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Instrumental variables: examples

Some well-known IV papers:

e Does Compulsory School Attendance Affect Schooling and
Earnings? |[Angrist and Keueger| (1991)

ABSTRACT: We establish that season of birth is related
to educational attainment because of school start age pol-
icy and compulsory school attendance laws. Individu-
als born in the beginning of the year start school at an
older age, and can therefore drop out after completing less
schooling than individuals born near the end of the year.
Roughly 25 percent of potential dropouts remain in school
because of compulsory schooling laws. We estimate the im-
pact of compulsory schooling on earnings by using quarter
of birth as an instrument for education. The instrumental
variables estimate of the return to education is close to
the ordinary least squares estimate, suggesting that there
is little bias in conventional estimates.
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Source: Scott Cunningham (2018), Causal Inference: The Mix
Tape (V.1.7)

= an individual’s date of birth is probably unrelated to his or her
innate ability, motivation, or family connections, it seems credible
to assert that the only reason for the up-and-down quarter-of-birth
pattern in earnings is the up-and-down quarter-of-birth pattern in
schooling’

Criticism: Bound et al.| (1995))

ABSTRACT: We draw attention to two problems associ-
ated with the use of instrumental variables (IV), the im-
portance of which for empirical work has not been fully
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appreciated. First, the use of instruments that explain
little of the variation in the endogenous explanatory vari-
ables can lead to large inconsistencies in the IV estimates
even if only a weak relationship exists between the instru-
ments and the error in the structural equation. Second,
in finite samples, IV estimates are biased in the same di-
rection as ordinary least squares (OLS) estimates. The
magnitude of the bias of IV estimates approaches that of
OLS estimates as the R? between the instruments and the
endogenous explanatory variable approaches 0. To illus-
trate these problems, we reexamine the results of a recent
paper by Angrist and Krueger, who used large samples
from the U.S. Census to estimate wage equations in which
quarter of birth is used as an instrument for educational
attainment. We find evidence that, despite huge sample
sizes, their IV estimates may suffer from finite-sample bias
and may be inconsistent as well. These findings suggest
that valid instruments may be more difficult to find than
previously imagined. They also indicate that the use of
large data sets does not necessarily insulate researchers
from quantitatively important finite-sample biases. We
suggest that the partial B2 and the F statistic of the iden-
tifying instruments in the first-stage estimation are useful
indicators of the quality of the IV estimates and should be
routinely reported.

Buckles & Hungerman (ReStat, 2013):

‘|...] children born at different times in the year are con-
ceived by women with different socioeconomic character-
istics. Children born in the winter are disproportionally
born to women who are more likely to be teenagers and
less likely to be married or have a high school degree. We
show that controls for family background characteristics
can explain up to half of the relationship between season of
birth and adult outcomes. [...| Our findings suggest that,
though popular, season-of-birth instruments may produce
inconsistent estimates.’
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e Using Electoral Cycles in Police Hiring to Estimate the
Effect of Police on Crime, Steven D. Levitt, The American
Economic Review, Vol. 87, No. 3 (Jun., 1997), pp. 270-290

ABSTRACT: Previous empirical studies have uncovered
little evidence that police reduce crime, possibly due to si-
multaneity problems. This paper uses the timing of may-
oral and gubernatorial elections as an instrumental vari-
able to identify a causal effect of police on crime. Increases
in the size of police forces are shown to be disproportion-
ately concentrated in mayoral and gubernatorial election
years. Increases in police are shown to substantially re-
duce violent crime, but have a smaller impact on property
crime. The null hypothesis that the marginal social ben-
efit of reduced crime equals the costs of hiring additional
police cannot be rejecte.

Criticism:
Comment: Justin McCrary, The American Economic Review, Vol.
92, No. 4 (Sep., 2002), pp. 1236-1243

“Levitt’s 2SLS results for violent crime are driven by a
large, apparently precise estimate of the effect of police
on murder. This is surprising since among the seven cat-
egories of crime considered, murder exhibits the great-
est year-to-year variability. It turns out that the preci-
sion of the murder estimate is due to a weighting error.
The weighting procedure was designed to give relatively
more weight to crimes with lower year-to-year variability.
However, an error in Levitt’s computer program accom-
plished exactly the opposite, giving highly variable crimes
the most weight in the estimation, and severely biasing
all standard errors. To demonstrate the substantive impli-
cations of this error, I present replication estimates that
use the correct (and intended) weighting scheme. When
weights are employed correctly, the data support neither
of Levitt’s main conclusion.”

Police, Crime and the Problem of Weak Instruments: Revisiting



Understanding econometrics 4

the ‘More Police, Less Crime’ Thesis Kovandzic, Schaffer, Vieraitis
and Orrick, (June 2015)Journal of Quantitative Criminology 32(1)

