Proposition 99 period. Among
the 35 states remaining in the figure, the California gap line is now about the most
unusual line,r especially ﬁom the mid 1990’s onWard. |

Figure 2.6 is based on a lower cutoff, excluding all states that had a pre-Proposition
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99 MSPE of more than five times the MSPE of California. Twenty-nine control states |
plus California remain in the figure. The California gap line is now clearly the most
unusual line for almost the entire post-treatment period. | ‘

In Figure 2.7 we lower the cutoff even further and focus exclusively on those
"states that we can ﬁt almost as well as California in the period 1970-1988, that is,
those states with pre—Propdsition 99 MSPE not higher than twice the pre-Proposition
99 MSPE for Célifornia. Evaluated against the distribution of the gaps for the 19
remaining control states in Figure 2.7, the gap for California appears highly unusual.
- The negative effect in California is now by far the lowest of all. Because this figure
" includes 19 control states, the probability of estimating a gap of the mégnitude of the
gap for California under a random permutation of the intervention in our data is 5
percent, a test level typically used in conventional tests of stafistical sighiﬁcance. |

One final way to evé.luate the California gap relative to the gaps obtained from
the placebo runs is to look at the distribution of the ratios of post /pre-Proposition 99
MSPE. The main advantage of looking at ratios is that it obviates choosing a cutoff
for the exclusion of ill-fitting placebo runs. Figure 2.8 displays the distribution of the
post/ pre-Proposition 99 ratios of the MSPE for California and alll 38 control states.
The ratior for California clearly stands out in the figure: vpost—Proposi‘vcion 99 MSPE
is about 130 times the MSPE for the pre-Proposition 99 period. No control state
achieves such a large ratio. If one were to assign the intervention at random in the
data, the prbbability of obtaining a post/ pre—Proposition‘99 MSPE ratio as large as
 California’s is 1/39 = 0.026.

2.4 Conclusion

Comparative case study research has broad potential in the social sciences. How-
~ ever, the empirical implementation of comparative case studies is plagued by inferen-
tial challenges and ambiguity about the choice of valid control groups. In this paper,
we propose data-driven procedures to select synthetic comparison units in compara-

tive case studies. We show that the synthetic control estimator is valid under fairly
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general conditio‘ns.v In addition, we propose a method to produCe inference in com-
parative caseé studies that incorporates uncertainty about the validity of the control
unit. Moreover, we provide software to implement the estimators proposed in this
article. N |

We demonstrate the applicability of the synthetic control method by studying
the effects of Proposition 99, a large-scale tobacco control program that California
pa.sé_ed in 1988. Our results suggest the effects of the tobacco control pfogram are
much larger than prior estimates have reported. We show that if one were to re-label
the intervention state in the dataset at randorh, the probability of obtaining results

of the magnitude of those obtained for California would be extremely small, 0.026.
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2.5 Appendix A: Data Sources
~ In this appendix, we describe the data used in our analysis and provide sources. -
e Per-capita cigarette consumption (in packs). Source: Orzechowski and Walker

(2005). These data are based on the total tax paid on sales of packs of mgarettes

in a pa.rtlcula.r state d1v1ded by its total population.

o Average retail price per pack of cigarettes. Source: Orzechowski and Walker

(2005). Price vﬁgures include state sales taxes, if applicable.

e Per-capita state persona.l income (logged). - Source: Bureau of the Ceﬁsus,
United States Statistical Abstract. Converted to 1997 dollars using the Con-

sumer Price Index.

e State population and percent.of state population aged 15-24. Source: U.S.

Census Bureau.

° Per-éapita beer consumption. Source: Beer Institute’s Brewer’s Almanac. Mea-

sured as the per-capita consumption of malt beverages (in gallons).
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2.6 Appehdix B: The Economic Impact of the Ger-

man Reunification in West Germany

In this appendix, we illustrate the application of the synthetic control method
td cr-oss—country' data.r For this purpose, we apply the syhthetic control method to
estimate the economic impact of the 1990 German reunification in the former West
 Germany (Federal Republic of Germany). Using the synthetic control method, we
construct a.‘synbthetic West Germany as a convex combination of other advanced in-
dustrialized countries chosen to resemble the values of economic growth predictors for
West Germaﬁy prior to the reunification. Our sample of potential controls includes
the following OECD' member countries: Australia, Austria, Belgium, Canada, Den-
mark, Finland, France, Greece, Ireland, Italy, Japan, the Netherlands, New Zealand,
Norway, Portugal Spain, Sweden Switzerland, United Kingdom, and the United
States.

We provide a list of all variables used in the analysis at the end of this appendix,
a.long‘withvdata sources. For each variable we have made sure that the German data
refers exclusively to the territory of the former West Germany. For that purpose,
when ﬁécessary, our dataset was supplemented with data from the German Federal
Statistical Office (Statistisches Buﬁdésamt). The outcome variable is real per—capita
GDP (PPP-adjusted, measured in 2002 U.S. Dollars). We rely on a standard set of
predictors commonly used in the economic growth literature. We use the investment
rate measured as the ratio of real domestic investment (private plus public) to GDP.
Our'proxy for human capital is the percentage of high school graduates in the total
population aged 25 and older. Our predictors also include the inflation rate and the
share of value ‘added by the industrial sector. In addition, we include trade openness,
measur'ed by the sum of exports and imports as a percentage of GDP, among our
predictors of economic growth. The inclusion of additional growth predictors did not
change our,results‘substantively. _

Table 2.3 compares the pre—reuniﬁcation characteristics of the actual West Ger-

ma.ny to those of our synthetic West Germany, and also to those of the population-
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weighted average of the 20 OECD countries in the donor pool. The statistics in this |
table show that the synthetic Westhermany approximates the pre-1990 values of the
econorhic growth predictors for West Germany far more accuratel_y than the average
of our sample of dther OECD countries. This suggests that the synthetic West Ger-
many provides a better control for the actual West Germany than the average of our
sample of other OECD countries. |

Table 2.4 shows the weights of each country in the synthetic West Germany.
The synthetic West Germany is a weighted aVeragé of Austria, the United Statés,'v
Switzerland, the Netherlands, and Japan, with weights decreasing in this order. All
other countries in the donor pool are éssigned zero weights.

Figure 2.9 displays the GDP per-capita trajectory of West Germany and its syn-
thetic counterpart for the 1960-2003 period. The synthetic West Germany almost
exactly reproduces the trend of this variable in the actual West Germany for the en-
tire pre-reunification perlod. This remarkable fit for the pre-treatment period, along -
with the high balance on GDP predictors (Table A.1), suggests that our synthetic
West Germany provides a sensible estimate of the counterfactual GDP per;capita
trend that West Germany would have experienced in the absence of the German
reunification. | , ' | '

Our estimate of the effect of the German reunification on GDP per—capité in West
Germany is given by the difference between the actual West Germany and its synthetic
version. We find that the German reunification did not have much of an effect on West
German GDP per-capita in‘the first two years immediately following reunification.
In this initial period GDP per-capita in the synthetic West Germany is slightly lower
than in the actual West Germany, which is broadly in line with arguments about an
1n1t1al demand boom (see, for example Melnha;rdt et al. 1995). From 1992 onwards,
however, the two lines diverge substantlally While the actual West Gérmany’s per-
capita GDP growth decelerates, the synthetic West Germany s per—caplta GDP keeps
a.scendlng at a pace similar to that of the pre-unification period. The divergence
of the two series continues to grow until the end of the sample period. Our results

suggest a prbnounced hegative effect of the reunification on West German income.
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They suggest that for the entire 1990-2003 perlod ‘GDP per-capita was reduced by
about $1,460 per year on average, a decline of a,pprox1ma,tely 6 percent. '

To evaluate the statistical significance of our estimate, we conduct a placebo
study where the treatment is reassigned not across unité but in time. Thus, instead
of running a placebo study by reassigning reunification to different countries, we
‘ma‘intain ‘Wes‘t Germany as the treated unit but reassign reunification to an earlier -
point in time. The idea is to evaluate how likely it is to obtain results of the magnitude
that we obtain in Figﬁre A.1 when we apply our methods in a sample period befofe

the reunification.
| ‘Here we show results for the case when reunification is reassigned to the year
1980, ten years earlier than it actually occurred. Thus, we run the same model as
before but the pre-treatment perlod is constrained to be 1960-1980. We also lag
our predictors variables accordingly. The results for reasmgmng reumﬁcatlon to years
other than 1980 are substantially identical. They are omitted to economize on space.

Figure 2.10 displays the results of our in-time placebo study. Notice that the
synthetic West Germany almost exactly reproduces the evolution of GDP per ca,pita,
in the actﬁa,l West Germany for the entire pre-treatment period. Most importantly,
the GDP per-capita trajectoriés of West Germany and its synthetic counterpart do
not divergé considerably after 1980. That is, in contrast to the actual 1990 German
reunification, our 1980 placebo reunification has no perceivable eﬁéét. This placebo
study shows that a weighted cbmbination of other OECD countries can be used to
predict accurdtely the evolution of GDP per-capita in West Germany prior to the
reunification. This suggésts that the gap estimated in Figure 2.9 reflects the impact of
the German reunification and not a potential lack of predictive power of the synthetic
control.

‘The data sources employed for this application are:

o GDP per capita (PPP 2002 $US). Source: OECD National Accounts (retrieved
via the OECD Health Database in October 2006). Data for West Germany was
obtained from Statistisches Bundesamt 2005 (Arbeitskreis “Volkswirtschaftliche

Gesamtrechnungen der Lénder”) and converted using PPP monetary conversion
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factors (retrieved from the OECD Health Database in October 2006).

" o Investment Rate: Ratio of real domestic investment (private plus public) to real
GDP. Source: Barro and Lee (1994). |

- @ Schooling: Percentage of secondary school completed in the total population
a.ged 25 and older. Source: Barro and Lee (2000) |

° Industry 1ndustry share of va.lue added Source World Bank WDI Database
2005 and Sta.tlstlsches Bundesa.mt 2005.

e Inflation: annual percentage change in consumer prices (base year 1995). Source:
World Development Indicators Database 2005 and Statlstlsches Bundesamt
2005

e Trade Openness Export plus Imports as percenta.ge of GDP. Source: World A
Bank: World Development Indicators CD-ROM 2000
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2.7 Appendix C: Technical Details
Consider the first model in section 2.2.2.2.2,
Y;iv = (St + HtZ, + /\tﬂli + Eity

where \; = ()\tl, ...y Ar) I8 a (1 X F) vector of common factors, for t= 1,...,T, and
i = (i1, - - - ,p,-p)’ is an (F x 1) vector of factor loadings, for i = 1,...,J + 1. The

weighted average of the outcome in the donor pool; using weights {w;}a<;j<s41 is:

J+1- J+1 J+1 J+1
ij it =0+ 0 (Z w; 2. ) + At (Z w1u3> + ijejt

As a result, -
J+1 J+1. J+1 J+1 ‘
—_ ZwJY;ItV = Ht (Zl - Z’ijj> + /\t (ﬂl - ijuj) + ij(slt - sjt)-
j=2 ’ Jj=2 j=2 J=2

To simplify the exposition, we will assume that the terms ¢; are independent
across units and in time. The anaiysis can, however, be extended to more general
settings. Notice that even with ¢; independent across units and in time, the unob-
served residualvu,-t = A¢lt; + € may be correlated across units and in time because the
. presence of the terni Aet;- Assume also that the terms e are mean—independent of
{Z;, u,}“'l Let Y;P be the Tp x 1 vector with ¢-th element equal to Y;;. Similarly, let
ef be the (T, x 1) vector with ¢-th element equal to &;;. Finally, let #F and AT be the
(Td x r) matrix and (Tp x F) matrix with ¢-th rows equal to 6; and ), respectively.
We obtain '

J+l J+1 J+1 I+l
ZwJYP = 0P (Zl ij ) AP (pl - Z-wjuJ) + ) wi(ef — €

Let {(M) be the smallest eigenvalue of:

;B
T2 N

t=To—M+1
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Assume that (M) is bound‘ed a,Wa,y- from zero“{’(M ) > £ > 0, for each positive
integer, M Assume also that |A;y| < A for allt =1,. T,. f=1,...,F. Therefore,
because A\’ AP is not smgular ‘ ' : '

' 41

: ’ J+1
}/1127 B Z w]}/JItV = )\ (APIAP) IAPI <YP Z w]yP)
Jj=2 - . :

j=2

J+1
o + (0t _ At(APIAP) IAPIOP) (Zl Zw] )

j=2
CJ41 J4 .
- )‘()‘P/)‘P) 1)\Pl< Zw] )+Z’wj(51t _vgjt),v.
= L

Suppose that there exist {w3,...,w},,} such that equation (2.2) holds. Then

J+1 S
}/IItV ‘—' Z w*}/JJtV = th —+ R2t + R3t,

- where
J+1

Ry = )‘t()‘P/)‘P) IAP/Z * P R2t — _)‘t()‘P/)‘P) IAPIEI, ,

j=2
and Ry = Z o Wi(Ejt — €1t)- Con31der the case of t > Tg. Then Ry and Rg have

mean zero. Notice that, ._ ;
g -1 "
th = Z’UJJZAt (Z AI ) A;Ejs-

Because Zt° At is symmetric and positive definite, so is its inverse. Then, applying

the Cauchy—Schwarz Inequality, we obtain:

() < () ) o) S

N To T | -1
FHEDYPY (Z ,\;,\n) N,€js
- os=1 “\n=1

“Let
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forj=2,...,J+1.
Assume that for some even p, the p-th moments of eje| exist for j =2,...,J +1

andt=1,...,Tp. Us1ng Holder’s Inequahty:‘

J+1 v JEL \ /P J+1 1p
_ : — =L

> wilel < (Z w;lefl”) < (2 & |P) .

j=2 j=2 j=2

Therefore, applying again Holder’s Inequality:

< (E
p/2

X2 F ‘1 &L 1 &
E'|€L[”<C'(p)( ; ) max ﬁZEkﬁw, (T—gZEkﬁP) ,
t=1 t=1

J+1

=L
E Z wjléj |
=2

Now, using Rosenthal’s Inequality:

JH 1/p
Zlgflp]) N
Jj=2

where C’(p) is the p-th moment of minus one plus a Poisson random variable with
parameter equal to one (see Ibragimov and Sharakhmetov, 2002). Let 0% = Elejl?,
= (YT) TR, o2 0%, 6% = maxj—y . 4107, and & = V32 Similarly, let m,;; =

E|€Jt| My = (l/To) SR my, i, and mp = maX;=2,.J+1 Mpj- We obtain that, for

)\ F | m‘/” KA
1/p YP max { —2—

Last equation shows that the bias of the estimator can be bounded by a function that
goes to zero as the number of pre-treatment periods increases.

Consider now the autoregressive model in equation (2.4). Notice that

Y = (o1, + Bros ’YTO)YiTO + Bror1 Uy, Zimy + Bro41 Vimp+1 + Uit 41,

where {uit, Vit } Ty +1<t<Tp+n have mean zero conditional on Fr,. Working recursively
it is easy to check that, conditional on Y;r, and Z;g, for n > 1, YTO +n is a linear
function of {wit, Vit }my+1<t<mp+n- Then, because {w;}zsjs ~ is a deterministic function.
of Fr,, the bias of the synthetic control estimator goes to zero as the discrepancies in

equation in equation (2.5) go to zero.
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2.8 Tables for Chapter 2

Table 2.1: Cigarette Sales Predictor Means

- ‘ California Average of
" Variables Real Synthetic 38 control states
Ln(GDP per capita) -10.08 9.86 9.86
Percent aged 15-24 " 17.40 1740 17.29
Retail price 89.42 89:41 8727
Beer consumption per capita, 24.28 24.20 23.75
Cigarette sales Per capita 1988 ~ 90.10 ~  91.62 114.20
Cigarette sales per capita 1980 120.20 120.43 136.58
Cigarette sales per capita 1975 127.10 126.99 - 13281

Note: All variables except lagged cigarette sales are averaged for the
1980-1988 period (beer consumption is averaged 1984-1988).
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7 Table 2.2: State Weights in the Synthetic California

Missouri

~ State -~ Weight State - Weight
- Alabama ' 0 Montana 0.199
Alaska - Nebraska 0
Arizona , -.  Nevada- 0.234
Arkansas o 0  New Hampshire 0
Colorado . ©0.164 New Jersey -
Connecticut . 0.069 New Mexico 0
Delaware = 0 New York -
District of Columbla - North Carolina 0

- Florida - North Dakota 0
Georgia 0 Ohio 0
Hawaii - Oklahoma 0
Idaho -0 Oregon , -

- Illinois 0 Pennsylvania 0
Indiana 0 Rhode Island 0
Iowa 0 South Carolina 0
Kansas 0 South Dakota 0
Kentucky - 0 Tennessee 0
Louisiana 0 Texas 0
Maine , 0  Utah 0.334

~ Maryland - - - Vermont 0
Massachusetts - Virginia 0
Michigan - Washington -
Minnesota 0. West Virginia -0

- Mississippi 0 Wisconsin 0

0 Wyoming -0
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Table 2.3: Economic Growth Predictor Means before the German Reuniﬁcation

West

Germany West Germany

Synthetic

OECD Sample
excl. West Germany

GDP per-capita 10774.85

Inflation rate 3.80

Trade openness 50.59
.Schooling ’ 29.20 -
Investment rate 27.00

Industry share 34.69

10808.02
5.17
58.41
31.21
27.00

34.64

10161.86
9.01
33.47
22.37
25.44
3428

Note: GDP, inflation rate, and trade openness are averaged for the 1970
1989 perlod Industry share is averaged for the 1980-1989 period. Invest-
‘ment rate is averaged for the 19801985 period. Schooling is from year 1985.

Table 2.4: Country Weights in the Synthetic West Germany

Country Weight Country

Weight

Australia

Austria 0.421
0

Belgium
- Canada
- Denmark

Finland
" France

Greece

Ireland

Italy

0

(==l el e B e B e B o B @]

Japan
Netherlands
New Zealand

- Norway
~ Portugal

Spain

Sweden
Switzerland -
United Kingdom

United States

0.127
0.137
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2.9 Figures for Chapter 2

Figure 2.1: Trendsin Pef—Capita Cigarette Sales: California vs the Rest of the United
States , : o
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Figure 2.2: | Trends in Per-Capita Cigarette Sales: California vs. synthetic Califbrnia
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Figure 2.3: Per-Capita Cigarette Sales Gap Between California-and Synthetic -
California E
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Figure 2.4: Per-Capita Cigarette Sales Gaps in California and Plé.cebo Gaps in all
38 Control States
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Figure 2.5: Per-Capita Cigarette Sales Gaps in California and Placebo GaLps in 34
Control States (Discards States w1th Pre-Proposition 99 MSPE Twenty Times H1gher
than Cahforma s)
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- Figure 2. 6: Per-Capita Cigarette Sales Gaps in California and Placebo Gaps in 29
Control States (Discards States Wlth Pre-Proposmon 99 MSPE Five Times Higher
than Callforma s)
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Figure 2.7: Per—CapitaCigarette Sales Gaps in California and Placebo Gaps in 19
Control States (Discards States with Pre-Proposition 99 MSPE Two Times Higher
than California’s) .
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Figure 2.8: Ratio of Post-Proposition 99 MSPE and Pre-Proposition 99 MSPE:
California and 38 Control States
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Figure 2.9: Trends in Per-Capita GDP: West Germany vs. Synthetic West Germany
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Figure 2.10: Placebo in Time. Trends in Per-Capita GDP: West Gefmany vs. Syn-
thetic West Germany ’ '
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) Chapter- 3

Synthetic Matching for Causal
Effects: A Multivariate

ReWéighting Method to'P.roduce
Balanced Samples in Observational

Studviesj_ o

3.1 Introduction

“~: Matching methods are nowadays often used in observational studies to preprocess
the data prior to the estimation of binary treatment effects under the assumption of
selection on observables (for reviews see Imbens & Wooldridge (2008); Rubin (2006); _
Imbens (2004); Rosenbaum (20028)). All matching methods share a common goal: to

improve the balance of pretreatment characteristics across the treatment and control

35 -
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group, thereby making the two sets of covariate distributions more similar.  Improving
balance has long been recognized asfdesirable because balance tends to reduce the
model dependency of standard estimators such as regression and reiated approaches |
(Abadie & Imbens 2007, Ho, Imai, King & Stuart 2007, Abadie & Imbens 2006).

Despité their recent popularity, matching methods still suﬁ"ef‘from a variety of
problems and there is no consénsus view on how} matching is best' cohducted. In this
study, we address three key problems that are shared by most commonly used match-
ing methods. First, while researchers tend to agree that the goal of matching is to
achieve the highest possible degrép of covariate balance, most matching methods fail
to directly focus on this task. In the current best practice, researchers “maﬁually” '
iterate between propensity score modeling, matching, and balance checking until they
attain a sétisfactory matching solution (Tacus, King & Porro (2008) provide a notable
éxception). The hope is that an accurately estirﬁated propensity score will stochasti-
cally balance the covariates, but this requires finding the correct model specification
and often fairly large samples. As a result of this intricate search process, low bal-
ance levels prevail in many studies (Diamond & Sékhon 2006). Even worse, matching
may counteract bias reduction for the subsequent treatment effect estimation when
improving balance on some covariates decreases balance on some other covariates (see
Tacus et al. (2008) and Ho et al. (2007) for similar critiques).

Ab second problem with commonly-used matching methods is that they ignore
valuable information ‘about, features of the covariate distributions. For example, a
weil éstimatéd propensity score may stochastically equate the covariate means in the
treatment and the matched control group; But if the means still differ after the
matching, then a,uxilyia,ry information abbut the known sample moments was left “on
the table” in the sense that the mOment conditions (i.e. equal means) are not incor-
porated into the matching. One can improve the matching by choosing a weighting
scheme that adjusts to the known means directly.’ This is analogous to a survey re-
searcher that obtains a sample from some target population and also knows some
features of this target population (e:g. popula,tionb totals from the census). In this

case the survey researcher can always improve her inferences (both in terms of bias
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and. efficiency) about . unknown features of the target pepule,tion by adjusting the
sample to the known features of the target population. |

The third problem that we will address is that most commonly-used matching
methods rely on unnecessarily rigid weighting schemes that constrain the units weights
to be either zero or one — a unit is either matched or discarded.! But one can often
generate better balanced samples by freeing the unit weights to vary smoothly across
units. This greatly increases the space of potentially good matching solutions and
maximises the use of available information. Units close to the nearest neighbors are
not discarded, but simply down-weighted appropriately. Propensity score weighting

(PSW) does not impose such rigid weight constraints. Perhaps not surprisingly this
| technique has excellent theoretical properties (if the true propensity score is correctly
estimated) as it reaches the semi-parametric efficiency bound for the estimation of
causal effects (Hirano, Imbens & Ridder 2003). One potential downside of PSW is
that it may be sensitive to misspecification of the propensity score model which is
commonly estimated with a logistic or probit regression.

In this paper we introduce synthetic matching as a technique to create balanced
samples for the '(subseqnent)‘estimation of treatment effects. Synthetic matching
addresses all three weaknesses of conventional matching methods because it directly
incorpore,tes balance into the weight function applied to the units, frees the weights to
vary smoothly across units, and fully ex;iloits aukiliary information about the known
sample moments. In contrast to conventional matching methods, synthetic matching
begins with a set of balance constraints that the researcher directly imposes on the
unit weights. The balance constraints are flexibly specified with a potentially large
set of moment con(iitions that imply that the moments of the reweighted groups
match exactly. After the researcher has chosen her desired level of covariate bal-
ance, synthetic me,tching searches for the set of weights that satisfies the balance
constraints, but remains as close as possible_ (in an 'entropy sense) to a set of base

weights consisting of either uniform weighting or weights provided by an initially esti-

In pair matching the weights can also be positive integers when matching with replacement In
the case of 1 to B matching (B € I*) the weights are usually 1/B for all matched units; the same
applies in situations where two matches are tied.
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mated propensity'score. This recalibration of the unit weights adjusts'fOr'systematic '
and random inequalities in representation between the two groups to reduce bias, but
at the same time moves the weights as little as possible to retain efficiency. Synthetic
matching thereby creates reweighted or so-called “synthetic” groups that are identical
on a potentially la.;'gé set of sample moment characteristics while avoiding the loss of
valuable information.? | ‘

Synthetic matching makes it easy for the researcher to obtain a ‘very high de-
gree of covariate balance by imposing a potentially large set of balance constraints.
The calibrated weights that result from synthetic matching are guafanteed to sat-
isfy the balance constraints exactly, so that the reweighted groups are essentially -
identical with respvect to the first, second, Qr higher moments of the covariate dis-
tributions (including higher order interactions). Synthetic matching always (at least
weakly) improiles upon the balance that can be obtained by conventional matching
adjustments with respect to the specified balance constraints. Balance checking in
the conventional sense is no longer necessary for the characteristics included in the
weight function since balance is obtained by construction of the moment constraints.
The higher degree of balance translates into less model dependency for the estimation
of treatment effects.

The weights that result from synthetic matching can be used with an inverse
probability weighting estimator just like conventional propensity score weights that
| ‘may be obtained from estimé,ting the propensity score with a logistic regression.
The synthetic matching based weights are preferable because they incorporate the »
knowledge about the known sample moments and thus balance the moments exactly
in finite Samples. Syhthetic matching weights are also applicable to any other outcome
model that resea.rchers want to use after the weighting adjustment. For example,

estimation may be further refined by combining the synthétic matching weights with

2The attribute “synthetic” borrows from Abadie & Gardeazabal (2003) and the work presented
in the previous chapter which presents synthetic control methods for longitudinal comparative case
* studies. In these papers a single synthetic control unit is created as a weighted average of several
control units to match the pretreatment trajectory and characteristics of the treated units. This
differs in many respects from synthetic matching as developed in this paper, which is designed to
created balanced samples to conduct causal inference with a binary treatment.
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a’ weighted 'lléa;étf;"Squéi.res regressieﬁ' of the cutcome on the covarie,tes resulting in a
'do’uble robust estimator, first suggested by Robins & Rotnitzky (1995).

We use Monte Carlo simulations to demonstrate the desirable properties of syn-
thetic matching in a variety of commonly-used benchmark settings. The simulations
show that in finite Sa.mples, synthetic matching improves in root mean squared er-
ror (MSE) upon PSW even when the propensity score model (estimated from a lo-
gistic or probit regresSion) is correct. It dramatically improves upon PSW in bias
and MSE if the propensity score is (slightly) misspecified. Synthetic matching also
outperforms (in a MSE sense) various widely used matching techniques such as Ma-
halanobis distance matching, Genetic matching, propensity score matching, or joint
Ma.ha,lanobis distance and propensity score matching. We present an empirical ap-
plication to the LaLonde (1986) dataset, where synthetic matching almost perfectly
adjusts the means e.nd variances of 52 covariate combinations (including the raw vari-
ables, squared terms, and first-order interactions). This constitutes a much higher
level of balance than achieved by any of the numerous substantive and methodological
papers devoted to this data-set (according to commonly-used balance metrics). The
treatment effect estlma,te falls close to the expenmental benchmark, and the estimate
is slightly more efficient than in previous studies.

We prov1de companion software that implements the methods proposed in this
paper. Our synthetic matching algorithm has globally quadratic convergence so that
it finds the solution weights very fast even in high dimensional datasets.

While synthetic matching provides an reweighting scheme explicitly for the context
of causal inference in observational studies with a binary treatment (where the goal
is to equate the covariate distributions across the treatment and the control group),
impertant links exist between the reweighting scheme employed in synthetic matching
and ve,fious strands of literatures in econometrics and statistics. In particular, the sur-
vey literature contains several reweighting schemes which are used to adjust sampling
Weights so that sample totals match population totals known from auxiliary date, (for
a recent review see Sirndal & Lundstrém (2006)) More broadly, rewelghtlng schemes

are also Wldely used in the llterature on methods of moments estimation, emplrlcal
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likelihood; and exponertial tilting, ”Wherev' moment conditions (often derived fromn
economic theory) are commohly used to efficiently estimate structural parameters
(Hansen 1982, Qin & Lawless _1994, Kitamura & Stutzer 1997, Imbens 1997, Imbens,
Spady & Johnson 1998, Hellerstein & Imbens 1999, Owen 2001, Schennach 2007).

3.2 Setup of the Problem

3.2.1 Causal Inference in Observational Studies with Binary

'I‘reatmenté

Following the conventional setup of the Rubin Causal model we consider a random
sample of n = n; + ny units drawn from a population of size N = N; + Np, Where
n < N and N; and N, refer to ‘the size of the target population of treated units and
the source population of contfbl units respectively. Each unit is exposed to a binary
treatment D; € {1,0}; D; = 1 if unit ¢ received the active treatment and D; = 0 if
uniti ib received the control treatment. In the sample we have n; treated units and
ng control units. Each unit has a vector of exogenous pretreétment characteristics
X; = [Xi1, Xi2, .., Xix] With k > 1and s € {1,2,...,n}. Let fxp_1 and fx)po denote
the densities of these covariates in the treatment and control population respectively.
Fina.lly, let Y;(W;) denote the pair of potential outcomes that individual i attains if
it is éxpose’d to the active treatment or the control treatment.> Observed outcorhes
for each individual are realized as Y; = Y;(1) D; + (1 — D;)Y;(0) so that for each unit
we never observe both potential outcomes simultaneously but the triple (D;, Y;, X;).

The unobserved treatment effect for each unit is defined as 7; = Yi(1) — Y(O)‘
The quantltles of interest are defined as functions of 7; for dlfferent subsets of units.
Most common are the sample (SATE) and population (PATE) average treatment
effects given by SATE =n~' 3 ' r; and PATE = N~ 12,- 7; and the sample (SATT)

3Notice that this implies the stable unit treatment value assumption (SUTVA) which rules out
interference of outcomes among units and non-identical versions of the treatment (Rubin 1978).
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- and population (PATT) average treatment effect on the treated given by SATT =
' Sy 7 and PATT = N{'YSN 7. Notice that E[SATE] = PATE =
E[Y (1) — Y(0)] and similarly E[SATT] = PATT = E[Y (1) — Y(0)|D = 1] since we
- consider random samples. In the following we focus on the PATT as our central
quantity of interest. The syntheticmatching methods introduced below are equally
applicable to estimé.te the other corhmonly—used quantities of interest a.nla,logéu‘sly.4

Our goal is to estimate 7 = E[Y(1)|D = 1] — E[Y(0)|D = 1]. The first term
in the expression, ]E[Y(l)ID = 1], is easily estimable from the data. The second
expression, E[Y(0)|D = 1]’, is counterfactual and thus uﬁobserved'in the target pbp-
ulation. The only information available about Y(0) is in the source population not
ekposed to the treatment. In experimental studies, where treatment assignment is
forced to be independent of the potential outcomes, Y(1),Y(0) L D, we can simpiy
use E[Y (0)|D = 0] as our estimate of ]E[Y(O)ID = 1]. In observational studies, how-
ever, selection into treatment usually renders the latter two quantities unequal. The
conventional solution to this problem is to assume ignorable treatment assignment
-and overlap (Rosenbaum &: Rubin 1983), which implies that Y'(0) L D|X and that
Pr(D = 1|X = z) < 1 for all z in the support of fx|p=1.. Thereforé, conditional on
all confounding covariates X the potential outcomes are stochastically independent
of D and the PATT is identified as: ’

r=EY@)|D = 1-E¥ (0D = 1] = E¥|D = 1} [ B¥|X = 2,0 = 0 fxipm(a)da

~where the integral is taken over the support of X in the source population. ‘Notice
that the last term in this expressioh is equal fo the covariate adjusted mean, i.e. the
estimated mean of Y in the source popula.tioﬁ (the control group) if its covariates
were distributed as in the target population (the treatment group).

"To intuitively see why covariate balance is key for the estimation of the PATT,
notice that the potential outcomes for the treated units can be written as YD) =
I(X;) where I() is an unknown function. For simplicity suppose that the treatment

effect is estimated by the difference in means. The true treatment effect can then be

4E.g., the treatment group can be reweighted to match the control group.
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decomposed into the estimated treatment effect and the avefage estimation error:
'PATT = PATT + N1 Z (lo(Xiip=0y) — lo(Xgiip=1}))
{ilp=1} ,

where lo(X{ip=0}) — lo(X{i|D=‘1v}) = Y,(O) — Yi(0) is the unit level treatment error
»(see Tacus et al. (2008)). The estimation error has two components: i) the unknown
function /(), which determines the importance of the variables, and ii) the imbala.nce,
which is deﬁried, as the difference between the empirical covariate distribution of the
treatnieﬁt fx|p=1 and the control group fx|p—o. The goal of matching is to reduce
the imbalance to decrease the estimation error as far as possible.5 '

" A variety of estimators have been proposed for E[Y|X = z, D = 0] (see Imbens.
- (2004) and Rubin (2006) for extensive‘ reviews). For example, if X has only a few
dimensions, E[Y'|X = z, D = 0] is often estimated using local linear regression, pair
ma.ﬁching, or nearest neighbor matching. If X has many dimensions, non’-pa.ra.metricv
regression‘ is often very difficult. As a solution, the problem can be reduced to a
single dimension. As was first shown by Rosenbaum & Rubin (1983) and Rosenbaum

& Rubin (1984) the counterfactual mean can also be identified as:

EY (010 =1 = [ EIYIp(X) = 5, D = 0lfyiom(p)dp
where f,p-1 is the distribution of the propensity score p(z) = Pr(D = 1|X = z) in the
target population. This follows from their result that ¥(0) 1 D|X implies Y'(0) L

50ne important aspect is that there exists no ‘agreement on how to assess covariate balance
in practice. - Theoretically, we would like the two empirical distributions to be equal so that the
density in the matched control group f)",{| D= mirrors the density in the treatment group fx|p=i.
Balance checking would then involve a comparisons of the (joint) empirical distributions of all
covariates X. But this is infeasible when X is high dimensional and in practice lower dimensional
measures of balance are used (but see Iacus et al. (2008) who propose a multidimenional balance
metric). Opinions differ on what metric is most appropriate. The most commonly-used metric is the
standardized difference in means (Rosenbaum & Rubin 1983) and t-tests for differences in means.
Diamond & Sekhon (2006) argue that paired t-test and bootstrapped Kolmogorov-Smirnov (KS)
tests should be used instead and that commonly-used p-value cutoffs such as .1 or .05 are too lenient
to obtain reliable causal inferences. Rubin (2001) also considers variance ratios and tests for residuals
that are orthogonalized to the propensity score. Imai, King & Stuart (2008) criticize the use of t-
tests and stopping rules and argue that all balance measures should be maximised without limit.
They advocate QQ plot summary statistics as better alternatives than t-tests or KS tests. Sekhon
(2006) comes to the opposite conclusion. No scholarly standard is in sight. A key advantage of
synthetic matching is that it obv1ates balance checking altogether at least for the moments included
in the balance constraints. .
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Diplx): A-variety of propensity score (matching) eStimatbvrs have been proposed
to estimate the counterfactual mean outcome of the treated in the absence of the .

' treatment.s

3.2.2 Propensity Score Weighting (PSW)

The estimator of particular interest in this paper is based on weighting on the
propensity score as suggested in'the seminal papers by Hirano & Imbens (2001)
and Hirano et al. (2003) (also see Imbens (2004)). Here the counterfactual mean is

estimated as

e — . . — Y d'
E[Y(0)|D =1] = Lo Vidh (3.1)
> (iip=0} &i ,
where every control unit receives a weight given by d; = %5(23. The structure of this

estimator is similar to that of the classic Horvitz-Thompson estimator used in the
survey literature where units are weighted by the inverse of the inclusion probabilities
that result from the sampling design (Horvitz & Thompson 1952). In PSW units
are weighted by the inverse of the (estimated) assignment probabilities given by the
propensity score. This similarity between survey sampling weights and prdpensity
score weights provides the entry point for the reweighting methods introduced below.

- Déspite its fa‘irlyiecent development, PSW is already widely used in a variety
of fields.® This may not be surprising given that PSW has some very attractive
 features compared to other_adjustment techniques such as pair matching or propen-
sity score matching. Hirano et al. (2003) show that PSW achieves the semipara-
metric efficiency bound for the estimation of average causal effects (Robins, Rot-
nitzky & Zhao 1995, Hahn 1998). This result requii'es sufficiently large samples and a
propensity score that is sufficiently flexibly estimated to closely approximate the true
propensity score. Intuitively, if the propehSity score is well estimated, the control

observations are rewéighted so that they form a balanced sample with the treated

6For examples in economics see Eliason & Storrie (2006) and van de Walle & Mu (2007); in
eduction see Frank, Sykes, Anagnostopoulos, Cannata, Chard, Krause & McCrory (2008); in public
health see Elliott, Beckett, Chong, Hambarsoomians & Hays (2008) and Indicators & Analyses
(2007); in psychology see McNiel & Binder (2007); in criminology Ridgeway (2006).
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observations.” If applied correctly, PSW is. more efficient in finite samples than other
‘non-parametric adjustment techniques such as matching on the covariates or match-

ing on the propensity score.®

3.2.3 Achieving Balance with Matching Methods

While in theory PSW provides a very attractive option for researchers, it suffers
from the same practical drawbacks that vplague all propensity score metheds: the
true propensity score is usually unknown and needs to be estimated in the first step.
Propensity score methods allow us to estimate treatment effects without explicitly
modeling the outcome conditional' on covariates and treatment status, but they still
requlre an equally high-dimensional model of the assignment probability condltlonal
on the covariates. Several studies have demonstrated that misspecified propensity
scores can lead to substantial bias for the estimation of treatment effects (Drake
1993, Smith & Todd 2001, Smith & Todd 20054, Smith & Todd 20055, Diamond &
Sekhon 2006).

‘In the current best practlce researcher try to avoid propensity score misspeci- ‘
fication by “manually” iterating between matching, propensity score modeling, and
balance checking until a satiefactory matching solution is reached. This follows the
advice of Rosenbaum & Rubin (1983) who describe the propensity score as primarily
a balancing score: the resulting balance provides the appropriate yardstick to as-
sess the accuracy of a propensity score model. Some researchers have criticized this

cyclical process as the “propensity score tautology” (Imai et al. 2008). |

7Fermaﬂy propensity score reweighting exploits the following equalities: ]E[ E[—“ﬁe] =
]E[]E[-%)H]X = E[ﬂ%ﬁ:—)@] = E[Y'(1)] which uses the ignorability assumption in the second to last

equality (lea.no & Imbens 2001, Hirano et al. 2003)

8Notlce that: welghtlng by the estimated rather than the true propensity score in general leads to
better balance and thus more efficient estimates (Robins et al. 1995, Rubin & Thomas 1996, Hahn
1998, Hirano et al. 2003). The intuitive reason, as explained in Rosenbaum (1987, pg. 391), is that
weighting by the true propensity scores “compensates only for the systematic differences” between
groups while weighting by an estimated propensity scores “[corrects] for both systematic and chance
imbalances.” See also Hirano et al. (2003) who derive this result for the weighting estimator using
an empirical likelihood interpretation. ,
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““More importantly, when estimating tpropensity scores in practice it is often diffi-
cult to jointly balance all covariates. The iterative process of tweaking the propen-
sity score model and balance checking can be tedious and freduently results in low
balance levels. Even worse, as Diamond & Sekhon (2006, pg. 8) observe, a “signif-
icant shortcoming of common matching methods such as Mahalanobis distance and
propensity score matching is that they may (and in practice, frequently do) make -
balance worse' across measured potential confounders.” Unless the distributions of
- the covariates are ellipsoidally symmetric (Rubin & Thomas 1992) or are mixtures of
‘proportional ellipsoidally symmetric distributions (Rubin & Stuart 2006), there is no
gﬁarahtee that the inatching techniques will be equally percent bias reducing (EPBR)
(Rubin 19764, Rubin 1976b). Therefore the bias of some linear functions of X may
be increased while all univariate covariate means are closer after matching.®

Also notice that even with a good propensity score model, imbalances often remain
because stochastic balancing occurs only asymptotically. Chance imbalances may
remain in any finite saniple (see Hirano & Imbens (2001) for an example in the
context of propensity score weighting) and in these cases one can still improve the
* balance by enfoi'cing balance cohstra.ints on the specified moments.

One way to address the prleém of low balance is to resort to better estimation
fechniques for the propensity score model. In practice, researchers almost always rely
on simple parametric models suéh as logistic regression (as originally proposed by
Rosenbaum & Rubin (1983)), but better models are available. For example, Hirano
et al. (2003) derive their celebrated PSW result for a case where the propensity
score is estimated using a nonparametric series estimator that approximates the true
propensity score »by a power series in all variables. Asymptotically, vthis series will
converge to the true propensity score function if the pbwers increase wiﬁh the sampie
s1ze but no results ex1$t about the finite sa,mple properties of this estimator. By
the authors’ own admlss1on this approa,ch is computatlonally not very attractive.

Lately other estimation methods such as boosted regression (McCaffrey, Ridgeway &

9Ellipsoidal symmetry fails when for example the covariate set includes binary, categorical, and
or skewed continuous variables. .
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Morral 2004) or kernel regression (Frélich 2007) have been suggested.

Wé argue that a mére prbmising prdposal is to focus on balance directly. An
important first step in ‘t;his direction is the idea of Gehetic matching as developed
by Diamond & Sekhon (2006). Genetic matching finds nearest neighbors based on
a generalized Mahalanobis distance with variable 60va.riate weights. The covariate
weights are chosen by a genetic algorithm in order to find a set of matched uhits
that maximise covariate balance measured by the minimum p-value across a set of
balance test_s; By incorporating balance criteria into the weight function applied to
the covariates, Genetic matching can improve balance compared to other matching
techniques (see the simulations in Diamond & Sekhon (2006)).

- Synthetic matching differs from genetic matching in-several important aspects.
While Genetic matching searches for covariate weights that lead to a matching that
balances the cova.fiaiés, synthetic matching searches for unit weights that balance
the covariates direcfly. It begins with the specification of balance constraints and
then seafches for a set of unit weights that satisfy ﬁhe specified level of balance while
moving the weights as little as possible. This obviates the need for balance checking
altogether, at least with respect to the moments included in the balance constraints.
In other words, if a solution vexists, synthetic matéhing achieves exact balance on
the sample moments, so the reweighted control group and the treatment group have
identical means,‘ variances and specified higher moments. Moreover, by freeing the
weights to vary smoothly acrosé units synthetic matching also gains efficiency as it
dispenées with the rigid weight constraints that réquire that a unit is either matched
(weight of one) or discarded (weight of zero). Finally, since the optimization problem
involved in synthetic matching is-weli behaved and globally convex, the sblution is .
- usually obtained within seconds (even in large datasets. In Genetic matching the
optimization problem is difficult and irregular and a genetic algorithm is used to

maximise balance.



