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Lead Pipes and Homicides

In the second half of the nineteenth century, many U.S. cities built water supply systems. Some cities used
only iron pipes, while others used at least some lead pipes. Although lead in very high concentrations was
known to have short-run toxic effects, it was not until the 1940s that the first research showed that prolonged
exposure to low doses of lead through water could have lasting health effects.

This question examines the relationship between lead exposure through lead pipes and city homicide rates
for 1921-1936. Figure 1 shows U.S. cities that built water systems in the late 1800s using no lead (46%) or
some/all lead (54%) in their pipes. Table 1 summarizes regression results.

1. (6 pts) Interpret the coefficient on Rail Distance (1900) in regression (2).

Solution:The coefficient on regression (2) defines the effect of Rail distance on the probability of having a
lead pipe, holding constant the other controls. Note that the dependent variable in equation (2) is binary
and therefore the interpretation of the coefficient is different from the case in which the dependent variable is
continuos. In this case it is the change in the probability that Lead Pipe = 1 associated with a unit change
in Rail Distance. Specifically, if a lead smelter is 100 miles farther away, the probability of a city installing
lead pipes declines by .099, that is, by 9.9 percentage points

(The following is not necessary for full credit:) Formally,

β =
Pr(Y = 1|X = x+ ∆x)− Pr(Y = 1|X = x)

X = ∆x)

β =
Pr(Lead Pipe = 1|RailDistance = x+ ∆x)− Pr(Lead Pipe = 1|RailDistance = x)

(RailDistance = ∆x)

1



2. The standard errors in Table 1 are clustered standard errors, with the clustering at the city level.

(a) (5 pts) Explain the problem that clustered standard errors solve.

Solution: The standard assumption in the OLS model is that the errors are homoskedastic, that is indepen-
dent and identical distributed. This assumption is very strong and it does not correspond to the reality in
many setup. For instance, It may be the case, especially for panel date, that errors are potentially correlated
over time within an entity. E.g. Suppose that we fail to include a variable in the regression. This omitted
variable will be included in the error term and it is very likely that it will be correlated over time.

Clustered standard errors allow the regression errors to have an arbitrary correlation within a cluster, or
grouping, but assume that the regression errors are uncorrelated across clusters.

(b) (5 pts) In this application, do you think that clustering at the city level is appropriate or not? Explain.

Solution: Yes. It may be reasonable to think that errors are autocorrelated over time, and within the
cluster.
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3. Lead pipes cost more than iron pipes, but corrode more slowly. This suggests that richer cities could
afford lead pipes, while poorer cities chose iron.

(a) (5 pts) Provide the omitted variable bias formula relating the bias in to the correlation between the
regressor and the error term.

Solution: There are three full credit answers. The first provides the OVB bias formula in terms of the
correlation between the regressor and the error term ui.

The second provides the OVB bias in terms of the covariance between the included variable X and an
excluded variable W

Suppose the true model is the following:

Yi = β0 + β1Xi + β2Wi + ui

The model that is used by the econometrician is instead:

Yi = γ0 + γ1Xi + εi

This will generate an omitted variable bias given by:

β̂1 =
Cov(Yi;Xi)

V ar(Xi)

By plugging in the true model for Yi:

β̂1 =
Cov(β0 + β1Xi + β2Wi + εi;Xi)

V ar(Xi)

β̂1 = β1
Cov(Xi;Xi)

V ar(Xi)
+ β2

Cov(Wi;Xi)

V ar(Xi)

Where β2
Cov(Wi;Xi)
V ar(Xi)

represents the bias.

The third rewrites this formula in terms of the correlation between W and X.

(b) (5 pts) Use the omitted variable bias formula and your judgment to explain whether the potential link
between income and lead pipes results in the coefficient on Lead pipes (1897) in regression (1) being biased
towards zero, or away from zero, or having no omitted variable bias.

Solution: I would expect the covariance between Lead pipes and Income to be positive, i.e.

Cov(Lead Pipes; Income) > 0

The idea is that rich cities are more likely to invest in the more expensive (and more efficient) technology
because they are less financially constrained.

To determine the bias we also need to know the sign on β2 in the expression in part (a). In this case it is
the effect of income on the homicide rate. We dont know it so for the purpose of this question I assume that
cities with higher income have a lower homicide rate. Thus 2 is negative under this assumption. Thus the
product of β2 and Cov(Lead Pipes, Income) is also negative. Thus the OLS estimator that omits income is
biased down. That is, the expected value of the OLS estimator is the true value plus a negative term, so it
is biased in the negative direction.
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4. In 1900, eleven cities scattered through the U.S. had lead refineries (smelters) (see Figure 2). Regression
(3) uses two stage least squares, with the instrument being the distance by rail from the nearest lead smelter
to the city, in hundreds of miles (Rail distance (1900)).