A key question in the general deterrence literature has
been the extent to which the police reduce crime. Defini-
tive answers to this statement, however, are difficult to
come by because while more police may reduce crime,
higher crime rates may also increase police levels, by trig-
gering the hiring of more police. One way to help overcome
this problem is through the use of instrumental variables
(IV). Levitt, for example, has employed instrumental vari-
ables regression procedures, using mayoral and guberna-
torial election cycles and firefighter hiring as instruments
for police strength, to address the potential endogeneity of
police levels in structural equations of crime due to simul-
taneity bias. Methods We assess the validity and reliability
of the instruments used by Levitt for police hiring using
recently-developed specification tests for instruments. We
apply these tests to both Levitt’s original panel dataset of
59 US cities covering the period 1970-1992 and an extended
version of the panel with data through 2008. Results indi-
cate that election cycles and firefighter hiring are “weak in-
struments™—weak predictors of police growth that, if used
as instruments in an IV estimation, are prone to result
in an unreliable estimate of the impact of police levels on
crime. Conclusions Levitt’s preferred instruments for po-
lice levels—mayoral and gubernatorial election cycles and
firefighter hiring—are weak instruments by current econo-
metric standards and thus cannot be used to address the
potential endogeneity of police in crime equations.
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e Using Geographic Variation in College Proximity
to Estimate the Return to Schooling, Card, David

(1993), NBER Working Paper #4483, October 1993 http://
davidcard.berkeley.edu/papers/geo_var_schooling.pdf

ABSTRACT: A convincing analysis of the causal link be-
tween schooling and earnings requires an exogenous source
of variation in education outcomes. This paper explores
the use of college proximity as an exogenous determinant
of schooling. Analysis of the NLS Young Men Cohort re-
veals that men who grew up in local labor markets with
a nearby college have significantly higher education and
earnings than other men. The education and earnings
gains are concentrated among men with poorly-educated
parents — men who would otherwise stop schooling at rela-
tively low levels. When college proximity is taken as an ex-
ogenous determinant of schooling the implied instrumental
variables estimates of the return to schooling are 25-60%
higher than conventional ordinary least squares estimates.
Since the effect of a nearby college on schooling attainment
varies by family background it is possible to test whether
college proximity is a legitimately exogenous determinant
of schooling. The results affirm that marginal returns to
education among children of less-educated parents are as
high and perhaps much higher than the rates of return
estimated by conventional methods.


http://davidcard.berkeley.edu/papers/geo_var_schooling.pdf
http://davidcard.berkeley.edu/papers/geo_var_schooling.pdf
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e Does Trade Cause Growth? [Frankel and Romer| (1999)

ABSTRACT: Examining the correlation between trade
and income cannot identify the direction of causation be-
tween the two. Countries’ geographic characteristics, how-
ever, have important effects on trade, and are plausibly
uncorrelated with other determinants of income. This pa-
per therefore constructs measures of the geographic com-
ponent of countries’ trade, and uses those measures to ob-
tain instrumental variables estimates of the effect of trade
on income. The results provide no evidence that ordinary
least-squares estimates overstate the effects of trade. Fur-
ther, they suggest that trade has a quantitatively large
and robust, though only moderately statistically signifi-
cant, positive effect on income.

Criticism: [Rodriguez and Rodrikl (2000)
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e The Colonial Origins of Comparative Development Ace-
moglu et al.| (2001))

ABSTRACT: We exploit differences in European mortal-
ity rates to estimate the effect of institutions on economic
performance. Europeans adopted very different coloniza-
tion policies in different colonies, with different associated
institutions. In places where Europeans faced high mor-
tality rates, they could not settle and were more likely to
set up extractive institutions. These institutions persisted
to the present. Exploiting differences in European mor-
tality rates as an instrument for current institutions, we
estimate large effects of institutions on income per capita.
Once the effect of institutions is controlled for, countries
in Africa or those closer to the equator do not have lower
incomes.

Criticism: |Albouy (2012)

ABSTRACT: Acemoglu, Johnson, and Robinson’s (2001)
seminal article argues property-rights institutions pow-
erfully affect national income, using estimated mortality
rates of early European settlers to instrument capital ex-
propriation risk. However, 36 of the 64 countries in the
sample are assigned mortality rates from other countries,
often based on mistaken or conflicting evidence. Also,
incomparable mortality rates from populations of labor-
ers, bishops, and soldiers—often on campaign—are com-
bined in a manner that favors the hypothesis. When
these data issues are controlled for, the relationship be-
tween mortality and expropriation risk lacks robustness,
and instrumental-variable estimates become unreliable, of-
ten with infinite confidence intervals.
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e Culture and Institutions [Tabellini (2010)

ABSTRACT: Does culture have a causal effect on eco-
nomic development? The data on European regions sug-
gest that it does. Culture is measured by indicators of
individual values and beliefs, such as trust and respect for
others, and confidence in individual self determination. To
isolate the exogenous variation in culture, we rely on two
historical variables used as instruments: the literacy rate
at the end of the 19th century, and the political institu-
tions in place over the past several centuries. The political
and social history of Europe provides a rich source of vari-
ation in these two variables at a regional level. The exoge-
nous component of culture due to history is strongly cor-
related with current regional economic development, after
controlling for contemporaneous education, urbanization
rates around 1850, and national effects.

Criticism [Edwards) (2012)

ABSTRACT: This paper shows that Tabellini’s recent
claim to have provided evidence that culture has a causal
effect on economic development is unjustified. Tabellini’s
claim is based on an instrumental variables analysis in
which two instruments are used to identify the supposed
causal effect. One of these — past literacy — is an invalid
instrument. The other — past political institutions — is a
weak instrument. The estimates obtained using this sec-
ond instrument are so imprecise that they cannot be used
to support any conclusions about the effect of culture on
economic development.
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