Chapter 3: Synthetic Matching for Causal Effects: A Multivariate Reweighting
Method to Produce Balanced Samples in Observational Studz'es v 67

3.3 Estimating Treatment Effects by Synthetic Match-
ing
‘In ﬁhe followihg we motivate synthetic matching by introducing an estimator for.
the PATT 7 = E[Y(1)|D = 1] — E[Y(0)|D = 1] where we only need to estimate
the couhterfa,ctual mean E[Y (0)|D = 1]. Notice that we focus on the counterfa,i:tua.l‘ |
“mean here purely for cohvenience. Other commonly-used quantities of interest can
, bevaimivlaIly estimated since the calibréted set of w; that result ‘,from synthetic match-
| ing identifies the entiré counterfactual distribution of Y'(0) in the target population.
: Moreover it is important to recognize that synthetlc matching is primarily a method
‘of covariate adjustment to create balanced samples. The resulting weights can be
- combined with any outcome model of interest that the researcher may want to use
to model the relationship between the outcomes and the covariates in the matched
dataset to address remaining imbala,nces'between the two groups. The inverse proba-
‘bility weighting estimator of the treatment effect we presenf here refers to the simplest

possible choice of such- an outcome model, namely the weighted difference in mean -

outcomes between the treated units and the reweighted control units.

3.3.1 Synthetic Matching

- Formally, the synthetic matching estimator for the counterfactual mean is given

by
 Sap i

Z{z|D—0} w;

where a scalar welght wz is chosen for each control unit by the follow1ng rewelghtlng L

By @D =1) = (32)

scheme

min H(w = Y h(w) - (3.3)
{ilD=0} |



Chapter 8: Synthetic Matchmg for Causal Effects: A Multivariate Rewezghtzng
Method to Produce Balanced Samples in Observational Studzes : 68

subject to balance and normalizing constraints:

Y wicu(X)=m, with r€l,.,R and (3.4)
D=0y | | | o
Z w; =1 and o (3.5)

{i| D=0} | 7 '
w; >0 forall ¢ suchthat D =0. (3.6)

The estimator consists of three features. First, the loss .function h(-) is a dis-
tance metric chosen from the general class of emplrlcal minimum discrepancy esti-
mators defined by the Cressie-Read (CR) divergence (Read & Cressie 1988). We
prefer to use the directed Kullback entropy divergence (Kullback 1959) defined by
._ h(w;) = w;log(w; /qi) with estimated weight w; and base weight ¢;.1° The loss func-

tion measures the distance between the distribﬁtion of estimated control weights
“defined by the vector W = [w;, ..., wn,)" and the distribution of the base weights spec-
ified by the vector Q = [q,-, .-y Qno)’- Notice that the loss function decreases the closer
W is to Q; the loss equals zero if W = Q. We use the set of uniform weights with
¢; = 1/ng as our base weights. However, other base weights may be utilized to include
prior information such as weights from an initially estimated propensity score that
are then further adjusted by the reweighting scheme to accommodate the spec1ﬁed
balance constraints (see below). ’
Second, the R constraints defined in 3.4 we refer to as our balance constraints.

They are impoeed by the tesea;rcher to equalize the moments of the covariate dis-

10The Cressie-Read divergence family may be described by h(w) = CR(y) = % where

71 _
~ indexes the family and limits are defined by continuity so that lin}) CR(v) = lin}) w_7_1 =
. .- S ad . A—
TeAut S |
lin}) wlog(w) and limICR('y) =" limlw—-——— = lim1 — log(w;) where the last equalities follow
y— Y- Yot~ Y~ .

from ’'Hospital respectively. Notice that h(w) = wlog(w) represents the Shannon entropy metric
which is (up to a constant) equivalent to the Kullback entropy divergence when uniform weights g;
are used for the null distribution. The estimator is valid for other choices of 4. Another choice with
good properties is vy = —1 which results in an empirical likelihood (EL) estimator. We prefer the
entropy estimator because it is more robust under misspecification (Imbens et al. 1998, Schennach
2007, Baggerly 2003)). Another desirable feature of the entropy estimator is that it constrains the
weights to be zero or positive, while the EL allows for negative weights. For general reviews on the
choices see Qin & Lawless (1994), Owen (2001, ch.3), Imbens (1997), Newey & Smith (2004), or
Schennach (2007).
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tribution between the treatment and the reweighted control group. A typical con-
straint is formulated with m, containing the r-th order moment of a given variable
X from the target population (ie. the treatment group) while the moment functions
are specified for the source population (ie. the control group) as ¢(Xi;) = XJ; or
eri(Xij) = (Xij — )" with mean pu;. |

Third, the constraints in 3.5 we refer to as our normalization constraints. ‘The ,
first condition implies that the weights sum to the normalization constant of 1. This
choice is arbitrary and other constants can be used.! The second condition implies
a non-negativity constraint because the distance metric is not defined for negati\}e
weight values. Below we see that this constraint is not-binding and can be safely
“ignored.

The rationale behind this reweighing scheme is to reweight the coﬁtrol group
by finding a set of weights that is as close as possible (in an entropy sense) to the
set of uniform base weights but nonetheless consistent with the balance constraints
that imply that the moments in the fe_weighted control group match the moments
in the treatment group. In other WOrds, the researcher first specifies a desired level
of balance using a potentially large set of balance constraints. Then the estimator
sea;réhes for a set of weights that guarantees this vpre—speciﬁed level of balance but
retains th_e maximum information in the control group by keej)ing the weights as
close as pbssible to ﬁniform weighting. The key advantage is that balance checking
is 10 longer necessary since the balance constraints are directly built into the weight
function applied tQ the units and ’e‘xaclt balance on the specified moments will be
obtained in finite samples. | '

In the case of a large randomized experiments where the distributions are (ésymp—
totically) balanced before the reweighing, the specified balance constraints in 3.4 are
non-binding (assuming no chance imbalances) and the counterfactual mean is esti-

mated as a weighted average of the control unit outcomes with every control unit

11The conventional propensity score weights p/(1 — p) for the average treatment effect on the
treated imply that the sum of the control weights is equal to the number of treated units which is
identical to setting the normalization constraint to ng instead of 1 in 3.5. The companion software
allows the researcher to set the normalization constant.
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weighted equally. The higher the level “of imbalance in the covariates distributions,
the furthér the weights have to-be adjustéd to meet the balance constraints. The
number of moment conditions illay vary depending on the dimensionality of the co- »
variate space, the shapés of the covariate densities in the two groups, the sample “
sizes, and the desired balance level. At a minimum the researcher would want to
adjust at least the first moments of the marginal distributions of all confounders in
X, but variances can be similarly adjusted. In most empirical cases we would ‘expect‘
the bulk of the ,confounding to depend on first and second moments. If, however, the
researcher is concerned about dependencies in higher mciments these can be similarly
adjusted to by including higher moments in the condition vector. Interactions can be
similarly incli1ded. The number of moment constraints can be increased at a constant
rate with a growing sample size. ‘

| Notice that this reweighing scheme is analogous to reweighting adjustments that
are sometimes used in the survey literature to correct sampling weights for bias due
to non-response, frame undercbvera.ge, response biases or to integia.te auxiliary infor-
mation to improve precision of estiina_tes.‘ The idea is that by introducing auxiliary
information about known characteristics of the target population (for example pop-
ulation totals known from the census) one can improve estimates about unknown
characteristics of the target population by adjusting the sa.mpling design weights so _
‘that the sample moments match (at least) the known population moments. These
adjustments include a :wide variety of methods such as post—stratiﬁcation, raking, and
calibration estimators (see for e'}ia.mple_ Deming & Stephan (1940), Oh & Scheuren
(1978) or Sérndal & Lundstrém (2(506)> for a recent review). Zaslavsky (1998) pro-
poses a similar log-linear reweighting scheme with an entropy divergence to adjust for
undercount in census data. Ireland & Kullback (1968) develop a minimum discrim-
ination estimator that fits the cell proba‘bilities of a (multidimensional) contingency
table based on fixed marginal probabilities by minimizing the directed entropy diver-
gence (starting from equal weights). They show that minimizing the entropy prdvides
a BAN estimator that is consistent as well as asymptotically normal and efficient.

In contrast to most applications of reweighting in a survey context, where the
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vector ‘of ‘auxiliary ‘information is commonly limited to a few totals, in the case of
synthetic matching the data from the treatment group allows us to create a very large
set of moment conditions. This forces the density of X in the reweighted control group
to look very close to that in the treatment group. Moreover, by including balance
constraints for all confounders the researcher can rule out the possibility that balance

is decreased on some observed confounders.

3.3.2 Implementation

To fit the weights implied by the synthetic matching estimator, we need to min-
imize the loss function h(w;) = 3 (iip=0) Wi log(w;/g;) subject to the balance and
normalization constraints given in equations 3.4 and 3.5. Using the Lagrange multi-

plier we obtain the primal optimization problem:

o . _ M
WI/I}\th I? = Z w; log(w,-/q,-)-l—z /\‘,.(_’Z wicri(X;) —m,)+(Ao—1)( Z w;—1)

S {i| D=0} r=1 {#|D=0} . ‘ {:|D=0}
(3.7)

where Z = {\,, ..., Ar}’ is a vector or Lagrange multipliers for the balance constraints
and Ay — 1 the Lagrange multiplier for the normalization constraints. This system
of equations is computationally inconvenient given its dimensionality of ng + R + 1.

However, we can exploit several structural features that make this problem very

susceptible to solution. First, the loss function is strictly convex since g;vhz > 0 for
w; > 0, so that every local solution W* is a global solution and any global solution is
unique if the constraints are consistent. Second, as was first recognised by Erlander
(1977), Wolfe duality holds and we can substitute out the constraints.'? The first
order condition of ‘?WL:_’ = 0 yields that the solution for each weight is attained by:

ot GieTp(= T (X))

z Z{ﬂD.:-—-O} giezp(— Zf=1 Arcri( X))

(3.8)

12 Als0 see the excellent reviews on entropy optimization in Eriksson (1980), Fletcher (1987), Kapur
& Kevsavan (1992), Milman, Jiang & Jelliffe (2001), Mattos & Veiga (2004)) .
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The expression makes clear that the weights are estimated as a log-linear function of
the covariates specified in the moment conditions.® Plugging this expression back
into LP eliminates the constraints and leads to the unrestricted dual problem given
.by: |
, R
, mngd = log Z q,exp Z/\rcﬂ (X; )) - Z Ay ' | (3.9)
{i| D=0} r=1
The solution to the dual problem Z* solves the prlmal problem and the weights W*
can be recovered via 3.8. This dual problem is much more tractable because it is
unconstrained and dimensionality is reduced to only R. Moreover, a unique solution
exists as L9 is strlctly convex.

‘We use a Levenberg—Ma.rquardt scheme to find Z* for this dual problem. We
rewrite the constraints in matrix form by defining the (R X ng) constraint matrix
C = [ea(Xi),...,cir(X;)]' and the moment vector M = [m,...,mg]’, which allows
the balance constraints to be written as CW = M. Notice that C’ has to be of full
column rank otherwise the syStem has no feasible solution because the constrairits

are not linearly independent. The problem can then be written as

max L% = log(Qexp(—C'Z)) + M'Z (3.10)
with solution W* = % The gradlent and hessian are & = M — CW and

%; =C [W'I — WW’]C' where I is the ng dimensional 1dent1ty matrix. We exploit

this second order information by iterating
Zmew = 794 V3LV, L8 » ©(3.11)

where [ is a scalar that denotes the sfep length. In each iteration we either take the
full Newton step | = 1 if that lowers the objective function and if not ! is chosen by
backtracking in the Newton direction to the optimal step length using line search that
combines a golden section search and successive quadratic approximation. We use
Z% = (CC"Y~ M as our starting guess. This iterative algorithm is globally convergent

if the problem is feasible, and the solution is usually obtained in minimal computing

13Evidently, the inequality bounds w; > 0 are inactive and can be safely ignored.
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time after.a.few iterations. Companion software that implements the estimator is

, available from the author.

3.3.3 Estimated Propensity Score as BaseWeigvht |

“While the previous discussion assumed the case of minimizing the distance from
uniform weights ¢; = 1/np the synthetic matching adjustment may be used with
other set of base weights. In the survey world, the base weight uSually comes from
the sampling design and the goal is to adjust the sample by reweighting while moving'
the design weights as little as possible (Oh & Scheuren 1978, Zaslavsky 1998, Sirndal
& Lundstrom 2006). In our context a natural base weight may be a weight constructed
from a propensity scofe that is initially estimated with a logistic regression. These
base weights provide a first step towards balancing the covariates. Synthetic matching
then “overhauls” the weights to fix rema.irﬁng (chance) imbalances in the specified
moments but keeps the weights as close as possible (in a relative entropy sense) to the
original propensity score weights. If the propensity score is coffectly speciﬁed and the
sample size grows large, the first step estimation will be sufficient to stochastically
- balance the moments between the groups. In this case the balance constraints are non-
binding and the synthetic matching adjustments will not alter the initially estimated

propensity score weights.

3.3.4 Double Robust Estimation

Synthetic matching weights are easily combined with regression models that d1—
rectly address the correlation between the covariates and the outcome by uSing ’
weighted least squares. This combination leads to an estimator that is “double ro-
bust” in the sense that it femains consistent if either the weighting model for the
treatment or the outcome model that 'relates.the outcome to the covariates is cor-
rectly specified. The outcome model can also increase precision if the (additional)
variables in the outceme model accqunt for residual variation in the outcome of in-
terest (Robins et al. 1995, Robins & Rotnitzky 1995, Robins & Ritov 1997, Hirano &
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Imbens 2001).

3.4 Monte Carlo Simulatio:ns

To demonstrate the desirable propertles of synthetic matching we present Monte

Carlo experiments that rely on commonly—used benchmark settings.!*

3.4.1 Competing Estimators

For each experiment, we compare the following commonly-used matching estima-

tors:

e Raw: Refers to the unadjusted difference in means between the treated and

the control group: Brew = 1y} o=y Yi— g : 2 gip=0 Yo

e Propensity Score Matching (PS): Refers to propensity score matching
where each treated unit is matched with replacement to B nearest control units
“on the the propensity score metric. We estimate the propensity score using

probit regression and match on the linear predictor g = X ﬁ to avoid com-

1 There is a growing literature that uses simulation to assess the properties of matching estimators
(partially reviewed in Imbens (2004)). Frolich (2004) presents an extensive simulation study to
consider various matching estimators under a variety of settings. While he considers a wide variety
of sample designs, his study is limited to a single covariate and true propensity scores. Zhao (2004)
investigates the finite sample properties of pair matching and propensity score matching and finds no
clear winner among these techniques. While including different sample sizes, his study does not vary
the controls to treated ratio and is also limited to true propensity scores. Brookhart, Schneeweiss,
Rothman, Glynn, Avorn & Sturmer (2006) simulate the effect of including or excluding irrelevant
variables in propensity score matching that are either correlated with the outcome or the treatment.
Abadie & Imbens (2007) present a matching simulation using data from the PSID data and find
that their bias corrected matching estimator outperforms linear regression adjustment. Diamond &
Sekhon (2006) provide two monte carlo experiments one with multivariate normal data and three
covariates and a second one using data from the Lalonde dataset. They find that their genetic
matching outperforms other matching techniques. Further simulations using multivariate normal
data are presented in Gu & Rosenbaum (1993) and several of the papers collected in Rubin (2006).
Drake (1993) presents a simulation study to investigate sensitivity to the misspecified propensity
scores in the case of two normally distributed cova.rlates He finds that misspecification often results
in substantial bias.
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pression of the properisity scores between zero and one. We vary the degree of

niissp.e;c‘iﬁcation.of the hp;opepsity’score model v(‘details below).
e Maha.lanobisi Matching (MD): Refers to Mahalanobis distance matching,

~ where each treated unit is matched to B nearest neighbors according to the
distance metric d(Xi, X;) = {(X — X;)' (S~V2)YVS~12(X; — X;)}/? where V

is a (k x k) positive definite weight ma,tfix with: zero in all elements except
the main diagonal and S'/? is the Cholesky decomposition of S, the variance-
covariénce matrix of X. The k parameters in the diagonal of V' are set equal
tol

e Genetic matching (GM): Refers to Genetic matching. The estimator is
similar to MD Matching, except that the weights in the diagonal of W are
chosen by an evoiutiona.ry .a.lgorithm }such‘ that balance across treatment and
control groups is maximized (Diamond & Sekhon 2006). We use the default
setting in the GenMatch() function in R (R Development Core Team 2009),
where balance is measured by the lowest p-value across covariaté—by-éovariate

- paired t-tests for differences in means and bootstrapped Kolmogorov-Smirnov
tests for the equality of distributions (see Sekhon (2007) for details).

e PS + MD Matching;(PSMD): Refers to a combination of PS and MD
matching where each treateyd} unit is matched to B nearest neighbors using a
MD defined by the linear predictor of the estimated propensity score, ji and

the covariates X once they have been othorgonalized to the linear predicton
as in Rubin (2‘001).v Notice that for PS, MD, and PSMD matching we use the

' Match() function in R (Sekhon 2007).

e PS Weighting (PSW): Refers to weighting on the estimated propensity score
as described above. |

e Synthetic Matching (SM): Refers to the synthetic matching estimator as
outlined above. Unless otherwise noted we adjust only first moments of the

covariates to bias the results against the SM estimator.
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" All matching is conducted with replacement and B = 1. qu all matchi_ng estimators,
the counterfactual mean is computed as the (weighted)va_verage of the matched control -

units.

3.4.2 " Monte Carlo Experiment I: EPBR Data
" Design

The first experimer_xt is based on a Setting that meets the conditions that are
necessary for matéhing estimators to achieve the EPBR, property (as in Rubin and
~ Thomas (1992)). The design is inspired by the first experiment in Diamond & Sekhon
(2006), but extends their analysis by adding‘ two additional scenarios. We use 50
 treated observations and 100 control observatidns, with three baseline covariates X
that are multivariate normal with zero covariances. For the treated observations the
‘means of th,e‘X variables are .20 and for the control observations the means are equal
to 0. We‘genefa;te outcomes with a linear mapping Y = XB + ¢ where e ~ N (0,.5)
and 8 = (1,1,1). The true treatment effect is zero for all units. We gOnsider three

variants of this designs:

e Design A: the variances of X are uhity in both groups; the easiest, but presum-

ably most unrealistic case.

° Design B: the variances of X are .5 in the control group and and 1.5 in the
treatment group. This provides a somewhat more difficult but realistic case; in

' many empirical cases variances may differ between the two groups.

e Design C: the variances are eQual to unity, but we include the three squared
terms of the variables ‘in X in the design matrix for the estimat.or's.‘ The squared
terms are omitted from the outcome equation (ie. the mapping from X to Y) so

| ‘that this scenario mirroré a case Whére a researcher adjusts for three irrelevant
covariates (as in Brookhart et al. (2006)). We include this case because adjusting

for squared terms is often recommended in practice.
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For the propensity score methods we use the correctly estimated propensity score
(from a logistic regresSion that is linear in X'), instead of the true score because the
former is known to be more efficient. We run 1000 simulations and report the mean
estimate which indicates the bias (multiplied by 100) and the root mean squared error
(MSE).

Results for Design A: Equal Variances

The results are shown in the upper panel of table 3.1. We find that the synthetic
matching estimator is unbiased and highly efficient; it outperforms all other propen-
sity score methods and multivariate matching methods in terms of MSE. In particular,
the synthetic mafching estimator has an MSE that is more than four times lower than
that of the conventional propens‘ityscore weighting estimator where va, probit regres-
sion is used to estimate the score. This is expected because the synthetic matching
'estimator fully incorporates the information about the known sample moments. The
MSE of synthetic matching is 13 times lower compared to propensity score matching,
' about 8 times lower than Mahalanobis matching and about 11 times lower than the
joint propensity score Mahalanobis distance matching. Consistent with Diamond &
Sekhon (2006) Genetic matching dominates the other matching techniques in terms
of MSE, but its MSE is still more than 3 times larger than that of synthetic matching.
The fact that the matching estimators (eXcept Genetic matching) are generally less
efficient is consistent with the results from Abadie & Imbens (2006). We also find
that the multi{rariaté niatching methods are all biased. This is éonsistent with Abadie
& Imbens (2006) who show that the bias of matching estimators is of order O(N~Vk)

where k is the number of continuous covariates.

Results for Design B: Unequal Vériances

The results are shown in the middle panel of table 3.1. Synthetic matching dom—
inates the other estimators and the differences in MSE are now amplified due to the

higher variances in the treatment group.
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Results for Design 'C:"’”Ir’releve.rit ‘Covariates

| The results are shown in the lower panel of table 3.1. bThe inclusion of the irrel-
evant variables does not adversely affect synthetic matching, but the other methods
now exhibit lower MSE compared to design A. In summary, the first monte ca.rlo
- experiment shows that in a finite sample where the cond1tlons necessary for EPBR
hold, synthetic matching cleerly outperforms all other non-parametric adjustment

techniques.

3.4.3 Monte Carlo Experiment II: Non-EPBR Data
Design
The second experiment follows the second experiment in Diamond & Sekhon
(2006). The covariates are taken from the Dehejia and Wahba (1999) experimental -
' sample of the LaL.onde (1986) data (see the empirical application below and Diamond
& Sekhon (2006) for details). The covariates are not ellipsoidally d1str1buted and thus

the EPBR condltlons do not hold. Assuming a constant treatment effect of $1,000

- the fictional earnings are a non-linear function of only two covariates:
Y =1000D + .1ezp| .7log(re74 +.01)] + .7Tlog(re75 + .01)]) + ¢

where € ~ N (0 .5), re74 and re75 are real earnings in 1974 and 1975 and D is the

treatment 1ndlcator The true propensity score is:
= logz't'l[1+.5.p,+.01log‘r(age2)—.3log(ednc2)—.01log(re74+.01)2+.01l0g(re75+.01)2]

15 where the linear predictor u is obtained from regressing the actual treatment indi-
cator on age?, educ?, black, hispanic, married, nodegree, re74?, re75% u74, and
u75 in the Dehejia Wahba sample. So the true propensity score is a combination of

this logistic regression plus the extra variables speciﬁed in the equation above.

15Notlce that this corrects a typo in the Diamond & Sekhon (2006) draft which omitted the logs
" for age and educ. ‘ '
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“In” Monte: “‘Ca,rlob- ,"replications ‘we:.use the* follOwi‘ri-g f incorrect functional form to

estimate the propensity score: "

b =09+ ajage +‘q2educ + azblack + ashispanic +

. azmarried + asnodegree + a7re74 + agre?5 + agu74 + agu75

We run 1000 simulations and report the mean estimate which indicates the bias
(multlphed by 100) and the root mean squared error (MSE). We also report the

' average computing time per simulation measured in seconds..

Results

The results are displayed in table 3.2. Synthetic' matching achieves the secondi
* lowest bias and the lowest MSE across all estimators. It is also much fa.stercompa‘red
to Genetic Matching, which achieves the second lowest MSE in this ‘experiment.
The propensity score methods perform badly given the incorrect specification of the
propensity score model. This indicates that in this real data situation where the
EPRB conditions do not hold, synthetic matching retains good finite sa.mple proper-

ties.

3.4.4 Monte Carlo Experiment I11: Nori-EPBR Data with
 Various Designs

Design

The third Monte Carlo experiment follows the design presented in Frolich (2007)
who provides the most eomprehensive investigation of the properties of propensity
~ score a.djustments to date. 'To make v‘it more realistic we extend'this desigrl by con-
sidering a mixture of eontirluous and binary variables. We also examine additional
factors such as the ratio of treated to controls and the degree of propensity score
misspeciﬁcation. The idea in this design is to mirror a range of typical scenarios that

may be encountered in empirical settings in the social sciences.
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: “We ‘use six covariates X with j € (1,2,...;6): Xj, X, and X3 are multivariate
normal with means zero, variances of (2,1,1) and covariances of (1, -1, —.5) respec-
tively; X, is distributed uniform on [-3,3]; X5 is d1str1buted X1, X6 is Bernulli w1th

p=.5. The treatment and control group are formed using;:
D=1/, + 2% 92Xy~ Xem 05X+ Xg+¢> 0

Notice that the covariates ere weighted Uhequally as is reasonable in many empirical
settings. We consider three designs for the error term e which relate to different

distributions for the true propensity score: |
L ‘Sample Design lLe~N (0,30) | |
e vSample Deeign 2: ‘e ~ N(0,100) |
e Sample Design 3: € ~ x2 and see,ledto mee,n .5 and t}ariance 67.6

Figure 3.1 visualizes the densities of the true propensity score in the three designs;
The ’desig’ns' differ in the amount of separation between the treatmentrand control
group The first design shows the strongest separation and provides a fairly difficult
case for matchmg In the second design there is fairly weak separation and the
estimators- are expected to be more precise. The third design provides a middle
ground as the variance lies between the first and the second des1gn However, the
error term is leptokurtic so that the pr0b1t estlmator which W111 be used to estimate
the propen51ty score is mlsspemfied

We consider three sample sizes n € (300, 600 1800) and also vary the ratio of-
control to treated units r = ng/n; with r € (1,2, 5) by sampling the specified numbers
of treated and control units. For the estimators that rely on the estimeted prbpensity

score we use three different probit specifications with the following mean functions:
e PS Design 1: p/(-.’;) = a0+ a'le + (12X2 + a3X3 + a4X4 + a5X5 + 06X6
e PS Design 2: p(z) = a0 + a1 X2 + 03 X3 + a3 Xs + as X2 + a5 X2 + a6 Xo

o PS D'esigvn 3: p/(;) = ap + o1 X1 X3+ a2 X3 + as Xy + a4 X5 + 05 Xe
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These functions are designed to yield various degrees of misspecification of the propen-
sity score model. For normal e (Sample Designs 1 and 2) the first model is cofrect,
the second model is slightly inisspeciﬁed, and the third model is heavily misspecified.
The correlations between the true and the estimated propensity scores are 1, .8, and
.3 respectively. For non-normal ¢ (Sample Design 3) all three are misspecified, again
Wit_h increasing levels of misspecification.

Finally, we consider three outcome designs:

e Outcome Design 1: Y =X, + Xo+ X5 - Xy + X5+ X + 1
@ Outcome Design 2: YV =X; + X0 +0.2X3 Xy — /X5 +1

e Outcome Design 3: Y .= (X; + X2+ X5)2 +7

with n ~ N(0,1). These regression functions are designed to mirror various degrees
of non-linearity in the mapping of the covariates to the outcome. The true treatment
effect is fixed at zero for all units. T‘he, different outcomes also exhibit different
correlations with the true propehsity score decreasing from .8, .54, to .16 from sample
design 1 to 3 respectively. Again, we run 1000 simulations and report the mean

estimate (bias) and the root mean squared error (MSE).

Results

The full results for N = 300, N = 600, and N = 1500 are shown in tables 3.3, 3.4,

and 3.5 respectively.!® The results are fairly similar across sample sizes except for the

| propensity score which improves in larger samples as expected. Figure 3.2 presents a
graphical summary for the case of N = 300 and r = 5.

Overall, the .results suggest that synthetic matching outperforms all other match-

ing techniques in terms of MSE. This result is robust for all three sample designs,

the three outcome specifications, the three ratios of controls to treated, and the three

16Notice that we omit Genetic matching for N = 600 and N = 1500 due to its excessive runtime
compared to all other methods. There is no theoretical reason to expect Genetic matching to perform
relatively better in larger samples so the N = 300 are representative of its general performance.
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propensity score equations. The gains in MSE : are often substantlal For example, in
the most difﬁcult case of sample design 1 (strong separation) N = 300, and the highly
‘non-linear outcome design 3, the MSE from synthetic matching is about 2.6 times
lower that of Genetic matching, 3.4 times lower than pair matching on a propensity
score that is estimated with correctly specified probit regression, 3.9 times lower than
Mahalanobis distance matching, and 4.6 times lower than weighting on estimated
propensity score. As expected we find that weighting or matching on misspecified
propensity scores (PS designs 2 and 3) results in’ much higher MSE even in large
samples A | |

Synthetlc matching also outperforms all other matchlng techniques in terms of
‘bias, except in larger samples where matching and weighting on the correctly spemﬁed
‘propensity score yields equally good bias performance as one would expect given that
stochastic balancing improves. Yet, in these cases synthetic matching retains lower
MSE even at a sample size of N = 1500. This demonstrates the efficiency 'gai_ns
_in finite samples even when the propensity score is correctly estimated. In these
cases the propensity score stochastically balances the ‘covariates asymptotically but

synthetic matching can improve on the balance in finite samples.

3.5 Application: The LaLonde Dataset

To illustrate the use of synthetic matchingwe‘ also present an application to the
LaLonde (1986) dataset, a ca.nonica.l benchmark in the causal inference literature. The
LaLonde data consists of an experimental and a non-experimental part. The first part
is an experimental dataset that contains measures about subjects that participated
in a randomized job training program, the National Supported Work Demonstration -
Program (NSW). We use this data to establish a benchmark estimate of the effect
of the program. In the next step we replace the experimental control group with a
control group drawn from non-experimental survey data where we measure the same
covariates as in the experimental data. The challenge then is to conduct covariate

adjustment in the non-experimental data to recover the results obtained'from the
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ranidomized experiment. The extensive debate surrounding this dataset is reviewed
in Diamond & Sekhon (2006).17 -

3 5.1 Data

We focus on the Dehejia and Wahba (DW) subset of the experimental Lalonde data
which contains 185 treated and 260 control observations. The outcome of interest is
post-1ntervent10n earnings from the year 1978. The pretreatment information includes
previous earnlngs from the years 1974 and 1975 (re74 and re75 in US §), education
(educ in years of schooling), age (age in years), ethnicity (binary indicators for black
and hispanic), and marital status (binary indicator for married). All earnings data
is zero for those ’who are unemployed in a particula.r year (binary indicators u74 and
u75). | | ‘

We follow the majority of the previous hterature and define the experimental
target as the simple (unadjusted) difference in the means of 1978 earnings across
treatment and control groups. By this metric the estimated average treatment effect
for the treated is $1,794 with a .95 confidence interval from $551 to $3,038. We then
replace the data from the experimental control group by non-experimental survey
data from the DW subset of the Matched Current Population Survey—Social Security
Administration file (CPS-1) (as in Diamond & Sekhon (2006)).

We conduct‘ synthetic matching using the 10 raw variables, all their one-way in-
teractlons and squared terms for the continuous variables age and educ. We omit
squared terms for re74 and re75 and their interaction because due to their colhnear—
ity they are s1mp1y balanced by adjusting on the lower order terms. 18 We exclude
nonsensical interactions such as between nodegree and educ, hispan and black, u74

and re74, or u75 and re75. Overall this results in 52 moments condltlons.

177 selected list of papers that have used the Lalonde data to evaluate the performance of esti-
mators includes (Dehejia & Wahba 1997, Dehejia & Wahba 1999, Dehejia & Wahba 2002, Dehejia
2005, Smith & Todd 2001, Smith & Todd 2005a, Smith & Todd 2005b)

18For example, their t-test p-values in the matched data are 0.76, 0.83, 0.99 respectively.
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352 ; Balaﬁce Before Matching

Table 3.6 compé.res. the distribution of the 52 covariates in the NSW experimental
treatment group and the CPS-1 subsample using three conventional balance statistics,
the standardized diﬂefénde in means, the p-value for a difference of means tests, and
the ratio of the variances between the two groups. Evidently, there are extremely stark
differences between the two gro_lips. For example, all mean differences are significantly
diﬂ'érent from zero at any conventional significance level, except the indicator for
Hispanic ethnic ba,ckgfound and very few of the interaction terms.!® Not surprisingly,
the unadjusted difference in means yields an estimate for the average treatment effect
- for the treated of $-8,506.50 with a standard error of 712.77, which is very far away

from the experimental target answers of $1,794.

3.5.3 Balance After Matching

" Table 3.7 shows the balance results after synthetic matching. The covariate bal-
ance is now improved dramatically. All the means are almost exactly identical on all
52 characteristics. Almost all of the variance ratios are very close to the ideal value of |
one. By this metric, the degree of balance is much higher than in any previous study
conduct,ed on this dataset. Figure 3.3 also shows QQ plots for the four continuous
variables age, education, and the two yeafs of pretreatment earnings comparing the
treated and control units in the matched (gray dots) and the unmatched data (black
dots). Evidently, after synthetic matchihg the distributions are now much closer; the
points cluster fairly closely around the 45 degree line. 7 |

.Notice that some of the baseline variables are discrete and others contain point
masses and skewed distributions which indicates that the conditions for EPBR do
not hold ‘and that it may be very diﬂ‘icult to find a propensity score speciﬁcation
via trial and error that would jointly balance all coVariates. Figure 3.4 illustrates

- this graphically by comparing the standardized differences in means achieved by con-

19Notice that we use p-values here as. a measure of balance, and not to conduct hypothesis tests
in the conventional sense (see Imai et al. (2008)).
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ventional propensity fscofe' weiighting ‘where the propensity score is ‘estimated with a
logistic regression in all 52 covariates and synthetic matching. ‘While the propensity
score weighting clearly moves us some way towards better balance, many cevariates
still remain fairly imbalanced with standardized bias gfeater than |.1| (a table with
- full balance resﬁlts is in the appendix table 3.9). Synthetic matching, in contrast,
matches the means exactly which results in a standardized difference of zero for all

covariate combinations.

3.5.4 Effect Estimates

Table 3.8 shows how the differences in balance translate into different estimates
* for the average treatment effect for the treated. The final treatment effect answer .
obtained from synthetic matching is $ 1702 with a .95 confidence interval of $ 275 to
$ 3128. This is answer is very close to the experimental target answer. The estimate
is also slightly more efficient than that of Diamond & Sekhon (2006) who report a
final estimate of 1734 with a .95 confidence band between —298 and 3766.

3.6 Conclusion

The goal of matching is to generate well-balanced samples, but commonly-used
matching methods make it difficult for researchers to achieve high balance targets in
many empirical settings. The fundamental problem with commonly-used matching
methods is that they fail to focus on covariate balance directly, but rely on an intri-
cate and often ineffective process of “manually” iterating between propensity score
modeling, matching, and balance checking to search for a suitable matching solution.
In the worst ease, these techniques may increase bias for the subsequent estimation
~ of treatment effects when balance improvements in some covariates are accompanied
with decreased balance for other important covariates.

We introduce synthetic matching as a technique to create better balanced samples.

The fundamental difference between synthetic matching and other commonly-used
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matching methods'is that it dirécfly foCuSes on covariate ba.la,hce7 The user Speciﬁes

her desired balance level by imposing a potentially large set of moment conditions,

and synthetic matching then derives a set of unit weights that éxac'tly accommodate

the ba.lanée constraints but retains as much information as possible. This obviates

the need for continual balance checkihg and makes it easy for the user to reach highly :
balanced samples that are identical on a large set of moments. Through extensive

Monte Carlo simulations and an empirical application to the LaLonde data, we shovs’/‘ :
that these Balance’ improvements translate into treatment éffect estimates with ldwer
, approx1mat10n error and higher efficiency 1n ﬁmte samples compared to all other'
:commonly-used matchlng methods.

Whlle synthetic matchmg leads to better balance and greatly simplifies the use
of matchmg»'for practitioners, it is important to notice that other problems that
are commdnly' associated with matching methods (and covariate adjustment more
generally) still apply. For example, synthétic matching provides no safeguard against
bias from unmeasured confounders that a.fe often a vexing problem in observational

studies.
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Table 3.3: Results for Second Monte Carlo Experiment (N=300)

Sample Design 1: Strong Separation and Normal Errors

MSE | RAW MD GM PSMI PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSWI1 PSW2 PSW3 | SM
Ratio CtoT 1 Y1 332 35 29 27 384 193 - 68 385 200 25 370 188 4
Ratio CtoT 1 Y2 502 24 - 15 14 163 532 71 193 442 26 161 537 5
Ratio CtoT 1 Y3 1196 1355 898 1186 1676 1835 2266 1995 2377 1590 1486 1633 346
Ratio CtoT 3 Y1 326 29 21 23 369 191 56 370 196 17 362 184 4
Ratio CtoT 3 Y2 495 20 10 11 155 523 57 175 445 18 157 528 4
Ratio CtoT 3 Y3 1269 1197 723 1108 1586 1849 2054 1777 2316 1074 1356 1666 291
Ratio CtoT 5 Y1 341 31 T 19 24 400 210 53 383 210 14 385 195 4
Ratio CtoT 5 Y2 512 20 12 13 . 165 550 52 172 473 15 166 - 547 5
Ratio CtoT 5 Y3 1471 1154 693 1184 1622 2041 2028 1892 | 2460 942 1378 1723 325
~— BIAS [ RAW___MD GM__PSMi___PSM2 _PSM3__ PSMDI1__PSMD2___ PSMD3__ PSW1___PSW2 _PSW3 | SM
Ratio CtoT 1 Y1 | 179 52 42 13" 189 133 79 192 138 13 188 135 1
Ratio CtoT 1 Y2 222 43 29 16 122 227 81 © 134 208 15 122 230 3
Ratio CtoT 1 Y3 304 350 215 125 359 404 461 428 472 98 347 389 102
Ratio CtoT 3 Y1 177 47 33 7 184 132 70 187 136 12 186 133 -1
Ratio CtoT 3 Y2 | ~ 221 38 22 11 118 225 71 127 208 16 121 227 1
Ratio CtoT 3 Y3 . 302 322 206 97 332 400 434 398 461 102 334 389 85
Ratio CtoT 5 Y1 179 45 27 9 189 135 65 - . 187 138 14 191 134 [4]
Ratio CtoT 5 Y2 223 35 19 10 119 227 65 122 211 17 123 229 2
_ Ratio CtoT 5 Y3 301 - 302 182 75 315 400 416 396 460 90 325 384 55
Sample Design 2: Weaker Separation and Normal Errors
MSE | RAW MD  GM ~ PSMi . PSM2 - PSM3 PSMD1° PSMD2 PSMD3 PSWI PSW2 PSW3 SM
Ratio CtoT 1 Y1 148 15 8 12 - 137 91 28 146 97 7 129 83 2
Ratio CtoT 1 Y2 229 8 4 ) 59 231 21 58 192 8 54 230 2
Ratio CtoT 1 Y3 654 661 364 590 655 994 ‘1156 1016 1383 573 482 825 196
Ratio CtoT 3 Y1 151 14 7 12 138 89 24 140 99 5 130 82 2
Ratio CtoT 3 Y2 225 7 4 7 60 225 18 52 196 6 54 225 3
Ratio CtoT 3 Y3 7 660 360 575 673 1063 1114 984 - 1421 428 517 902 208
Ratio CtoT 5 Y1 162 16 7 19 159 103 26 154 104 5 144 88 3
Ratio CtoT 5 Y2 236 9 6 10 66 248 20 56 214 6 58 238 3
Ratio CtoT 5 Y3 963 642 349 822 872 1233 1080 1013 1507 482 527 943 288
BIAS | RAW MD GM PSM1___PSM2 PSM3  PSMD1  PSMD2  PSMD3  P3wW1l  PSwW2  PSW3 SM
Ratio CtoT 1 Y1 117 32 18 4 107 88 48 114 94 1 108 87 1
Ratio CtoT 1 Y2 149 19 9 5 69 147 40 70 134 2 68 148 ° 2
Ratio CtoT 1 Y3 194 238 149 31 180 281 321 297 353 4 177 266 27
Ratio CtoT 3 Y1 117 29 14 3 106 86 43 110 94 3 108 87 -1
Ratio CtoT 3 Y2 1147 16 6 4 68 144 36 64 135 3 68 146 -0
Ratio CtoT 3 Y3 209 231 140 47 177 281 309 285 353 39 185 273 33"
Ratio CtoT 5 Y1 118 27 10 3 109 87 41 111 92 2 111 87 -0
Ratio CtoT 5 Y2 149 16 5 5 67 147 - 33 62 136 3 68 148 0
Ratio CtoT 5 Y3 198 210 119 17 165 276 285 270 341 18 174 263 5
Sample Design 38: Medium Separation and Leptokurtic Errors .
MSE | RAW MD GM PSM1 PSM2 PSM3 PSMD1 PSMD2 ~ PSMD3 PSW1 PSW2 PSW3 SM
Ratno CtoT 1 Y1 226 26 20 23 251 147 47 254 159 14 246 144 3
Ratio CtoT 1 Y2 350 18 11 -1 116 404 46 131 337 18 122 416 3
Ratio CtoT 1 Y3 1213 1174 757 1069 1143 1534 1983 1680 2024 775 1098 1315 374
Ratio CtoT 3 Y1 221 23 16 - 20 253 153 41 250 156 12 246 142 3
Ratio CtoT 3 Y2 343 16 9 11 114 402 38 118 341 17 122 408 3
Ratio CtoT 3 Y3 1212 1046 645 1050 1011 1521 1769 1465 1934 739 951 1281 354
Ratio CtoT 5 Y1 239 25 15 24 287 161 38 268 169 12 273 150 3
Ratio CtoT 5 Y2 355 16 10 12 125 421 34 118 363 15 127 428 4
Ratio CtoT 5 Y3 1563 1122 701 1328 1253 1799 1828 1562 2124 888 1061 1465 440
BIAS | RAW MD GM PSMl1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM
Ratio CtoT 1 Y1 146 45 35 12 150 116 65 154 123 26 152 117 0
Ratio CtoT 1 Y2 185 36 23 16 101 197 64 110 180 35 107 201 4
Ratio CtoT 1 Y3 306 325 217 123 270 362 430 390 434 201 205 . 343 145
Ratio CtoT 3 Y1 144 41 29 9 150 117 59 152 120 25 - 152 116 1
Ratio CtoT 3 Y2 183 . 32 20 15 98 195 57 102 180 34 106 199 4
‘Ratio CtoT 3 Y3 295 300 202 91 239 354 400 358 419 186 272 336 130
Ratio CtoT 5 Y1 147 39 23 9 157 116 53 153 122 22 159 117 1
Ratio CtoT 5 Y2 185 29 16 14 101 197 50 97 182 29 107 201 4
Ratio CtoT 5 Y3 309 291 - 186 85 221 364 387 347 417 187 268 342 122