(a) (5 pts) Is the estimated coefficient on Lead pipes (1897) in (3) large or small in an economic (real-world)
sense?

Solution: The IV estimates are considerably larger than the baseline negative binomial estimates. We
have that having lead pipes increases homicide rates by 1.022/12.4= 8.2 percentage points compared to the
average homicide rate. This is a large increase.

(b) (5 pts) Is the instrument weak or strong?

Solution: To check whether the instrument is weak or strong we apply the standard rule of thumb, which
tells us that we can reject the hp of weak instrument if the F-statistic related to the first stage is larger than
a specific cut-off value. In our specific case, with just one endogenous variable and one instrument to pass
the test we require that the F-statistic to be larger than 10.

In the case of one endogenous variable and one instrument, the F-statistics for the first stage is given by

F = t2

F = (
0.099

0.015
)2

F = (
0.099

0.015
)2

F = 43.56

Given the value of the F-statistic we reject the hypothesis of a weak instrument.
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5. (7 pts) Regardless of your answer to 3(b), suppose that the omission of income in regression (1) does in
fact lead to omitted variable bias. In your judgement, is this concern resolved by the instrumental variable
regression (3)?

Solution: To answer this question we must decide whether the instrument is valid. An instrument is valid if
(i) it is exogenous and (ii) it is relevant. We learned from question 4 that it is relevant and strong. Whether
it is exogenous depends on whether it is plausibly correlated with the error term in the regression of interest.
To determine this, we must think about what is in the error term. Presumably the other factors affecting the
homicide rate, beyond income, are the legal institutions of the state, gun ownership, local history of violence,
etc. For example consider policing. Is it plausible to think that the quality and quantity of the policing is
correlated or not with distance to a lead smelter by rail? Looking at the map, this raises questions like, is
the quality of policing in the early 20th centuray plausibly systematically different in northern tier states
(Montana, North Dakota) vs middle states (Kansas, Utah)? Who knows! But it isnt obvious that there is
such a link. Therefore barring further evidence we would side on the side of the instrument being exogenous,
and thus valid.
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6. Consider the local average treatment effect (LATE).

(a) (5 pts) Provide a definition of the LATE (either mathematical or in words).

Solution: The LATE is the weighted average of the treatment effects, weighted most heavily by those for
whom the effect of the instrument on Lead Pipe is largest.

(b) (5 pts) In your judgement, does the LATE in regression (3) equal the average treatment effect? Explain.

Solution: LATE and ATE will be equal if (i) there is no heterogeneity in the treatment effect, i.e. in the
main equation of interest not the case here by assumption; (ii) there is no heterogeneity in the effect of Zi

on Xi, i.e. there is no heterogeneity in the first stage; or (iii) the effect of Zi on Xi is uncorrelated to the
effect of Xi on Yi.

So, does the LATE equal the ATE in this case? Consider the three conditions:

(i) There is plausibly heterogeneity in the effect of lead on mental health at the individual level, but
averaged across cities this is less clear and there would need to be reasons for variation across cities.
One might be that different cities have water with different acidities and the more acidic the water,
the more lead dissolves into the water supply. If so, there is heterogeneity in the city-level treatment
effects

(ii) Given a level of cost (rail distance), different cities might have more forward-looking leaders who want
to invest in the long run, i.e. invest in lead pipes, so cost could enter the city decision makers views
differently. So yes, or maybe, there could be heterogeneity in the effect of distance on lead pipies.

(iii) Are these two sources of heterogeneithy correlated? It is hard to see why the acidity of the water is
correlated with whether the leaders are forward-looking, so a plausible answer is no.

This reasoning leads to the conclusion that the LATE plausibly equals the ATE.
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7. (7 pts) Current residents of Flint, Michigan have been exposed to lead from their water pipes because
of operational failures by the city, state, and federal governments. Suppose that the estimate in regression
(3) is internally valid. Is the estimate externally valid in the sense of applying to future outcomes for the
exposed youth of Flint? Explain.

Solution: Yes and No.

No. The results may not hold at this point in time. The estimates use data from 1921-1936. The institutional
framework has changed and the results are time-dependent.

But also Yes: Although the numerical values of the coefficient are context-specific, e.g. have to do with
policing and other conditions at that time, their direction and statistical significance is plausibly externally
valid. These results point to a negative social effect of lead pipes that is consistent with medical findings
that lead in low doses affects neurological functioning. So the conclusion that negative social consequences
could lie ahead for these youth is plausibly externally valid.
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