Note: Results show MSE and Bias for each estimator. Six covariates with a mixture of continues, binary, and categorical variables.
Experimental factors are: 3 sample designs as in figure 3.1 (sample design 1: strong separation and normal errors; sample design
2: weaker separation and normal errors; sample design 3: medium separation and leptokurtic errors), 3 outcome designs (Y1 linear:
Yl = X; + X3 + Xz.— X4 + X5 + X¢ + 7 Y2 somewhat non-linear Y2 = X3 + X2 + 0.2 X3 X4 — X5 + n; Y3 highly non-
linear: Y3 = (X1 + X2 + X5)% + 1), and 3 controls-to-treated ratios (Ratio CtoT 1, 3, and 5). Estimators are Raw: Difference of
means; MD: Mahalanobis distance matching, GM: Genetic matching; PSM: Propensity score matching; PSMD: MD matching using
PS and orthogonalized covariates; PSW: weighting on PS; SM: synthetic matching. All matching is 1:1 pair matching. We use three
specifications (labeled with a 1, 2, or 3 postfix) for all propensity score based methods (PSM, PSW, PSMD). The first propensity
score model is correct for sample designs 1 and 2, and slightly misspecified for sample design 3. Propensity score models 2 and 3 are
increasing in misspecification (as measured by the linear correlation between the true and the estxmated score). 1000 simulations for
ench scenario; the true treatment effect is zero.
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Table 3.4: Results for ‘S:e:cohdeonte Carlo Experiment (N=600)

Sample Design 1: Strong Separation and Normal Errors
MSE | RAW MD. PSM1 _PSM2 PSM3 PSMD1  PSMD2 PSMD3  PSW1  PSW2  PSWa3 SM

Ratio CtoT 1 Y1 320 21 14 358 182 46 352 186 15 354 183 2
Ratio CtoT 1 Y2 497 15 7 153 524 49 164 449 19 152 529 2
Ratio CtoT 1 Y3 997 915 671 1326 1640 1764 1479 2026 742 1205 1526 172
Ratio CtoT 3 Y1 323 18 .12 363 185 © . 39 © 3563 190 10 356 185 2
Ratio CtoT 3 Y2 499 13 5 153 525. 41 155 459 12 156 532 2
Ratio CtoT 3 Y3 1041 807 599 1186 1675 1601 1357 2035 592 1123 1547 168
Ratio CtoT 5 Y1 324 17 14 368 186 33 352 190 | 8 360 182 2
Ratio CtoT 5 Y2 499 12 7 155 525 34 143 467 9 158 526 2
Ratio CtoT 5 Y3 1125 739 604 1133 1719 1431 1269 2022 627 1072 1589 186

BIAS RAW MD PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM
Ratio CtoT 1 Y1 177 42 6 185 132 65 185 . 135 7 186 134 0
Ratio CtoT 1 Y2 222 35 10 121 227 68 126 211 8 121 229 2
Ratio CtoT 1 Y3 294 292 72 333 393 412 374 443 51 329 384 - 69
Ratio CtoT 3 Y1 - 178 38 7 . 187 133 60 185 136 11 186 134 0
Ratio CtoT 3 Y2 222 31 8 120 227 61 121 213 14 123 229 2
Ratio CtoT 3 Y3 296 272 63 311 393 390 355 441 76 314 384 61
Ratio CtoT 5 Y1 177 35 5 - 187 131 54 183 135 12 187 133 -1
Ratio CtoT 5 Y2 222 28 7 120 226 54 115 213 17 123 227 1
Ratio CtoT 5 Y3 294 253 58 284 389 362 335 432 96 302 384 50

Sample Design 2: Weaker Separation and Normal Errors .
MSE [ RAW MD PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM

Ratio CtoT 1 Y1 144 8 5 126 82 18 126 88 -3 121 78 1
Ratio CtoT 1 Y2 223 4 3 53 222 13. 44 191 3 50 -~ 221 1
Ratio CtoT 1 Y3 514 440 273 458 823 859 722 1143 219 372 767 95
Ratio CtoT 3 Y1 145 8 5 126 85 16 124 89 2 123 79 1
Ratio CtoT 3 Y2 224 4 3 51 227 12 42 199 3 50 224 1
Ratio CtoT 3 Y3 557 387 259 431 861 775 659 1149 200 354 783 103
Ratio CtoT 5 Y1 146 8 8 131 86 14 123 92 2 124 80 1
Ratio CtoT 5 Y2 225 4 4 54 230 10 38 204 3 51 225 2
Ratio CtoT 5 Y3 629 362 387 458 939 708 630 1138 215 330 . 786 130

BIAS RAW MD PSM1 PSM2 PSM3 ° PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM
Ratio CtoT 1 Y1 118 25 1 107 87 40 109 91 1 107 87 0
Ratio CtoT 1 Y2 148 15 2 68 147 33 63 136 1 68 147 1
Ratio CtoT 1 Y3 195 200 15 175 269 284 257 329 6 173 267 18
Ratio CtoT 3 Y1 117 23 2 107 87 37 107 91 3 108 - 87 0
Ratio CtoT 3 Y2 148 13 2 . 67 147 31 60 138 4 68 147 1
Ratio CtoT 3 Y3 199 184 18 161 271 266 241 326 22 165 267 .14
Ratio CtoT 5 Y1 117 20 -1 107 86 32 104 91 2 107 86 -1
Ratio CtoT 5 Y2 147 10 1 67 147 26 54 138 4 67 147 -0
Ratio CtoT 5 Y3 198 171 6 146 270 246 226 316 22 154 261 3

a3

Sample Design 3: M Separation and L ptokurtic Errors
- MSE | RAW MD PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM

Ratio CtoT 1 Y1 218 16 12 239 138 32, 233 150 10 234 139 1
Ratio CtoT 1 Y2 343 10 6 103 398 31 108 346 15 115 409 2
Ratio CtoT 1 Y3 1049 794 583 843 1346 1512 1219 1721 506 862 1210 234
Ratio CtoT 3 Y1 216 14 11 237 138 27 227 148 8 234 139 1
Ratio CtoT 3 Y2 | 341 9 5 104 396 27 99 348 13 116 405 2
Ratio CtoT 3 Y3 | 1069 680 577 761 1399 1352 1044 1644 512 789 1218 222
Ratio CtoT 5 Y1 224 14 13 249 144 25 232 152 7 246 141 .2
Ratio CtoT 5 Y2 343 9 6 108 402 23 92 358 11 118 407 2
Ratio CtoT 5 Y3 1172 655 820 723 1462 1244 1006 1670 524 780 1233 238
- BIAS RAW MD PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM
Ratio CtoT 1 Y1 146 36 7 - 150 115 54 150 121 25 151 116 0
Ratio CtoT 1 Y2 184 29 11 98 198 53 101 184 35 105 201 4
Ratio CtoT 1 Y3 | °~ 301 273 74 247 351 381 339 407 177 274 339 121
Ratio CtoT 3 Y1 145 32 6 149 114 50 147 119 24 151 116 [
Ratio CtoT 3 Y2 184 25 10 98 197 . 49 96 185 33 106 - 200 3
Ratio CtoT 3 Y3 302 250 63 217 357 358 ~_ 309 395 181 263 339 117
Ratio CtoT 5Y1 146 31 5 151 115 45 147 119 20 154 116 -0
Ratio CtoT 5 Y2 183 23 10 28 197 43 90 186 28 105 199 3
Ratio CtoT 5 Y3 297 237 . 42 195 351 335 ‘292 388 167 © 245 333 103

Note: Results show MSE and Bias for each estimator. Six covariates with a mixture of continues, binary, and categorical variables.
Experimental factors are: 3 sample designs as in figure 3.1 (sample design 1: strong separation and normal errors; sample design
2: weaker separation and normal errors; sample design 3: medium separation and leptokurtic errors), 3 outcome designs (Y1 linear:
Yl = X; + X2+ X3 — X4+ Xs + Xe + 7 Y2 somewhat non-linear Y2 = X; + X3 + 0.2 X3 X4 — /X5 + n; Y3 highly non-
linear: Y3 = (X1 + X2 + X5)2 + n), and 3 controls-to-treated ratios (Ratio CtoT 1, 3, and 5). Estimators are Raw: Difference of
means; MD: Mahalanobis distance matching, GM: Genetic matching; PSM: Propensity score matching; PSMD: MD matching using
PS and orthogonalized covariates; PSW: weighting on PS; SM: synthetic matching. All matching is 1:1° pair matching. We use three
specifications (labeled with a 1, 2, or 3 postfix) for all propensity score based methods (PSM, PSW, PSMD). The first propensity
score model is correct for sample designs 1 and 2, aud slightly misspecified for sample design 3. Propensity score models 2 and 3 are
increasing in misspecification (as measured by the linear correlation between the true and the estimated score). 1000 simulations for
each scenario; the true treatment effect is zero. I . ’ . ’
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:Results for Second‘Monte Carlo Experiment (N=1,500)

Sample Design 1: Strong Separation and Normal Errors .
MSE | RAW MD PSM1 PSM2 PSM3 PSMDI PSMD2 PSMD3 PSW1 PSW2 PSW3 SM

Ratio CtoT 1 Y1 318 11 6 343 180 28 327 180 8 342 181 -1
Ratio CtoT 1 Y2 496 8 . 2 147 526 30 134 467 10 146 - 530 1
Ratio CtoT 1 Y3 952 562 ' 301 1097 1540 1262 1078 1863 - 488 1060 1498 - 95
Ratio CtoT 3 Y1 317 9 5 343 181 23 321 180 4 341 180 | 1
Ratio CtoT 3 Y2 | 495 6 2 143 522 24 123 468 6 149 524 o1
" Ratio CtoT-3 Y3 936 475 258 970 1547 1099 - 960 - 1833 280 977 1511 75
Ratio CtoT 5 Y1 318 9 5 343 180 20 318 181 4 348 181 1
Ratio CtoT 5 Y2 495 6 2 143 522 20 115 473 5 155 523 1
Ratio CtoT 5 Y3 988 420 263 837 1603 972 875 1833 263 910 1548 81
BIAS RAW MD PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM

Ratio CtoT 1 Y1 178 31 3 . 184 133 52 180 133 3 184 134 0
Ratio CtoT 1 Y2 222 26 -6 120 229 54 115 216 5 120 230 2
Ratio CtoT 1 Y3 300 232 44 318 388 352 323 429 30 .316 - 384 54
Ratio CtoT 3 Y1 177 28 3 184 133 . 47 178 133 9 184 134 -0
Ratio CtoT 3 Y2 222 22 4 119 228 48 109 216 12 121 228 1
Ratio CtoT 3 Y3 296 213 32 297 388 327 304 424 61 304 385 41
Ratio CtoT 5 Y1 177 26 2 183 133 42 176 133 12 185 - 134 [1)
Ratio CtoT 5 Y2 | 222 ~ 20 4 . 118 227 43 105 216 17 123 228 1
Ratio CtoT 5 Y3 297 197 37 266 391 305 287 421 91 291 387 39

Samble Design 2: Weaker Sevparation and Normal Errors . .
MSE | RAW MD PSMI PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2  PSW3 SM

Ratio CtoT 1 Y1 140 4 2. 114 ki4 10 109 81 1 114 77 0
Ratio CtoT 1 Y2 221 2 1 . 47 . 219 7 32 197 2 47 220 0
Ratio CtoT 1 Y3 444 238 95 329 774 557 465 972 103 298 734 41
Ratio CtoT 3 Y1- 140 4 2 115 78 9 104 82 Iy 115 77 [i]
Ratio CtoT 3 Y2 220 1 1 47 221 6 28 201 1 47 219 0
Ratio CtoT 3 Y3 448 206 104 289 754 495 409 954 80 277 731 42
Ratio CtoT 5 Y1 142 4 3 118 80 8 105 86 1 118 79 1
Ratio CtoT 5 Y2 221 2 1 48 222 5 28 205 1 49 220 1
Ratio CtoT 5 Y3 488 . 186 135 278 782 437 381 952 90 262 738 55

- BIAS RAW MD PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM
Ratio CtoT 1 Y1 117 18 1 105 87 31 103 89 0 106 87 o
Ratio CtoT 1 Y2 148 10 1 67 147 25 55 139 1 67 148 0.
Ratio CtoT 1 Y3 196 150 11 163 271 232 210 308 1 164 267 10
Ratio CtoT 3 Y1 117 16 -0 105 87 28 100 89 2 106 87 -0
Ratio CtoT 3 Y2 148 9 0 67 148 23 51 140 3 68 147 0
Ratio CtoT 3 Y3 196 139 (] 152 267 218 195 304 18 158 . 266 8
Ratio CtoT 5 Y1 117 i5 - -0 106 87 25 100 91 3 107 87 -0
Ratio CtoT 5 Y2 148 7 0 67 147 20 49 141 41 68 147 -0
Ratio CtoT 5 Y3 196 127 0 136 266 - 200 184 299 26 150 264 2

Sample Design 3: Medium Separation and Leptokurtic Errors ’
MSE RAW =MD = PSM1 PSM2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM

Ratio CtoT 1 Y1 213 8 .5 226 133 19 216 143 7 226 137 1
Ratio CtoT 1 Y2 339 5 . 3 98 390 19 87 354 13 112 403 1
Ratio CtoT 1 Y3 933 491 319 625 1264 1075 845 1468 379 .. 745 1146 160,
Ratio CtoT 3 Y1 217 7 5 -230 134 17 212 144 . 6 231 137 0
Ratio CtoT 3 Y2 338 5 2 97 391 16 79 . 360 12 114 401 1
Ratio CtoT 3 Y3 967 426 291 557 1266 955 719 1450 386 700 1163 154
Ratio CtoT 5 Y1 216 7 6 - 229 135 15 208 144 5 235 136. 1
Ratio CtoT 5 Y2 338 4 2 96 393 13 72 365 9 113 399 1
Ratio CtoT 5 Y3 1004 387 407 463 1307 850 640 1470 397 621 1189 166

BIAS RAW MDD PSM1 PSM?2 PSM3 PSMD1 PSMD2 PSMD3 PSW1 PSW2 PSW3 SM
Ratio CtoT 1 Y1 145 27 4 149 114 43 146 119 24 149 116 -0
Ratio CtoT 1 Y2 184 . 21 7 98 197 42 92 188 34 1056 . 200 3
Ratio CtoT 1 Y3 296 218 44 228 350 324 286 380 174 -265 335 111
Ratio CtoT 3 Y1 146 25 3 150 115 40 144 119 23 151 117 -0
Ratio CtoT 3 Y2 183 19 7 97 197 39 87 . 189 - 33 106 200 3
Ratio CtoT 3 Y3 301 202 34 210 349 305 . 262 376 178 257 337 109
Ratio CtoT 5 Y1 146 24 4 149 114 36 ‘142 118 20 152 116 —0
Ratio CtoT 5 Y2 183 18 6 96 197 35 82 . 190 29 105 198 3
Ratio CtoT 5 Y3 298 190 -29 176 351 284 242 375 176 239 338 107

Note: Results show MSE and Bias for each estimator.. Six covariates with a mixture of continues, binary, and categorical variables.
Experimental factors are: 3 sample designs as in figure 3.1 (sample design 1: ‘strong separation and normal errors; sample design
2: weaker separation and normal errors; sample design 3: medium separation and leptokurtic errors), 3 outcome designs (Y1 linear:

Yl = X1 + X2+ X3 — X4+ X5 + X¢ +n Y2 somewhat non-linear Y2 = X; + X2 + 0.2 X3 X4 — vX5 + n; Y3 highly non-
linear: Y3 = (X1 + X2 + ){5)2 + 1), and 3 controls-to-treated ratios (Ratio CtoT 1, 3, and 5). Estimators are Raw: Difference of
means; MD: Mahalanobis distance matching, GM: Genetic matching; PSM: Propensity score matching; PSMD: MD matching using
PS and orthogonalized covariates; PSW: weighting on PS; SM: synthetic matching. All matching is 1:1 pair matching. We use three
specifications (labeled with a 1, 2, or 3 postfix) for all propensity score based methods (PSM, PSW, PSMD). The first propensity
score model is correct for sample designs 1 and 2, and slightly misspecified for sample design 3. Propensity score models 2 and 3 are
increasing in misspecification (as measured by the linear correlation between the true and the estimated score). 1000 simulations for
each scenario; the true treatment effect is zero. ’ -



Chapter 3: .S’yﬁtheiic Matching fof Causal Effects: A Multivariate Reweighting
Method to Produce Balanced Samples in Observational Studies 92

Table 3.6: Covariance Balance Before Matching: Treatment versus Control Group =

covariate mean.Tr mean.Co sdiff var.ratio - p-value
age 25.82 33.23 -103.55 0.42 0.00
educ ' 10.35 12.03 -8363 049  0.00
‘black : 0.84 0.07 211.13 1.95 . 0.00
hispan - 0.06 0.07 —-5.30 0.84 047
married 0.19 0.71 —133.06 0.75 0.00
nodegree . 0.71 0.30 90.44 1.00 ~ 0.00
re74 - 2095.57 14024.14 -244.11 0.26 0.00
re75 ) 1532.06 13642.53 —376.19 -0.12 0.00
u74 - , 0.71 0.12 129.09 ~  1.97 0.00
- u75 : : 0.60 0.1 99.89 - 2.48 0.00
age.age 717.39 . 122591 -117.92 0.30 0.00
educ.age 266.98 - 395.54 —139.00 0.35 0.00
educ.educ 111.06 - 152.90. —106.46 0.34 " 0.00
black.age o 21.91 12,40 168.13 1.65 0.00
black.educ- : 8.70 .0.81 187.46 1.99. 0.00
hispan.age 1.36 2.38 -18.60 0.37 0.01
hispan.educ =~ . 0.58 0.73 —6.32 0.70 0.40
married.age 5.56 25.85 '+ —169.81 0.42 0.00
. married.educ 1.96 8.56 —158.05 0.49. - 0.00
married.black 0.16 - 0.05 30.49 3.05 0.00
married.hispan 0.02 0.05 —28.67 . 0.32 0.00
nodegree.age 17.97 10.09 60.08 0.59 0.00
nodegree.black - 0.61 0.03 118.42 7.74 0.00
‘nodegree.hispan 0.05 0.04 4.67 1.25 -0.53
nodegree.married 0.14 - 0.20. -—15.98 - 0.77 0.03
re74.age 54074.04 509069.25 —344.89 0.10 0.00
re74.educ . 22898.73 171241.56 —258.46 . 0.20 0.00
re74.black 1817.20 840.59 20.52 1.54 0.01
re74.hispan 151.40 893.68 —61.96. 0.09 0.00
re74.married 760.63 11809.15 —301.78 0.12 '0.00
* re74.nodegree 1094.15 3432.61 —69.00 0.21 0.00
re75.age 41167.28 489047.95 —449.97 0.06 . 0.00
re75.educ 15880.57 167310.76 —445.70 0.07 0.00
re75.black 1257.04 804.32 = 14.73 0.69 0.05
re75.hispan 153.73 884.98 —72.07 0.07 0.00
re75.married - 654.34 11366.04 —374.12 0.08 0.00
re75.nodegree 1134.96 3290.78 —72.80 0.18 0.00
u74.age - 18.78 3.60 110.91 1.63 0.00
- u74.educ . 7.26 - 142 116.80 1.58 0.00
u74.black 0.60 0.01 120.04 23.63 - 0.00 -
u74.hispan - 0.03 - 0.01 13.47 3.74 0.07
u74.married 0.11 0.06 17.19 1.83  0.02
u74.nodegree - 0.52 0.05 94.73 5.28 0.00
u74.re75 307.44 175.27 . 11.61 "0.69 0.12
u75.age - : - 1598 3.57 85.98 1.73 . 0.00
u75.educ 6.15 . 1.33 90.64 1.84 0.00
u75.black 0.52 0.01 101.29 22.19 0.00
u75.hispan 0.03 0.01 12.08 3.61 0.10
u75.married 0.09 0.06 . 7.70 1.31 0.30
" u75.nodegree . 0.43 0.04 . 79.78 7.08 0.00
u75.re74 ) 43.85 - 203.65 —33.95 0.08 0.00

u75.u74 0.59 ~ 0.07 104.46 3.56 0.00
Note: mean.Tr: mean in treatment group; mean.Co: mean in ’
control group; sdiff: standardized difference in means; var.ratio:

ratio of variances (treatment/control group); p-value: p-value

from difference of means test.
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Table 3.7: Covariance Balance after Synthetic Matching: Treatment versus Matched
Control Group ' | .

covariate " mean.Tr mean.Co sdiff var.ratio p-value
age ) 25.82 25.82 [ 1.00 1
educ 10.35 10.35 o 1.00 1
black - 0.84 0.84 0 1.00 1
hispan 0.06 0.06 0 1.00 1
married 0.19 0.19 0 1.00 1
nodegree 0.71 0.71 0 1.00 1
re74 2095.57 2095.57 0 1.14 1
re75 1532.06 1532.06 0 0.90 1
u74 0.71 0.71 0 1.00 1
u75 " 0.60 - 0.60 0 1.00 1
age.age 717.39 717.39 0 113 1
educ.age 266.98 266.98 0 1.02 1
educ.educ h 111.06 111.06 -0 1.01 1
black.age 2191 21.91" 0 1.00 1
black.educ : 8.70 8.70 0 1.03 1
hispan.age 1.36 1.36 0 0.97 1
hispan.educ 0.58 0.58 0 0.94 1
married.age 5.56 5.56 0 1.04 1
married.educ 1.96 1.96 0 0.98 1
married.black 0.16 0.16 0 1.00 1
married.hispan 0.02 0.02 0 1.00 1
nodegree.age 17.97 17.97 0 0.98 1
nodegree.black 0.61 0.61 0 1.00 1
nodegree.hispan 0.05 0.05 0 1.00 1
nodegree.married 0.14 0.14 0 1.00 1
re74.age 54074.04 54074.04 0 1.14 1
re74.educ 22898.73 22898.73 0 1.23 1
re74.black 1817.20 1817.20 0 1.21 1
re74.hispan 151.40 151.40 0 0.79 1
re74.married 760.63 760.63 0 1.37 1
re74.nodegree 1094.15 1094.15 0 1.05 1
re75.age 41167.28 41167.28 0 1.00 1
re75.educ 15880.57 15880.57 0 0.93 1
re75.black 1257.04 1257.04 0 0.98 1
re75.hispan 153.73 153.73 0 0.65 1
re75.married 654.34 654.34 0 1.14 1
re75.nodegree 1134.96 1134.96 0 0.89 1
u74.age ©-18.78 . 18.78 0 0.99 1
u74.educ 7.26 - 7.26 0 1.01 1
u74.black 0.60 0.60 0 1.00 1
u74.hispan 1 0.03 0.03 0 1.00 1
u74.married - 011 0.11 0 1.00 1
u74.nodegree 0.52 0.52 0 1.00 1
u74.re75 . 307.44 307.44 0 0.50 1
u75.age 15.98 15.98 0 0.99 1
u75.educ 6.15 6.15 0 1.01 1
u75.black 0.52 0.52 0 1.00 1
u75.hispan . 0.03 0.03 0 1.00 1
u75.married 0.09 0.09 0 1.00 1
u75.nodegree 0.43 043 0 1.00 1
u75.re74 43.85 43.85 0 0.67 1
u75.u74 0.59 0.59 0 1.00 1

Note: mean.Tr: mean in treatment group; mean.Co: ‘mean in con-
trol group; sdiff: standardized difference in means; var.ratio: ratio
of variances (treatment/control group); p-value: p-value from dif-
ference of means test. .
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Table 3.8: Estimates for Average Treatment Effect for the Treated

. PATT SE T-value .95LB .95 UB

Unadjusted -8506 712 -11.93 -7109 9904
Regression Adjusted 1159 618 1.88 -52 2371
 Experimental Target =~ 1794 632 2.83 551 3038
Synthetic Matching 1702 - 727 233 275 3128
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Table 3.9: Covariance Balance after Propensity Score Weighting: Treatment versus
Matched Control Group . ‘

covariate mean.Tr mean.Co sdiff var.ratio p-value
age . 25.82 . 27.76 -27.13 0.92 0.01
educ 10.35 10.22 6.38 1.18 0.51
black 0.84 0.88 —8.76 . 1.21 0.36
hispan 0.06 0.04 6.80 1.35 0.47
married ) 0.19 - 0.16 8.26 1.16 0.39
nodegree 0.71 0.74 —6.77 1.07 0.49
re74 2095.57 1684.68 841 1.36 . 0.37
‘re75 1532.06 1307.01 6.99 1.07 0.48
u74 0.71 0.76 —1141 1.13 0.24
u75 . 0.60 066 —12.18 1.07 0.22
age.age 717.39 826.13 —25.21 1.03 0.01
. educ.age 266.98 282.20 -16.46 1.09 0.09
educ.educ . 111.06 107.82. .8.24 1.16 0.39
black.age 21.91 2465 —23.63 1.00 0.02
black.educ 8.70 8.90 —4.72 1.25 0.62
hispan.age 1.36 0.96 7.11 1.36 0.45
hispan.educ 0.58 0.42 6.62 128 ° 048
married.age 5.56 471 - 7.09 1.15 0.46
married.educ 1.96 1.58 9.16 1.20 0.34
married.black 0.16 - 0.13 7.42 1.17 0.44
married.hispan 0.02 0.01 2.27 1.21 -~ 0.81
nodegree.age 17.97 20.42 -18.74 0.89 0.07
nodegree.black 0.61 0.66 —10.99 1.07 0.26
nodegree.hispan =~ 0.05 003 - 6.70 1.40 047
nodegree.married 0.14 0.11 7.49 1.19 0.44
re74.age 54074.04 43947.39 7.68 1.33 0.41
re74.educ 22898.73 18132.78 ~ 8.30 1.52 0.37
re74.black 1817.20 1451.45 7.69 1.46 0.40
re74.hispan 151.40 126.10 2.11 0.94 0.83
re74.married 760.63 608.57 4.15 1.73 0.64
re74.nodegree 1094.15 896.94 5.82 1.26 0.54
re75.age 41167.28 35832.82 5.36 1.14 0.58
re75.educ 15880.57 13332.83 = 7.50 1.14 0.44
re75.black .. 1257.04 1082.19 5.69 1.14 0.56
re75.hispan 153.73 122.50 3.08 0.88 0.76
re75.married 654.34 549.80 3.65 1.42 0.69
re75.nodegree 1134.96 983.57 5.11 1.06 0.60
u74.age : . 18.78 21.92 -22.99 0.95 0.02
u74.educ 7.26 7.71 —9.03 1.17 0.35
u74.black 0.60 0.68 —15.50 1.10 0.11
u74.hispan 0.03 0.02 6.61 1.55 0.47
u74.married 011 0.09 6.63 1.20 0.49
u74.nodegree 0.52 059 -12.21 1.03 0.22
u74.re75 307.44 310.15 -0.24 0.51 0.98
u75.age 15.98 19.22 -—22.38 0.91 0.03
u75.educ 6.15 6.71 -10.44. 1.11 0.28
u75.black 0.52 060 -15.74 1.04 0.11
u75.hispan 0.03 0.02 6.25 1.59 0.49
u75.married 0.09 . 0.07 4.86 1.17 0.61
u75.nodegree 0.43 0.50 -—13.27 0.98 0.19
u75.re74 43.85 - 35.68 1.74 0.77 0.87
u75.u74 0.59 0.65 —12.53 1.07 0.20

Note: mean.Tr: mean in treatment group; mean.Co: mean in con-
trol group; sdiff: standardized difference in means; var.ratio: ratio
of variances (treatment/control group); p-value: p-value from dif-
ference of means test.
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3.8 Figur.esv.' for Chapter 3

Figure 3.1: Sample Designs for Second Monte Carlo Experiment: Density of True
Propensity Score in Treatment and Control Group.
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Note: Left graph refers to Sample Design 1 with € ~ N (0, 30) (strong separation and normal errors); middle graph
refers to Sample Design 2 with e ~ N(0, 100) (weé.ker separation and normal errors); right graph refers to Sample

Design 3 with € ~ xg and scaled to mean .5 and variance 67.6 (medium separation and leptokurtic errors).
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Figure 3.2: Results for Second Monte Carlo Experiment (r = 5)
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3: Propensity score matching (with various degrees of misspecification in the PS model); PSMD1-3: MD matching using PS and
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bFlgure 3.3: The Effect of Synthetlc Matchmg on Covariate Balance QQ plots of
Contmuous Cova.na,tes
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Note: QQ plot of pretreatment earnings in 1975 and 1974, age, and education. The black dots represent empirical QQ estimates for the
raw data. The gray dots represent QQ estimates for the matched data. The superimposed 45-degree line indicates identical distributions

for the treatment and control group.



Chapter 8: Synthetic Matching for Causal Effects: ‘A Multivariate Reweighting
Method to Produce Balanced Samples in. Observational Studies

99

Flgure 3.4: The Effect of Synthetic Ma.tchmg on Covariate Balance: Synthetlc Match-
ing versus Propensity Score Weighting.
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Chapter 4

The Value of Political Power:
Estimatihg Returns to Office in

Post-War British Politics

4.1 Introduction

In' October of 1989, Nigel Lawson resigned after six years as Chancellor of the
Exchequer under Margaret Thatcher.! Four months later, while still a Member of

Parliament, Lawson was named a non-executive director at Barclays Bank with a

IThis paper is co-authored with Andy Eggers, Department of Government. This paper was
awarded the 2009 Robert H. Durr Award from the Midwest Political Science Association (MPSA)
for “the best paper applying quantitative methods to a substantive problem.” A previous version
was circulated under the title “MPs for Sale: Estimating the Returns to Office in Post-War British
Politics.” We thank Alberto Abadie, Jim Alt, Sebastian Bauhoff, Ryan Bubb, Jeff Frieden, Justin
Grimmer, Adam Glynn, Torben Iversen, Mike Kellermann, Gary King, Roderick MacFarquhar,
Clayton Nall, Riccardo Puglisi, Jim Robinson, Don Rubin, Ken Shepsle, Beth Simmons, Patrick -
Warren, Kevin Quinn, and seminar participants at Harvard, MIT, Penn State, and the NBER
Political Economy Student Conference for helpful comments. For excellent research assistance we
thank Matthew Hinds, Nami Sung, and Diana Zhang. We would especially like to thank Jim Snyder
who directly inspired this project. The usual disclaimer applies. '
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salary ‘of 100,000 GBP - roughly four times his MP pay. The afternoon the ap-
pointment was announced, Barclays’ market value rose by nearly 90 million pounds
(Hollingsworth 1991, pg. 150). |

Anecdotes like this suggest that political connections can be of great value to
private firms. In a number of recent papers, economists have bégun to systematically
examine this value in a variety of settings. Firms with personal and or financial
connections to politicians enjoy higher stock valuations in Indonesia (Fisman 2001),
the United States (Gvoldma.n, Rbcholl & So 20084, Jayachandran 2006, Roberts 1990),
Ma.la.ysia (Johnson & Mitton 2003), and Nazi Germany (Ferguson & Voth 2008). In
the United States politicé.lly connected firms are more likely to secure procurement
contracts (Goldman, Rocholl & So 2008b) and in Pakistan they are able to draw more
favorable loans from government banks (Khwaja & Mian 2005). Faccio (2006) shows
that the benefits of political connections are larger in countries with higher corruption
scores. ' , o

In this paper, we approach the market for political favors in the UK from the op-
| posite perspective. Where others have focused on the benefits companies like Bérclays '
' obtain through connectiohs' to powerful politicians, we analyze the benefits politicians
like Lawson obtain on the basis of their pbolitica,l power. If firms buy political favors,
and if they do so in part by providing employment, gifts, or bribes to politicians,
then politicians can be expectéd to benefit financially from office just as firms do |
from connections to officeholders. We attempt to measure this benefit by examining
the effect of serving in Parliamént 6n the estates of British politicians who entered
the House of Commons bétween 1950 ahd 1970 and have since died.

Mea,suring' the value of political power is difficult in part because detailed data
on politicians’ personal finances is genérallyl not available. Even where it is, as in
the US Congress since the éarly 19908, we gerierally do not have good data about
income‘dr wealth after the membér leaves office, when the financial value of political
power may be realized (Diermeier, Keane & Merlo 2005). Even if we knew a given
MP’s income from all sources over the course of his life, it would still bekd‘ifﬁcult to

determine what portion of those payments were a result of his politi‘cal power. MPs
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| are not randomly selected ‘fr,om.t\he; population (which is unfortunate for researchers
But' arguably beneficial for citizens) SO abcomparison of MPs’ income or wealth with
that of a peer group outside of polltlcs is hkely to reflect factors that led MPs to gain -
political office as well as the value of political office itself.
Our strategy,for addressing these problems is to compare the wealth (at death) of
MPs with that ‘»of’politicians who ran for Parliament unsuccessfully. Voting, not ran-
“domization, decides which candidates win elections; we address the resulting selection
problem in two ways. First, we employ cohven_tional methods of covariate adjustment
(matching and regression) to control for imbalances in key candidate-level confound-
ing factors recorded in our dataset, including age, occupation, schools and universities
attended, and titles of nobility. Second, we employ a regression discontinuity design
(Thistlethwaite & Campbell 1960, Lee 2008), exploiting the quasi-random assignment
of office in vefy close races to estimate the effect of office on wealth. Our estimation
Strategies yield the same basic result: serving in Parliament was quite lucrative for
MPs from the Conservative Party but not for MPs from the rival Labour Party.
Conservati\}e MPs died almost twice as wealthy as similar Conservatives who unsuc-
cessfully ran for Parliament; no such difference is evident among Labour politicians.?
Our identification strategy and rich set of covariates make us quite confident that
the difference in wealth we observe between winning and losing candidates is due to
serving in Parliament itself (as opposed to baekground differences between successful
and unsuccessful politicians), but estimating'that effect alone does not tell us how
serving in ofﬁce increased wealth for Conservative politicia,ns'.‘ Sefving in ‘political
office could affect one’s wea.lth‘ at death through many channels, including official
perquisites (the office could provide a salary and in-kind paymeht different from what
one could earn in the priifate sector), lifestyle changes (political culture could shape
one’s consumption patterns or bequest motive), and health (the stress or glory of
being in Parliament might affect how long one accumulates and depletes savings).

Oury investigations suggest that these pathways do not account for the wealth gains

2 As discussed below, our estimate measures the effect of power on bequest size; some consideration -
is required to translate that effect into the effect on earnings.
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we 'observe-'a,mong-Conservativefpoliticians. The official perquisites of office were
modest in the period we examine, particularly compared to salaries in the occupations
- that Conservative candidates typically held before standing for office. We know of no
| particular lifestyle changes made by Conservative MPs that would substantially affect
their personal finances or bequests.? Our analysis also reveals no effect of winning
office on longevity.

We suggest that office was lucrative for Conservative politicians ‘because it en-
dowed them with politice,l connections and knowledge which coﬁld be put to personal
financial advantage. We show that winning office more than tripled the rate of corpo-
" rate non-executive directorships obtained among Conservatiﬁe politicians. Back-of-
the-envelope calculations suggest that this difference in the number of directorships
alone can account for a sizable portion of the wealth differential between MPs and
unsuccessful candidates from the Conservative Party. These directorships and other
forms of pohtlcally linked consultancies were lucrative for Conservative poht1c1ans
but also valuable for the firms that employed them because of the political knowledge
and connections possessed by sitting and or former legislators. This finding comple-
ments evidence from several other studies that have shown that political connections
add value to firms. (For example, in the U.S. Goldman et al. (2008a) ﬁnds that a
company experiences a positive abnormal return folloWing the announcement of a
board nomination of a politically connected individual). We also provide some sug-
- gestive evidenee that the ability to'translate'political knowledge into personal wealth
is stronger for MPs with better access to .po‘litical power. Conservative MPs who
entered office in years when their party held power appear to have gained more than
those who entered when it did not. Moreover, we find that among Conservative MPs
an additional year in office is associated with a roughly 3 percent increase in wealth
1nd1cat1ng that more political connections and knowledge is more valuable. |

We argue that the larger beneﬁt enJoyed by Conservative MPs was due in pa:rt
to differences in the way the parties were financed and organized. The Labour Pa.rty

was funded and dominated by a handful of trade unions that used their influence to

3A possible exception is that MPs were probably more likely to invest in London rea.l estate.
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secure the eXc’lusive_loya.lty of a large preportion of Labour MPs. The Conservative
Party by contrast gathered its financial eupport from diffuse contributors and had
no dominant constituency, lea.ving MPs relatively free to forge relationships with
numerous outside firms that competed for their legislative services. MPs from both
parties thus explieitly provided services to outside interests, but the trade “unions
shaped Labour Party institutions such thait they could acquire those services without
making ‘pa.yments_ directly to the MPs.

Our pa.per is among the first to provide direct empirical estimates of the financial
rewards of political office. It is closely related to Querubin & Snyder (2008), who
use census data to asrsess whether members of the US Congress in the 19th century
enjoyed faster wealth growth than unsuccessful Congressional candidates. Our esti-
‘mates speak to the “career concerns” literature in political science, including work
on candidate recruitment (Schlesinger 1966, Rohde 1979, Fiorina 1994, Osborne &
Slivinski 1996, Besley & Coate 1997) and candidate retirement (Groseclose & Krehbiel
1994, Hall & van Houweling 1995, Diermeier et al. 2005, Keane & Merlo 2007). The
monetary benefit of officeholding also appears as an important parameter in numerous
recent political economy models that examine the selection and behavior of politicians
(Caselli & Morelli 2004, Messner & Polborn 2004, Besley 2005, Besley 2006, Dal B4,
Dal Bé & Di Tella 2006, Mattozzi & Merlo 2007). There is no consensus in the
theoretical literature on the relationship ‘between the financial rewards of political
office and the quality of policymaking; empirical work is only beginning to assess the
evidence, eXamining-the relationship between legislator quality and outside income
(Gaglia.rdncci, Nannicini & Naticchioni 2008) or official salary (Ferraz & Finan 2008).
Our analysis can provide only suggestive evidence of the relationship between finan-
cial rewards and MP quality, but it furnishes the first estimates of the total financial
rewarde' of attaining legislative office, ‘-demonstrates that non-salary benefits are a -

‘considerable part of those rewards, and shows that those rewards can vary widely by

party.
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4.2 The Value of a Parliamentary Seat in Context

Before embarking on our empirical analysis of the financial benefit of winning
a seat in the House of Commons, it is worth illuminating the context surrounding
MPs’ finances. No study has previously attempted to empirically determine the total
financial rewa.rds of serving in Parliament, but there has been considerable controversy
and discussion on the financial lives of MPs that allows us to form some expectations.

- MPs earn salaries that are considered modest relative to their counterparts in other
countries and in comparable professions within Britain (Judge 1984, Baimbridge &
Darcy 1999), but there is a widespread public perception that some MPs use office
to enrich themselves by other means. A Gallup poll in 1985 found that 48 percent
of respondents thought that “most MPs make a lot of money by using pnblic office
improperly;” by 1994, when scandals surrounding Parliamentary bribes had become a
prominent political issue, the proportion of respondents answering in the affirmative
had risen to 64 percent and over 80 percent thought it improper for MPs to accept
payment for advice about parliamentary matters (which is in fact a common practice
in Parliament) (Norton 2003, pg; 367). -

While outright bribery has occasionally been the focus of some attention (par-
ticularly in the “cash-for-questions” scandal of the mid-1990’s, most public scrutiny
has focused on the practice of ‘MPs taking on outside employment while in office.
As in most other pa.rlia.inents, members of the British House of Commons are per-
mitted to take on va variety of outside work while serving in office. Throughout the
period since Woﬂd War II, it has been common for MPs to serve on corporate boards, -
act as “parliamentary consultants” for firms or industry groups, and draw stipends
from trade unions. While the practice of MPs‘simulta,neously holding outside jobs is
consistent with the concept of parliaments as citizens’ assemblies, it has long been rec-
ognized that these outside a.rra.ngements might conflict with MPs’ duties to serve the
public interest and their Constituencies. A number of exposés (Stewart 1958, Noel-
Baker 1961, Finer 1962,vRoth 1965, Judge 1984, Doig 1984, Hollingsworth 1991)
highlighted these’ conflicts, often focusing on Conservative MPs, who were reportedly

more likely to access lucrative outside employment due to their political connections
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and knowlegde. ‘Debates surrounding members’ salaries and outside interests, taken
up both in Parliament and in the broader public sphere, presaged recent formal mod-
els on the issue of legislative compensatio‘n, e.g. Gagliarducci et al. (2008). Defenders
of MPs’ outside interests argued that members gained policy-relevant knowledge from
their outside werk and that banning parliamentary consultancies and directorships
wotlld drivev the best MPs out of politics, while those advocating.restrictiensvclaimed
that limiting outside 'employment would reduce conflicts and encourage sitting MPs
to focus on their leglslatlve work. |
The Commons has addressed the potential conflict between leglslatlve duties and

outside interests by forbidding m1n1sters from taklng outside work and, since 1975,
requiring other members to disclose the names of their outside employers from which
they receive beneﬁts which might reasonably be thought by others to influence their
actions, speeches or votes in Parliament, or actions taken in the capacity of a MP.
In 1996, following 5, scanda] in which members were caught accepting payments for
raising issues in Parliament, MPs were required to report amounts received from
outside employment and expressly forbidden from carrying out “paid advocacy,” but
their right to take on work as consultants and directors while in office (and any
Werk whatsoever afterward) was protected. This approach may seem lax from the
perspective of the present-day - US'Congress, whose members are prohibited from
taking on almost all outside employrhent face strict caps on earned income, gifts,
and travel, and are prohibited from taking lobbying employment durlng a “cooling
off period” after leavmg Congress 4 Compared to other leglslatures internationally,
though, the UK’s regulatlons on conflict of interest are quite typical (Faccio 2006).

© What is unusual is the closeness of connections between British MPs and British

4Committee of Standards of Official Conduct, House Ethics Manual, 2008 edition.

SThat regulations on British MPs are fairly typical is further confirmed by a 1999 report (Whaley
© 1999) surveying codes of conduct, disclosure rules, and employment restrictions in twenty countries
" of various levels of economic development. While a comparable survey of regulations in earlier
periods has not been conducted, it is worth noting that there was little difference in the regulation
of members’ outside interests between Britain and the US until the late 1970s. Senators could serve
- on corporate boards until 1977, and members of the House as recently as 1990; a cap on outside
earned income was first introduced in the House in 1977 and the Senate in 1990. See Susan F. Rasky,
“Plan to Ban Fees Spurs Lawmakers,” The New York Times, February 1, 1989.
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industry: Faccio(2006) estimates that 39%'0f British firms (by market capitalization)
have politicians in the executive ranks or as major shareholders,‘ making the UK the
third most connected country in her sample, behind only Russia and Thailand.% To
pi‘dvide a longer view of the extent of connections between sitting MPs and business
in the UK, we recorded the outside interésts reported by MPs for 1975 (the first year
disclosure was required), 1990, and 2007. Figure 4.1 depicts the proportion of MPs,
by party, who reported outside employment as directors, journalists, or consulta.nts;
as well the proportion of MPs who reported other employment (ie. unrelated to MP
vs‘/‘o_rkv);‘ a union sponsorship, or signiﬁéa.nt shai‘eholdings.7 The plots indicate that a
considéra.ble proportion of MPs had outside engagements but, as might be expected,
there were stark differences in the types of ehgageménts undertaken by Conservative

and La.bour MPs. Around half of Conservative MPs sat on corporate boards at

6Faccio labels a firm as pohtlcally connected if an MP or government minister is either a top
officer or a la.rge shareholder as of 2001. Her estimate may overstate the extent of connections in the
UK in comparison to other countries, since many of the connections she observes involve members of
the House of Lords, a largely ceremonial body with no counterpart in most countries in her survey.
(The “Register of Lords’ Interests” confirms that peers are highly connected to business; see e.g. Jo
Dillon, “One in three peers has seat in boardroom,” The Independent, July 28, 2002.) Still, even if
half of the connections she records are attributed to the House of Lords and thrown out, the UK
remains among the top five most connected countries 1n the survey.

"We used editions of the Register of Member Interests published on 1 November 1975, 8 January
1990, and 26 March 2007. Details on each type of income, and our approach to recording it, are
as follows: Directorships include only remunerated dlrectorshlps Consultancies include all remu-
nerated consulting activities classified as parliamentary affairs advisor, economic advisor, liaison
officer, public affairs consultant, parliamentary consultant, management consultant or advisor for
firms when in connection to MP work, public relations consultant, public relations agents, mem-
bers of parliamentary panels. Lloyd’s underwriter are also included. We excluded all consulting
declared as unremunerated, charitable, or obviously unrelated to commercial lobbying (eg. council
work). We included consultancy work for trade union related groups. For 2007, we also included
speech engagements that are clearly connected to consulting work. Journalism includes any type
of remunerated journalistic activity such as broadcasting, TV appearances, newspaper, occasional
journalism, novelists, documentaries, and scholarly articles, work as editor for the house magazine,
and (especially in 2007) also book contracts. We excluded unremunerated journalistic activities and
activities where fees are reported to be transferred to charities. Union sponsorship includes campaign
support as well as continual sponsorship of sitting MPs. Employment includes regular employment
that is declared as unrelated to MP work, such as work as a barrister at law, a partner in a law
firm, medical practitioner, farmer, or family business, etc. We excluded work that is declared as
infrequent (such as occasional work as Queen’s Council). MPs are required to register shareholdings
for any public or private company in which they hold more than 15 percent of the issued share
capital or shares worth more than 100 percent of the ofﬁmal MP salary (for example 60, 675 GBP in
2007) '
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each point *‘examined,*v"'and -around- half reported employment as a “parliamentary
consultant.” Lebour MPs were much less likely to hold either kind of position but,’up
until the 1990s, were very likely to be sponsored by a trade union. (The Labour Party
ended union sponsorships in 1996 in part to sharpen its attacks on Conservatives’
outside financial dealings.) Plenty of anecdotal evidence suggests that the rough
pattern of outside interests revealed by official disclosure starting in 1975 extends
back well into the 1950s and 1960s.?

‘To this point we have considered outside employment in which MPs have engaged
while in office, but some of the financial rewards of holding office probably come af-
ter eri MP retires from politics (whether because payments for political services are
delayed until they can be hidden or because the MP continues to provide political
services). A distinct advantage ofv our research design (which uses probate values as
the outcome) is that it should measure rewards MPs collect during/ their entire lives
after winning office, including after they retire from politics. Because former MPs are
.» not subjectv to disclosure requirement's, we know far less about the employment op-
portunities they enjoyed after leaving office than before. For comparison, Diermeier
et al. (2005) coﬁclude based on a survey former Congressmen’s first job after lea;vingv

office that Congressional experience confers a considerable boost in earning power.

8 James Blitz, “Labour poised to end trade union sponsorship of MPs,” Financial Times, February
28, 1996.

9 Already in 1896 the Economist complained that “Notoriously, men are often placed on boards of
directorship simply and solely because they are Members of Parliament and are, therefore, believed
to be able to exercise unusual influence.” The Economist, April 18, 1896. A sharp increase in the
MP-as-lobbyist pattern occurred after World War II (see Stewart (1958) and Beer (1956) for early
studies). In 1950 the Attlee Commission (convened to investigate outside interests and lobbying
in the House of Commons) concluded that commercial lobbyists were “few in number,” but by
1962, Finer notes a rising “army” of professional lobbyists and MPs under contract, noting that
“Parliament is not ‘above’ the battle between associations and counter-associations; it is the cockpit”
(Finer (1962, pg. 43); also see Stewart (1958) and Harrison (1960) for evidence on sponsored MPs
in the 1950s and 1960s). In 1961, Labour MP Frances Noel-Baker estimated that the number of
MPs employed by advertising and public relations firms had risen from 18 in 1958 to 27 in 1961
(Noel-Baker 1961), and Hollingsworth (1991, pg. 113) put this number at at least fifty in 1965.
The Business Background of MPs, periodically published by journalist Andrew Roth beginning in
1957, confirms that the disproportionate involvement of Conservatives in consulting, directorships,
and public relations was consistent throughout the careers of the MPs in our sample (Roth 1957).
Similarly, Muller (1977) shows that between 1945 and 1975 over 30% of all Labour candidates and
over 40% of all Labour MPs were directly sponsored by the unions.
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The controversy. SDITFQUQdiHS lobbying income c,ollected by former Senate Democratic'
' Leader Tom Daschle after leaving the Senate in 2004 provides further anecdotal evi-

dence from the U.S. that former legislators can profit from their political experience.!?

4.3 The Wealth of Candidates to the House of
Commons

4.3.1 Data and Estimation Sample

Our research design assesses the financial benefits of politicdl office by comparing
the wealth of MPs with that of unsuccessful candidates. In this s}e‘ctiovn we describe
the process by which we collected wealth data, along with relevant covariates, for a
sample of winning and losing candidates to the British House of Cor.nmonsv. |

As a measure of wealth, we focus on politicians’ proba,te values, a legal record of
the size of an individual’s estate at the time of death.!! Probate values are widely -
used as a measure of wealth by economic historians!? and provide the basis for official

statistics on the distribution of wealth even today.!> Over 90% of UK citizens leave a

10Cec1 Conmnolly, “Daschle Pays $100k in Back Taxes Over Car Travel,” The Washington Post
January 30, 2009

111n the UK, a probate is needed in order for a deceased person’s representative to administer the
assets of the estate. A probate is normally filed for all estates containing real property and/or a
single class of asset worth 5,000 GBP or more. By law, the estate includes the value of all assets and
monies at the time of death, after debts and expenses have been deducted, plus any gifts exceeding
3,000 GBP that have been made within the previous seven years and the value of any trust from
which the deceased has received an income. Jointly held property is also exempt, with certain
restrictions. At the time of writing, a 40% inheritance tax is applied to the estate, with the first
300,000 GBP exempt. Tax avoidance may affect the reported wealth but this eﬂ'ect is mitigated by
the fact that gifts glven within seven years of death are taxable.

12Gee Owens, Green, Bailey & Kay (2006) for an application, discussion, and maily citations.

13In a recent review comparing methods of estimating the wealth distribution, HM Revenue &
Customs (HMRC) concluded that the approach based on probate values remains “the best available
means,” surpassing alternate approa.ches based on investment income and direct household surveys .
(HMRC 2007, pg. 3).
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probate record (the exceptions being mostly indigent people) and the probate values
for residents of England and Wales since 1858 are available in a single archive in
London that allows to collect the probate value for a person with a known name and
date of death. | ,

Since the biographies of MPs are typically lisfed in encyclopedias and official
publications, the names and dates of death of successful éandidates are easy to 'a,cquire; ;
The primary difficulty is in finding the date of death of losing candidates; who for
the most part leave a very scant historical trace. Fortunately, starting in the late
19th century the Times of London published brief biographies of every parliamentary
- candidate (winning and losing) standing for the House of Commons in each election. -
Since the candidate biographies are published at the time of the election, they do not
of course provide the date of death. Still; the details provided by the biographiés -in
particular, the full candidate name along with the year and sometimes month of birth
- are sufficient to locate many ca.n”didé‘tesin public death record archiw)es. “We used
an online genealogy database'4 that indexed all death records filed since 1984 by year
and month of birth, which made it quite straightforward to find the date of death for a
candidate using the information in the Times biographies.!> An additional benefit of
the Times biographies is that they inélude information on the education, occﬁpation,
and sometimes family backgrouhd of the candidates, characteristics which are likely
to be correlated with the candidates’ ability and wealth at the time they ran for office.

 We therefore digitized the Times Guide to the House of Commons for each of
the seven general elections between 1950 and 1970 and extracted key biographical

and electoral information for every candidate (some 5,729 individuals). For each

- Myyw.thegenealogist.co.uk

~ 15Death records before 1984 are also available from this and other archives, but only as image files
and not indexed by date of birth. This makes it much more time consuming to find earlier deaths,
which led us to restrict our search to deaths since 1984.

16We chose the time period to maximize the number of candidates for whom we could find probate
values. The Times Guide to the House of Commons did not provide candidates’ years of birth before
its 1950 edition, which sets the lower bound on our search range. We stopped collecting data after
the 1970 election because candidates by then were young enough that a relatively small proportlon
' would have died by now.
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candidate, we record the full name, date of birth (year and, if available, mbnth),
education (both secondary and university), and occupation-,’a,s‘well as an indicator
for whether he or she has a title of nobility. We then used the genealogy database
to search for the date of death of 2,904 relatively competitive candidates, which at
this stage we define as candidates who, not having previously won an election, either
won or lost by fewe_r than 10,000 votes in a general election between 1950 and 1970.
This restriction was intended to exclude incumbents, unbeatable candidates, and non-
contenders for whom the implicit counterfactual is not well-defined. We found near-
certain matches for 665 candidates; we were unable to find a record in cases where the
ca.ndidav,‘terhad not yet died, died before 1984 (the start of the death record database),
or produced so many matching death records (because of a common name) that we
were not able to identify the right one with sufficient certia,inty. In order to ensure the
comparabilify of our winning and losing samples we ignored public inforniation about
winners’ death dates and seérched for the date of death in the same way for both
MPs and losing candidates. This results in some known Type I and Type II errors
in the sample of winners, but reduces the possibility that an observed difference in
wealth between the two groups could be due to measurement error.'?
With the 665 death records we obtamed we were then able to find probate values

for 561 candidates in the probate calendar stored at First Avenue House in London.'8

.17 To develop a protocol for finding death records given names and dates of birth, we created a
sample of public figures (scientists, authors, athletes, etc.) whose death dates are publicly available
from the Ozford Dictionary of National Biography and other sources and whose years of birth match
the distribution in our sample of parliamentary candidates. We then searched the genealogy database
for the death dates of these figures using only the last name and year /month of birth. For most names
this search retrieves several possible matches, even in cases where the individual is not yet dead or
died before the database’s start year. We employed the random forests algorithm (Breiman 2001)
to optimally identify correct matches using information about closeness of the name match and raw
name frequency. Cross-validation indicated that we could achieve a Type I error rate of around 5%.
Once we obtained death dates for our sample of parliamentary candidates using this algorithm, we
checked our collected death dates against the true death dates for successful candidates (which are
easily available from public records) and confirmed that we indeed had an error rate of 5.2%.

18The few missing probates were mostly due to common names. Probates are listed under the
quarter in which they are registered, which might be as much as a year after the date when the death
was registered, and entries in the probate calendar do not list birth dates (unlike death records). As
a result, there might be several possible probate records listed in the year or so following the death
of a candidate with .a common name, making it impossible to tell which one is the correct estate.
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" We then exclude from our estimation sample 67 candidates who were from minor par-
ties (36 Liberals and 31 from regional parties) and a further 67 candidates who were
found to have served before 1950, which leaves us with 427 candidates overall. Of
these, 165 candidates are ‘-‘competitive winners” in the sense that they entered Par-
liament in a race they won by fewer than 10, 000 votes; the remaining 262 candidates
are “competitive losers” in the sense that at some point they came within 10,000 '
| votés of winning.!® The candidates in our estimation sample are spread quite evenly
geographically across Britain (with candidé.teé appearing in 383 out of 658 possible
constituencies between 1950 ahd 1970) and temporally across our period (with about
60 candidates making their debut in each of the seven elections between 1950 and
1970). As far as we know, our database is unique in the richness of the background
information and electoral results it provides about both winning and losing candi-
dates over several elections. With Querubin & Snyder (2008)‘, we are alsd among the |

first to collect direct measures of candidate wealth.

4.3.2 vWealth Distributions

Table 4.1 provides descriptive statistics on the distribution of wealth at the time
of death for candidates in our sample. To make the comparison meaningful, we
converted the gross value of the estate into real 2007 British Pounds (GBP) using
thé Consumer Price Index from the Office for National Statistics. We find that
grbss »v'vea.lth at dezith varies widely across candidates ranging from 4,597 GBP for
the poorest candidate (Conservative Robert Youngson) to 12,133,626 GBP for the
richest candidate (Conservative Jacob Astor). The median wealth at death is 257, 948
GBP. As a benchmark, the median gross value of the estate for males aged 65 and
above in 2002 was 113,477 GBP,? indicating that the median candidate died with

These cases were left missing.

19We also discarded the very few “losing” candidates who eventually won a seat after 1970. In-
cluding them as winners or losers does not change the results (available upon request).

- 20A]] figures converted to real 2007 prices. Median wealth is computed from HM Revenue &
Customs (HMRC) statistics table 13.2 “Estimated wealth of individuals in the U.K., 2002 (year of
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almost twice the wealth of the niedian senior citizen in recent years. This result is
roughly consistent with Gagliarducci et al. (2008) who find that the pre-parliament
income of Italianipolitic'ia.ns exceeds the median income in the rest of the Italian
population by about 45 percent. ' |
‘Given the‘ well-known differences in social class between politicians from the two
parties, it should not be surprising that Conseﬁative candidates died significantly
richer than their Labour counterparts. As shown in Table 4.1, the median wealth
among Conservatives exceeded thét among Labourites by 50,000 GBP. Table 4.1
also provides the first indication that Conservative MPs died -mﬁch wealthier than
unsuccessful Conservative candidates; the median Conservative MP died with 483, 448
GBP while his unsuccessﬁil counterpart passed away with a “mere” 250,699 GBP.
The difference on the Labour side is less than 10,200 GBP. Figure 4.2 provides another
look at this comparison by depicting the estimated density of log wealth for successful
a.nd unsuccessful candidates from each party. The first three wealth distributions (for
winning and losing Labour candidates and losing Conservatives) look quite sim’ila,r,
but the wealth distribution for Conservative MPS appears to be shifted quite markedly
upwards. Clearly, this difference must reflect either a'substa,htial effect of office on
wealth for Conservatives or a strong electoral bias toward wealthier candidates among

Conservatives (or both).

4.4 Estimating the effect of office on wealth

' Since political office is not raﬁdomly aSsigned among candidates, MPs and losing
‘candidates may differ in ways that are correlated with both wealth and the probability

of gaining office.?! As noted in the previous section, our first line of defense against

death basis),” which uses the estate muitiplier method to estimate wealth from probate values.

21The most obvious reason why winners and losers might systematically differ is that voters choose
winners in a democracy, and voters might have preferences over. candidate characteristics that are
correlated with wealth. A more subtle, but probably more powerful, reason is that hlgher-qua.hty
candidates are likely to run in more favorable districts. Because the opportunity cost of running for
office is presumably higher for wealthier and abler individuals, higher-quality candidates are likely
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these ‘confounding factors is to restrict our sample to reiatively competitive candi-
dates. In this section we describe statistical approaches we use to address remaining

confounders.

4 4. 1 Matchmg Estimates

- Our dataset 1ncludes an unusually rich set of covarlates for each candidate, which
makes it possible to condition on many potential differences between winners and
losers. In particular, for every candidate we record the year of birth, gender, party,
sehooling, university education, detailed occupation, titles of nobility, 22 and vear
of death. vDescriptive statistics for the covariates are presented in Table 4.2. All
characteristics except the year of death and wealth are measured from the Times
Guide to the House of Commons biography that appears for the first constituency
race of each candidate. The covariates are therefore “pre-treatment” in the sense that
they are not affected by whether the candidate won office.?

‘To clarify the assumptions for the estimation let W; be a binary treatment indi-
cator coded one if candidate ¢ served at least one period in the House of Commons,

and zero if candidate ¢ never attained office. X is an (n x k) matrix that includes our

to run in districts where the probability of winning is higher. If that is the case, winning candidates
might die richer than losing ones even if voters ignore candidate characteristics and office has no
effect on wealth. This more subtle selection effect may have been present in Britain in the period
we examine because, with no residency requirement for being staged in a particular constituency,
would-be candidates sometimes auditioned in multiple constituencies in a quest for the safest districts
(Rush 1969). However, given our focus on close races this is presumably much less of a concern. In
fact, we show below that in our sa.mple there is no strong correlation between the vote share margin -
and wealth at death.

22We indicate that the candlda,te has a title of noblhty if “Slr”, “Viscount”, “Lady” or “Lord”
precedes the name in the Times biography.

~ 230ne question is whether we should condition on the year of death or not given that it is measured
post-treatment and may be affected by wealth and political office. Below we report estimates
including the year of death, but excluding it does not change the results (available upon request). The
direction of the bias introduced by including or excluding year of death as a covariate is somewhat -
ambiguous. Candidates who lived longer may have had more time to make money, but on the other
hand they may have drawn down their savings further; winning office, on the other hand, may lead
to longer life or it may bring stress and an earlier demise. In separate tests, we. find no systematic v
effect of gaining office on longevity; which suggests that post-treatment bias is not a concern.
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k observed covariates for all n candidates with row X; referring to the characteristics ’
of candidate i. The variables ¥;(0) and Y;(1) represent the wealth that candidate i
would realize with and without gaining political office (i.e., “potential outcomes”).
Evidently, only one of the potential outéomes is observed for each candidate. In the
following we pro'ceed by assuming unconfoundedness given the observe covariates,
ie. (1,Y0) L W|X -and common support so 0 < Pr(W = 1|X) < 1 holds with
probablhty one for (almost) every value of X (Rosenbaum & Rubin 1983).

The validity of the unconfoundedness assumption depends on the quality of the
covariates in capturing the assignment mechanism. Arguably our unusually rlch sét
. of covariates cé.ptures the most obvious confounders. To the extent that wealthier
~ candidates were better able to attain office (perhaps by using their connections to be

placed in more favorable districts), the omission of wealth at the time of candidacy
may be pa,fticula,rly problematic. However, while we do not measure pre-existing
wealth explicitly (nb such data is available), many of our covariates — such as whether
a candidate was schooled at Eton, studied at Oxbridge, worked as a barrister, or has
a title of nobility - Will be highly.correlated with pre-existing wealth and therefore
indirectly control for this omitted factor. Later in the paper, we employ a diffei'ent
_estimation strategy based on a fegression discontinuity design that relies on close
elections to cdntrol for unQbsérvable factors.

We chose matching as our main method of covariate adjustment in order to avoid
parametric assumptions and to keep the analysis _transpa,rent?‘l Specifically, we em-

ploy Genetic Matching (with replacement) following Diamond & Sekhon (2006)? with

24 See Imbens (2004) and Rubin (2006) for reviews. We have tried several other techniques for
covariate adjustment such as propensity score matching or regular Mahalanobis distance matching,
weighting on the propensity score, and subclassification. All of these techniques lead to very similar
results (available upon request). '

25For each candidate we pick the M nearest neighbors according to the followmg dlsta.nce metric
d(Xi, X;5) = {(X - X;) (STVAYWSTVA(X, - - X))

where W is a (k x k) positive definite weight matrix with zero in all elements except the main
diagonal and $/2 is the Cholesky decomposition of S, the variance-covariance matrix of X. Notice
that the only difference between this approach and regular Mahalanobis distance matching is the use
of a generalized weight matrix W. If each of the k parameters in the diagonal of W are set equal to
1, d() is the Mahalanobis distance. In Genetic Matching, the weights in the diagonal of W are chosen
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post-matching regression adjustment as propoSed in Abadie & Imbens (2007). For
comparlson we also prov1de results from a regular OLS regression in the un-matched
data. Since the above ﬁndlngs suggest that the effect of political office on ‘wealth may

depend on party, we conduct all estimations separately for each party.

Matching Results for the Conservative Party

The upper pa‘,nel of Figure 4.3 presents the balance results for the Conservative
party using one-to-one matching (i.e. M = 1). For each covariate, we plot the
standardized bias as measured by the difference in means between the two groups
scaled by the pooled standard deviation. Aecordingly,‘ circles to the right (left) of the
dashed vertical line at zero indicate a higher incidence of a certain characteristic in the
group of winning (losing) candidates. As expected, there are clear differences in the
distribution of pre-existing characteristics between the two groups before matching
(unfilled circles). MPs were more likely than unsuccessful candidates to have aris-
tocratic backgrounds and elite educations. Winning candidates were also less likely
to be in white-collar professions (engineering, accounting, or public relations), jour-
Iialism, and teaching professions, and also less likely to have business backgrounds.
After matching, however, we achieve a very high 'deg'ree of covariate balance (filled
circles). The standardized bias is now within 0.1 for all variables. The lowest p-value
across paired t-tests and KS tests is 0.16, which indicates that the corresponding dis-
tributions for the matched groups: are similar across all coveriates. The two matched
gfoups have very similar observed characteristics, such that any remaining difference
between the wealth of winning and losing candidates can plau31bly be attributed to
the effect of treatment rather than pre-existing differences.26

The upper panel in Table 4.3 displays our effect estimates. The first column |

by an evolutionary algorithm such that balance across treatment and control groups is maximized.
Balance is measured by the lowest p-value across covariate-by-covariate paired t-tests for differences
in means and bootstrapped Kolmogorov-Smirnov tests for the equality of dlstnbutlons See Sekhon

(2007) for details. '

26Notice that'there are no' union officials or miners among the Conservative candidates so these
two variables are balanced in the unmatched data already.
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presents the results from a simple OLS regression (With robust standard errors) of |
wealth on the treatment indicator including all the covariates. Columns two and three
display the results from the matching estimator for two quantities of interest: The

~ average treatment effect (ATE) given by Targ = E[(K(l) ~ Y;(0)] and the average

treatment effect for the treated (ATT) given by 7arr = E[(Y;(1) = Y;(0)|W; = 1] with
Abadie & Imbens (2006) standard errors. Across specifications, we find a robust and
substantial impact of serving on wealth at the time of death. We estimate that éerving
in Parlia.rhent increased wealth at death by between 71 and 155 percent, depending
on the specification. For all spéciﬁcations we soundly reject the null hypothesis of no

effect at conventional levels.

Matchi:ig Results for Labour Party

Balance results for Labour candidates are reported. in the lower pa,nel of Figure
4.3. Again, we find some pronounced. differences in the covariate distributions be-
tween MPs and unsuccessful candidates before matching. The discrepancies between
winners and losers are roughly the reverse of those for the Conservative party: among
the winning Labourites there is a smaller fraction of candidates with an Oxbridge
education, Eton schooling, or business background than among the unsuccessful can-
didates, but a higher fraction of union officials and local politicians. After matching,
these differences are almost completely removed. We obtain a very high degree of
balance on all covariates, with the lowest p-value across all balance tests being .30.

The lower panel in Table 4.3 presents the matching-based effect estimates for

‘Labour candidates. Consistent with the distributional box-plots shown earlier, we
find no effect of serving on wealth at death. The point estimates across all models are
close to zero. Although this null finding is not very precisely estimated, the difference
between the effect for Conservative and Labour MPs is clear: in an OLS fegressioh
pooling the two parties, the vp‘-value on the test that the coefficient is the same for

the two parties is 0.05.
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 4.4.2 - Regression Discontinuity DeSign Results

The matching results presented so far rest on the assumption of unconfoundedness,
Wthh fails if, conditional on the observed covariates, there remain imbalances in
important unobserved factors between winners and losers. Controlling for unobserved
confounding is impossible in most observational studies, but the unique nature of
political contests provides an opportunity to apply a regression discontinuity'(RD)
design to the problem (ThistlethWa.ite & Campbell 1960). Following pioneering work
by Lee (2008), we note that in very close elect_ions, the e.ssignment to political office
is largely based on random factors. While winning candidates may generally be
different from losing ea,ndidatee at the time of the election (e.g., befter looks, more
money, or greater speaking ability), there is no reason to expect the winners and
losers of elections decided by razor-thin margins to systematically differ in any way.
The RD design therefore attempts to estimate the difference in wealth precisely at
the threshold where winners and losers are decided, i.e. where the margin of victory
approaehes zero. If local random assignment holds at the threshold, the RD estimate

“can thus be as credible as anr'estimate,from a randomized experiinent. _

In particular, let Z; be the vote margin for candidate i. For winning candidates,
Z; is computed from their first successful race as the difference between their own
vote share and that of the runner—up. For losing candidates, Zz is computed from
their best race-as the difference b_etween their vote share and that of the winner.‘27 ,

Given this definition, gaining office is a deterministic function of the margin W,- =

27The application of a regression discontinuity design to a candidate-level outcome such as wealth
requires addressing the fact that many candidates stand for election more than once, and thus losers
sometimes reappear as winners in later elections. Our approach obviates the resulting compliance
problems (Angrist, Imbens & Rubin 1996) by defining the assignment variable in the context of a
candidate’s entire electoral history: the best race for losers and the first successful race for winners.
This definition implies that close winners will be compared to the most competitive losers available.
As our balance tests later show, close winners and losers defined in this way do not differ in any
observed covariate, including the number of previous races the candidate has run. We have conducted
additional tests using a fuzzy regression discontinuity design, which uses success in a candidate’s first
race as an instrument for serving in Parliament. The point estimates are similar but very imprecise
given our limited sample size and the efficiency loss incurred. The fuzzy design is particularly
inefficient in the setting of UK elections because new candidates are often staged in unwinnable
districts in order to gain experience, which means that the first race provides only a very noisy
: s1gna.l of candidate quality.
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1{Z; > 0}.2 In other words, all candidates with Z; > 0 are assigned to the group of
winners and enter Parliament while candidates who score just below the threshold are
assigned to the group of losing candidates and do not enter Parliament. The average

treatment effect at the threshold Z = 0 is then defined as
TrpD = lim, 0 E[Yi|Z; = 2] — lzszoE[Y|Z =z] = E‘[Y(l) Yi(0)|Z; =0] (4.1)

Which is identified under the assumption that E{Y (0)|Z = 2] and E[Y(1)|Z = 2] are
| continuous in z. 29 This assumption is fairly weak and will fail only if candidates can
strateglcally sort around the threshold. In fact, Lee (2008) shows that as long as the
vote share includes some random component with a continuous density, treatment
status is randomized at the threshold of winning.30
r‘l’he ﬁpper panel in Figure 4.4 presents the graphical results from the RD design for -
Conservative candidates. Wealth is plotted against the vote share margin (Z;). The
dotted vertical line at zero indicates the threshold separating MPs (to the right of the
threshold) and unsuccessful candidates (to the left of the threshold). The solid lines
represent the conditional expectation functions of wealth given the vote share margin
approximated using a locally weighted polynomial regression fitted to both sides of the
threshold; pointwise .95 confidence bounds are indicated by dashed lines. Recall that
the effect of office on wealth in the RD design is defined as the difference of the two
conditional expectation functions at the threshold. By (minimally) extrapolatmg the

polynomla.l fit to the threshold, we estlmate that ma.rgma,l Wmmng candidates died

28There are no ties in our data.

?QNotice that compared to the matching estimates shown above, unconfoundedness holds trivially
here since W does not vary conditional on Z, but the overlap assumption is violated because the
probability of assignment is either Pr(W; = 1|Z >0)=1ot Pr(W, = 1|Z; < 0) = 0 depending on
whether a candidate scores below or above the threshold '

SOASIIS well known, the RD de51gn is likely to have a very high degree of internal validity, but we pay
a price in terms of decreased external validity and also efficiency. Tgrpp is a local average treatment
effect informative only for marginal candidates close to the threshold of winning (unless additional
homogeneity assumptions are introduced). This is desirable in our context, however, because the
counterfactual seems more reasonable for marginal compared to “unbeatable” candidates. Moreover,
given that candidates in closer races attract more public scrutiny and face a higher risk of electoral
defeat, rent seeking may be limited compared to candidates in safe districts (Barro 1973, Besley
& Case 1995, Besley & Burgess 2002). Presumably our estimates of the returns to office therefore
provide a conservative lower bound for the average across all MPs.
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with about 546, 000 GBP compared to about 298, 000 GBP for losing candidates. The
 first column in table 4.4 displays the formal estimate of this juinp in the conditional
expectation function at the discontinuity .which is about 250,000 GBP or about a 83
percent increase in wealth at death. The (non-parametric) bootstrapped .95 percent
confidence interval ranges from 8 to 212 percent. This estimate is similar to the
matching results obtained earlier and suggests that narrowly successful Conservative
candidates almost doubled their wealth by winning office.

Another notable feature in the upper panel of Figure 4.4 that the conditional
expectatlon of wea.lth is not steeply increasing in the vote share margin over the
* support of the vote share variable. Assuming that post-treatment wealth is highly
correlated with pre-existing wealth (i.e. wealth at the time a candidate ran for office)
this would provide evidence against the claim that candidates could simply buy office
via placement in very _safe seats or were otherwise strongly selected based on existing
wealth (at least for our sample of competitive winners and losers). This might explain
why the RD results do not differ much from the regression and matching findings
presented earlier.

"The lower panel in Figure 4.4 displays similar graphical results for the Labour
candidates. Again, the RD findings correspond very closelyv with the matching results. »
There is almost no discontinuity at the threshold, suggesting that there is no effect of
winning office on wea.lth among Labourites. The third column in table 4.4 d1sp1ays :
the estimate of the j jump in the conditional expectatlon function at the dlscontlnulty
wh1(_:h is about 56, 000 GBP or about a 18 percent decrease in wealth at death. The
' bootstrapped .95 péroent confidence interval ranges from —52 to 32 percéht.

As expected, the results from the graphical analysis do not change when we in-
troduce covariates into the eStimation. To formally estimate the difference of the
two regresSion filnctions at the discontinility point while including our full set of co-

variates, we follow tho proposal by Imbens & Lemieux (2007) and fit a local linear



Chapter 4: The Value of Polztzcal Power: Estimating Returns to Oﬁice in Post-War
British Politics 121

regression of the form:3!

amql_’r}r Zl{ -h<Z;<h}-Yi~a—-B-Zi—7- Wy —~-2Z; - W; — J’X,-)z (4.2)
where 7 identifies our treatment effect estimate. The variance of 7 can simply be
estimated usmg the standa.rd robust variance from the OLS regression. The band-
width around the threshold of winning, A, is chosen by the Imbens and Lemieux
(two-sided) cross-validation criterion.®? The optimal ‘bandwidth according to this cri-
terion is about 15 percentage points of vote share.8 The second and fourth columns
in Table 4.4 present results for this reg;ressioh iwith our full set of covariates (including
schooling, university education, occupation, gender, year of birth, and year of death)._
Just as in a randomized experiment the inclusioh of covariates has only a small effect
on the estimate of 7 because, in the close neighborhood of the threshold, all observed
and unobserved covariates should be independent of W. We again reject the null at
the conventional levels but the standard errors, as expected, are slightly larger than
'in the matching analysis because the RD approach focuses on the neighborhood of

the threshold, where there are fewer observations.

31See Imbens & Lemieux (2007) for a discussion of alternative estimation strategies. They key
issue is that the RD estimand is a single boundary point, so that nonparametric kernel regression
may contain a high order bias due to slow convergence Local linear regress1on provides a practical
solution to this problem.

- %2Imbens & Lemieux (2007, equation 5. 12)

3375 suggested by the flatness of the conditional expectation, our results are fairly insensitive to
the choice of bandwidth for the rectangular kernel, although obviously the standard errors tend to
increase as the bandwidth is decreased due to the smaller number of observations. For example,
for the Conservatives the estimated treatment effect (including all covariates) is .82 (.59) when we
use half the optimal threshold (i.e. 7.5 percentage points) and .57 (.29) when double the optimal
bandwidth (i.e. -30 percentage points) is used. For completeness, the same estimates without all
covariates are .71 (.45) for half and .63 (.27) for double the bandwidth.
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| 4:4.3 -‘Robustness Tests for RD Estimation

Test for Wealth Jumps at_Non-disContinuity Points

"Following the proposal by Imbens and Lemieux,(27007), we test for jumps in wealth
at pdinﬁs other than the‘threshvo(ld at which office was assigned. We produce RD
estimates at 5 percenfage point increments along the range of the vote share variable,
in éé,ch case limiting analysis to either the winning or losing candidates.3* Figure
4.5 compares these placebo effect estimates with our estimate of t_hé effect of winning
office on wealth. (We focus on Conservative candidates, since we did not find an effect
for Labour.) The upper panel presents the point estimates for each of the placebo
runs contraéted with the estimate at‘t‘he true threshold; the lower panel presents the
'correspohdi_hg t-values. The true effect estimate clearly stands out from the placebo
effects. The placebo effects are generally smaller in magnitude; all of the them are
highly insignificant at conventional levels. This finding increases our confidence that
6ur estimate measures the effect of gaining office rather than a rra.ndcb)m artifact of the

data.

Test for Zero Average Effect on Placebo Outcomes

- Here we é,ssess whether winning office appears to have affected candidate charac-
teristics (such as year of birth) that could not possibly have been affected by serving
in Parliament. This type of test, which was ‘ﬁrst applied in an RD setting by Lee,
Moretti & Butler (2004),® looks for evidence that the winners of very close elections
do not appéar to have been randomly selected; if they were, we would expect to see
no treatment effect on these placebo outcomes. We repeatedly obtain RD estimateé
at the threshold between losers and winnérs, where instead of wealth as the outcome

we used each of our covariatesvin turn. Table 4.5 displays the results for both par- -

34By focusing on each subsample separately, we follow Imbens & Lemieux (2007, pg. 27), who
note that otherwise our regression function would assume continuity at a pomt where we know there
is a break.

35See Imbens & Lemieux (2007) for a discussion.
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ties. The 95% confidence interval on the estimated placebo effect includes zero for
all covariates over both parties, with only one exception (an indicator for candidates
whose secondary school is not reported in their bios). Aftei‘ correcting for multiple
comparisons no differences are significant at the threshold; the degree of imbalance
across groups is similar to what we would expect in a randomized experiment. ‘
Included in Table 4.5 with the covariates we considered previously are two ad-
ditional measures that we judged to provide a further useful indication of whether
candidates might somehow be sorting around the threshold. One such measure is
the vote share for the candidate’s party in the same district in the prior election
(indicated by “Previous VS”). Since candidates competed to be staged in favorable
districts, this is likely to be a good measure of the des1rab111ty of the seat and there—
fore the quality of the candidate. The second measure is the number of attempts
the candidate took before the decisive race (i.e. the first winning race for winners
or the best ldsing race for losers), indicated by “Previous Attempts” in Table 4.5.
" If the winners in our dataset triumphed through persistence, we wbuld expect this
covariate to systematically diffef between the two groups. The fact that we do not
find a significant difference for either variable provides support for the Validity of the

identification strategy.

4.5 Discussion

Based on the analysis in the previous section, we conclude that serving in the
House of Cbmmons roughly doubled the wealth at death of Conservative candidates
on average but had no effect for candidates of the Labour party. It remains to consider
possible channels by which serving’ Parliament could have sﬁch a strong, party-specific

effect on personal wealth.
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- 4.5.1 Did MPs Make their Moriey in Office or After Retir-
ing?:

Asa Starting point, we exaﬁline our data for evidence of when Conservative MPs
made their money — while sittingrin Parliament or after retiring (see Table 4.7). We
first regressed log wealth on the total time the MP lived after being elected (denoted
~ “Years as MP and Former MP”), as well as the MP’s year of birth, margin of v&inning

(in first successful race), and indicators for whether the MP attained front bench
or cabinet positions and attended elite educational institutions (reported in cblumn
1).. The regression indicates that MPs who had longer ca.féers as MPs and ex-MPs
(i.e. who lived longer after being elected) died with more money (p—vélue = .03). |
. The point estimate suggests that living an additional year after entering office (or,
equivalently, entering office one year earlier) is correlated with about a 2.9 percent
increase in wealth. In a similar vein, the dummy variable for front bench or cabinet
service enters positively and with a substantial magnitude, although we lack sufficient
precision to rejeét the null at conventional levels. The coefficients on the other control
variables have the expected positive signs. Consistent with Figure 4.4, a candidate’s
margin of winhing and wealth at death are not significantly correlated, which speaks
against the idea that wealthier candidates secured spots in more favorable districts
~ or were otherwise favored by the electoral procéss.

In an attempt to disentangle money made in office and after retiring, we ran a fur-
ther regression (reported in column 2) in which we separated post-election years into
“years served as MP” and “years lived as a former MP.” We find that an additional
year in office is associated with a roughly 3% increase in wealth at death (p-value
= .02). This suggests that longer service, which presumbaly comes with more valu-
able political knowledge and-co»nnecti’ons,‘ translates into higher wealth. We also find
that an additional year after retirement from office is associated with a roughly 2%
increase in wealth at death but this estimate is not signiﬁcant (p-value = .19). This
is consistent with the 1nterpretat10n that a considerable share of the financial benefit

of office came whlle an MP was s1tt1ng in Parliament and not only after his or her
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retirement. It also could be consistent with the interpretation that MPs made their
money after leaving Parliament, and that their post-office earnings depended on the
extent of their parliamentary experience. Serving in Parliament could thus be thought
of as an investment in human capital, like education, whose payoff (collected after
“osraduating” from government) is increasing in years served. (In the U.S. Diermeier
et al. (2005) find that congressional experience significantly raises post-congressional
wages both in the private and the public Sector.) To test this idea we conduct a
third regression where we interact years in office and years out of office. If serving in
Parliament was indeed an investment in human capital and boosted wealth primarily
by making post-parliamentary, employment more valuable, we would expect a sub-
stantial positive coefficient on the interaction term and a much smaller coefficient on
“years as MP.” In fact, as indicated by column 3 of Table 4.7, the interaction term
isv essentially zero and highly insignificant while the magnitude of the “years as MP”
coefficient does not diminish. We calculate that an additional year lived as a former
MP is associated with a 1.8 percent (p—vallie= 0.21) increase in wealth at death for
a person who served 10 years as an MP, compared to a 2.2 percent (p-value=.41)
increase for somebody who served 30 years as MP. This suggests’ that extra years
in Parliament did not increase wealth primarily by raising post-office earnings, but

‘rather that an MP’s years in office were themselves lucrative.

4.5.2 How Did MPs Make Money In Office?

. One possibility to address immediately is that MPs’ official pay explains the fi-
nancial benefit of office: perhaps Conservative MPs received a significantly hig_her
salary than what they would have earned outside of Parliament. This conjecture is
completely at odds with the evidence, however. Not only was the MP salary modest

- compared to wages in ptofessions MPs commonly pursued before entering office,36

36Data from a survey conducted among new members of Parliament in 1979 indicate that over
three-quarters of entering MPs took a pay cut to serve in Parliament; at a time when an MP’s salary
was 6,897 GBP, the median backbencher had left a job paying 11,000 GBP (Judge 1984, pg, 68).
The New Earnings Survey, which was first conducted in 1971, indicates that over the last several
decades MPs have consistently earned somewhat more than journalists and university professors but
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‘Coriservatives were more likely to face ‘a pay cut after being elected, given that they
tended to come from lucrative careers in law and business. If salaries were the dom-
inant factor, we might expect to see the ﬁnion officials, journalists, and lecturers of
the Labour Party profit, but not the accountants, ba.rriSters and managing directors
of the Conservative party leen that we see the opposite, salary ev1dently does not
explain the observed pattern of beneﬁts from office. |

It is also unlikely that health effects can explain our ﬁndlngs If the status boost
of serving in Parliament improved health (see Redelmeier & Singh (2001), but also
Sylvestre, Huszti & Hanley (2006)), it may have extended MPs’ working lives and
increased the size of their estates. (On the other hand, living longer can deplete
savings.) In fact we find no difference in the longevity of MPs a.ndvunsuccess‘ful
. candidates. For ‘both parties, a treatment indicator for winning office is statistically
insignificant in regressions of either age at death or year of death (includiﬁg all our
covariates). Moreover, in our balance tests for the regression discontinuity design, we
found that there is no discontinility in year of death at the threshold of winning (see
Table 4.5). Fma.lly, none of our results are affected by including the year of death in
the regressions. '

The most obvious channe] through which winning office may have increased wealth
is tﬁrough lucrative, politically linked outside employment (particula.rly directorships
and “pa.rlialrienta.ry consultancies”) that have periodically come under publie scrutiny.
We therefore Vasvk whether MPs sat on more boards of directors than unsuccessful
candidates with similar backgrounds. We used the Directory of Directors, an annual
listing of the directors serving on boards of cempa.nies traded on the London Stock
Exchange, to count the number of directorships listed in 1983 for each of the can-
didates for whom we also collected wealth data.. We find that, controlling for our
standard battery of covariates (gender, year ef birth, year of death, and indicators for
schooling, university and titles of nobility), Conservative MPs indeed had significantly
(p= 08) more directorships than unsuccessful candidates, with the predicted num-

ber of directorships being .46 for losers and .13 for losers at covariate means. Among

less than legal professiona]s and managers in large companies.
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Labour ‘MPs; we find that"losers'actually'had more directorships than winners (.54
“vs .10), although the difference was not significant (p = .47)> and was driven largely
by a single outlier among the losers who heid 19 directorships. (With that outlier

removed the expected rate is .09 for losers and .11 for winners (p = .80).)

" It seems worth asking how much of the total wealth gain we estimate for Conser-

vative MPs could be accounted for solely by the pelitically linked directorships that

MPs collected. To answer this, we conduct the following back—of—the—envelope calcula-

tions, which suggest that directorships could in fact have accounted for a considerable

portlon of the wealth beneﬁt of serving in Parliament. o |
First we need to determine by how much the added directorships would be ex-
pected to increase the average earnings of MPs compared to unsuccessful candidates. |

As noted above, winning office was expected to increase the average number of public--
 company directorships among Conservatives from .13 to .46. These figures consider-
ably understate the increase in all directorships, however, because they include only
directorships of public companies, whereas many MPs held private-company direc-
torships. If we scale the increase in 1983 directorships according to the total number
of directorships reported in the 1975 RMI, it works out to an increase in roughly
one directorship per member. The average annual fee for outside directors was about |
25,000 GBP (in 2007 prices) plus benefits (Hollingsworth 1991, pp. 21, 157), indicat-
ing that w1nn1ng office conferred roughly that amount in extra directorship income
on our sample of MPs, at least in the 1970’s and 1980’s.

Next we need to convert the gain in wealth at death that we estimate above into
a difference in annual earnings As noted previously, we estimate the average wealth
benefit of serving in Parhament for our sample at about 250,000 in 2007 GBP. Only
a fraction of earnings ultimately is bequeathed; using US probates from the 1960’s
and 1970’s Menchik & David (1983) estimate the marginal propensity to bequeath |
from earnings at about 25 for the top quintile of his sample. If this data is an
appropriate rough guide in our context, MPs would have had to earn roughly 1 million
pourids more (at 2007 prices) on average over the course of their lifetimes compared

to unsuccessful candidates in order to boost their estates by the estimated amount.
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Since. the median ‘Co_nserva,tive.MPv served 18 years and lived 17 more, this would
require earning around 25,000’GBP moi‘e per year after béing elected than one would
have earned outside of politics. :'This is precisely the boost in annual directorship
fees in 1983 that we estimated above. Recognizing that this calculation is necessarily
quite fough, it does seem that diréctorships a]one can account for a sizable proportion
of Conservative MPs’ wealth gains from being elected to Parliament.

Evidence from several countries suggests that employing sitting or former politi-
cians as board directors and or consultants is valuable to firms precisely because of
 the political connections and knowledge that (former) legislators possess ((Fergﬁsbn
~ & Voth 2008, Goldman et al. 2008a, Goldman et al. 20085, Jayachandran 2006, Faccio
2006, Khwaja & Mian 2005; Johnson & Mitton 2003, Fisman 2001, Roberts 1990).
:Simila‘,rly, in the British éase plenty of anecdotal evidence suggests that what MPs
provided for their clients as directors and pé,rliamentary consultants is a form of in-
fluence more subtle than votes, exerted via personal connections to ministers and
members of the civil service, as well as information about the affairs of government. |
MPs énd the outside interests who retaih them have at times been quite candid about
the nature of thfs political exbhange. A month after leaving office as Chancellor of
the Exéhequer iﬁ the wake of the 1964 general election (and while a sitting MP),
Reginald Maudling accepted avposition as executive director of a merchant banking
firm, with fees estimated at over five times his MP salary. Journalist Andrew Roth
noted that “the firm made it clear to the financial wrlters present that it was very
useful indeed to have on tap the knowledge and contacts made by a former Cabmet
Minister who had been Chancellor of the Exchequer and President of the Board of
Trade” (Roth 1965, pg. xii). In 1968, Conservative MP Anthony Courtney explained
that “Election to the House of Commons niot only consolidated but also improved
my business affairs. I had acquired for the benefit of the firms with which I wés
connected improved personal contact with the Board of Trade and other ministers”
(Courtney 1968, pg. ‘63).‘ Muller (1977) concludes that Labour MPs acted as “ser-

”

vants,” “spokesmen,” and “consultants” for the unions that supported them. Conser-

vative MP Sir Peter Einery, who served 42 years in office, was twice censured by the
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House of Commons Public Accounts Committee in 1980 for gross profiteering by his
‘comvpva.ny on Government contracts. He was also criticized for using a visit to Ghana
as a member of a parliamentary delegation to negotiate privately a road-building
contract for a British firm With which he had business links. Emery accumulated
several direetorships during his political career including one with Winglaw Property
Group, for Which the newspaper The Observer reported 500,000 GBP in bonuses for
property deals in 1989-92 alone.3” After resigning from his position as Defence and
Environment minister in 1981, Sir Ma.rkus Fox, who served as a Conservative MP
form 1970 to 1997, and a fellow MP Keith Speed created the public affairs consul-
tancy Westminster Communications Ltd., which according to the RMI from various
years served a long list of clients with.political lobbying.3® Before the Select Commit-
tee on{vMembers Interest, Fox stated “We thought if we, as Members of Perliament,
were a.ctne,lly controlling the company we could ensure we only acted for those clients
who we were convinced were of good standing.” He also claimed that “There is a
need for a lobbying industry. That is proven by the success of the companies, their
growth and the fact that people are prepared to pay for this sort of information and
the amount of time that is spent in often putting a good case forward.”3?

In sum, the evidence suggests that being elected to Parliament endowed politicians
with valuable political connections and knowledge that (through directorships and
other einploy_ment) helped special interests to influence policy and anticipate changes
in policy. Given this, one may expect this political exchange to be more valuable
for MPs with better access to political power. There is unfortunately no exact way
t‘oi disen_ta.ngle the degree to which Conservative MPs enjoyed access to power given
that the Conservative party ruled for most of our time period. The seven elections
we observe saw power cha.nge hands only three times: Conservatives won power in

1951, Labour won it back in 1964, and the Conservatives again triumphed in 1970.

370Obituary Sir Peter Emery, The Guardian, December 11, 2004. Obituary Sir Peter Emery,
Telegraph, December 13, 2004. Also see Hollingsworth (1991, pg. 38-43,45-46).

38RMI of January 13th, 1986, RMI of December 14th, 1991, RMI of January 31st, 1997.

39Evidence to Select Committee on Members’ Interest, HC 44-vii, p. 200-202. Also see
Hollingsworth (1991, pg. 21,69,70-74,105-107,120-122).



Chapter 4: The Value of Polztzcal Power: Estzmatmg Returns to Office in Post-War
British Polztzcs .. ; 130

As a Tough test, we assessed whether members who entered Parliament in years when
their party was in power enjoyed larger wealth benefits (compared to unsuccessful
candidates whose best race was in the same year) than those who entered office when
their party was not in power. Since we do not have enough data to sustéin subgroup
analysis with an RD design, we rely on a regression in which the effect of serving
in office is allowed fto vary based on whether the candidate ran in a year vs‘/hen' the
Conservatives attained office or not. We ﬁnd» that for Conservatives the effect of
serving in office on wealth is much larger for MPs that entered in the years in with
the Conservatives was in power. This result is consistent with the idea that better to
accéss to political power strengthened the ability of MPs to translate their political
knowledge and connections into higher wealth. We find no significant difference for

the Labour candidates.

453 Why Did the Benefits of Office Differ by Party?

The question remains why Labour MPs did not é,ppea: to derive as blarge a financial
 benefit from office as did their Conservative counterparts. We argue that Conservative
MPs and Labour MPs operated in essentially separate markets for political influence;
the difference in the structure of those markets helps to explain why MPs in one
market retained a greater amount of surplus than in the other.

The Labour and Cohservative paities in the period we examine were organized
and ﬁna.nced qulte differently from each other in ways that ultimately affected how
MPs for each party related to outside interests. In the Labour Party, a small number
of very large unions provided the bulk of the financing and exercised a correspondlng
amount of direét influence over policy and political representation. Between 1945
and the 1990s, unions consistently provided 80-90% of the funding of the Labour
Party central office and around two-thirds of the party’s funding overall (including

~ local organizations) (Harrison 1960, Pinto-Duschinsky 1981, Pinto-Duschinsky 1990).
Trade unions also directly provided a plurality of delegates to national party confer-
ences as well as to local constituehcy councils respbnsible‘ for selecting parliameritary

candidates. By contrast, the Conservative Party drew its funding from a larger num-
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ber of smaller players and political influence was correspondingly diffuse. Company
contributions provided as much as 30% of the party5s income overall, but those contri-
butions came from several hundred different companies with fairly weak coordination
among themselves.®® The bulk of Conservative Party finance came from individual
contributions, whether through party fundraisers held by local ‘c_onstituency organize-
tions (which alone brought in more money than did corporate contributions) or large
and undisclosed individual contributions and bequests' (Pinto-Duschinsky 1981, Pixito—
Duschinsky 1990, Fisher 1994). | |
Because unions were intimately involved in the selection of Labour candidates and
in many cases financed ‘their election to Parliament, Labour MPs tended to enter office
with well-defined obligations to specific unions. The means by which unions ensured
the loyalty of MPs was clearest in the case of direct sponsorships, an arrangement
that was formalized in the party’s 1933 “Hastings agreement.” Between 1945 and
1975 sponsorships extended to over 30% of all Labour candidates and over 40% of all
Labour MPs (Muller 1977, Harrison 1960). Uniens sponsored parliamentary prospects
as ea.fly as the ea,ndidate-selection stage; if a union’s sponsored member were selected
. to stand for eleetion (a process in which the unions jointly played a large role), that
union would provide campaign finance through the election (Rﬁsh 1969). Unions
’tended to sponsor and promote candidates from their own ranks vx.rho were likely to
remain loyal representatives once in office and return to the union bureaucracy after
retirement from Parliament (Muller 1977). Occasionally, a sponsored member devi-
ated frbm the position advocated by the sponsoring union, with the consequence that
the MP lost the sponsorship and, often, subsequently the seat (Muller (1977, pg. 153),
Harrison (1960)). By contrast, the process of selecting Conservative candidates was
sha.r.ecl' between the party’s national office and leca.l constituency coinmittees, neither
of which gave a particularly privileged role to individual companies or other outside

groups (Rush 1969). Conservative candidates thus generally entered office with loyal-

40As a comparison of the distribution of union and corporate donations, in 1987 the political
expenditures of the largest union (Transport and General Workers) to the Labour Party exceeded
the combined political donations of 1,300 of Britain’s largest companies to the Conservative Party -
Pinto-Duschinsky (1989, pg. 208).
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ties to the party and local constituency committees but with no exclusive obligations
to any particular outside interest.

» We suggest that it was largely because the unions were effective in controlling
politicians through non-monetary means that Labour MPs captured a relatively small
ecohomic bonus from serving in Parliament. Conservative MPs operated in an open
market for political services. Because client firms were numerous and poorly orga-
nized: among themselves, they eompeted for MP loyalty and paid substantial sums
to secure ‘it, largely through censulting and lo_bbying contrabts and directorship posi-
tiens. On the Labour side, the labor unions suppressed the market for MPs’ services
by controlling the party and, through the party, the politieia.ns themselves. The trade
unions’ solution looks something like backward vertical integration: instead of pur-
ehasihg political services on the open market, the unions created a subsidiary (fhe
Labour Party and its MPs) to supply political goods. (In fact, the early history of
the Labour Pa.rty is basically consistent with this interpretation (Beer 1965).)

In sum, we surmise that it is largely because bﬁsiness interests were less organized
than theunions, and had less power in Conservative politics than did unions in Labour
politics, that Conservative MPs profited more from office than did Labour MPs. It is
likely that the‘val‘ue of office in a variety of contexts similarly depends on the extent
to which constituents can use formal means of political control and are organized

eneugh to restrain competition for political‘ influence.

4.5.4 Did MPs’ Outside Arrangements Affect Their Behav-
ior?

" Many analyses of the role of special interests in US politics examine links between
ca,inpaign contributions made by interest groups and votes taken by members of
Congress (Peltzman 1984, Kroszner & Strahan 1999). A similar investigation is not
likely to be fruitful in Britain and many other political systems, where party control
~ of MPs is higher and legislative votes almost always follow party lines.

While positions taken in parliamentary votes are not very informative about the
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influence 6f MPs’ cliéntsédn p‘olicymaking, the attendance of MPs for voting sessions
does suggest that outside interests tend to distract members from legislati{re,wo'rk.
As a simple test, Figure 4.6 compa.rés the attendance rates (the percent of eligible
votes personally attended or told) for the 2005-2007 period for MPs with and without
outside interests as declared in the latest RML4! We find that for both parties, MPs
with outside interests (directorships, consultancies, and work in journalism) attended
~ fewer votes§ attendance rates é.re around 4-6 percentage points lower and the differ-
ences are all significant at'> conventional levels. The exception are directorships for
Labour MPs: where we cannot reject the null of no difference. We also find no such
difference between MPs who did and did not carry on regular outside employment
(such as work as a barrister, medical doctor, etc.).v |

These ﬁndihgs are consistent with analysis by Muller (1977), who examines ’t‘he
degree of legislative pé.rticipa.tion by sponsored and non-sponsored Labour MPs. He
finds that sponsored MPs were more active than other MPs on issues close to the
interests of théir sponsors (e.g. mining or railway issues),‘ but that on the whole
they were less active members of Parliament, participating in question time, standing
committees, and debates far less than non—sponsofed members. The results are also
consistent with Gagliarducci et al. (2008) who find that in the Italian Parliament,
p:oliticia,nsbwith more outside income are less committed vto parliamentary activity

measured by their voting attendance and the number of proposed bills.

4.6 Conclusion

Many studies have shown that private firms gain from connections to politicians,
but little is known about how politicians benefit from firms and other groups seek-
ing political connections (Merlo 2006, pg. 33). If there is indeed a “gift exchange”
(Choi & Thum 2007, pg 22) between politicians and poiitically connected firms, one |

41 Abstention rates are from http://www.publicwhip.org.uk (retrieved May 5, 2008). We ignore
MPs who hold office as speaker and are thus not allowed to vote. Notice that several other factors -
may contribute to low attendance rates such as absence on constituency business, delegations to
international organisations, illness, bereavement, or paternity/maternity leaves.
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can ‘expéct politicians to benefit financially from office jnst as firms do from connec-
tions to oﬁiceholders. However, this perspective has been largely overlooked so kfar;
presiimably because estimatingv the financial benefits of political office is challenging
empirically. |
. In this paper we measure the value of political power in post-war British politics
using data about the estates of British politicians who entered the House of Com-
Inons between 1950 and 1970 and often served well into the 1990s. We identify the
effect of office on wealth at death both by explicitly controlling for a wide variety
of candidate-level characteristics and by ‘employing a regresSion discontinuity design
that exploits the quasi-random assignment to office that takes place in close district
races. We find that serving in Parliament almost doubled the wea.lth of candidates of
the Conservative Party, but had no appreciable effect for Labour candidates. These
ﬁnancial benefits of office are likely attributable to payments from private firms to
sitting legislators and (perhaps less so) lucrative employment opportunities provided
to politicians after retirement. Conservative MPs ﬁnancia.lly benefited from direc-
torShips and consulting work that accrued to them as a result of serving in political
office, and the benefit they enjoyed appears to have been larger when their party was
in power. Labour politicians had explicit relationships with unions that were far less
lucrative; we surmise that Labour MPs were paid less for political services because
the trade unions were better organized and secured their services largely through
non-monetary means. , ‘
- While our application benefits from data resources unique to the UK, our general
approach is broadly applicable and could be used to,measure the political power ‘
premium in other political systems. Faccio (2006) shows that the strength and scope
of politica.i connections, as well as the beneﬁts' of these connections to firms, vary
, widely across countries. One may expect the political power premium to vary based
not only on these features but also on the organization and financing of political
partiee,the degree of legislator independence (both from party leadership and from‘

specific interest groups), and the extent of restrictions on legislator conflict of interest.
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Table 4.2: Characteristics of Competitive ‘Candidates Who Ran for the House of
Commons Between 1950-1970 (Estimation Sample)

Teacher
Barrister
Solicitor
Doctor

Civil Servant
Local Politician
Business

White Collar
Union Official .
Journalist
Miner

Mean SD
0.11 0.32
0.10 0.30
0.07  0.25
- 0.02 0.15
0.01 0.11
0.25 0.43
0.14 0.35
0.10  0.30
0.02 0.15
0.10 0.30
0.01 0.08

Mean

Female

Year of Birth

Year of Death
Schooling: Eton
Schooling: Public
Schooling: Regular
Schooling: Not reported
University: Oxbridge
University: Degree
University: Not reported
Title of nobility V

SD
0.05
1919
1995
0.06
0.30
0.39
0.25
0.28
0.36
0.36
0.03

Min
0.21
9.68
6.40
0.24
0.46
0.49
0.43
0.45
0.48
0.48
0.17

Max
0o 1
1890 1945
1984 2005
0o 1
0 1
0 1
-0 1
0 1
0 1
0 1
0 1-

Note: All covariates except year of death are measured at the time of the candidates’ first race between 1950-1970.
The minimum and maximum value for all the variables in the first column is zero and one respectively.

Table 4.3: Matching Estlmates The Effect of Servmg in the House of Commons on
(Log) Wealth at Death

Conservative Party Labour Party
OLS Matching Matching | OLS Matching Matching

| ATE ATE ATT |ATE ATE ATT
Effect of Serving 0.54 0.86 0.95 0.16  0.14 0.13
Standard Error 020 026 034 |012 018 0.15
Covariates X . X X b'e x X
Percent Wealth Increase | 71 136 155 17 15 13
95 % Lower Bound 15 41 31 -6 -19 -15
95 % Upper Bound 153 293 398 48 63 52

 Notes: N=223 for the Conservative party, N=204 for the Labour party; for the ATT estimation there are 104 treated units for the
Conservative party and 61 for Labour. Covariates include all covariates listed in table 4.2. ATT=Average Treatment Effect for the
Treated, ATE=Average Treatment Effect, OLS=Ordinary Least Squares. Matching results are from 1 : 1 Genetic Matching with
post-matching regression adjustment. Standard errors are robust for the OLS estimation and Abadie-Imbens for matching.
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Table 4.4: Regression Discontinuity Design Results: The Effect of Serving in the

House of Commons on (Log) Wealth at Death

Conservative Labour
Party Party

Effect of Serving
Standard Error

0.66 -0.20 -0.25

(0.27) (0.37) (0.26) (.26)

Covariates

X X

Percent Wealth Increase

94 -18 -23

95 % Lower Bound

-7 -52 -65

95 % Upper Bound

306 31 71

Note: Effect estimates at the threshold of winning Tgpp = E[Y (1) — Y (0)|Z = 0].
Estimates without covariates from local polynomial regression fit to both sides of the
threshold with bootstrapped standard errors. Estimates with covariates from local lin-
ear regression with rectangular kernel (equation 4.2); bandwidth is 15 percentage point
of vote share margin with robust standard errors. For the Conservative party N=223
for the estimates without covariates and N=165 with covariates. For the Labour party
N=204 for the estimates without covariates and N=164 with covariates
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~ Table 4.5: The Effect of Serving on Placebo Outcomes

Conservatwe Pa.rty

Labour Party

' Placebo Placebo
Placebo Outcome Effect 95. UB 95 LB Effect 95. UB 95 LB
Year of Birth 2.79 810 -2.62 250 862 -3.77
Year of Death - 2.08 597 -1.89 223 623 -—-1.91
Female —0.01 014 -0.16 -0.03 0.06 -0.12
Teacher —0.09 006 -023| -0.23 001 -047
Barrister 0.09 025  -0.09 -0.07 0.05. -—0.18
Solicitor -0.13 007 -033( 0.03 015 -0.10
Doctor -~ —=0.00 012 -0.13 - 0.03 014 -0.09
Civil Servant 004 010 -0.02| -0.03 0.03 -0.10
Local Politician - —0.01 023 -0.25 0.10 040 -0.21
Business -0.05 0.21 —-0.31 0.00 0.13 -0.13
- White Collar -0.00 019 -0.19 —-0.00 0.15 -0.16
Union Official 0.00 NA NA -0.04 012 -020
* Journalist - —0.08 007 —0.22 0.05 029 —0.20
Miner 000 NA NA -0.02 0.02 —-0.07
Schooling: Eton 012 028 —-0.04; -004 0.02 -0.11
Schooling: Public —0.22 0.07 —0.52 10.03- 023 -0.17
Schooling: Regular - . —0.15 012 —-0.42 -0.01 032 -0.35
Schooling: Not reported 0.25 046  0.03 0.02 033 —0.30
University: Oxbridge 0.10 036 —0.17 -0.04 021  -0.30
University: Degree -002 025 -0.30 0.10 042 —0.23
University: Not reported -0.08 021 = —0.37 -0.06 -0.25 —-0.37
Aristocrat ' 005 019 —0.09 0.06 017 —0.06
Vote Margin in Previous Race —-0.00 0.04 -0.05 -0.05 0.01  -0.11
‘ Previous Races 022 059 —0.16 024 076 —0.29

Note: Every row shows a placebo treatment effect estimated.at the threshold of winning Tapp = E[Y(l) Y (0)|Z2 = 0] obtained from
local linear regression with rectangular kernel (equation 4.2); bandwidth is 15 percentage point of vote share margm UB and LB refer

to the upper and lower bound of the .95 percent confidence mterval
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Table 4.6: Characteristics of the Political Careers of Members of Parhament (Estl-

mation Sample)

Years as Former MP

6

21

Mean Min 1st. Qu Median 3rd. Qu Max
Conservative . B - . .
Cabinet .013 0 -0 0 0 1
Front Bench 0.27 0 -0 0 11
. Year of Birth - 1916 1895 1912 1916 1921 1940
" Age Entered Office 42 29 37 41 46 59
Year Entered Office 1958 1950 1951 1959 1964 1970
Year Retired from last Office | 1977 1955 1966 1974 1987 2001
Years as MP and Former MP | 37 - 14 31 38 45 55
Years served as MP . 18 2 9 18 24 51
~ Years as Former MP 18 0 10 17 28 41
Labour ' ‘-
Cabinet 013 0 0 0 0 1
Front Bench 030 0 0 0 1 1
- Year of Birth 1920 1901 1915 1920 1926 1935
 Age Entered Office 42 31 38 42 46 57 .
Year Entered Office 4 1962 1950 1959 1964 1966 1970
Year Retired from last Office | 1981 1951 1979 1983 1987 1997
- Years as MP and Former MP 34 18 30 34 40 50
Years served as MP 18 1 13 19 24 33
15 14 46
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" Table 4.7 The Correlates of Wealth Estlma.tes for Conserva.tlve MPs (Estimation

‘Sample)

- Dependent Variable

Log Wealth Log Wealth Log Wealth

Model Number | (1) (2) (3)
Years as MP and Former MP 0.029 -
(0.013) |
Years Served as MP ' - 0.033 0.032
| (0.014) (0.024)
Years as Former MP 0.019 0.017
: : (0.014) (0.023)
Years as MP - Years as Former MP : -.0001
: , _ (.0014)
Front Bench or Cabinet 0.36 - 0.27 0.27
v o (0.26) (0.29) (0.29)
University: Oxbridge - 0.17 0.13 0.14
: - - (0.28) (0.27) (0.26)
~ University: Degree 0.20 0.16 - 0.16
(0.27) (0.29) (0.30)
Schooling: Eton - 091 0.97 0.97
. (0.40) (0.40) (0.40)
Schooling: Public School 0.00 0.04 - 0.04
T (0.28) (0.27) (0.28)
Schooling: Regular - 0.19 0.14 0.15
| (0.38) (0.37) (0.37)
Aristocrat - 0.48 0.46 0.44
| (0.33) 0.34)  (0.36)
Margin of Winning - -1.17 -1.43 - -1.46
o (1.52) (1.56) (1.55)
Year of Birth 0.01 0.01 0.01.
' (0.01) - (0.01) - (0.01)
Intercept -15.94 -3.51 -3.97
(24.22)  (25.27) (25.93)

Note: N=104. OLS coeflicients with robust standard errors in parentheses.
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4.8 ,;Figures for Chapter 4

Flgure 41 Fraction of Members ‘of Parliament that declared Outside Interests
1975, 1990, and 2007 (fractions by party, dashed (solid) line decodes Labour
(Conservatives))
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Flgure 4.2: Distributions of (Log) Wealth at Death by Party for Wlnnmg and Losmg ’
Cand1dates to the House of Commons 1950-1970

Labour Losing Candidates Wb i o i TR Vo )
. |
]
Labour MPs | . HR/[%V 1
Conservative Losing Candidates e n £ !. i o o
Conservative MPs B S o \<D>" L !
¥ T T T
10 Coa2 i ) 5

Log Wealth (Real 2007 GBP)

Note: Box percentile plots. Box shows empirical distribution function from .05 to .95 quantile;
vertical lines indicate the .25, .5, and 75 quantlle respectively. Observations outside the .05 — .95

qua.ntlle range are ma.rked by vertlca.l whiskers. The dot decodes the mean.
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Figure 4.3: Covariate Balance Before and After Matching
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Figure 4.4: Regression Discontinuity Design: The Effect of Serving in the House of
Commons on Wealth at Death
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Figure 4.5: Testing for Jumps at Non-discontinuity Points
tive Candidates
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Figure 4.6: Outside Interests and Vote Attendance in the House of Commons 2005-
2007
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Note: Jittergrams that show the percent of votes attended between 2005-2007 by party and outside
interests. Crossbars decode the mean and .95 percent confidence intervals. 326 Labour MPs and

192 Conservative MPs.



Chapter 5

Opium for the Masses: How
Foreign Media Can Stabilize_

Authoritarian Regimes

5.1 Inti'oduction

One of the most prominent subjects in comparative politics during the past few
decades has been the explanation of political reg‘imé change from authoritarian rule
to democracy.! Beginning wiﬁh the pathbreaking work of O’Donnell, Schmitter, and
Whitehead (1986), many authors have developed complex theoretical models of the

1This paper is co-authored with Holger Kern, Cornell University. We thank Alberto Abadie,
Christopher Anderson, Jake Bowers, Daniel Butler, Alexis Diamond, Andy Eggers, Justin Grimmer,
Dominik Hangartner, Dan Hopkins, Guido Imbens, Jan Lemnitzer, Walter Mebane, Na’ama Nagar,
Beth Simmons, Hans-Jorg Stiehler, Susan Stokes, Christopher Way, Robert Weiner, and seminar
participants at Harvard, MIT, Cornell, Dartmouth, Northwestern, UC Davis, and the University of
Berne for very helpful comments. Brigitte Freudenberg at the Office of the Federal Commissioner
for the Records of the National Security Service of the Former German Democratic Republic was of
great help in tracking down archival material. Peter Bischoff, Evelyn Brislinger, Kurt Starke, and:
especially Hans-Jorg Stiehler patiently answered our many questions about the surveys conducted
. by the Central Institute for Youth Research. The usual disclaimer applies.
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determinants of such transitions. The early literature on democratization concluded
that .international factors played no more than a secondary role in transitions to
~ democracy, but more recent theoretical and empirical work has put greater empha-
sis on the international context (Starr 1991; Huntington‘1>991; Pridham 1991, _;1997;
Gasiorowski 1995; Linz and Stepan 1996; Whitehead 1996; O’Loughlin et al.‘" 1998;
Kopstein and Reilly 2000; Starr and Lindborg 2003; Doorenspleet 2004; Brihks and
-Coppedge 2006; Gleditsch and Wa;rd 2006). In the wake of this theoretical reorienta-
tion, foreign maSs media‘ have attracted increased attention as a cauée of democr‘ati—
zation. The view that Western mass media made a significant contribution to thé’ fall
of communism in Eastern Europe is widely shared among scholars and policymakers
(Giddens 2000; Nye 2004, 2008; Parta 2007). What makes the wide acceptance’bof this
view puzzling is that empirical research about the impact of foreign mass media on
the stabilityrof authoritarian regimes is almost nonexistent. Historical case studies of
particular media sources such as Radio Liberty and Radio Free Europe (Lisann 1975;
Nelson 1997; Puddington 2000) are suggestive butr do not provide systematic evidence
about their impact. A few studies use survey data from authoritarian regimes to doc-
ument a correlation between eprsure to foreign mass media and pro-democratic and
pro-Western attitudes but fall short of demonstrating that these correlations are in-
deed causal (Hesse 1988, 1990; Parta 2007). However, a clear distinction between
correlation and causation is particularly crucial in studies of media effects since it
is well established that people tend to expose themselves to political messages they
agree with (Bartels 1993; Stroud 2008).

In this paper, we address the questlon of the impact of foreign mass media on
pubhc support for authorlta.rla.n reglmes by exp101t1ng a natural experiment in com-
munist East Germany. Because of East Germany’s topography, West German televi-
sion broadcasts could be received in most but not all parts of the country. We take
advantage of this naturally occurring variation to 1dent1fy the causal effect of West
German television exposure on support for the East German reglme We rely on for-
merly classified survey data, behavioral data on exit visa apphcatlons, and archival

evidénce on the reaction of the East German leadership to the availability of West
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German television. Our main result is that exi)rgsure to West German television in-
creased support for the East German regime. We argue that the best explanation
for this counterintuitive finding is that East Germans used West German television
primarily as a source of entertainment. In a society with a very limited number of
entertainment options, the ability to watch West: German television made a real differ-
ence in people’s daily lives. It offered them a vicarious escape from the scarcities, the
queues, and the ideological indoctrination, and so made life _undér communism more
bearable and the Eést German regime more tolerable. We do not necessarily argue
that West German television’s political content did not undermine public support for
the East German regime at all. However, the evidence shows that the net effect of
West German television exposure was an increase in regime support. Behavioral data
"on regional patterns in exit visa applications and archival evidence on the reaction of
the East German leadership to the availability of West German television éorrdborate

these results.

5.2 The effects of foreign media exposure

During the Cold.Wa.r, the United States attempted to reach audiences in commu-
nist,cbuntries through radio stations such as Voice of America, Radio Liberty, and
Radio Free Europe. Some of these radio stations wefe explicitly set up as “surrogate”
stations. They specialized in emulating the domestic stations that cbuntries behind
the Iron Curtain would have had if they had been free. U.S. international broadcast-
ing policies were based on the expectation that access to uncensored and trustworfhy
information would nurture a more pro-democratic and pro-Western public opinion,
- restrain communist militarism and advehturism, and erode public support for com-
munist rule in the long run (Presidential Study Commission on International Radio
Broadcasting 1973; Lisann 1975; Quester 1990; Nelsoh 1997; Puddington 2000).

After the end of the Cold War, both scholars and pdliéymakers agreed that U.S.
international broadcasting, together with radio stations sponsored by other Western

courit'ries (e.g., Deutsche Welle and the BBC), had made a significant contribution
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to the demise of communism in Eastern Europe (Giddens 2000; Nye 2004, 2008;
Parta 2007). The democratization literature holds that Western broadcasts sapped

the strength of communist reglmes by giving people behind the Iron Curtain hope -

and the assurance that the Free World had not forgotten them. They provided in-
formation not available in the state-controlled domestic media, thus allowing Eastern
Europeans to compare communist propaganda with credible information from abroad.
Western broadca.sts addressed issues suppressed in the domestic media such as the
existence of dissident movements, human rights violations, and communist countries’
involvement in foreign wars. They enabled Eastern Europeans to compare their living
standards with the (generaliy much higher) standards of living in supposedly declin-
ing capitalist countries. Throughrtheir coverage of domestic politics in democratic
' nations,’ they familiarized listeners with the functioning of democracy and introduced
them to freedoms and liberties unknown under communism. In the long run, Western |
broadeasting nurtured pro—democratic attitudes and undermined public support for
communism (Rustow 1990; Diamond 1993a, 1993b; Dalton 1994; Rohrschneider 1994‘
1996; Whitehead 1996; Bennett 1998; Roberts 1999; Siikésd 2000).

The literature often cites the availability of West German television in East Ger-
m‘any asa particﬁlarly vivid example of the democratizing force of foreign mass media.
Rustow (1990) for instance notes that West German television invited a constant com-
parison of living standards between afluent West Germany and its much poorer East
Gerina.n neighbor, thereby uridermining the political legitimacy of the East German
regime. Accordirig to Quester (1990: 128), the availability of West German television
posed a “constant threat of destabilization and ferment.” Roberts (1999: 33) also
draws a direct connection between West German television and the fall of the East
German regime, noting that “the availability of West German television in East Ger-
many inﬂiienced attitudes over a long period [ ., compelling a reluctant regime to
initiate change.” For Whitehead (1996: 6), “popular attitudes in East Germany were
S0 powerfully influenced by messages transmitted neutrally from the West that de- )
mocratization became unav01dable, whatever governments or political leaders within

or without might have wished or attempted.” Rohrschneider (1994: 935) asserts that
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access to West German television “undoubtedly helped to erode the legitimacy of the
East German economic and political system.” |

West German‘ television was indeed quite popular in East Germany; it was in
fact much more popularvth,a,n East German television (Stiehler 2001).2 East and
West Germans shared the same language and very similar cultures, which should
have maximized the potential impact of West German broadcasts.> Moreover, West
German television devoted a great deal of attention to politics in East Germany (e.g.,
politice.l magazines such as Kontraste and K ennéez'chen D). There can be no doubt
that because of the availability of West German televisioh most East Germans had
access to political information that the East German regime would have preferred
them not to have. All in all, the claim that West German television undermined
public support for the East German regime is very plausible, but so far it has not
been tested empirically. - : | |

Irr its confidence in the power of foreign mass media to undermine authoritar- |
ian sté,bility, the democratization literature also fails to consider the possibility that
foreign media might inadvertently stabilize authoritarian regimes. West German
television not only informed its viewers about the grim reality of communist rule 111
Eastern Europe, it also threw light on controversial aspects of capitalist societies such
as erime, drug abuse, niass.urlem‘ployment, and the unequal distribution of wealth.
Geriman communications scholars have fherefere conjectured that West German tele-
vision had a deterring effect on East Germans, raising their awareness of the “dark
sides” of capitalism and increasing their appreciation for the advantages of “real ex-
isting socialism” ‘(Hes;se 1988: 118-122; Meyen 2003b: 67-68). East Germans-could

not acquire the censumer goods or travel to the exotic places they encountered on

2West German television refers to ARD and ZDF, the two primary West German public broad-
casting stations. Commercial television was introduced in West Germany in the mid-1980s but it
did not broadcast to East Germany and could only be received in some areas near West Berlin.
Since East Germany bordered Poland and Czechoslovakia, some East Germans could have watched
television broadcasts originating in these countries. We feel justified in ignoring this complication
here since the Marxist orientation of these stations together with language barriers limited their
appeal.

3Almost all East German households owned at least one television set in the 19805 (Staatliche
Zentralverwaltung fiir Statistik 1989).
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West-German' television, -but they also-did ‘not have to worry about unemployment
or homelessness. Confronted with social ills that did not exist in East Germany, they
might have come to the conclusion that the grass was not much greener on the other
side of the Berlin Wall. | ' ‘
Alternatively, people livihg under authoritarian regimes might simply see the mass
vmédia, both domestic and foreign, as a source of entertainment that offers a temporary
escape from the humdrum of daily life, the scércities, the queues, and the ideologi-
cal indoctrination (Lazarsfeld and Merton 1948; Katz and Foulkes 1962). Especially
Meyen (2001, 2003b: 37-42) has stressed the escapism aspect of West German tele-
vision. As in other communist countries, life‘in East Germany was rather dull and
‘uneventful. A scarcity of restaurants, cinemas, theaters, and night and sports clubs
 contributed :to domesticity and boosted West German television’s importance as the
-primary source of entertainment. As one German historian has put it, each night
East Germans “collectively émigrated” to West Germany in front of their television
screens (Wolle 1998: 71). West German television, and in particular its entertain-
ment programming, may have offered East Germans a vicarious escape that ma.de life
under communism more bearable and the East German regime more tolerable.
| Below, we test the conventional view that West Gérma,n television exposure under-
| mined supp01"t‘ for the Eastv German regime together with the deterrence and escapism
hypot_heses. The next section of the paper describes our‘res‘earch design and statisti-
cal methodology. Section III presents the main results. Section IV shows that access
to West German television was also related to the number of exit visa a.ppliéations
filed by East Germans, ‘WhiCh serve as a behavioral indicator of political dissatisfac-
tion. Based on research in the archives of the East German secret police and the
ruling Socialist Unity Party (SED), section V shows that the East German leadership
itself was aware of the stabilizing effects of West German television. The last section

discusses our results.
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5.3 Research design

One challenge for research on media effects in authorvita.rian regimes is data avail-
ability. Authoritarian regimes rarely permit‘independent survey research and when -
they themselves conduct public opinion surveys the resul_ts are often not made public.
Thus, with some exceptions (e.g., Geddes and Zaller 1989), reliable micro-level data
on public opinion in authoritarian regimes are not readily avail_able. Past research |
on media effects in Eastern Europe has attempted to address this problem by in-
terv1ew1ng emlgrees or v1s1tors to Western Europe. ‘Hesse (1988, 1990) for example
interviewed refugees commg to West Germany. Radio Liberty and Radio Free Europe
interviewed Eastern Europeans visiting the West to estimate the effects of exposure to
Western radio programs on pohtlcal attitudes in Eastern Europe and the Soviet Union
(Parta 2007). However, such surveys do not address the problem of self-selection into
media exposure. Soviet citizens who listened to Radio Liberty almost certainly had
different political attitudes than non-listeners to begin with. To attribute diﬂerences
in political attitudes betweenthese two groups to Radio Liberty exposure is therefore
problematlc | | 7

We rely on formerly classified survey data collected by the Zentralinstitut fiir
Jugendforschung (Central Institute for Youth Research) that have become available
to researchers after German re-unification. The Central Institute was founded in 1966
to offer sc‘ientiﬁcv guidance to East German authorities on questions of youth policy.
Its critical reports aroused the hostility of parts of the East German bureaucracy
and vdurin‘g most of its existence, researchers affiliated with the Central Institute were
not allowed to publish any of their research. Between 1966 and 1990, the Central
Institute conducted several hundred surveys of East German high school and college
students apprentlces and young workers For each survey, questlonnalres had to be
' approved by SED party offic1a1s, severa_l government departments, and the Central
Office for Statistics.v Surveys representative of East Germany as a whole could not be
conducted for political reasons; the only stratum of the East German population the
Central Institute was allowed to survey Were teenagers and young adults. The range

of permissible survey questions was likewise restricted. Given these constraints, the
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_Céntralr Institute relied on- cluste.rv'sampling of teenagers and young adults in schools,
uhiversities, and firms (Friedrich, Forster, and Starke 1999). _

Researchers at the Central Institute were aware that people 1iving under an au--
thoritarian regime might be reluctant to participate in public opinion surveys and
answer politically sensitive qﬁestions. In order to convince participants. that survey |
reSponses would be completely anonymous the researchers eschewed face-to-face in-
terviews. They always distributed questionnaires in group settings (e.g., high school
or college lecture classes), thereby giving respondents the opportunity to see for therﬁ-
selves that the questionnaires were unmarked and could not be traced back to them.
Completed quesfionnaires were collected in a sealed urn (Friedrich 1990). Ex post, it
is impossible to determine with certainty tovwhat extent these procedures eliminated
preference falsification (Kuran 1991). Nonetheless, as we will show below, survey
respbnses are fairly critical of the East German regime. Moreover, even if the ex-
istence of preferénce falsification cannot be completely ruled out it almost certainly
‘does not create a problem for our research design. We are not primarily concerned
with idehtifying the true level of East Germans’ regime Support. Instead, we estimate
the difference in regime support between East Germans who were exposed to West

" German television and East Germans who were not exposed to West German televi-
sion. Unless preference félsiﬁcation varied systematically between these two .groups
oﬁr media effect estimates will be unbiased.

People tend to expose themselves to political messages they agree with, mak-
ing it difficult to distinguish between association and causation in studies of media
éffecfs (Bartels 1993; Stroud 2008). If exposure to West German television is as-
sociated with critical attitudes towérds the East German regime, it could be that
West German television had an effect on viewers’ attitudes but it is equally plausi- -
blve‘ that East Germans diésatisﬁed with the regime were more likely to watch West
German television in the first place. In order to address this self-selection problem

- we take adVantage of a natural ekperir_hent. Natural experiments are observational
,sfudies in which some exogenous process (“nature”) assigns units to different types

of treatments in a haphazard fashion that is “as good as random” (Freedman 2005;
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Morgan and Winship 2007; -Dunning 2008). We ide‘ntifyi the effects -of exposure to
West German television by exploiting a natural experiment generated by East Ger-
many’s fopography. As it turns out, West German over-the-air television broadcasts
could not be received everywhere in East Germany. Especially the Dresden district in :
the Southeast was largely cut off from West German television due to topographical

features and its distance from West German broadcasting towers (Figure 5.1).

5.3.1 Survéy data

The survey data we use in the main part of the paper were collected between
November 1988 and February 1989, less than one year before the fall of the Berlin
Wall in November 1989 4 Tt is important to note that at that time, no one expected
the demise of the East German regime, which appeared to be one of the most stable
communist regimes in Eastern Europe (Zelikow and Rice 1995). This survey is one of
the very few surveys conducted by the Central Institute that contain the necessary
information for identifying the effect of West German television on regime support
(respondents"p‘la,ce of residence, media exposure, baseline characteristics, and attitu-
dinal outcome variables).- The sample contains young adults (the aVerage age is 23
years with a standard deviation of 6 years) from 8 East German districts (Dresden,
East Berlin, Magdeburg, Cottbus,,Leipzig, Erfurt, Karl-Marx-Stadt, and Schwerin).
The total number of respondents is N = 3, 564. | |

5.3.2 Causal Inference using instrumental variables

~ Our main quantity of interest is the effect of West German television exposure on
‘expressed support for the East German regime. We code a binary variable D that
takes the value 1 for respondents who watch West German television daily, multiple

times each week, once per week, or less than once per week, and 0 for respondents

" 4Zentralarchiv fiir Empirische Sozialforschung ZA 6008: Politisches Klima und gesellschaftliche
Bedingungen in der DDR 1988/89.



Chapter 5: Opium for the Masses: How Foreign Media Can Stabilize Authoritarian
Regimes ‘ 156

Who,never watch West.German television.> Borrowing from the literature on causal
inference in statistics (Rubin 1974, 1978; Holland 1986; Rosenbaum 2002), we refer
‘to D as “treatment indicator,” the set of respondents exposed to West German tele-
vision as “treatment group,” and the set of respondents not exposed to’West German :
television as “control group.” We define Y; and Y; as the potential outcomes under
treatment and control, i.e., the levels of expressed regime support that a respondent
would have had with and without exposure to West German television. For each
respondent the effect of West German television exposure is defined as the difference
between these two potentlal outcomes (Y; — Yo) The “fundamental problem of causal
inference” (Holland 1986) is that for each respondent we never get to observe both
potentlal outcomes but only the realized outcome Y = D Y+ (1 — D) Y. In other
words, for a respondent exposed to West German television we never get to observe
the counterfactual level of regime support that she would have had in the absence of
exposure to West German television (and vice versa).

In order to obtain unbiased treatment effect estimates we need to find a suitable
control group of respondents that’ is sufficiently similar to the treatment group in all
relevant characteristics except that it was not exposed to West German television.
Finding a good control group is difficult in observational studies because selectlon into
treatment is usually assoc1ated with the potentlal outcomes. It is for this reason that
the naive comparison of the regime support of East Germans exposed to West German
television with the regime support of East Germans not exposed to West German
television would not be very informative about the causal effect of West German

television exposure. We could attempt to ma.ke'this comparison more plausible by

SRespondents were asked “How often do you watch West German television?” Responses are
coded on a five-point scale ranging from daily to never. We dichotomize this variable to facilitate
the interpretation of our results. One could also think of West German television exposure as a
multi-valued treatment but that would make identification much more complicated (see Wooldridge
and Imbens 2008 for details). Moreover, note that East Germany’s topography induced varia-
tion in whether East Germans watched West German television and not the specific amount they
watched. In other words, West German television exposure might only be “as good as random”
when dichotomized. In any case, results are substantively identical when respondents watching
West German television less than once per week are also coded as 0 or when we keep all 5 categories
and add a linearity assumption.
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controlling- for observable -characteristics known to affect both selection into West
Gérman television exposure and political attitudes using some method of covariate
adjustment (fegression or matching, for example). Such an approach would still be
~ problematic, however,- since we cannot rule out the possibility that East Germans
selected into West German television exposure based on unobservable characteristics.
Instrumental variables (IV) (Imbens and Angrist 1994; Angrist, Imbens, and Ru-
bin 1996; Abadie 2003; Wooldridge and Imbens 2008) offer a more credible identifi-
cation strategy which exploits the fact that not all pa.fts of East Germany had equal
access to West German television. We code a binary ihstrument Z based on infor-
_mation about respondents’ place of work. It takes the value 0 for respondents living
in the Dresden district and the vaiue 1 for respondents living in districts with access
to West German television (East Berlin, Magdeburg, Cottbus, Leipzig, Erfurt, Karl-
Marx-Stadt, and Schwerin). One can think of this instrument as inducing exogenous
variation in the treatment.® | o
We follow Imbens and Ang‘rist }(1994) in conceptualizing IV identification in terms
of potential treatment indicators. LetADz représent potential tréatment status given
Z = z. For example, Dy = 0 and D; = 1 means that a respondent would not watch
West German television if she lived in the Dresden district but that she would watch
West German television if she did not live in the Dresden district. The treatment
status indicator can then be exprevssedva,s D = Z-D,+ (1 — Z)- D, Similar to
the m’iss.ingv data prdblem forvpotential outcomes, we only get to observe Z and D
(é,nd therefore D, for ind.ividualsr with Z = z) but never both potentié,l treatment
indicators tfor the same individual. iFollowing the terininology in Angrist, Imbens,
and Rubin (1996) we can'distinguish 4 groups of respondents: |
Compliers: Dy = 0and D, = 1. Complieré are respondents who watch West

German television if they do not live in Dresden but who do not watch West German

6Could we use a regression-discontinuity design (RDD) instead? RDDs are sometimes used with
spatial treatment discontinuities (e.g., Black 1999). However, our survey data do not allow us to
implement a spatial RDD because doing so would require information about respondents’ place of
residence at, a much more disaggregate level (so that we could code a running variable that measures
_ their precise distance from the boundary that divides the parts of East Germany with access to West
German television from the parts of East Germany without access to West German television).
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telev1s1on if they live i in Dresden L ,
'Always-takers D, = Do =1, These are respondents who always watch West.
German television no matter where they live.
Never-takers: D1 = Dg = 0. Similarly, these are respondents who never watch
West German television no matter where they live. '
Defiers: Dy = 1 and D; = 0. These are respondents who watch West German
television if “they live in Dresden but who do not watch West vGerman television if
they do not live in Dresden. | o

- Since we only observe one of the potentlal treatment 1ndlcators (Do, Dy) we cannot
directly 1dent1fy the group to which any particular respondent belongs. However, it
turns out that under certain assumptions that we will discuss next, instrumental
variables allow us to estimate average treatment effects for the snbgroup of conipliers
(62 % of our respondents) eventhouvgh we cannot individually identify compliers in

our sample.

: Identiﬁcation assumptions.

Let Y,4 represent the potentla‘ outcome if Z =z and D = d. For example, Yy
denotes the regime support of a respondent who lives in the Dresden district and
does not watch West German television. Following Abadie (2003), this leads to the
following nonparametric assumptions under which instrumental variables can be used

to identify causal effects. X represents a vector of predetermined covariates.

(i) Independence of the instrument: bconditional on X, the random
.. vector (Yo, YOI,Ym, Y11, Dy, Dl) is independent of Z. ‘ '
(i) Exclusion of the instrument: P(Yyq=Yoq | X)=1for D € {0,1}.
(iii) First stage: 0 < P(Z=1|X) <1 and P(D1 =1|X)> P(Do = 1 | X)
(iv) Monotonicity: P(D; > Do | X) = 1.

Are these identification assumptiOns plausible? Assumption (iv) rules out the exis-

tence of defiers. It is highly unlikely‘that there were East Germans who would have
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‘watched West German television if they had lived in Dresden but who would not
have ‘watcvhed West German television if they had not lived in Dresden. Assumption
(iii) is also innocuous. It guarantees that Z and D are correlated conditional on
X. Given that most people in the Dresden district were cut off from West German
television broadcasts, not living in the Dresden district is highly correlated with ex-
posure to West German television. TabIe 5.1 displays the frequency of West German
television consumption in our sample. As one would expect, respondents living in the
Dresden district were much less likely to watch West German television than respon-
dents living in other districts. The sample correlation between living in Dresden (Z2)
“and consumption of West German television (D) is 0.74. When we regresé ZonD
while controlling for our extensive set of covarlates (see below) the t-statistic on the
treatment indicator is about 60.

Assumptions (i) and (ii) need more justification. Assumption (1) states that place -
of residence (Z ) is “as good as randomly assigned” once we condition on X. As-
sumption (ii) implies that variation in the instrument does not change the potential
outcomes other than through its effect on D. It allows us to define potential outcomes
in terms of D alone, so that we have Yy = Yoo = Yo and Y} = Yo:1 = Yi:. Taken
together, these two assumptions guarantee that conditional on X the instrument 6nly
has an effect on the outcome through the variation it induces in the treatment. Con-
ditional on cova.rlates living in Dresden as such does not directly affect respondents’
pohtlca.l attitudes.

Assumptions (i) and (i) mlght only hold when we condition on a set of covarlates
X. Our research design enables us to control for confounding factors at two levels.
Below, we show that the Dresden district was very similar to the other East German
districts in our sample. In this sense, aggregate-level diﬂ"erénceé are controlled for by
:design. In additvion, the survey contains a number of individual-level characteristics

that we can directly control for by including them in the estimations.
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~ Threats to the exclusion restriction

The exclusion restriction would be called into question if the Dresden district was
funda.rhentally different from other districts in our sample. Living conditions in Dres-
den for example might have been worse than in other parts of Ea st Germany, making |

}Drésden respondents more likely to express dissatisfaction with the East German
regime. '

Figure 5.2 showé that this possibility is rejected by the data. It displays character-
istics for the 8 districts in our sample for the year 1988 (Staatliche Zentra,lverwaltuhg

fiir Statistik 1989; Grundmann 1997). The x-axis shows deviatibns from the medians;
| the y-axis liéts the district characteristicé. Red solid circles display values for the
Dresden district; empty circles display values for the other districts. The first 21 rows
in Figure 5.2 list socio-economic characteristics; they do not provide any indication
that the Dresden district is fundamentally different from the other districts.

What about differences in politi‘cal attitudes before West German television ever
became available in East Germa.ny" The last 4 rows of Figure 5.2 compare turnout
and vote shares for the Christian Conservatives (CDU) Liberals (LDP), and the SED
in the 1946 state elections held in the German territories then occupied by the So-
viet Union.” These elections were the first state elections after the collapse of the -
Third Reich. 'A'lthough the Soviet occupation forces supported the SED and dis-
ériminated against the CDU and LDP the elections were still reasonably free V(Hajna :
2000; Schmitt 1993). 'As we can see in the Second to last row in Figure 5.2, fhe SED’s
vote share in the Dresden district was close to average. The same is true for turnout
and support for the CDU and LDP. There is no evidence that long—standing regional
differences i in political culture predatlng the introduction of West German television

invalidate the exclusion restriction.

"The data are taken from Broszat and Weber (1993), adjusted for redistricting, and weighted
by population size. East Berlin has been excluded since West German parties could run their own
candidates in East Berlin at that time. -
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Threats to the ignorability assumption

East Germans who desired to watch West German television might have moved
- away from the Dresden district. If interest in West German television was correlated
with regime support, which seems likely, this kind of‘sorting behavior would invalidate
our instrument. Residéntia,l mobility however was exceptionally low in East Germany.
On average, East Germans moved across county borders once every 64 years, i.e.,
approxiﬁlately once per lifetime (Grundmann 1998).2 The lack of functioning labor
and housing markets accounts for this extremely low level of residential mobility.
In East Germany’s centrally planned economy, factor allocation was controlled by
the state. Mobility of labor between occupations and firms was not desired since it
interfered with central planning and increased costs, and low labor mobility lead to
low residential mobility. Second, a dramatic shortage of housing depressed residential
mobility further (Wolle 1998: 182-88; Grundmann 1998; Griinert, Bernien, and Lutz
1997; Griinert 1996; Uunk, Mach, and Mayer 2005). We therefore think it highly

unlikely that the ignorability assumption is violated by spatial sorting. |

5.3.3 Covariates

Even though the use of a natural experiment reduces the danger of confounding,
some imbalances between the treatment and control groups might exist. Fortlinately,
the 'surve'y contains a relativély'rich set of control variables that allows us to relax

“the exclusioh restriction for the ir}strument. Here we face the usual tradeoff involved
in the choice of covariates (Rosenbaum 2002: 76). We want to avoid post-treatment
bia,é, which is caﬁsed by adjusting for variables that are themselves affected by the
instrument or the treatment (Rosenbaum 1984). Since we only have cross-sectional
data at our disposal it is not immediately obvious which variables are pre-treatment
in this sense. Age, gendéf, and father’s and mother’s occupational classification are

the only variables in the survey that are clearly causally prior to television exposure.

8East Germany was divided into 15 districts (including East Berlin), which in turn were divided
into counties. The total number of counties was 217. :
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We call this set of variables the limited covariate set. But we also want to maximize
fhe bredibility of the ignorability assumption. We therefore also show results for an
extensive set of covariates. This set adds respondent’s marriage status, living situation -
(whether she is living alone or with a partner), number of children, highest educational
- attainment, occupational classification, net monthly income, and employment status
to the limited covariate set. For some of these variables it is not entirely inconceivable
‘that they might be affected by the instrument or the treatment. As we will seé,
however, our results are virtually identical no matter which covariate set we use.
Except for age (which is discretized into 8 categories), all covariates are fully factorizéd
to avoid functional form assumptions. Missing data, which affect less than 1% of our

sample, are treated as additional categories.

5.3.4 Estimatoi's

~ In the absence of covariates the so-called Wald estimator identifies average treat-
ment effects for compliers, also called local average treatment effects (LATE) (Imbens
and Angrist 1994):

_cov(Y,Z) E[Y|Z=1-E[|Z=0
ULATE = v(D,Z) E[D|Z=1—-E[D|Z =0

—E[Y; - Yo | D1 > D] (5.1)

Recall that cbmpliefs are individuals for which treatment status is exogenously ma-
nipulated by the instrument. In the absence of covariates, thé popular tWo—stage
least squarés estimator (2SLS) reduces to the Wald estimator and thus also identifies
LATE. Once we condition on covariates, hoWever, 2SLS no longer identifies LATE
unless treatrﬁent effects are constant within strata of X (Abadie 2003; Morgan and
Wihship 2007). ‘This constant freatment effects assumption is often implausible since
it requires that the treatment has the same effect for individuals with the same co-
variate values. In particular, the treatment effect for compliers is not allowed to differ
from the treatment effect for noh-compliers. In order to allow for heterogenéous treat-
ment effects we also implement a new class of instrumental variable estimators called

local average response functions (LARF) that has recently been proposed by Abadie
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| (2003) “The seml-pa.rametnc LARF estimator allows for the identification of LATE

‘condltlona.l on covariates even w1thout the constant treatment effects assumptlon

5.3.5 Outcome variables
The survey includes several questions that measure support for the East Ger‘man

regime. Here we focus on the three questions that appear to be most relevant:1®

To what extend do you agree with the following statements:
e “T am convinced of the Leninist/Marzist worldview.”
o “I feel cZosely attdched to East Germany.”

° “In East Germany, polztzcal power 18 exerczsed in ways conszstent with my

’UZC'U)S

Response categories are fully dlsagree largely dlsagree largely agree and fully agree.

Descrlptlve statlstlcs for all three outcome varlables are shown in Table 5.2.

5.4 Results

Table 5.3 presents the first set of results. It displays treatment effect estimates
for exposure to West German television for four estimators.
The first column of Table 5.3 shows estimates for the naive difference in means

between exposed and unexposed respondents. Results for all three oﬁtcOme variables

' 9Standard errors are adjusted for the potential non-independence of observations within clusters
(i-e., the classrooms from which respondents were randomly sampled). There are 169 clusters in
our sample. For the 2SLS models, potential within-cluster correlation is accounted for by the
Eicker-Huber-White sandwich estimator. For the LARF estimator no closed-form solution for a
robust variance estimator exists. Instead, we rely on a cluster-adjusted pairs bootstrap with clusters
randomly drawn with replacement (Davison and Hinkley 1997: 101-103). 2,000 bootstrap samples
are used for standard errors and 15, 000 for confidence intervals.

‘10Results are substantively identical when other questions are used instead.
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suggest that: watching West German television had only a small and statistically
insignificant effect on regime support. However, there is every reason to believe that
these estimates are confounded by self-selection. They are not informative about the
causél effect of West German television exposure on regime support. |

Column 2 displays unconditional LATE estimates. According to these Speciﬁéa-
 tions, exposure to West German television increased regime support by 0.15 — 0.22
on the 4-point résponse scale. These treatment effect estimates are statistically sig-
nificant at the .10 level or better. ' |

The unconditional LATE estimates are confirmed when we introduce respondent-
level covariates in columns 3 to0 6. Exposure to West German television continues
to have a positive effect on regime support; effect sizes vary between 0.19 and 0.26
depending on the exact specification. All of these estimates except one are statistically
significant at the .05 level. Estimates for the sub-group of compliers (LARF, columns
4 and 6) and the whole sample (2SLS, columns 3 and 5) are virtually identical,
which suggests that the constant treatment effects assumption is not critical in our
application. The limited and extensive covariate sets also lead to very similar results.
Overall, we find that ex'posure'to West German television had a substantial positive
eﬁéct on regime support. Evaluated at the means of the three outcomé variables,
the average increase in reglme support caused by West German television exposure
is between 11 and 15 percent.!!

How can we explain this surprising positive effect of West German television expo-
sure? The survey'also contains several questions that allow us to test the deterrence
and escapism hypothéses. Recall that ,both‘hypothveses predict-that éxposure to West
German teleVision increased support for the East German regime. The deterrence
- hypothesis posits that West German television exposed Ea.st Germa,ns‘ to negatiVe
aspects of West Germa.n society and thereby convinced them of the dangers of capi-
tallsm and the merits of communist rule The escapism hypothesis in contrast predicts

that West German telev1310n and in particular its entertainment programming, al-

UL ARF ordered probit results, shown in the online supplement, are substantively identical to the
results from these linear models.
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lowed East Germans to vi‘carious-ly‘ escé,pe the dull life under communism at least
for a couple of hours éa,ch night, which made their lives more bearable and the East
German regime more tolerable. | |

'One of the survey questions asked respondents to what extent they felt attached to
West,‘Germany (upper half of Table 5.4).12 If the deterrence hypothesis is correct and
West German television expoéed East Germané to the “dark side” of West German
society, we would expect to see a negative effect of West German television exposure
on attachmentﬁ to West Germany. And this is indeed what we find, although the effect
eétimate iS not all that large and does not quite reach conventional levels of statistical
significance. Exposure to West German television on average decreased attachment
to West Germahy by about .17 on the 5-point response scale. This result is consistent
with the deterrence hypothesis, although we are the first to admit that it would be
- desirable to have survey items on specific aspects of West German society instead of
this more general qﬁestion. Political constraints prevented the Central Institute from
adding detailed questions about West Germany to their questionnaires.

The escapism hypothesis receives much stronger support from the data. The
survéy also asked respondents about their satisfaction with options for recreational
activities. If West German television was maihly a means of vicarious escape from
;‘real" existing socialisni,” exposure to West Gerinan television should have increased
respbndentS’ satisfaction with how they could spénd their free time. As one can see
from the lower half of Table 5.4, exposure to West German television indeed had such
an effect. On average, it increased satisfaction by about 0.40 on the 5-point response
scale. This effect is more than tvxricé as large as the deterrence effect; it is also highly
statistically significant. Even if deterrence contributed to the positive effect of West
German television exposure on regime support, the primary causal channel seems to
be escapism. | B v

These results are consistent with previous findings on the usévof television in East

Germany. We know from detailed survey data on East Germans’ television viewing

* 12Note that only a random subset of survey participants was asked these questions. The sample
sizes in Table 5.4 are therefore smaller than in Table 5.3.
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habits that they watched television primarily for its entertainment value.'®* When
‘asked- what chahges they would like to see in East German television programming
they voted for more entertainment and less politics (Meyen 2001, 20.03a). Former East
- Germans’ televieion viewiﬁg habits still differ from those of West Germans elthough all
Germans now have access to the same channels. Former East Germans have a stronger
preference for entertainment programming than West Germans. They also favor
commerciel stations, which put greater emphasis on —infotainment and soap operas,
over public broadcasting stations (Friih and Stiehler 2002; Darschin and Zubayr 2000).

| ‘We have conducted extensive robustness checks, all of which are fully documented
in the online s‘upplement.’ We have replicated our analysis for regional sub-samples, .
each composed of respondents living in Dresden and in one of the 7 districts with
“access to West German television. If there was regional variation in unobsei'ved
confounders such as respondents’ levels of preference falsification, there should be
heterogeneity in treatment effect estimates across these sub-samples. There is none.
We have also replicated'our ana.lysié using date frorh an earlier survey conducted
in 1984. In addition to respondents from Dresden, it contains a sample of young
adults from several smaller East German citiesv(Halle, Schwerin, Dessau, Magdeburg,
Bitterfeld). Across all specifications, West German television exposure again has
a positiVe effect on East Germans’ regime support, with effect sizes similar to the
ones reported here. The survey also contains 167 respondents from Greifswald, a
town in the Northeast of East Germany that for the most part also had no access
to West German television (see Figure 5.1). We re-estimated our models using theee
Greifswald respondents as control group (instead of Dresden tespondents) and again
found a positive effect of West German television exposure. Taken together, these
additional survey data results demonstrate that the findings reported here are not
driven by biases .particula.'r to the 1988 /89 survey or the use of Dresden respondents

as a control group.

13Ergevbnisse der Programmarbeit im Zeitraum 1. Juli 1988 bis 8. Januar 1989, Deutsches Rund-
funkarchiv, Programmredaktion Analyse 11/1988.
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5'.'5; Exit visa applications

Is it possible to corroborate our survey data results with other indicators of regime
support? A very direct measure of political (dis-)satisfaction is the decision to emi-
grate. Even though East Germans had no legal right to emigrate to another country
soirle East Germans insisted on moving to West Germany. Filing an application for
such an exit visa had severe consequences. Aﬁplicants faced numerous punishments
such as getting fired from their jobs, informal discrimination at work, confiscation of
their passports, and criminal persecution (Mayer 2002: 177-181; Pfaff 2006).

For the districts in our sample, Table 5.5 shows the number of East Germans per’
1,000 residents that filed a new exfitv visa application in 1988. In the Dresden district,
the rate at ‘which such applications were filed was more than twice as high as the
average.'4 | ' _

While Table 5.5 is suggestive, it is preferable to examine the relationship between
exit visa applications and access to West German television at a more disaggregate
level. In the mid-1980s, the Department of Postal Services, responsible for radio
and television broadcasting in East Germany, conducted an ihvestigation into West
German televisien’s over-the-air signal_‘ strength in the 17 counties that made up the
Dresden district.’® The resulting map, submitted to the Politburo as part of a larger
collection of material on West German television in East Germany, is shown as Flgure :
5.3. It shows counties without access to West German telev181on (wh1te), counties
with partial access to West German telev181on, depending on the weather and exact
location '(light grey), and counties with access to West German television (dark grey).
a 4 We vi/ere also able to obtain county—lei/el exit visa application data for 1985-1988.16.
If exposure to West German television had a positive effect on regime support, we

would expect the rate at which new exit visa applications were filed to be negatively

14The same pattern existed throughout the 1980s. Official statistics can be found in Office of
the Federal Commissioner for the Records of the National Security Serv1ce of the Former German
Democratic Republic (hereafter BStU) MfS-ZKG 10734.

15Federal Archive, Foundation for the Archive of the Parties and Mass Orga.mzatlons of the GDR
(herea.fter BArch SAPMO) DY 30/J IV2/2/2317. :

16BStU MfS BV Dresden Stellvei_'t. OP 21; BStU MiS BV Dresden BKG—8028/8029.
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assoc1ated Wlth the extent to which residents of these counties had access to West
'German telev151on For each year, Flgure 5.4 plots the distribution of exit visa appli-
cation rates for counties with access, partial access, and no access to West German
television. It displays a clear dose-response relé,tiohship: In all four years, the rate at
Which exif visa applications were filed was highest in the group of counties without
access to West German television and lowest in the grdup of counties with access to
West German television. Rates in the group of counties with partial access were’ al-
ways in-between. These,differences are large in substantive terms. Averaging over all
four cross-sections, the mean rate at which applications were filed in counties without
access to West German television was more than twice as high as in counties with
access to West German television (6 03 versus 2.82 appllcatlons per 1,000 residents;
p=0.02).

5.6 Historical evidence

~ A third type of empirical evidence that we can utilize is archival material on the
reaction of the East German regime to the availability of West German television. We
expect that if West German television helped to stabilize the East German regime,
this surprising fact would not have gone unnoticed by East Germany’s massive state
security apparatus and the East German leadership.

Already in the 1960s, a large majority of East Germans, including many SED
membérs, watched West German television. Although it was never illegal to watch
West German television (except for members of the armed forces and the police), in
the 1960s and 1970s East German authorities attempted to suppress its popularity
through propaganda and harassment campaigns. The East German regime considered
West German television a source of ideological destabilization and feared its effects
on public opinion. It therefore attempted to resﬁrict access as far as possible.!” After

the construction of the Berlin Wall in 1961, for example, SED youth squads tore down

17BArch SAPMO 30/IVA2/902/68.
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hundreds of roof antennas directed toWards' West Germany The extreme unpopularity
of such campaigns however meant that they were soon abandoned (Holzwe1ss1g 2002:
49-65; Stiehler 2001: 13-16; Wolle 1998: 69—71)

The attitude of the East German regime eventually changed. It had no choice
but to accept that a large majority (85-90%) of East Germans regularly tuned in to
West German television. By 1984, 40% of East German households were connected to
community antennas, large antenna systems connected to individual households via
cable. Community ‘antennas often carried West German channels.’® East Germans
" not connected to community' antennaé relied on smaller roof antennas. In some ar-
eas, however, reception of West German broadcasts was poor or even impossible and
residents increasingly cOmplained’ to state authorities about their inability to watch
“international prOgrams as West German telev181on was euphemistically called 19
State-owned housing companles sometimes paid for the installation of communlty
antennas, thus prov1d1ng their tenants w1thvaccess to West German television.?® In
other eaSes, East Germans joined forces in grass-roots efforts and paid for the in- '
sta.llation of community antennas themselves. While East German authorities were
suspicious of any such grass-roots act1v1t1es and kept a close eye on them they did
‘nothing to prevent them (Stlehler 2001: 95—96)
~ Since the mid-1980s, East German authorities were also increasingly confronted
with fequests from individuals and community initiatives to permit the installation

of satellite dishes. Such requests came especially from parts of East Germany where
| West German over-the-air broadcasts could not even be received with community
antennas (such as parts of the Dresden district). The private use of satellite dishes
was officially prehibited but some East Germans nonetheless installed satellite dishes
they had illegally imported from West Germany or Hungary.v21 When the Department

of Postal Services, which was responsible for the enforcement of telecommunications

18BArch SAPMO DY 30/I1V2/2.039/276: 4-12. |
19BStU 3189/87 IV: 2-5; BStU 3189/87 III: 58-61, 156-7. -
20BStU 3189/87 IV: 6, 62. '

21BArch SAPMO DY 30/1V2/2.039/276: 36-40, 47-49.
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- regulations; demanded the removal of such satellite dishes and imposed fines their
owners would simply remove them only to re-install them later.2?
,v In a March 1988 report to the Politburo, the Department conveyed a dramatic
pieture of the prevailing public mood: “Demands from grass—roots:initiatives and in-
 dividual citizens to allow the reception of West German television [via satellite dishes]
-are becoming more and more brazen. There are constant disputes. The whole topic -
is inerea,singly becoming a politicaml issue, especially since these grass-roots initiatives
and individual citizens attempt to gain access to satellite television at all costs and
fines imposed for violations- of legal regulations do not have the desired effect.”* Sev-
eral months earlier, the Department had insisted on the removal of a satellite dish in
Marienberg that provided 4,000 households with access to West German television.
This ruling led to rassive protests and even local SED party officials recommended
that the satellite dish should be allowed to stay since its removal would “lead to seri-
ous confrontations with thousands of citizens.”* A similar case heppened in the town
of Weissenberg. Residents of Weissenberg too had illegally installed a satellite dish.
Pleading with state authorities who insisted on its removal, local SED party officials
“as well as the mayor pointed out that members of their community were “much more
content” since the introduction of West German telei/ision. Their attitudes towards
the East German regime had become “more positive” and all applications for exit
visas had been withdrawn. The dismantling of the satellite dish would cause “enor-
mous p'olitieal problems” since it would contradict the wishes of the entire town.?3
‘The Politburo decided in August 1988 on the basis of Such reports to almost com-
pletely lviberalize' the private use of satellite dishes (Holzweissig 2002; Stiehler 2001:
95).%6 Six months later, in February 1989, 203 satellite dishes were officially registeted

‘22BArch SAPMO DY 30/IV2/2.039/276: 40-43.
23BArch SAPMO DY 30,/1V2/2.039/276: 37.
24BArch SAPMO DY 30/IV2/2.039/276: 41.

~ 25BArch SAPMO DY 30/1v2/2.039/276: 45.
26BStU MfS BV Dresden 11147.
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in the Dresden district, with 250 further applicatibns pending.2” The archival evi-
dence we have summarized here illustrates a dramatic change in the regime’s attitude
towards West German television. In the 1960s and 1970s, West German television
was seen as undermining public support for communist rule. But during the 1980s,
the East German regime began to realize that West Gerrﬁan television, not unlike
ancient Rome’é “bread and circuses,” helped to keep its citizens content and doci’le.‘
In 1988, the East German leadership apparently even contemplated building broad-
cast relay stations that would have amplified the West German television signal so as
to extend its range to the Dresden district (Wolle 1998: 69-71). |

5.7 Discussion

In this paper, we have taken advantage of a natural experiment in East Germany
‘to test the commonly held view that foreign mass media undermine the stability of
authoritarian regimes. We have found that exposure to West German television in-
crea.sed support for the communist regime among East German young.a"dults. Our
analysis suggests that the best explanation for this counterintuitive finding is es-
capism: West German television, and especially its entertainment programming, al-
lowed East Germans to vicariously escape life under communism at least for a couple
of hours each night, which made their lives mere bearable and the East German regime
more tolerable. West German television also broadcast high-quality hard news pro-
grams, some of which offered in-depth coverage of politics in East Germany. There
is no doubt that this political content could have undermined public support for the
Ea.st German regime. What we have found, however, is that West German television
exposure resulted in a net increase in regime support.

| Behavioral data on exit visa applications and archival material on the reaction of

the East German leadership to the availability of West German television corroborate

27BArch SAPMO DY 30/J IV2/2/2317: 72-77. Note that satellite dishes were still not available
in East Germany and had to be imported from abroad, which prevented most East Germans from
obtaining one. :



Chapter 5: Opium for the Masses: How Foreign Media Can Stabilize Authoritarian
-Regimes , . 172

our results: We have found that in the Dresden district, where levels of access to
“over-the-air West German television broadcasts varied from county to county, exit
visa application rates were systematlcally higher in counties without West German
television. The archival evidence clearly shows that by the late 1980s, East German
authorities had come to realize that West German television was contributing to the
stability of the regime, not undermining it. In an ironic twist for Marxism, capitalist
television seems to have performed the same narcotizing function in communist East
Germany that Karl Marx had attributed to religious beliefs in cap1talist societies
‘ when he condemned religion as “opium of the people.” |
Our survey only includes young adults, which raises questions about the gener-
alizability of our ﬁndings to other strata of the East German population. The fact
‘that the behavioral and archival evidence agrees with our survey data results suggests
that our inferences are not necessarily limited to young adults. But given the lack
of publicopinion data representative of East Germany as a whole, we cannot prove
that West German television exposure had the same effect on other strata of the East
German population. | ‘ »
'We are the first to admit that our results do not provide a comprehensive expla—v‘
“nation for why some authoritarian regimes are able to stay in power while others are
replaced by democratic governments.i The study of individuals’ political preferences,
including how they are shaped by exposure to foreign mass media, is only one step
towards a better understa.nding of authoritarian stability and decline (Welzel 2006;
Welzel'and Inglehart 2008). Work complementary to ours has a.nalyzed the condi-
‘tions under which individuals’ political preferences lead to collective revolutionary
action (Granovetter 1978; Bikhchandani, Hirshleifer, and Welch 1988; Kuran 1991;
Lohmann 1994) and how the international opportunity structure affects the emer-
gence and success of popular movements against authoritarian rule (Pridham 1991,
1997; Whitehead 1996; Linz and Stepan 1996). Even though our results are context-
specific (East Germans in the middle to late 1980s) and limited to the impact of
one speciﬁc foreign media source, we believe they usefuliy complement the existing

literatures on transitions to democracy and media effects and political legitimacy in
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authoritarian regimes; . _
o We believe our results also have relevance for contemporary US international |
broadcasting eff_orts, After the attacks of 'September 11, Congress substantially in-
“creased funding for publie diplomacy activities, which had been ‘signi‘ﬁca.ntly reduced

after the end of the Cold War (Nye 2004, 2008). In 2008 alone, the United States

has Spent almost $700 million on radio and television broadcasts to the Middle East

(Radio Sawa and Alhurra TV'), Eastern Europe (Radio Free Europe/Radio Liberty),
- Asia (Radio FreeAsia), Cuba (Radio/TV Mar'ti’), and the Voice of America. As dur-
ing the Cold War, the goal of contemporary U.S. international broadcasting is to win
the hearts and minds of foreign audiences, to increase understanding of and support
~for U.S. foreign pohcles and to shift public opinion in non-democratic regimes in a

more pro—democratlc direction. But if h1story is any guide, foreign audiences might

be more interested in the entertainment value of U.S. broadcasts than their political
content. | | |
'Finally, our results also offer a caveat to optimistic predictions about the democ-
ratiirng force of modern information technologies such as the internet. Authoritarian
regimes seem to be well aware of the fact that they not only break down national
barriers to the transmission of information but also provide entertainment China
for 1nstance successfully pursues a strategy of access and control embracmg the eco-
nomic and entertalnment uses of the internet to promote development and sustain
public support while strictly controlling p011t1ca1 content (Kalanthil and Boas 2003;
Shirk 2007). . | |
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‘5.8 Robustness Supplement

- This supplement contains the results of all additional analyses we have conducted.
For spe,ce reasons, we have only summarized these results in the main text of the

chapter.

5.8.1 LARF ordered probit

Table 5;6 presents LARF estimates based on an ordered probit link function that
takes the ordered categofical nature of the outcome variables into account. We display
simulated first differences instead of hard-to-interpret. ordered' probit coeflicient esti-
mates. The local average treatment effect estimate is the average change for compli.ers
in the predicted probability of choosing each of the four i‘esponse categories. Model-
based imputation is used to iInpute missing potential outcomes under treatment and
control‘, with covariates held at their observed values. o

The ordered probit results are que,litatively similar to the results ﬁom the linear
Speciﬁcations presented in Table 3 in the paper. For all three outcome variables, West
German television exposure on average increases (decreases) the probability of fully
'agreelng (fully dlsagreelng) with the survey questions by about 0.06 to 0.13 (0.03 to
0. 04)

5.8.2 Subsample ‘coinpai'ison

| We have checked the robustness of the results presented in Table 3 in the paper
by re-estimating our specifications for six sub-samples, each composed of respondents
living in Dresden and in one of the districts with a,ccess to West German television
(East Berlin, Erfui‘t, Karl-Marx-Stadt, 'Magdebnrg, Leipzig, and Schwerin).?® We
use this sub-group analysis to capitalize on potential variation in unobserved con- :

' founders associated with these districts. If there was regional variation in unobserved

28We had to exclude the Cottbus d1str1ct from this analysis because only 66 respondents in our
sample res1de there.
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confounders such as respondents’ levels of preference falsification, there should be
heterogenelty in treatment effect estimates across these sub-samples.

Table 5.7 demonstrates that this is not the case for any of the districts except East
Berlin.2® It shows linear LARF treatment effect estimates (using the limited covariate
set) for each sub-sample. Across sub-samples treatment effect estimates are similar
in effect size and statistical significance. They are also close to the estimates obtained
for the whole sample (Table 3 in the paper). This stability in estimates confirms that
our finding of a positive effect of West Germa.n television exposure is not driven by

regibnally varying confounders.

5.8.3 Replication I: Alternative survey

Replication is as important in observationa,l studies as it is in randomized ex-
periments because biases particular to the circumstances of one study may not be
present in other studies (Rosenbaum 2002). Our results will be strengthened if they
can be replicated with different samples collected in different places at different times.
Here we replicate our findings using a survey conducted in 1984.30 Tt contains about
3000 respondents from several smaller East German cities (Halle, Schwerin, Desse,u,
Magdeburg, B1tterfeld Grelfswald) and also 950 respondents from the Dresden dis-
tr1ct '

We have attempted to make this rephcatlon as similar as poss1ble to the analysis
presented in the paper. For now, we exclude Grelfswald respondents from the sample
since many of them had no access to West German television (see below). The
instrument is again coded 0 for respondents from the Dresden district and 1 for
respondents from other districts The treatment indicator is again based on a Question
that asks respondents how often they watch West German telev1s1on The six response

,categorles are daily, two to five times per week, once per week, once or twice per

month, less often, and never. The treatment indicator is coded 1 for respondents who

. 29Tt was well known that living conditions in East Berlin were better than in the rest of East
Germany. Many of the outliers we see in Figure 2 are due to East Berlin.

30Zentralarchiv fiir Enlpirische Sozialforschung ZA 6129: Friedensstudie 1983.
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vfall:-in- the first four response categories and 0 for all others.3! The correlation between
expoSufe’ to West ‘Gerirlaﬁ television and place of residence is again very high (.40).

We have chosen outcome va.rlables that are as close as poss1ble to the questlons
in the 1988/89 survey:

e “I'am proud of being a citizen of our socialist country.”
o “Ttis pérsonally important for me to help advanée socialism.”

.o “Socialism can only succeed if workers and far’rﬁers have a firm grasp on political

power un',derithe leadership of the communist party.”

 The fourvresponse categories are similar to the ones used in the 1988/89 survey
(strongly disagree to strongly agree). We again use a limited and an extensive set of
covariates.32 As before, we discretize all variables to avoid functional form assump-
t1ons | |
Results are. dlsplayed in Table 5.8, which shows treatment effect estimates for all
three outcome variables and both covariate sets. Standard errors are again adjusted
for clustei'ing.. To economize on space and given the similarity between LARVF,and'
2SLS results, \ive only present 2SLS results here. |
~ We find that across all models, West German television exposure has a positive
effect on East Germans’ support for the communist regime. Effect sizes are compa¥
Table to‘ the results reported in Table 3 in the paper; all estimates are statistically
signiﬁcarit at conventional levels. ‘Even though the survey was conducted in different
districts five years earlier and survey questions differ somewhat from the questions in

the 1988/89 survey, we can fully replicate our results.

31Results are similar if respondents in the first 3 response categories are coded as treated or if .
only respondents in the last response ca.tegory are coded as controls

* 32The limited set contains age and gender (no 1nformat1on on parents’ occupa.t1onal class1ﬁca.t1on
_ is available). The extensive set adds educational attainment, occupational classification, marriage
status, number of children, and employment status (no information on net income is available) to
the limited set. '
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5.8.4 Replication II:' Alternative co}ntrol group

The 1984 survey allows for another type of replication It contalns 167 respondents
from the town of Greifswald, which had limited access to West German over-the-air
television broadcasts due to its location in the Northeastern corner of East Germany
(cf. Figure 1 in the paper). If we can replicate our results with this group of control
respondents, the possibility is ruled out that the results reported in the paper are
driven by some unobserved confounder particular to the Dresden district.

We drop all respondents from the Dresden district for this replication; only Greif-
swald respondents are assigned to the control group. Note that this dramatically
reduces the sample size for the controls from 950 to 167. Although the correlation is
lower than before, West German television exposure and place of residence are still
correlated (.15). We fit the same specificationsa.s in the previous section.

Table 5.9 displays the estimates. Similar to the results in Table 5.8, we again see
a positive effect of West German television exposure on support for the communist
regime. The estimated treatment effects are substantively important for all outcome
variables and both covariate sets.** Half of the estimates are significant at conven-
tional levels despite the small number of control respondents. The fact that we again
find a 'positive treatment effect — even though we are using respondents living in
another East German city as control group — demonstrates the robustness of our

results.

33The effect sizes are larger than the corresponding estimates in Table 5.8. However, note the
larger standard errors in Table 5.9, which are due to the small number of Greifswald respondents.
For none of the outcome variables can we reJect the null hypothesis that the point estimates in
Tables 5.8 and 5.9 are identical.
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5.9 Tablés' for Chapter 5

Table 5.1: West German television exposure and place of residence - |

. : . Living in
How often do you Dresden district | other districts
‘watch West German television? | Count % Count %
— dailly 2 5 1820 65
multiple times each week 69 -9 732 - 26
once a week 17 2 47 2
less than once a week | 108 14 | 101 4
 never 498 64 46 2
Missing | 50 6 33 1
- Total | 784 - 100 2779 100

Table 5.2: ’ Qutcome variables

fully  largely largely fully
: ' ' | disagree disagree agree agree | Missing Total
Convinced of Leninist/ 399 - 850 1697 571 47 3564
Marzist worldview 11% = 24% 48%  16% 1% 100%
Feel closely attached 154 - 600 1963 809 | 38 3564
to East Germany ‘ 4% 17% 55% 23% 1% 100%
"Political power is ezercised in | 301 874 1969 373 47 3564

ways consistent with my views | - 8%  25% 5% 10% | 1%  100%
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Table 5.3:  Effect of West German television exposure on vregime suﬁport

Estimator Diff. | LATE | 2SLS | LARF 2SLS LARF

Covariate set — — Limited | Limited | Extensive | Extensive
Convz'hced of Leninist/Marzist worldview | o

West German tv | -0.079 | 0.147 0.205 | 0.204 0.198 0.204

Standard error | (0.053) | (0.083) | (0.084) | (0.084) | (0.087) (0.108)
Feel élosely attached to East Germany "

West German tv | -0.013 | 0.217 | 0.258 0.255 0.256 0.251

Standard error | (0.044) | (0.067) | (0.072) | (0.075) (0.073) (0.090)
Political power exercised in ways consistent with my views

West German tv | -0.014 | 0.158 0.193 0.191 0.186 0.185

Standard error | (0.047) | (0.078) | (0.082) | (0.083) | (0.081) (0.106)

Note: N = 3441 (3426) for models without (with) covariates. Treatment effect es-
timates for each estimator are shown with robust cluster-adjusted standard errors in
parentheses. Diff. denotes the difference in means between exposed and unexposed
respondents. LATE is the unconditional average treatment effect for compliers. 2SLS
is the two-stage least squares estimate. LARF is the estimate from a local average
response function. The limited covariate set includes age, gender, and father’s and
mother’s occupational classification. The extensive covariate set adds respondent’s
marriage status, living situation, number of children, highest educational attainment,
occupational classification, net monthly income, and employment status to the limited ‘
set. Response categories for the outcome variables are coded as fully disagree = 1,
largely disagree = 2, largely agree = 3, and fully agree = 4. '
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Table 5.4: Deterrence and escapism

Do you feel attached to West Germany?
(mean = 2.28; sd = 1.08)

-Covariate set | Limited Extensive
West German tv | -0.193 -0.172
Standard error | (0.111) ~ (0.113)
' N 1141 1141

How satisfied are you with the available
options. for recreational activities?
(mean = 3.05; sd = 1.10)

Covariate set | Limited Extensive
West German tv | 0.395 - 0.405
Standard error | (0.117) ~ {0.110)
N 1148 1148

Note: Results are 2SLS estimates with cluster-adjusted
standard errors in parentheses. The limited covariate
set includes age, gender, and father’s and mother’s occu-
pational classification. The extensive covariate set adds
respondent’s marriage status, living situation, number
of children, highest educational attainment, occupational
classification, net monthly income, and employment status
to the limited set. The 5-point response categories range
from not at all = 1 to fully =5.

Table 5.5: Exit visa application rates in 1988

District . Rate
Dresden : 16.4
East Berlin 118
Karl-Marx-Stadt » 9.8 -
Leipzig = , 7.9
Erfurt | - 5.0
~ Cottbus 35
Magdeburg 2.8
Schwerin I 2.4
mean = 7.45

Note: Number of exit visa applications per 1,000 resi-
- dents in 1988. Source: BStU MfS-ZKG 10734.
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Table 5.6:

Effect of West German television exposure on regime support:

differences from ordered probit LARF estimator

i=1

j=2

j=3 j=4

Predicted shift fully. | largely largely fully
in Pr(Y = j) disagree | disagree | agree | agree -

Convinced of Leninist/Marzist worldview :
West German tv | —0.038 [ —0.050 0.022 10.065
Upper CI bound | (—0.000) | (—0.004) | (0.155) | (0.145)
Lower CI bound | (—0. 069) (—O0. 267) (0.002) | (0.008)

Feel closely attached to East Germany
West German tv | —0.026 | —0.073 | —0.028 | 0.127
Upper CI bound | (—0.000) | (—0.013) | (0.115) | (0.261)
Lower CI bound | (—0.125) | (~0.303) | (—0.080) | (0.041)

Political power ezercised in ways consistent with my views
West German tv | '—0.036 | —0.064 0.044 0.056
Upper CI bound | (—0.000) | (—0.004) | (0.180) | (0.117)
Lower CI bound | (—0.063) | (—0.264) | (0.003) | (0.004)

Note: N = 3426 for all models. Treatment effect estimates with
upper and lower bounds for robust cluster-adjusted .95 confidence

intervals in parentheses. Estimates are average treatment effects for

compliers in first differences, i.e., the average changes in the predicted
Pr(Y = j) for compliers under treatment and control. All models
include the limited covariate set.

First
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'Tabl‘e 5.7: Effect of West German television ‘expos'ur,e,on regime support (sub-
samples) ‘ o o '

QOutcome variable

Treated district Y1 Y2 Y3 N
Schwerin 0.285 - 0.490 - 0.350 976
| (0.130) (0.109) (0.123)
Magdeburg 0322 0.399 0.223 1333
: - (0.074) (0.066) (0.070)
East Berlin 0.133  0.099 -0.006 1203
- (0.084) (0.074) (0.074) - |
Leipzig . 1 0.338 0498  0.435 1061
: (0.100) (0.087) (0.086) -
Karl-Marx-Stadt  0.147 0219 0212 1417
(0.075)  (0.064) (0.065)
Erfurt - 0.137  0.151 0.123 1433

- (0.073) (0.065) - (0.067)

Note: Y1 = Conmnced of Leninist/Marzist worldview. Y2 = Feel closely
attached to East Germany. Y3 = Political power exercised in ways consis-
tent with my views. Local average treatment effect estimates for compliers
from linear LARF estimator. Robust cluster-adjusted standard errors are

" in parentheses. All models include the limited covariate set. Each row
presents estimates for a different subgroup, i.e., estimates for a sample ‘
with Dresden and one other district as the treatment group.
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Table 5.8: Effect of West German telev181on exposure on reglme support: Replication
with 1984 survey :

I am proud of being a citizen
of our socialist country

Covariate set . | Limited Extensive
West German tv | 0.467 - 0.465
Standard error | (0.113) (0.106)
| N 2901 2901

It is personally important for me
to help advance socialism

Covariate set | Limited Extensive
West German tv | 0.366 0.390
Standard error | (0.128) (0.128)
N 2897 2897

Socialism can only succeed if workers
and farmers have a firm grasp on political power
under the leadership of the communist party

- Covariate set | Limited Extensive
West German tv | 0.137 0.146
Standard error | (0.073) (0.073)
N 2897 2897

Note: Results are 2SLS estimates with robust cluster-
adjusted standard errors in parentheses. The limited co-
variate set includes age and gender. The extensive covari-
ate set adds educational attainment, occupational classifi-
cation, marriage status, number of children, and employ-
ment status to the limited set. Response categories are
coded as fully disagree = 1, largely disagree = 2, largely
agree = 3, and fully agree = 4. The control group consists
of 950 respondents living in the Dresden district.
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~Table 5. 9: Effect of West German telev1s1on exposure on regime support: Rephcatlon
,w1th 1984 survey and Greifswald respondents as control group

I am proud of being a citizen
of our socialist country

Covariate set | Limited Extensive
West German tv | 1.770 1.218
Standard error | (0.843) (0.864)
N 2155 2155

" It is personally important for me
to help advance socialism

Covariate set | Limited Extensive
- West German tv | 1.598 - 1.920
Standard error | (1.564) (1.276)
N 2154 2154

Socialism can only succeed if workers
and farmers have a firm grasp on political power
under the leadership of the communist party

Covariate set - | Limited Extensive .
“West German tv | 0.645 . 0.856
Standard error | (0.380) (0.382)

"N 2156 2156

Note: Results are 2SLS estimates with robust cluster-
adjusted standard errors in parentheses. The limited co-
variate set includes age and gender. The extensive covari-

- ate set adds educational attainment, occupational classifi-
.cation, marriage status, number of children, and employ-
ment status to the limited set. Response categories are
coded as fully disagree = 1, largely disagree = 2, largely
-agree = 3, and fully agree = 4. The control group consists
of 167 respondents living in Greifswald. ' :
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9.10 Figures for Chapter 5

Figure 5.1: Over-the-air signal strength of West German television broadcasts

| D Excellent Reception
u]]]]]]] Reception Feasable
| LY No Reception

Sci¥erin

Source: Adapted from Die Welt, October 27, 1980.
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Figure 5.2: District characteristics
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Note: The graph shows balance in district cha.ra.cteristiﬁs for the 8 districts in our sample. The
X-axis showé deviations from the medians; the y-axis lists the district characteristics. Red solid
circles display values for the Dresden district;. empty circles display values for the other districts. .
Note that for several district characteristics only seven values are shown as data for East Berlin
are not always available. Data are taken from StaatlichévZentra.lverwa.ltung fur Stafistik 1989 and

Grundmann 1997.‘
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Figure 5.3: Over-the-a.lr 81gnal strength of West German television w1th1n the Dres-
den district

(]
Bischofswerda

The map shows spatla.l patterns in access to West German telev1s1on across the 17 counties in the
Dresden district. Whlte areas had no a.ccess, areas shaded in light grey had pa.rtla.l access, and areas
shaded in dark ’grey had full access »to ,West German television. Source: Adapted from original map
in BArch SAPMO DY 30/J 1V2/2/2317: 75.
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Flgure 5.4: Exit visa appllcatlon rates and access to West German telev151on for |
counties in the Dresden district ‘ '
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" Each of the four panels shows three box-and-whisker plots for counties with varying levels of access to »
West German telev1s1on Source: BStU MfS BV Dresden Stellvert. OP 21; BStU MfS BV Dresden
BKG—8028 / 8029.



Chapter 6

Economic Concerns and Attitudes

Towards Immigration

6.1 Introduction

* 'Why do people oppose or favor immigration? Recent scholarly work examin-
ing survey data on individual attitudes towards immigration has generated incon-
sistent findings and no clear consensus view. Some studies suggest that opposition
to immigration is primarily driven by non-economic concerns associated with cul-
tural and ethnic differences between native and immigrant populations (Dustmann &
Preston 2007, Dustmann & Preston 2006, Espenshade & Hempstead 1996, Chandler
& Tsai 2001, Citrin, Green, Muste & Wong 1997, Bauer, Lofstrom & Zimmerman
2000, Burns & Gimpel 2000, Fetzer 2000, Gang, Rivera-Batiz & Yun 2002). V'Others
argue that economic concerns lie at the heart of anti-immigrant sentiment and that
individuai attitudes towards immigration are profoundly shaped byA fears about la-
bor market cotnpei;ition (Scheve & Slé.ughter 2001, Kessler 2001, Mayda 2006) and
the ﬁsca.l.burden on public services (Facchini & Mayda 2007, Hanson 2005, Hanson,
Scheve & Slaughter 2007). Borjas (1999) identifies these as the two economic issues

189
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that have ‘dorninated the debate over immigration poliey in the United States. But
there is no agreement among scholars about the relative 1mpact of these types of con- -
cerns or how they compare in importance with non-economic cons1derat10ns that also
‘ _motlvate anti-immigrant sentiment. These issues are critical for understand1ng public
opposition to immigration and the growth of extremist, often violent, anti—immigrant
political movements. | » o |

One reasonthere is no consensus on why people support or oppose immigration
is that the data on individual attitudes is ill-suited to testing the theoretical rela-
tionships at issue. Studies examining economic concerns about immigration typically
begin with a general equilibrium model and derive predictions about how native cit-
izens who own different types of productive factors, and who have different levels of
incorne, will differ in their views regarding highly skilled and low skilled immigration |
,‘(Scheve & Slaughter 2001, Mayda 2006, Facchini & Mayda 2007, Hanson et al. 2007).
However, due to data constraints, none of these studies have been able to test these
specific predictions directly. They rely instead upon indirect tests that leave the in-
terpretation of the results wide orv)en.‘ In particular, no study to date has been able
to distinguish between attitudes towards highly skilled immigrants and attitudes to-
wards low skilled immlgrants even though this distinction is a critical feature of the
theoretical story about how economic concerns affect att1tude formatlon and policy
preferences with respect to immigration.

- We conducted a unique survey expenment that for the first time, explicitly and
separately exammes 1nd1v1dua.ls attitudes towards highly skilled and low skilled im-
migrants. In a nationwide U.S. survey, we randomly assigned respondents to answer
questions about 1mm1grants w1th different skill levels, thereby obtaining an unbiased
comparison between the d1str1butlons of attitudes towards highly skllled and low
skilled immigrants. This comparison, and how it varies with respondent characteris—
tlcs, allows us to directly test the pred1ct1ons from the theoretical models about how
econom1c concerns affect attitudes towards 1mm1grat10n ‘ ‘

The experiment y1elds results that challenge ex1st1ng models and the conclusions

reached by previous studies of attitudes'towardsimmigration. The prominent labor
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Tﬁarket"competiti'On: model predicts that natives will be most opposed to immigrants
who ha.vé similar skill levels to their own. This is rejected by the data. ’We find
that both highly skilled and low skilled respondents strongly prefer highly skilled
immigrants over loW skilled immigrants, and this preference is not decreasing in re-
spondents’ skill levels. Support for both highly skilled and low skilled immigration
is strongly increasing in respondents"skill levels. In addition, these relationships
are similar for the sub-samples of respondents that are currently in or currently oﬁt |
of the labor force. The results suggest that, among natives generally, labor market
competition is not a significant motivator of antié_immigrant sentiment.

The fiscal burden %nodel anticipates that rich (high income) natives oppose low
skilled immigration and favor highly skilled immigration more than do poor (low in-
come) natives, and that this difference should be more pronounced in states with
greater fiscal exposure in terms of immigrant access to public services. We find in-
‘stead that rich and poor natives are egqually opposed to low skilled immigration and
supportive of highly skilled immigration most of the time, although poorer natives
are actually sighiﬁcantly more opposed to low skilled immigra.tion than richer coun-
terparts in states with high fiscal exposure. In addition, rich natives are actually less
opposed to low skilled immigrétion in states with more fiscal exposure than they are
elsewhere. These results are inconsistent with claims that rich natives are opposed to
low skilled immigra.nts because they anticipate a heavier tax burden associé.ted with
the provision of public services. Fina,lly, we find evidehce that poor natives are more
opposed to low skilled immigration in states with greater fiscal exposure than they
are elsewhere. Taken together, these results suggest that concerns about access to or
overcrowding of public services contributes to anti-immigrant attitudes among poorer

native citizens.
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6.2 Economically Motivated Attitudes Toward Im-
migration

Although immigration may impact the native economy in many ways, recent
research has emphasized two critical economic concerns that could generate anti-
immigrant sentiment among native citizens: concerns about labor market competi-
tion and féérs about thé fiscal burden on public services. General equilibrium models
of the native economy geherate a variety of predictions about how natives with par-

ticular skill and income characteristics should be affected by inflows of immigrants.

1 6.2.1 Labor‘ Market Competition

Analysis of the income effects of immigration typically begins with a closed-
economy general equilibrium “factor-proportions” (FP) analysis (Borjas, Freeman &
Katz 1996, Borjas 1997, Borjas 1999). The FP model derives the distributional effects
in the native economy from the impact that immigration has on the relative supplies
of factors of production. If immigrants have low skill endowments compared with
natives, immigration will raise the supply of low skilled labor relative to othér factors
(iricluding highly skilled labor). These changes in relative factor supplies translate
into changes in real factor returns: Wages of native low skilled workers will fall as new
(low skilled) immigrants price themselves into employmeht; and, as more low skilled |
labor is applied ﬁo fixed amounts of the other factors; the real wages of highly skilled
workers will rise. “The reverse effects are expected in the case of inflows of highly
skilled immigrants, which will drive up the real wages of low skilled natives while re-
ducing real returns for highly skilled natives. Depending on what one assumes about
wage flexibility, the impact of competition with similarly-skilled immigrants may also
be manifest in highef rates of unemployment among natives.! The FP model gener-

ates a clear prediction about attitudes towards immigration: natives should oppose

- 1Alternative models also allow for geographlc concentration of wage a.nd employment effects See
Card (1990) or Bor_]as (1999) :
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- 1mm1gra.nts w1th similar skill levels but favor 1mm1gra.nts with different skill levels ‘
(See a.ppendlx A for formal derlvatlons of these relationships).

Emplrlcal studies ‘ha.ve found mlxed results when testing this model (Hérwood
1986, Gang et al. 2002, Fetzer 2000, Burns & Gimpel 2000, Citrin et al. 1997, Dust-
mann & Preston 2006) a.lthbugh two prominent articles have recently reported strong
- supporting evidence. Drawing upon data from the National Election Studies (NES)
surveys in the United States in the 1990s, Scheve & Slaughter (2001) find a strong
positive correlation between respondents’ skill levels, as measured by years of educa-
'/tion; and stated support for immigration. This‘ correlation is interpreted as evidence
that low skilled (less educated) natives fear being forced to compete for jobs with low
skilled immigrants. In a similar study Mayda (2006) examined cross-national survey
data from the 1995 National Identity Module of the International Social Survey Pro- |
gramme (ISSP)‘, as well as data"collected between 1995 and 1997 by the World Value :
Survey (WVS), and finds that the probability of voicing pro-immigration opinions is
positively associated with the skill levels of survey respondents (measured by years of
educatioﬁ). Again, this correlation is presented as confirmation that concerns about
labor ina.rket competition aré a powerful motivator of attitudes towards immigrants.

" There are several reasons to be wary of these reported findings. First, it is unciea.r
Whether respondents can plausibly observe and correctly 'attribute the inconie effects
of immigration that are anticipated in the FP model. A growing sétbf empirical
studies has examined the effect of immigration on native wages and ‘unemployment,
but the evidence remains hotiy debated.? Some studies claim large, adverse wage
and employment effects of immigration on less educated workers (Borjas et al. 1996,
Borjas 1997, Borjas 1999, Borjas 2003, Borjas 2005), while others conclude that the
immigration effects are at most: véry sma.l_l,v and possibly insignificant (Ca.rd 1990,
Card 2001, Card 2007, Lewié 2005). In a recent study Ottaviano & Peri (2008)

' 2For general reviews about the impact of immigration on wages and employment see for exa.mplé
- Friedberg & Hunt (1995), Bhagwati (2002), Card (2005), Borjas (1999), and Longhi, Nijkamp &
Poot (2005). In a recent study Borjas (2003) summarizes the evidence observing that “the measured
_impact of immigration on the wage of native workers fluctuates widely from study to study (and
sometimes even within the same study) but seems to cluster around zero.”
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find a net positive long-term effect of immigration on average wages of natives. The
inconelusiveness of the empirical research on the labor me,rket effects of immigration
suggests the need'for caution when applying the simple FP model to make predictions
about attitude formation and interpreting the evidence on attitudes.

Second, in line with the mixed empirical evidence on the impact of immigration,
many scholars have pointed out that when we move away from the FP analysis and
consider more sophisticated economic models, it b‘ecomes very difficult to make clear
| predict‘ions about the equilibrium effects of immigration on wages and employment
~ opportunities among native workers (see Friedberg & Hunt (1995); Scheve & Slaughter
(2001), 135—7).. In an open-economy Heckscher-Ohlin in,odel, trade can offset the
impact of immigration as the mix of output of tradable goods changes in line with
changes in factof supplies. Assuming that the local economy is not large relative to
the rest of the world and/or inflows of immigrants are small relative to the local labor
supply, local wages will not be affected - the “factor price insensitivity” result (Leamer
& Levinsohn 1995). In an amended open-economy model in which skills of workers
are highly specific to pé.rticulai industries (Jones 1971, Grossman & Helpman 1994),
real income effects are sensitive tq the inclusion of non-traded goods. Immigration
can lead to a reduction in the price of non-traded goods (by »raisingi the output of .
such goods more i‘a,pidly than it raises aggrega,te‘dema,nd for them) and so it becomes
unclear,whethernative workers wifch skills similar to those of immigrants will be worse
off in real terms (this will depend in part on their consumption tastes). In alternative
types of open-economy models which allow for economies of scale in production in the
industries employing immigra.nts, ‘inﬂows of new workers can be shown to generate
higher real wages for native workers with similar skills (Brezis & Krugman 1993).
There is, in short, a great deal of thebretical ambiguity about the labor market effects
of immigra,tion a.nd the related concerns we should expect to observe axneng native
, citizens. ‘ ,

Third, a variety of alternative expla,né,tions can account for the positive correla-
tio‘nnbetween education and pro-immigration attitudes. Several studies have show_h

that more educated respondents tend to exhibit higher levels of ethnic and recial :
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tolerance, stronger»preferences for cultural diversity, and more economic knowledge;
5;11 of‘ virhich can lead them to favor immigration more than their less educated coun-
terparts (Hainmueller & Hiscox 2007, Gang et al. 2002, Fetzer 2000, Chandler &
Tsai 2001, Dustmann & Preston 2007, Citrin et al. 1997). Existing tests are not
equipped to discrimina,vtebetween these claims and the argument that the association
between education and views about immigrants is due to concerns about labor market
competition.’ | |

Fourth and finally, all the above-mentioned teste that have exa.mined attitudes
towards immigration and tried to link them to concerns about labor market compe-
tition have relied upon data on responses to survey questions that ask individuals
about their attitudes toward immigration in general and do not differentiate between
highly skilled or low skilled immigrants.* This is highly problematic because the key
prediction of the simple FP model is that natives should oppose immigrants with
similar skill levels to their own but support immigrants with different skill levels.
Previous tests rely on an assumption that respondents have low skilled immigrants
in mind when a.nswering questions about immigretion in general. This assumption
is questionable given that respondents are likely to have systematically varying in-
formation and perceptions about the skill attributes of imrnigrants. More educated
respondents may be better informed about current immigration flows, for instance,
and are likely to recognize the considerable share of inflows accounted for by skilled
foreigners entering many Western nations (often because irnmigration pelicies are

aimed explicitly at selecting immigrants based on their skill levels). It is well known

- "3The same problem applies to studies that test these models with respect to attitudes towards
international trade. See Hainmueller & Hiscox (2006).

4Scheve & Slaughter (2001) used responses to the NES immigration question: “Do you think the
number of immigrants from foreign countries who are permitted to come to the United States to
live should be increased a little, increased a lot, decreased a little, decreased a lot, or left the same
as it is now?” Mayda (2006) examined answers to the ISSP question: “Do you think the number of
- immigrants to (respondents country) nowadays should be: (a) reduced a lot, (b) reduced a little, (c)
remain the same as it is, (d) increased a little, or (e) increased a lot.” The WVS asked the following
question: “How about people from other countries coming here to work. Which one of the following
do you think the government should do (a) Let anyone come who wants to (b) Let people come as
long as there are jobs available (c) Place strict limits on the number of foreigners who can come here
(d) Prohibit people coming here from other countries? (e) Don’t know.”
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‘th'at'isuch"Varying*perception’s’fcaﬁ' lead to biased estimates in survey research (King,
Murray, Salomon & Tandon 2004, Bertrand & Mullainathan 2001). And of course,
employing this questionable assumption still does not allow one to examine whether
the skill levels of natives affects their attitudes towards highly skilled irhmigra-nts in
the expected way. A complete and direct test would ask respondents about their
rattitudes towards lon skilled immigrants and highly skilled immigrants specifically
and separately. ’

The only previous study fhat comes close to such a test actually reports results
at odds with the recent claims that labor market concerns are powerful shapers of
attitudes. Hainmueller & Hiscox (2007) investigate survey data for 22 European
countries from the European Social Survey (ESS), in which respondents were asked
abouf their attitudes towards immigration from . “richer” and “poorer” countries, a
difference plausibly associa.ted with the expected average skill levels of immigrants.
They find that in all 22 countries people with higher education levels (and/or higher
levels of occupational skills) are more likely to favor immigratioh regardless of where
the immigrants come from and their likely skill attributes. In addition, the positive
link between education a.nd support for (all types of) immigration is almost identical
among those in the labor force and those not in the labor force. Taken together, the
exisfing theory and evidence on whether concerns about labor market competition
are a strong motivator of anti-immigrant sentiment remain ambiguous. At the very

least, more complete and direct empirical tests are neeessary.

6}.2.2‘ The Fiscal Burden of Public Services

The second critical economic concern associated with immigration involves the
immigrants’ use of public services (including public education and health services,
and various types of welfare assistance, as well as basic services like police a.nd fire
protection, roads, parks, and amenities) and their contribution to tax revenues. The
standard a.pproach to the analysis is to incorporate a simple model of public finance
into the FP analysis’ of imniigra.tion (Facchini & Mayda 2007, Hanson 2005, Hanson
et al. 2007). This a.pproa,ch allows that immigration can affect not only the pre-t’axr
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incomes of native individuals; it can separately affect after-tax incomes via taxes and
~ transfers. The predictions depend on two key assumptions about (1) the net contri-
bution of low and highly skilled immigrants to the tax coffers and (2) the institutional
mechanism in place to adjust taxes and transfers in response to fiscal imbalances. It
is assumed that low skilled immigrants impose a substantial net burden on public
finance, while highly skilled immigrants are net contributors in terms of taxes. There
are two plausible institutional mechanisms that have been considered, assuming the
government mist balance its budget: a change in tax rates or a change in per capita
transfers (see Facchini & Mayda (2007)).5 In the most commonly studied scenario, as-
- suming the government adjusts tax rates while keeping per capita transfers constant,
the prediction is that rich (high income) natives should prefer highly skilled over low
skilled immigrants more than do poor (low income) natives, since the skill levels of
immigrants determine their fiscal impact and progressivity‘ in taxation implies that.
the rich benefit (lose) more from any associated reduction (increase) in taxes. In the
alternative scenario, assuming the government adjusts per capita transfers but holds
tax rates constant, the prediction is the opposite: poor natives prefer highly skilled
over low skilled immigrants more than rich natives, since low skilled immigrants tend
to crowd out poor natives in terms of access to public services and erode their welfare
benefits while rich natives are unaffected. (See appendix A for formal derivations of
these relationships). : |
Two recent ernpirical studies have examined these claims. Hanson et al. /(2007)
use NES survey data to compare individual attitudes towards irnmigration in different
U.S. 'states and find that rich individuals are less likely to support immigration in
states that are highly exposed to fiscal costs as a result of immigration (i.e., states
“with generous publlc services and high rates of immigrant settlement) than in states
with lower exposure This finding is 1nterpreted as confirmation that, as expected in
the scenario in which the government adjusts taxes to meet new spending obligations,

rich natives fear being burdened with ‘higher taxes as a consequence of low skilled

- ®Borrowing would be a third option, but as there are constitutional constraints on borrowing by
state governments in the United States, and the underlying model is static, standard analyses do
not consider this possxblhty (Hanson et al. 2007, Facchini & Mayda 2007).
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immigrants drawing on:public services and draining government coffers. ‘Facchini &
Mayda (2007) éxamine the cross-national survey data from the ISSP and find that
respondent income is negatively correlated with support for immigration in countries
where low skilled immigrants are a larger share of total immigration inflows. This
finding is also rega.rdéd as evidence that fears about higher taxes among rich natives,
linked to use of public services by low skilled immigrants, leads to anti-immigrant
- sentiments. ‘ ‘ |

- Again, there are reasons to treé.t these findings with considerable caution. While
there is some evidence that immigrants rely more on welfare programs than do native
citizens (Borjas 1999, Zimmerman & Tumlin>1999, Fix & Passel 2002, Hanson 2005),
as immigrant households tend to be bla;rger and poorer than native households, there
is more disagreement over the extent to which immigrant inflows increase net tax
burdens on natives (Fix, Passel & Enchautegui v1994, Smith & Edmonston 1997). A
US. study conducted by the National Research Council (NRC) reported that the
aVera.ge immigrant to the United States could be expected to impose a tax burden
on nativés in the short term, But would be a net contributor to tax coffefs iﬁ the
long term, to the tune of $80,000 (see Smith & Edmonston (1997));6 Estimating the
long term fiscal consequences of immigration in a dynamic model of public finance
is very difficult, of course, and requires taking into account fiscal contributions made
by successive generations of immigrant and native families. For countries with aging
workforces, in particular, the long term public finance gains from importing young
workers likely outweigh the costs (Krugman & Obstfeld 200_0). Perhaps short term
fiscal effects dominate longér term effects in shaping attitudés among ‘na.tive citi—
zens, but the evidence is complicé,ted endugh to suggest caution when claiming that
fears about the tax effects of immigration are a strong motivation for anti-immigrant
sentiments. ” R |

AQui'te separately; the finding that tax ébnsiderations among natives play a strong

6The study reports findings in 1996 dollars. The NRC study did report that tax affects vary
depending on the skill levels of immigrants: immigrants with an education beyond high school
contribute an average of $105,000 to U.S. tax coffers over their lifetime, while the least educated
immigrants create a net deficit of $89,000 per person (Smith & Edmonston 1997).
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" role, and actually frump concerns about cuts in per capita welfare benefits, seems
especially surprising in the United States. Evidence on recent fiscal experiences of
U.S. states seems inconsistent with this claim. While states gained broad discretion
over welfare policies following the welfare reform of 1996, they have not systematicaliy
raised taxes in recent years even though immigration has increased. In fact, as shown V
in left panel of Figure 6.1, looking across the states there exists, if anything, a negative
correlation between changes in state income tax rates and levels of immigration.
States that experienced higher increases in their foreign born populations between
~ 1990 and 2004 had smaller increases (or larger cuts) in the average marginal tax rates
than states with smaller immigrant inflows over the same time period.” It seems
uhlikely, then, that U.S. survey respondents could be drawing on pérsona1 experience
to attribute tax hikes to immigratibn.
On the other hand, a recent study that looks at the link between immigration and
US state welfare expenditures has found stronger support for the so called “erosion
hypothesis.” Hero & Preuhs (2007) examine data on welfare spending for all U.S.
states in 1998 and find that states with la.rgef noncitizen populations tend to provide
smaller cash benefits 1n their welfare programs, and this effect is larger the more
accessible the welfare programs are to immigrants. In the right panel of Figure 6.1
we plot changes in state public welfare expenditures per capita against cha,nges in the
immigrant population. There is a negative correlation between the two. While all
st‘:atyes have expanded per capita welfare expenditures over time, the increases have
| been smaller in states that experienced lérger increases in the share of immigrants

in their populla,tion.8 This pattern, taken together with the evidence on state taxes

* TFor both tax rates and the percent foreign born population, changes are computed as the level in
2004 minus the level in 1990. Tax rates are average marginal state tax rates on wages taken from the
NBER state tax database.(Feenberg & Coutts 1993) available at http://www.nber.org/~taxsim/
state-marginal/. Income taxes are dollar weighted average marginal income tax rates as calculated
by the NBER TAXSIM model from micro data for a sample of U.S. taxpayers. The results are very
similar if tax rates on other sources of income are used (i.e., taxes on interest received, dividends,
pensions, or property tax, etc.). Data on the percent foreign born is taken from the U.S. Census
1990 and the American Community Survey 2004.

8Public welfare expenditures are taken from the U.S. Census of Governments (see the followmg-
section for more details on the welfare spending measures)
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discussed above, suggests that fears about the erosion of welfare benefits as. a reeult
of iinmigration ihay actually be more relevant and plausible than worries about tax
hikes. | | }

Finally, it should be noted that the survey-based tests summarized above are
indirect and incomplete. Like the studies that examine concerns about labor market
competition, existing tests of the fiscal burden model rely upon data on responses
to NES and ISSP survey questions that ask.individua.ls about their attitudes toward
immigration in general, not about their attitudes toward highly skilled or low skilled
immigrants specifically. 4They rest on the problematic assumption that all respondents
a,ctually"have low skilled immigrants in mind when answering these survey questions
about immigration. And employing this assumption still enly allows a partial test of
the theory: it does not allow one to test whether the incomes of natives affects their
attitudes towards highly skilled immigrants in the expected way.

In sum the existing research examining whether attitudes towards immigrants are
strongly shaped by concerns about labor market competition and fears about the fiscal
burden on public services does not provide convincing conclusions. Most importantly,
as a result of data cohstraints, these studies have not been able to provide direct tests
of the relevant theoretical propos‘itionsf No study to date has been able to distinguish
between attitudes towards highly skilled immigrants and attitudes towards low skilled
immigrants, even thbugh this distinction is a critical feature of the theoretical story.

Below we describe a suf\?ey experiment aimed at addressing this shortcoming.

6.3 The Survey Experiment

6.3.1 Design

Our experiment was embedded in the Cognitive Styles Survey (CSS), a survey
instrument designed to study opinions regarding trade and immigration. The CSS
was administered by the research firm Knowledge Networks (KN) and fielded as an

internet based questionnaire to a randomly selected sample of 2,285 pa.hel members
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b‘etween December 2007 and January 2008. KN recruits members for its research
panel based on probability sampling that covers both the online and offline U.S.
populations aged 18 years and older.® The sampling procedure for the CSS thus
constitutes a two-stage equal probability design. The completion rate for the CSS
| was about 70 percent, yieldihg 1,600 completed interviews. The final respondent data
was adjusted for the common sources of survey error (non-response, coverage error,
etc.) using post-stratification weights.!® The rate of item non-response was very low,
below 1 ‘percen“c for the questions we use in the analysis below. ,

- For the core experiment, we randomly allocated respondents to two groups of
equal size and presented each group with one of two versions of the survey question
about immigration:

Version 1: Do you agree or disagree that the US should allow more highly skilled
immigrants from other countries to come and live here? (emphasis added)
Version 2: Do you agree or disagree that the US should allow more low skilled im- -

migrants from other countries to come and live here? (emphasis added)

Answer options (both versions):

Strongly Somewhat N_either agree Somewhat Strongly |
disagree  disagree - nor disagree = agree agree
1 2 3 4 5
The two question versions differed only in that they described the immigrants’

skill level as either “highly skilled” or “low skilled.”'! Accordingly, for half the re-

9Panel members are randomly selected using random digit dialing (RDD) sampling techniques
on the sample frame consisting of the entire U.S. residential telephone population (both listed and
unlisted phone numbers). Households are provided with access to the Internet and hardware if
needed. Unselected volunteers are not allowed to join the KN panel. A detailed report about the
KN recruitment methodology and the survey administration is available from the authors upon
request.

10poststratification also serves the purpose of improving precision of the estimates. Welghts are
raked to adjust to the demographic and geographic d1str1but10ns from the March Supplement of the
2007 Current Population Survey (CPS) '

* INotice that we stratlﬁed the random assignment by four education levels (described below) so
that an equal number of respondents within each education level received the two different version
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spondents" referred to~as the treatment group, we measured preferences over highly
, skllled 1mm1gratlon while for the other half, referred to as the control group, we
measured preferences over low skilled immigration. Randomization ensured that the |
two groups of respondents are (in expectation) identical in all other observed and
unobserved characteristics that may confound a comparison across groups.!?

The general‘ distribution of preferences over both highly skilled and low skilled
immigrants is displayed in Figure 6.2. For both types of immigration the barplots
show the fraction of respondents answering"each of the five answer categories; the
superimposed whiskers decode the upper .95 confidence interval derived from the de-
sign‘rbased variance estimator. Two features stand out in this graph. First, in line
with previous studies, our survey once again confirms the profound divide among the
American public in opinions on immigration. Pooling over both types of immigra_-

“tion, about 50 percent of the respondents oppose an increase in immigration, while
about 25 percent favor it. Second and more importantly, our findings for the first
time document the fact that preferences over immigration vary rather dramatically
depending on the imrnigra.nts’ skill levels. While more than 60 percent of the respon-
dents (in the control group) state that they strongly disagree or somewhat disagree
with an increase in low skilled immigration, only 40 percent of the respondents (in
the treatment group) are opposed to an increase in high skilled immigration.'”® Due

" to the randomization we know that this statistically signiﬁcant difference between the

two distributions i‘sr entirely driven by the perceived diﬂerences in the skill attributes

* of the immigrants.

of the question.

12We conducted extensive balance checks by comparing the distributions of all our covariates -
in both groups. All tests confirmed that (as expected given the large sample s1ze) randomization
‘balanced the distributions evenly. Results are available upon request. : '

13In the pre-implementation pilot testmg, we created a third, “vanilla” version of the question
that referred simply to ”‘immigrants”’, without mentioning skill levels, and we randomly assigned
respondents into a third group who answered this question. Opposition to immigration among this
group was lower than opposition to low skilled immigration (in the pilot control group), and higher
than opposition to highly skilled immigration (in the pilot treatment group). Since the results fell
in the middle when no skill levels were specified, we focused on just the two contrasting versions ‘of
the question when we implemented the survey experiment.
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«.In. an-additional éxperiment we -replicated all our tests based ‘oh within-group
variatioh by using a cross-over design. For this follow-up test, we contacted a random
subset of the respondents two weeks after they had completed the main survéy. Half of
these respondents we randomly sele,ctbed to receive the alternate version of the question
they had received in the ofiginal survey two weeks prior. This approach allowed us
to explore individual responses to both questions while minimizing the danger of
“consistency bias.”1* The results from the analysis of this follow-up experiment,
which strongiy confirm the results from the main experiment reported below, are

described in Appendix B.

6.4 Empirical Test I: The Labor Market Compeﬁ-
tion Model

6.4.1 Skill Levels of Natives

If concerns about labor market competition Vare important in shaping attitudes
towards immigration we expect, in line with the FP model of attitude formation,
that natives should oppose immigrants with similar skill levels but favor immigrants
with different skill levels. That is, we should expect that the skill levels of our survey
respondents should have a large and positive relationship with support for low skilled
immigrants and a large and negative effect on support for highly skilled immigrants.

In order to conduct an explicit test of this argument we follow previous studies
and employ educational attainment as our measure of respondent skill levels (Maydav
& Rodrik 2005, Facchini & Mayda 2007, Scheve & Slaughter 2001, Hanson, Scheve &
Slaughtér 2008, Hanson et al. 2007).- This measure, which we label EDUCATION, is a

categorical indicator of the highes'_c level of education é,ttained by the respondent. The

" 141t is well known that if asked quést10ns about similar issues all at once, respondents tend to make
their answers consistent even when they would respond to the questions in substantially dlfferent'
ways were they asked separately.
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codingis: : 1=Not completed high school education, 2=High school graduate, 3=Some
college, 4=Bachelor’s degree or higher. Alternatively, we also use a set of binary
indicator variables called HS DROPOUT, HIGH SCHOOL, SOME COLLEGE, BA
DEGREE that are coded one if a respondent belongs to the respective category of
EDUCATION and zero otherwise.. Summary statistics for all variables used in the

analysis are provided in appendix C.

6.4.2 Attitudes towards Highly and Low Skilled Immigrants

and Natives’ Skill Levels

Figure 6.3 plots the distributions of preferences conditional on respondents’ skill
levels. The results suggest two key findings. First, regardless of the respondents’ skill
level, highly skllled immigrants are strongly preferred over low skilled immigrants.
| Second in stark contrast to the predictions based on the theoretical model, we find
that support. for both types of immigration is increasing (at a roughly similar rate)
with respondents’ skill level. For example, while only 7 percent of the least skilled
respondents (those who did not finish high school) favor an increase in low skilled
1mm1gratlon 29 percent favor an increase in hlghly skilled 1mm1grat10n However,
we find a similar preference dlfferentla.l among ‘the most highly skilled respondents
(those with at least a bachelor’s degree): only 31 percent prefer an increase in low
skilled immigration but more than 50 percent prefer an increase in highly skilled
immigration. | ' L o |
Taken together these results are at‘ odds with the claim that eoncerns about la-
bor market competition are a driving force in shaping attitudes towards irnmig'ra- '
tion. Instead, the resnlts are consistent with previous findings indicating that people
with levels of higher education are more likely'to favor immigration (for av variety of
other economic and non-economic reaSons) regardless of immigrants’ skill attributes
(Hainmueller & Hiscox 2007). | | |
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643 - Formal Tests of the Labor Market Competition Model

: We created a binary ihdicator variable, HSKFRAME, coded one if the respondent

i received the question about highly skilled ‘immigrahts and zero if he or she received

the question about low skilled immigrants. The observed support for immigration

-is measured by the categorical variable PROIMIG which takes on the integer value
associated with one of the five answer categories j = (1, 2, ..., D) from “strongly dis-

agree” to “strongly e.gree” respectively. Let PROIMIG* be an unobserved continuous

variable (with —oo < PROIMIG* Sb oo) that represents a respondent’s latent support

for allowing in more immigrants. Both PROIMIG and PROIMIG* measure support -

for highly skilled or low skilled immigration depending on a respondent’s assignment
given by HSKFRAME. We model latent support for immigration by an ordered probit

model: o | ’ , . |

PROIMIG! ~ N(u;,1) where p; = X3 | (6.1)

- and X; is the row vector of observed respondent charateristics. The mapping of
PROIMIG? to PROIMIG,; is PROIMIG,- =jif Aj;l < PROIMIG; < A;, with thresh-
olds \; € {(Xo,--;A5)[Ao = =00 A A5 = 00 A N < M} VI = (0,...,5). Thus,
pi; = P(PROIMIG; =j) = @(Ajlui) — ®(X;j_1|pi) where ®(-) is the normal cumu-
lative density function with unit variance and mean p;. We. estirnate the coefficient
vector ,@ and the thresholds A through )\J 1 by mammlslng the log pseudohkehhood
~function:

InL = Z s Z 1{PROIMIG; = j}in p; (62)

=1  j=1
where'w,-' is the poststratification weight and 1{} is the indicator function. For all
uncertalnty estimates we employ the robust linearized variance estimator that yields
the valid design based 1nferences

To explicitly test the labor market competition a.rgument, we estimate the follow—

15Let S(8) = al"L be the score function where ,3 is estimated by solving $(8) = 0. Following
a first order Taylor series expansion the linearized variance estimator is then given by V(,B)
DV{S(ﬂ)}|ﬂ_ 5D’ where D = {—S(Q}'
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ing specification:

wi = a4 vyHSKFRAME, +§(HSKFRAME; - EDUCATION,) +  (6.3)
9 EDUCATION; + Zi) |

where the parameter ~ directly identifies the premiUm that natives attach to highly
ékilled immigrants félative to low skilled immigrants. If v is positive this indicates
that highly skilled immigrants are preferred relative to low skilled immigrants. If v
is negatii_re this indicates that low skilled immigrahts are pfeferred relative to highly
skilled iminigra,nts; The parameter § captures how the premium for highly skilled -
immigfation varies conditional on the skill level of the respondent. o

The key predictions based on the standard model of labor market competition
are as follows: For the least skilled respondents with EDUCATION,- = 1 (those
who did not finish high school) we expect strong support for highly skilled over low
skilled immigration so that v+ 6 -1 > 0. For the most highly skilled respondents
with EDUCATION=4 (those with bachelor’s degree or higher) we expect the exact
opposite y+46-4 < 0. In other words, low skilled immigration ié preférred over highly
skilled immigration: Taken together this implies that & is negative, fairly large in
magmtude (ly] > 6/4), and statistically significant.

“In our second test spemﬁcatlon we relax the assumptlon of hnea.rlty in the premium

for highly skilled 1mm1grat10n and estimate:

i = a+7HSKFRAME + > b (HSKFRAME 1{EDUCATION =k})+

ke{1,2,4} o ‘ .
> 0k1{EDUCATION —k}+z¢ - (‘6.4)

ke{l 24}

“This spemﬁcatlon a,llows for a different premium conditional on each of the four
skill categories HS DROPOUT, HIGH SCHOOL, SOME COLLEGE, BA DEGREE. |
Notice that we use SOME COLLEGE (i’espondéntsthat héve some college education
but did not graduate) as our reference category so that ~ identifies fhe premium
estimated for this .skillllevel. Accordingly, v+6,, v+ 62, and v+, identify the premia
estimated for those respondents in the categories HS DROPOUT, HIGH SCHOOL,
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and'BA DEGREE. The key prediction is that v + 4, is positive and significant while
v + 4 should be negative and significant. | ' '

We also enter a basic set of socio-demographic covariates Z including the respon-
dent’s age (in 7 age brackets), gender (female=1,male=0), and race (four dummies for
White, Hispanic, Black, and Other) in all specifications. The covariates are simply
included here to increase the comparability of some of the coeflicients with previ-
- ous studies. Notice that since the randbmization orthogoné,lizes HSKFRAME with
respect td Z, the exact covariate choice does not affect the results of the main coeffi-

cients of interest.1%

6.4.4 Results for Tests of the Labor Market Competition

Model

Results for the tests are shown in Table 6.1. In the first two columns we separately
regress attitudes towards highly skilled and low skilled immigration on respondents’
skill level (measured by educational attainment) and the set of covariates. Following
the labor market hypothesis we would expect that the support for low skilled (highly
skilled) immigration should increase (decrease) in respondents’ skill level. In contrast
we find that the correlation between respondents’ skill level and support for immi-
gration is positive and significant for both types of immigi‘ation (columns one and
two). In fact, we cannot reject the null hypothesis that the effect of respondents’ skill
on support for .increased immigration is identical for highly skilled and low skilled
immigrants (p=0.21).

The next three models implement our main experimental tests. To identify
the premium attached to: highly skilled relative to low skilled immigrants we use
PROIMIG as our dependent variable and regress it on the indicator HSKFRAME
that denotes whether a respondent received the frame about highly skilled immi-

gra,nts rather than the question about low skilled .immigrants. Results are shown in

16 All results are substantively identical if additional (pre-treatment) covariates (like martial status,
geographic indicators, etc.) or no covariates at all are used. Results available upon request.



Chapter 6: Economic Concerns and Attitudes Towards Immigration 208

column three. " The high skill frame indicator enters positive and highly significant
indicating that on average highly skilled immigrants are strongly preferred to loW
skilled,"immigra.nts. Column four includes the interaction of HSKFRAME with re-
spondents’ skill level, measured by EDUCATION .v The interaction term enters with
the expected negative sign, but it is statistioa.lly insignificant and the point estimate is
very small in substantive terms. This resuls suggests that, in contrast to expectations
based on the labor market competition model, the premium attached to highly skilled
immigration does not vary significantly with respondents’ skill level. In column five
we also drop the linea.rityv a.ssurnption regarding the effect of respondents’ skill level
and replace EDUCATION with our set of dummy variables that indicate the highest
level of educational attainment (SOME COLLEGE is the reference category) plus all
v1ntera,ct1ons with the high skill question frame. We find that not one of the inter-
action terms is significantly different from zero. A Wald test against the null that
all interaction terms are jointly zero yields a p-value of (0.61) indicating that the
variation in the premium attached to highly skilled immigration among differently
skilled respondents is not signiﬁca,nt."

/ Taken together these results reveal several striking features regarding the dynamic
-of respondents skill levels’ and immigre,tion preferences. In order to give some sense of
the substantive magnitudes involved we simulate the predicted probability of support-
ing an increase in immigration (answers “somewhat agree” and “strongly agree” that
the U.S. should a,llovlr more immigration) for the median respondent (white women
aged 45) for all four skill levels and both 1mm1gratlon types based on the least restric-
tive model (model five in Table 6. 1) Figure 6.4 shows the results and summarizes
our key ﬁnd1ngs for the tests of the labor market competition argument.

- F1rst in contrast to the predlctlons from the labor market competition model,
support for both low and hlghly skilled 1mm1gratlon is steeply 1ncreas1ng in respon- -
dents’ skill levels. This increase in the probability of supporting immigration is very
large in substantive terms. For example, for highly skilled immigration it ranges
from 0.23 [0. 18 0.26] a.mong respondents who did not finish high school to 0.40 [0 35;

0.45] among college graduates (the numbers in square bra,ckets glve the .95 percent
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confidence interval): .‘-Furthermore, ‘the increase is not linear, but instead is partic-
ularly prorieunced for the gap between respondents who have a college education |
and those who do not. This plateau effect is in line with findings in some previous
studies (Hainmueller & Hiscox 2007, Chandler & Tsai 2001) showing that exposure
to univeréity education seems to be the critical contributor to the generally positive
relationship between education and support for irnmigration.

Second, regardless of the respondents’ skill level, highly skilled immigrants are
much preferred over low skilled immigrants. This finding is at odds with the expecta-
tion from the standard model of labor market competition that highly skilled natives
should oppose inflows of highly skilled immigrants and support inflows of low skilled
inimigra.nts. On average (i.e., across the four skill levels), the predicted probability
of supporting highly skilled iinmi_gration is about 0.15 higher than the probability of
supporting low skilled immigration and this difference is highly statistically signifi-
éant. |

Third, there seems to be no systematic variation in the premium attached to
highly skilled immigrants across respondents’ skill level. As clearly indicated by the
dashed lines that connect the predicted probabilities for each 'type of immigration,
the step function that describes increased support for immigration with rising skill
levels among respondents is quite similar for the two types of immigration. ‘The
relative differences in predicted probabilities of supporting highly skilled versus low
skilled imrnigration are 0.17 [0.13; 0.20] for respondents who did not complete high
school, 0.12 [0.10; 0.14] for high school graduates, 0.15 [0.12; 0.18] for those with some
college education, and 0.17 [013, 0.21] for college graduates. The differences are not
' significantly different and do not have opposite signs, as predicted by the labour
market competition model. The two dotted lines that conrrect the predicted support
for the lowest and highest skill levels are almoét exactly parallel in slope. This suggests
that there is very little interaction between respondents’ and immigrants’ skill type in
accounting-for immigration preferences, and the results are sharply at odds from the
expectation if labor market concerns were exercising a po'werful inﬂrlence - we would

see a scissoring of these two slope lines. (The same figure based on our follow—up
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" test that uées:the‘within—group variation is presented in Figure 6.8 in éppendix B. 1t
mirrors the results obtained in Figure 6.4).

Finally, columns 7 and 8 in Table 6.1 present the results for the split sample
tests that compare the 'rélationship between respondents’ skill levels and attitudes
towards highly skilled and low skilled immigrants in the in—lé,bor—force and the out-
of-labour-force samples. Previous tests of the labor market competition model (Scheve
& Slaughtef 2001, Mayda 2006, Hainmueller & Hiscox 2007) have relied on similar-
tests, based Qﬁ the idea that if 1abor market concerns are a driving factor in attitudes
towards immigration, we should see marked differences across the two sé,mples.17 We
find that the results‘ are almost identical across the two sub-samples; in both cases
highly skilled immigrants are preferred over their low skilled counterparts and this
premium does not vary significantly with respondent skill level. This pattern is again
inconsistent with what we would ext)ect if concerns about labor market competition

are shaping attitudes towards immig'ration;

6.5 Empirical Test II: The Fiscal Burden Model

6.5.1 Income and Fiscal Exposure to Immigration- Across

‘U.S. States

While the effect of immigratib_n_on natives via the labor market is modeled as
a functioh of natives’ skill levels,"the impact of virmmigration via pﬁblic ﬁnahce is
' mbdeled asa funétion of natives’ income (Facchini & Mayda 2007, Hanson et al. 2007).
Progéssitivity in tax systems means that richer nativés pay more as a result of tax
hikes (or benefit more from tax cuts) than do poorer natives; in addition, many types

of public services and assistance are means-tested programs accessible only to poorer

- Consistent with these previous tests, our in-labour-force sample consists of full time, part time,
. and self employed respondents. The out-of-labour-force sample includes homemakers, retired, dis-
abled, and other and those unemployed but looking for work. ‘Alternative codings, such as including
the unemployed in the in-labour force sample, leads to similar results (available upon request).
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1nd1v1dua1s We construct a categorlcal varlable called INCOME, which 1nd1cates
a respondent S pos1t10n in the income distribution. This codlng ranges from 1 to
4 depending on whether a respondent belongs to the first, second, third, or fourth -
quartile of the household income distribution.!®

The most prominent test of the fiscal burden model in the U.S. context focuses
upon cross-state variation in exposure to the effects of immigration on government
taxes and expenditures (Hanson et al. 2007). In the case of U.S. natives, exposure to
the fiscal effects of immigration will depend upon the state in which they reside (and
pay taxes). In general, the fiscal impa.ct of immigrants should be strongest in states
that have both a relatively large share of welfare reliant immigra.nts and a relatively
generous"welfare system. Hanson et al. (2007) note that measuring fiscal exposure
to immigration is difficult, however, bece,use individuals use public services in many
forms: they use public safety, roads, parks, transportation, education, and healthcare,
for example, as well as welfare programs. Furthermore, immigrants will contribute
taxes and use public services and assistance to various degrees depending on both
state policies and the characteristics of theimmigrant populbation' (e-g., income levels,
family size, age, legal status, etc.). Hanson et al. (2007) construct two Simple measures
of fiscal exposure that focus only on state-level welfare spending, setting aside other
types of spending and also immigrant tax contributions. In order to keep the analysis
consistent with previous work we have reconstructed these two measures. We use the
same data sources and the same cod'ing approach, but employ data for the most recent
years available (the 2006 American iCommunity Service and the 2006 U.S. Census of
Governments) to stay as close as p0331ble to the time when our survey was fielded.
Here we brleﬁy descrlbe the two measures.

Their first measure, FISCAL EXPOSURE 1 is equal to one for all states that
meet two conditions: first, a_high total public 'welfare spending per native household

by state and local governments (states are coded as high welfare spending if they are

18Notice that our measure of household income has no missing data and is presumably fairly
accurate because 1t is obta.med from all KN pa.nel members directly as part of the panel recruitment
process
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above the natibnal median on this meas‘uré);19 second, a high ratio of immigrant to
native householdsb(stabtes are code as high if they exceed the mean ratio across all
~ the states). Our reconstructed measure for .2006 is summarized in the left panel of
Figﬁre' 6.5 where the super-imposed dotted lines indicate the cutoff values for both
axes. The niné states in the upper right corner are classified as having a high level
- of fiscal exposure to immigration.?? Following Hanson et al. (2007) we also code
a binary 1ndlcator ca.lled IMMIGHIGH that just identifies states that have a high
ratio of 1mm1grant to native households: IMMIGHIGH is coded as a one if the ratio
is above the mean state immigrant-to-native household ratio and zero otherwise.2!
Notice'that (by definition of FISCAL EXPOSURE I) all high fiscal expoSure states
are also high immigration states, but there are a few states with high 1mm1gratlon
" that are coded as hav1ng low fiscal exposure.

The second measure used by Hanson et al. (2007), FISCAL EXPOSURE 1], is
equal to one for states in which the ratio of immigrant householdsj recetving cash
forms of public assistance relative to the total number of native households exceeds

a specified threshold (0.012).22 Our measure for 2006 is reported in the right panel of

19We obtain total public welfare spending from the U.S. Census of Governments 2006. This
measure accounts for most welfare benefits including cash, non-cash, and medical assistance. In
. particular, it includes expenditures associated with Supplemental Security Income (SSI), Tempo-
rary Assistance for Needy Families (TANF), Medicaid, food stamps, and expenditures for welfare
activities not classified elsewhere. It excludes state spending on other public services such as pub-
lic education, public safety, and public spaces. Unfortunately, welfare spending is not separately
recorded for immigrant and native households, SO one cannot 1solate the amount of public assistance
received by immigrants. :

- 20Notice that we slightly refine the original measure by using the mean instead of the median
welfare spending per native household as the cutoff for the first condition because it provides a
much more natural cutoff in the data for 2006. All results are substantially identical if the median
rate is used mstea.d Results avallable upon request '

- 2In Figure 6.5 these are all states to the right of the dotted vertlcal line.

22We obtain the fraction of households receiving cash forms of pubhc assistance from the 2006
American Community Survey. This measure is separately available for immigrant and native house-
holds, but limited to public assistance income including general assistance, TANF, and SSI. Com-
pared to total public welfare spending it excludes non-cash benefits. Another disadvantage is that it
merely measures the number of immigrant households receiving cash assistance but not the actual
- amount. We confirmed that both welfare spending measures are positively correlated (r=.28 in our

data for 2006 compared to r=.24 in Hanson et al. (2007)). Based on this correlation, Hanson et al.
- (2007) argue that total public welfare spending serves as a reasonable proxy for welfare spending on
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Figure-6:5. In our-data; the exact same threshold (0.012) provides the natural break
in the distribution. Seven states are marked as facing high fiscal pressure; Texas is
the state just below the cutoff point. Overall the two fiscal exposure measures are
' highly correlated (r=.64) and agree on 46 of the 51 states. The classifications are
almost identical to the ones originally used by Hanson et al. (2007).2® Notice that

conceptually FISCAL EXPOSURE I is the preferred measure of Hanson et al. (2007)

because in contrast to FISCAL EXPOSUREII it includes} non-cash benefits. However,

it is important to note that FISCAL EXPOSURE I is based on a measure of general

' welfaré spending and does not account for actual welfare upﬁake by'immigrants and-
natives (captured, at least in part, by FISCAL EXPOSURE II).2

6.5.2 Attitudes towards Highly and Low Skilled Immigrants,

Natives’ Income, and Fiscal Exposure

Figure 6.6 plots the distribution of attitudes towards both highly skilled and low
skilled immigration conditional on respondent income and the first measure of immi-
grant fiscal exposure (FISCAL EXPOSURE I).?° To avoid a clﬁttering of the plot we
focus on the fraction of fespondents that is opposed to immigratioh (answérs “some-
what disagree” and “strongly disagree” that the U.S. should allow more immigration)
in each of the subsets defined by income, fiscal exposure, and immigraﬁion type. Two

main findings emerge from the data.

inunigrants only; :

2For example, regarding FISCAL EXPOSURE II the list of states marked as high exposure differ
by only a single state. For FISCAL EXPOSURE I all but six states seem to agree with certainty
and for the others we cannot determine this with certainty as information on the cutoff values is
missing in Hanson et al. (2007). ’

24 Also notice that both measures are computed on a household basis, where an immigrant house-
hold is defined as one whose head was not.a U.S. citizen at birth. This definition of immigrants
includes foreign born naturalized citizens and U.S. born children of immigrants. The census and
survey data do not distinguish the legal status of foreign-born respondents. This may affect public
welfare measures, because in many states illegal immigrants are ineligible for most public services..

25The results are virtually identical if we use FISCAL EXPOSURE II instead. .



Chapter 6: Economic Concerns and Attitudes Towards Immigration 214

‘First, the relationship between natives’ income levels and attitudes towards highly
skilled immigration is quite similar in high and low fiscal exposure states. Opposition
to highly skilled immigraﬁion seems to be slightly lower among the richest natives
than among the poorest ne,tives, but this is true for both high and low fiscal exposure
states. This finding seems at odds with what one would expect based upon the
standard fiscal burden model, as opposition to highly skilled immigration should fall
‘at' a faster rate with income in those states that face a high fiscal exposure (given
that hlghly skilled immigrants would relax the budget constralnt through their net
contributions to the tax coffers). - : '

~ Second, the relationship between natives’ income levels and attitudes towards
low skilled immigration does vary dramatically between high and low fiscal exposure
 states. Opposition. to low skilled immig‘ration is increesing with respondent income
in low exposure states, but the opposite is true for high fiscal exposure states where
the richest natives are more welcoming of low skilled immigration than the poorest
natives. This pattern is fundaanenfally inconsistent with the conventional wisdom
that rich natives fear being burdened with higher taxes as a consequence of low skilled
immigrants drawing on public services and draining government coffers. Instead, the
results are more consistent with the alternative e,rgument that poor natives should
be the most vocal opponents of low skilled immigration in high fiscal exposure states
because they fear increasing competltlon for public services and the erosion of welfare

benefits.

6.5.3 Formal Tests of the Fiscal Burden Model

In order to formally test the fiscal burden model we estimate a series of ordered

probit estlmatlons with the following spemﬁcatlon
4 =a+yHSKFRAME; + ¢ (HSKFRAME; - INCOME;) + (6.5)
| | 7INCOME; + Zi3 - (6.6)

where the parameter v directly identifies the premium that natives attach to highly

skilled over low skilled immigration and ¢ captures how the premium for highly skilled
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immigration varies conditional on the income level of the respondent. We estimate
the models separately for the high and low fiscal exposure states and enter our basic
set of sOcib—demograp_hic covariates including the respondents age (in 7 age brackets),
- gender (fema.le=1,mé,le=0), and race (four dummies for White, Hispanic, Black, and
Othér) in all specifications. We also include respondenf’s education to each ‘mo,del,
although the results are substantially identical 1f education is excluded.?¢

The key- prediction from the standard ﬁsca.l burden model is that rich (hlgh in-
come) natives should attach a larger premium to highly skilled relative to low skilled
immigrants than do poor natives. In addition, following Hanson et al. (2007), we
can expect that this difference should be larger in states with high fiscal eprsure to
immigrétion than in states with low exposure. This means that we should expect ¢
to be positive and significant. In addition, ¢ should be larger in states with high fiscal
expdsure to immigrants than in low exposure states. This standard model a,ssu’mes‘
that taxes are adjusted to balance budgets, so natives attitudes reflect their concerns
about tax rates. The alternative type of argument assumes that states adjust per
capita transfers but hold tax ra.tés constant, and makes an opposite prediction: rich
natives prefer highly skilled over low skilled immigra.nts less than poor natives, a.ﬁd
the difference should be lérger in states with high fiscal exposure to iminig‘ra.nts than
in states with low exposuré. Accordingly we would instead expect ¢ to be negative
‘a,nd‘signiﬁca.nt. And in the states with a high fiscal exposﬁre to immigrdnts, ¢ should
be larger (in absolute tefms) than in low fiscal exposure states.

Finally, we also re-estimate all models relaxing the lihearity assumption using the
following specification: | ’
mi= a++yHSKFRAME;+ Y ¢ (HSKFRAME,- - 1{INCOME; = k}) +

ke{1,2,4}
> 7 1{INCOME; = k} + Zs3) (6.7)
ke{1,2,4} :

This specification allows for a‘ different, premium conditional on each of the four
income Quartiles, which we label INCOMEQI1 to INCOMEQ4. Notice that we use

26This is expected given the random assignment of HSKFRAME. Results avajlable upon request.
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- INCOMEQ@3 (respondents that fall in the third quartile of the income distribution)

as our reference category.

6.5.4 Results for the Tests of the Fiscal Burden Model

The upper panel in Table 6.2 presents the estimation results. In the first column
we estimate the model for all states. We find that income is associated with increased
- support for ‘immig'ration. However, the premium attached to highly skilled over low
skilled immigrants does not systematically vary across respondents’ income levels;
the coefficient for the interaction term between the high skill frame and the income
variable enters insignificant and sinall in magnitude. In columns 2 and 3 we restrict
the estimation to the sub-samples of states that are characterized by’ a high level of
fiscal immigrant expoSure according to the two measures FISCAL EXPOSURE I and
II. Strikingly, the interaction terms in both subsamples now enter hegative, fairly large
in magnitude, and significant at conventional levels. This indicates that in high fiscal
éxposui‘e states the premium attached to highly skilled immigration relative to low
skilled immigration is decreasing in respondents’ income level. This finding is cleai‘ly
inconsistent with the conventional fiscal burden argument and the findings reported
in previous studies. The finding is consistent, however, with the alternative argument
é,ccording to which low income natives in high fiscal ekposure states are likely to fear
the erosion of welfare benefits as a consequence of low skilled immigration.

We find no such interaction in low fiscal exposure States, as showr} in columns 4
and 5. In fact the interacfion terms are almost exactly zero. In the last two columns
6 and 7 we further restrict the 811b-samples to states with low fiscal éxposure but
high levels of immigration (as measured by the IMMIGHIGH variable). Agéjn we.
ﬁnd no interaction between the hlgh skilled question frame and réspondenté’ income
levels. Taken together these two results suggest that the negative relationship between
réspo_ndent income and the premium attached to highly skilled immigrants relative
to low skilled immigrants is indeed driven by the levels of fiscal exposure and not by
levels of immigration per se. | ' |

The lower panel of Table 6.2 present‘s'the results when we also relax the linearity



Chapter 6: Economic Concerns and Attitudes Towards Immigration 217

assumption in the interaction between respondents’ income and preferences towards
highly skilled and low skilled immigration. The findings are broadly similar to our
previous findings, altheugh they suggest that the main diving line in attitudes towards.
highly skilled relative to low skilled immigrahts seems to be the transition from the
second to the third quartile of the income distribution. In the high fiscal exposure
states (models no 9‘a,nd 10) the interaction terms for both the lowest and the second
lowest income dummles enter pos1t1ve and with large magnitudes and are (Jomtly)
- highly significant, 1nd1cat1ng that these two groups of respondents attach a larger
~premium to highly skilled relative to low skilled 1mm1grants than respondents in
the third quartile (the reference category). The interaction for the highest income
duimhy is almost zero indicating that for the richest respondents the premium is
_roughly similar to the preniium for those in the third quartile. Again we find no such
interaction in the states with low fiscal exposure (columns 11 and 12) and the subset
of states with low exposure but high levels of immigration (columns 13 and 14).
-‘ In order to give a substantive interpretation to the results we simulate predicted |
probabilities for supporting an increase in immigration (answers “somewhat agree”
and “stroneg agree” that the US should allow more immigration) for the median
respondent (white woxhen aged 45 with some college education). We complite the
pfedicted probabilities for all four income levels, both immigration types, and for
both hlgh and low fiscal exposure states (based on FISCAL EXPOSURE I) using |
“our least restnctlve models (models 10 and 12).2” Figure 6.7 shows the results and
summarizes our key ﬁndlngs regarding the fiscal burden model.

The figure suggests that the way in which fiscal concerns interact with respondents’
income in forming attltudes towa.rds highly skilled and low skilled immigrants is
inconsistent with the conventional wisdom. In states with high fiscal exposure to
immig'ration, poor respondents are less likely to support low skilled immigrants than
they are in states with low expoSure. Moreover, in high exposure states, poor natives

attach a much larger premium to highly skilled relative to low skilled immigrants

- 2TResults are substantivally identical if FISCAL EXPOSURE II is used instead. Results available
upon request.



Chapter 6: Economic Concerns and Attitudes Towards Immigration | - 218

than they do i'n-’low exposure states. Taken together these results are much more
consistent with the alternative type of argument about the fiscal concerns raised
by immigration according to which poor natives fear competition with low skilled
immigrahts for access to public services. Rich respondents, meanwhile, are if anything
more supportive of low skilled immigrants in high fiscal exposure states than they are
states with low exposure, and the premium they attach to highly skilled immigrants is
unéﬁected by fiscal exposure, findings that are completely at odds with the standard
argument that rich natives are primarily concerned about tax hikes that could be
triggered by low skilled immigration. (The sa;mé figure based on our folloW—up test
that uses the within-group variation is presented in Figure 6.9 in appendix B. It

mirrors the results obtained in Figure 6.7).

6.6 Conclusion

To date, no empirical study has been able to distinguish between the attitudes
that native citizens have towards highly skilled immigrants and their attitudes to-
wards low skilled immigrants. This distinction is a critical feature of the theoreticai
models that link economic concerns with attitude formation and policy preferences
with respect.to immigration. In our survey experiment we were able to expliciﬂy
and separately examine individuals’ attitudes towards highly skilled and low skilled
immigrants, randomly assigning respdndents to answer questions about immigrants
with different skill levels. f |

The results from the survey experiment challenge the predictidns made by the
standard theoretical models and the conclusions reached in recent (non-experimental)
studies. The labor market competition model predicts that natives will be most op-
posed to immigrants who have similar skill levels to their own. We find instead
that both highly skilled and low skilled respondents strongly prefer highly skilled
immigrants over low skilled immigra.nts; and this preference is not decreasing in re-
spondents’ skill levels. Support for both highly skilled and low skilled immigration is

strongly increasing in respondents’ skill levels. We also find that these relationships
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are similar for respondents currently in or enrr‘ently out of the labor force. Overall,
the results indicate that, in general, concerns about labor nlarket competition are not
a powerfuln driver of anti-immigrant sentiment in the United States — or, at least, not
in the simple ways so far imagined. | - '
| rAccording to the standard fiscal burden model, rich natives oppose low skilled
imnligration more than do poof natives, and this difference should be largeri in states
with greater fiscal exposure in terms of immigrant access to public services. We find
instead that rich and poor natives are equally opposed to low skilled immigration in |
general, and rich natives are actually less opposed to low skilled immigration in high
exposure states than in low exposure states. These results are clearly inconsistent
with claims that concerns about a heavier tax burden associated with the provision
of public services are driving rich natives to oppose low skilled immigration.

We find evidence, however, that snpports an alternativeargument about public
finance and immigration. We find that poor natives are markedly more opposed
to lovv skilled immigration in states with high fiscal exposure than in states with
low ﬁscal- exposnreQ This supports an argument that concerns about access to or -
'vovercrowding of public services contribute to anti-immigrant attitudes among poorer
citizens. Across the states over the past 25 years or so, while immigration has had
no diScefnable impact on tax rates, per capita welfare expenditures have grown the
slowest in states that experienced larger increasee in the share of imrnigrants in their
population. The evidence suggests that fears among poor natives about constraints
on welfare beneﬁts as a result of immigration are fa.r more relevant than concerns

among the rich about 1ncreased taxes
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6.7 Appendix A: Theoretical Framework

We incorporate a simple model of public finance with the standard fa.cth-preportions

- (FP) analysie of immigration to derive the basic pfopositions about natives’ attitudes

towards highly skilled and low skilled immigrants. We build on similar dhalysis by

Dustman and Preston (2006) and Facchini and Mayda (2007), a.nd where possible

* use matching notation.: Assume a nondiversified economy producing one commodlty,
‘with constant returns to sca.le -using two factors of production: hlghly skilled labor

' k(Ls) and low skilled labor (Ly). The native populatlon is made up of N = Lg + Ly

indiViduals each owhing one unit of labor (either highly skilled or low,skilled) and an

endowment e™ of the commodity (where n indexes natives). Equ111br1um is descrlbed

by full employment of each factor and competitive proﬁts

asQ=1Ls o (6.8)
CayQ =Ly - (6.9)
asws + aywy =1 f ' (6.10)

where ag and ay e,fe the quantities of each factor required per unit of output Q, wg
and wy are wages for highly skilled and low skilled labor, and the commodity price
is fixed in the world market and normalized to 1. After total Vdifferentiiation, given
cost mihimizihg Va,lues for asi and ay, we can derive solutions that exprees changes in
wagesv a.sba. funetion of different types ef immigration: |

ws .(1—95) (LU—Ls) o | (6.11)

g

iy = — @(LU—LS) | o (612)

where hats indicate proportional changes, 6; is the distributive share ef L; in total =
output (j € {S,v U}), and o is the elé.sticity of substitution between factors. It is
clear that any increase in the supply of highly skilled labor (Ls > 0), ceteris paribus,
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, implie's a reductionin real wages for highly skilled natives (s < 0) and a rise in
real wages for low skilled natives (wy > 0). Alternatively, inflows of low skilled labor »
(Ly > 0), ceteris paribus, will raise real wages of highly skilled natives (ws > 0)
and reduce real wages of low skilled natives (wy < 0). These are the two scenarios
presented in the survey experiment. Of course, if there are inflows of both highly
skilled and low skilled immigrants, ‘the wage effects will depend on the impact of the
inflows on relative factor supplies (f,s — f,U). |

Assume that the government provides public services to all individuals reSiding in
the country and that these services are consumed in’eqiial amounts by all and valued
at b per person v(so that they are, in effect, a lump sum transfer of b to each resident).
Goifernment spending is financed 'by a proportional income tax, set at rate 7, so that

the government budget constraint is:
| T (wSLs +wyLy + E) =b(Ls + Ly) | (6.13)
\&here E =} ¢". The after-tax income of the n-th native is:
I} = (1f T)(w;j+€")+b ' (6.14)

Immigration can affect the after-tax income of a native by altering wage rates, but
also by affecting the tax rate or the provision of government services (or both).

In line with previous abproa,ches, we assume that the government will adjust to
any change in fiscal circuinstanCes by either adjusting the tax rate or by adjusting
spending. In the first case, holding b constant and totally differentiating equation
6.13 yields: | | |
- 7= (As — ¢5) Ls + (v — ¢) Lu — ¢ E ~ (615)

where ); is the share of L; in the population and ¢; is the distributive share of
L; in total income (Q + E). Assuming wg > wy, then Ay — ¢y > 0 and it is
clear that inflows of low skilled iminigra.nts (Ly > 0) necessitate raising the tax
ra.te', all else equal, as taxes on their wages (at the current rate) will not cover the
»additional spending on the government services they consume. It is possible that such

immigrants could arrive with endowments (E' > 0) enough to generate an offsetting
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increase in tax revenues, but the standard assumption is that low skilled immigrants
have zero taxable assets. The arrival of highly skilled immigrants (Lg > 0) will lead‘
to a reduction in the tax rate, all élse equal, if As — ¢s < 0, which is the case when
E < Ly(ws —wy). The intuition here is that higth skilled immigrants will raise per
capita before-tax income, which at the fixed levels of per capitia government spending
allows a reduction in the tax rate (as long as endowments do not represent a large
proportion of national mcome) This tax relief affect is accentuated to the extent
that highly skilled 1mm1grants bring taxable endowments.
After totally dlfferentlatlng equation 6.14, we can describe the impact of immi-

gratlon on native n ’s after-tax income:

. o w;(1 — 7)i; — 7G}F
J (1-7)G} +b

where gross (before—tax) income G} = (w; + €"). What can we now say about the

(6.16)

impact of different types of immigration on the net income of natives? Holding aside
the wage effect, which we know (from equations 6.11 and 6.12 above) will hinge on
the skill level of the particular native, it is easy to see that the impact will vary with
income. Combining 6.15 and 6.16, and assuming for simplicity that E=0itis
straightforward to show that with inflows of low skilled immigrants (Ly > 0), the
tax rate must rise (7 > 0), net incomes fall (I J" < 0), and the losses are magnified for
natives with higher gross incomes (91 "/0G} < 0). Conversely, with inﬂows of highly
skilled immigrants (Lg > 0), the tax rate falls (f < 0) as long as F < Ly(ws — wy), |
net incomes rise (I * > 0), and the gains are greater for those with higher before-tax
incomes (8[ 7/0G7 > 0). In sum, richer natives lose more than poorer counterparts'
from the entry of low skilled immigrants, and they gain more with the arrival of highly
Skilled immigrants. |

The overall effect of immigration on the net income of native n, with skill level
4, will depend on the combination of Wage and tax effects. For low skilled natives,
these effects are always in the same direction: inflows of low skilled immigrants will
reduce wages (éI)U < 0) and raises taxes, while inflows of highly skilled workers raises
wages (wy > 0) and reduces taxes. Highly skilled natives have a more complicated

calculation: low skilled immigrants raise their wages (g > 0) but also increase the
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tax burden; ‘highly skilledvimmigrants push down wages (és < 0) but also decrease
taxes. | | » ﬂ | | }

‘What if the government adjnsts to the'cha.ngev in ﬁscal circumstances by adjueting ;
spending while keeping the tax rate fixed? In this second ea,ée, holding 7 constant
and. totelly differentiating equation 6.13 yields: |

b=—(\s ~¢s)Ls ~ (v — ¢v) Ly + ¢ - (617)

: The‘ impa.ct of immigration on the per;ca.pita provision of governme'nt services When :

 taxes are fixed is just the exact reverse of the effect on the tax rate when spending

is fixed. Inflows of low skilled immigrants (Ly > 0) necessitate a reduction in per-

‘person services (b < 0), assuming such ‘1mm1grants brlng no taxable endowments.
Highly skilled immigrants (ﬁs >.0) generate an expansion in services (b > 0).

Totally differentiating equation 6.14, thie time assuming no change in the tax rate

but an adjustment in spending, we get:"

fn : w;i(1 — 7)w; + b
7 (1-71)GF+b

(6.18)

Controiling for the wage effect, and’assuming E =0, it is easy to show that with
inflows of low skilled immigrants‘(f,U > 0) per—capite services must be cut (b < 0)
‘and net incomes fall (fJ" < 0); these losses a,re smaller for natives with higher g'ross
incomes (6f;‘ [0G} > 0). Inflows of highly skilled immigrants (Lg > 0) result in an
expansion of services (5 > 0) and an increase in net incomes (f 7 > 0), but these gains ‘
are smaller for those with higher incomes (61 n /6G" < 0). In this case, the stakes

are largest for the poorest natives: poor natives are hurt more than richer natives by
low skilled immigration, and they benefit more than richer counterparts from hlghly

skilled 1mm1grat10n .

6.8 Appendix B: Within-Groups Analysis

This appendix summarizes the results from the within—groups analysis of immigra--

tion attitudes. Two weeks following the implementation of the main survey (module
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1) we-Contactéd"a’ randomly chosen subset of 1,400 of the respondents with a secoﬁd
survey (module 2). In module 2 we asked respondents about their attitudes towards
immigration using the same two question versions that we used in module 1, one refer-
ring to highly skilled immigration and the other referring to low skilled immigration.
We randomly allocated the module 2 questions among the respondents abcording to
a split-sample cross-over design: Of the respondents that received the highly skilled
immigration question in module 1, half received the highly skilled immigration ques-
tion and hé.lf received the low skilled immigi‘ation question in module 2. Similarly,
of the res'ponbdents that received the low skilled immigration question in module 1,
half received the highly skilled immigration question and half received the low skilled
immigration question in module 2. The allocation and frequencies are summarized in
Table 6.3. | | |

This design allows us to examine both the stability of attitudes over time as well
as the degree to which the same respondents prefer highly skilled versus low skilled
immigration. Since the groups are randomly assigned in both modules, each group
compa.risdn — within é,nd across modules — in principle provides unbiased estimates.
Notice that in‘ contrast to the between-group comparisons for module 1 that are the
foéus in the main text, the across-module within—group comparisons that we focus onk
in this appéndbc may be affected by carry-over effects if the respondents’ answer to
the module 1 question affects her answer vto the module 2 question. However, given
th_e two week “wash out” period between the modules this seems unlikely (see testé

in the next section).

6.8.1 Stability of Attitudes and Skill Premium

Table 6.4‘summarizes the mean support for the two typeé of immigration for
the subset of respondents that participated in both module 1 and module 2. The ob-
served support for immigration in each module is measured by the categorical variable
PROIMIG which takes on the integer value associated with one of the five answer
Categories j= (1,2, ...,5) from “strongly disagree” to “strongly agree” respectively.

We find that attitudes towards both highly skilled and low skilled immigration are
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' fairl&.stable ‘Ebetw_een module 1 and module 2. The first row suggests that among those
who are aeked about low skilled immigration in both modules, we cannot reject the
null that the mean level of suppert is the same in both modules (using paired-tests
| with‘samplihg weights). The second row .suggesfs that the same is true for those who
are asked aboi;t highly skilled immigration in both modules. |

"The third row looks at the within-groups i' differences for those who were asked
about low skilled immigration in module 1 and highly skilled immigration in module
2. We find that high skilled immigrants are much preferred over their low skilled
counterparts: on average the support is about .5 higher (on the 5 point scale) and
this difference is highly significant. Row four indicates that the same is true When the
question order is reversed (highly skilled in module 1 and low skilled in module 2):
>Support is about .66 higher and the difference is highly significant. We cannot reject
the null that the premium attached to highly skilled versus low skilled iinmigration
differs depending on the question order (the confidence intervals of the two differences
in row 3 and 4 overlap widely). This suggests that the two week “wash out” period
between the two survey modules was sufficient to eliminate cafry—over effects that may
result from the fact that respondents try to make their answers consistent to avoid

the impression of skill-based discrimination between the two types of immigrants.

6.8.2 Tests of the Labor Market Competition Model

- To test the labor market competition model based on within—groups' differences
we focus on the 673 respondents that were asked about different skill types in mod-
ule 1 and 2. We fit ordered probit models as described in the main text, regressihg‘
attitudes towé.rd,hjghly skilled and low skilled immigration on a set of highest edu-
cational attainment dummies and our. basic set of covariates. Again, we simulate the
predicted probability of supporting an increase in immigration (answers “somewhat
agree” and “strongly agree” that the U.S. should allow more ’immigration) for the
Ihedian respondent (white women aged 45) for all four skill levels and both immigra-
tion types. Figﬁre 6.8 shows the results and summarizes our key ﬁndings for the tests

of the labor market competition argument based on the within-groups analysis. Full
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regression results are available upon request.

The findings are virtually identical to the results obtained from the between—groups
test presented in the main text, except that the confidence intervals are slightly larger
~ due to the fact that our sample size is now cut in half. In contrast to the predictions
| from the labor market competition model, support for both low and highly skilled
immigration is steeply increasing iﬁ respondents’ skill levels. Moreover, there seems
~ to be no systematic variation in the premium attached to highly skilled immigrants

across respondents’ skill level. .
We also replicated the tests comparing the support for highly skilled and low
skilled immigration among those respondents that are in and out of the labv'our force.
The results are very similar to the between-groups test reported in the paper. We
ﬁnd that when goihg from lowest to the highest educational attainment category
the probability of supporting an increase in highly skilled immigration increases by
.25 [.17; .33] among those that are currently in the labour force and by .30 [.22 ;
.39-] among those that are out of the labour force. Similarly, the probability of
supporting an increase in low skilled immigration raises by .18 [.13 ; .22] among those
in the labour force andby 0.12 [0.08; 0.17] among those out of the labour force.
These results are again inconsistent with the idea that labor market concerns are a
driving factor in attitudes towards inimigration If that where the case, we should see
marked differences across the two labor market sub—samples Full regressmn results

are ava,llable upon request

6.8.3 Tests of The Fiscal Burden Model

To test the fiscal burden model based on within-groups differences we again fo-
cus on the 673 respondents that were asked about different skill types‘ in module 1
and 2. Fer both high and low fiscal exposure states we fit ordered probit models as
described in the main text, regressing attitudes toward highly skilled and low skilled
immigration on a set of dummies that indicate a respondent’s quartile in the income
distribution, our basic set of covarie,tes, arld educational attainment. Again, we sim-

ulate the predicted probability of supporting an increase in immigration (answers
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“somewhat :é;g;féei"’ and “sﬁrdﬁgly agree” that the U.S. should allow more immigra—
tion) for the median respondent (white women aged 45) for all four skill levels, both
immigration types, and fiscal exposure levels. Figure 6.9 shows the results (based
on FISCAL EXPOSURE I) and summarizes our key findings for the tests of the
- fiscal burden model bé.sed on the within-groups analysis. The results are substanti-
vally identical if FISCAL EXPOSURE II is used instead. Full regression results are
available upon request. ' ' ‘ |

- The findings are again very similar to the results reported in the main text based
on the between-groups analysis. In high fiscal eprsure'states, the premium attached
to high versus low skilled immigrations is small among the richest natives, but large
among' the poorest natives. This indicates that tax concerns are unlikely to be an
important driver of anti-immigrant séntiments because in states with high exposure
the riéhest natives should be the ones that attach the highest premium to high skilled
imlhigration. Thé results are supportive of the alternative scenario that highlights
fears about the erosion of public services. In high exposuré states where competition
for public services is most seive, the poorest nativés exhibit the highest premium
'fbor highly skilled versus low skilled ,immig‘lrants. Similarly, comparing low and high
exposure states the results are inconsistent with the tax hike argument. Rich (poor)
respondents, meanwhile, are if anything more supportive of low (high) skilled immi-
gra.ﬁts in high fiscal exposure states than they are states with low exposure. These
findings are again completely at odds with the standard argument that rich natives
are primarily concerned about tax hikes that could be triggered by low skilled im-
migration. The findings support the alterative scenario which anticipates that fear
of competition with low skilled immigrants for access to public services, éspecially'

among the poorest natives is critical for anti-immigrant sentiment.



Chapter 6: Economic Concerns and Attitudes Towards Immigration | - 228

6.9  Appendix C: Descriptive Statistics

variable obs mean sd min max
PROIMIG 1589 257 125 1 5
FEMALE | 1601 051 050 O 1
WHITE ~ |1601 073 045 O 1
BLACK | 1601 0.10 030 0 1
HISPANIC . ]1601 003 017 0 1
AGE CATEGORY 1601 385 168 1 7
HSKFRAME 1601 050 0.50 O 1
EDUCATION - |1601 276 1.00 1 4
HS DROPOUT 1601 011 031 0 1
HIGH SCHOOL 1601 032 047 0 1
SOME COLLEGE 1601 028 045 0 1
BA DEGREE 1601 030 046 O 1
INCOME | 1601 254 111 1 4
INCOMEQ1 | 1601 025 043 0 1
INCOMEQ2 1601 020 040 O 1
INCOMEQ3 1601 031 046 0 1
INCOMEQ4 1601 024 043 0 1
FISCAL EXPOSUREI [ 1601 025 043 0 1
FISCAL EXPOSUREII [ 1601 030 046 0 1

0 1

IMMIGHIGH 1601 0.52 0.50
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6.10 ,Tables-'for Chapter 6 |

. Table 6.1: Individual Support for Highly Skllled and Low Skllled Immigration - Test
of the Labour Market Competltlon Model :

In Favor of:
High  Low
: | Skilled Skilled In Favor of:
. Dependent Variable Immig. Immig. | . Immigration :
Model No (1) @ 1@ @ 6 6 O
: ” ” labour force
Sub-sample : in out
EDUCATION 0.21 0.27 0.27 033 0.19
) ' (0.05) ~ (0.05) ~ (0.05) (0.06) (0.07)
HSKFRAME » -] 054 073 056 | 073 0.64
_ - o (0.07)- (0.20) (0.12) | (0.28) (.29)
HSKFRAME-EDUCATION -0.07 1 -0.08 0.00
S ’ ’ ~(0.07) (0.09) (0.11)
HS DROPOUT -041 ' ~
- v (0.18)
HSKFRAME-HS DROPOUT 0.24
s ‘ (0.25) |
HIGH SCHOOL -0.16
‘ . (0.12)
HSKFRAME-HIGH SCHOOL ~ -0.05
- - (0.17)
BA DEGREE 0.41
. (0.12)
HSKFRAME-BA DEGREE -0.08
_ (0.16)
N 798 791 1589 1589 1589 | 946 643
Covariates X X X x X X X

Note: Order Probit Coefﬁcnents shown with standard errors.in parenthesis. All models include a set of the covariates age,
gender, and race (coefficients not shown here). The reference category for the set of education dummies is SOME COLLEGE .

(respondents with some college educatlon)
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: Table 6.2: Individual Support Highly Skilled and Low Skilled Immigration - Test of
the Fiscal Burden Model '

Dependent Variable ‘ In Favor of Increasing Immigration
Level of Fiscal Exposure Both High Low © . Low
Measure of Fiscal Exposure I II I II I II
Level of Immigration Both Both Both High
Model No M ] @ B 1@ 6 |6 O
HSKFRAME 0.62 | 1.22 1.18 0.43 0.44 0.33 0.39
' (0.17) | (0.34) (0.29) | (0.19) (0.20) | (0.31) (0.34)
HSKFRAMEINCOME - | -0.03 | -0.18 -0.20 | 0.03 0.04 0.05 0.08
' ' - (0.06) | (0.12) (0.10) | (0.07) (0.07) | (0.11) (0.12)
INCOME 0.11 0.22 026 | -0.03 -0.05 | 0.02 --0.01
. ’ (0.04) | (0.08) (0.08) | (0.05) . (0.05) | (0.09) (0.09)
N ‘ 1589 397 470 | 1192 1119 431 358
- Covariates X X X X X X X
Model No ® 1 © @ | 1) 12 | 13 )
HSKFRAME 0.57 0.54 0.46 0.60 0.64 0.54 0.72
' (0.11) | (0.23) (0.22) | (0.13) - (0.13) | (0.25) (0.27)
INCOMEQ1 0.17 | -0.39 -045 | 0.35 0.36 0.11 0.20

| (0.13) | (0.26) (0.26) | (0.14) (0.15) | (0.27) (0.27)
HSKFRAME-INCOMEQ1 | -0.14 | 0.39 0.39 | -0.30 -0.30 | -0.00 0.05
a _ (0.18) | (0.37) (0.33) | (0.20) (0.21) | (0.35) (0.39)
INCOMEQ2 -0.03 | -052 -044 | 012 0.16 | 022 0.39
© 1 (0.14) | (0.29) (0.24) | (0.16) (0.16) | (0.22) (0.26)
 HSKFRAME.INCOMEQ2 | 0.30 | 069 0.65 | 0.17 .0.12 | -0.36 -0.62
‘ 1 (0.18)- ] (0.36) (0.32) | (0.21) (0.22) | (0.34) (0.38)
INCOMEQ4 034 | 024 028 | 033 033 | 024 0.26
_ (0.12) | (0.23) (0.21) | (0.14) (0.15) | (0.23) (0.27)
HSKFRAME.INCOMEQ4 | -0.18 | -0.04 -0.08 | -0.20 -0.20 | 0.06  0.04
, (0.17) | (0.31) (0.30) | (0.20) (0.20) | (0.33) (0.36)

N ’ 1589 | 397 470 | 1192 1119 | 431 358
Covariates X X X X b b X

Note: Order Probit Coefficients shown with standard errors in parenthesis. All models include a set of the covariates age,
gender, and race, and education. (coefficients not shown here). The reference category for the set of income quartile dummies
is INCOMEQS3 (respondents in the third quartile of the income distribution).
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Table 6.3: Split-Sample Cross-Over Design for Within-Groups Test

Module 1

Module 2

Question frame:

N

Question frame: . N

highly skilled immigrants 798

highly skilled immigrants 342

, low skilled immigrants 337

low skilled immigrants 791 | highly skilled immigrants 338
o | low skilled immigrants 339
Total 1,589 | Total 1,356

Table 6.4: Mean Support for Immigration by Module and Immigrants’ Skill Type

PROIMIG

Comparison
Module 1 Module2 N Mod1l Mod 2 Dif .95LB .95 UB
~ Low skilled Low skilled 330  2.29 2.21 0.08 -0.04 0.19
Highly skilled - Highly skilled 341  2.79 288 -0.09 -0.21 0.03
Low skilled Highly skilled 337  2.17 266 -049 -0.65 -0.34
Highly skilled Low skilled 336  2.86 2.20 0.66 0.52 0.81
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6.11  Figures for »Chapter..6 |

Figure 6.1: Changes in Average Margina.] State Income Tax Rate, Public Welfare
Spending Per Capita, and Percent Foreign Born Population: 2004 to 1990
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Figure 6.2: Sﬁpport for Highly Skilled and Low Skilled Immigration
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Figure 6.4: Support for Highly Skill
Skill Level
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Figure 6.5: Measures of Fiscal Exposure
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Figure 6.6: Attitudes Toward Highly Skilled and Low Skilled Immigration by Re-
spondents’ Income Level and Immigrant Fiscal Exposure of Respondents’ State
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Figure 6.7: Support for Highly Skilled a.nd Low Skilled Immlgratlon by Respondents
Income Level and Immigrant Fiscal Exposure of Respondents State
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Figure 6.8: Within-Groups Test: Support for Immigration by Respondents’ Skill
Level ‘
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Figure 6.9: Within-Groups Test: Support for Immigration by Respondents’ Income
Level : ’
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