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Outline

• Basic idea of DID when the timing of treatment varies across 

units

• Applications

• Currie & Reed (2011): pollution and health
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Staggered of differential treatment 
timing

• The canonical difference-in-differences (DID) design contains 

two time periods and two groups where the timing of 

treatment is the same for all treated

• In our examples thus far, the treatment timing was the same for all 
units

• Most DID applications, however, exploit variation across 

groups of units that receive treatment at different times

• In some applications, all units are eventually treated while in others 
there is a control group that never gets treated
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Rollout implementation of a policy –
Pekkarinen et al. (2009)

4https://www.sciencedirect.com/science/article/pii/S0047272709000619

https://www.sciencedirect.com/science/article/pii/S0047272709000619


Rollout implementation of a policy –
Böckerman et al. (2019)
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https://vatt.fi/julkaisu?pubid=URN%3AISBN%3A978-952-274-235-3

https://vatt.fi/julkaisu?pubid=URN%3AISBN%3A978-952-274-235-3


Staggered timing - example
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Staggered timing - example
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Comparison of early treated group to the 

control group and the late treated group



Staggered timing - example
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Comparison of late treated group to the control 

group and the early treated group
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https://www.aeaweb.org/articles?id=10.1257/app.3.1.65

https://www.aeaweb.org/articles?id=10.1257/app.3.1.65


Motivation 

• Motor vehicles are a major source of air pollution

• Nationally they are responsible for over 50 percent of carbon 
monoxide (CO), 34 percent of nitrogen dioxide (NO2), and over 29 
percent of hydrocarbon emissions, in addition to as much as 10 
percent of fine particulate matter emissions

• In urban areas, vehicles are the dominant source of these 

emissions
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Research question

• Studies the effect of E-ZPass, and thus the sharp reductions 

in local traffic congestion, on the health of infants born to 

mothers living near toll plazas

• This is interesting for three reasons:

1. There is increasing evidence of the long-term effects of poor health 
at birth on future outcomes

2. The study of newborns overcomes several difficulties in making 
the connection between pollution and health because the link 
between cause and effect is immediate

3. E-ZPass is an interesting policy experiment because, while 
pollution control was an important consideration for policy 
makers, the main motive for consumers to sign up for E-ZPass is 
to reduce travel time 11



Selection bias

• Since air pollution is not randomly assigned, studies 

comparing health outcomes for populations exposed to 

differing pollution levels may not adequately control for 

confounding determinants of health

• Families with higher incomes or preferences for cleaner air are 
likely to sort into locations with better air quality, and failure to 
account for this sorting overestimates of the effects of pollution 

• Alternatively, pollution levels are higher in urban areas where there 
are often more educated individuals with better access to health 
care, which can cause underestimates of the true effects of pollution 
on health
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Empirical strategy

• In the absence of a randomized trial, we 

• exploit a policy change that created large local and persistent 
reductions in traffic congestion and traffic related air emissions for 
certain segments along a highway

• compare the infant health outcomes of those living near an 
electronic toll plaza before and after implementation of E-ZPass to 
those living near a major highway but further away from a toll plaza
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Empirical strategy

14



Empirical strategy

• “Specifically, we compare mothers within 2 km of a toll plaza 

to mothers who are between 2 km and 10 km from a toll plaza, 

but still within 3 km, of a major highway before and after the 

adoption of E-ZPass in New Jersey and Pennsylvania.”

• Assumption:

• “Our difference in differences research design relies on the 
assumption that the characteristics of mothers near a toll plaza 
change over time in a way that is comparable to those of other 
mothers who live further away from a plaza, but still close to a 
major highway.”
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Results – desc stat and crude DID
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Main results
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Main results
Counterfactual trend in 

the treatment groups
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Main results
Counterfactual trend in 

the treatment groups

Difference before 

treatment

Difference after 

treatment

Difference-in-

differences
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Main results
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Conclusions – Currie & Reed (2011) 

• Show that E-ZPass reduced the incidence of prematurity and 

low birth weight in the vicinity of toll plazas by 6.7–9.1 

percent and 8.5–11.3 percent, respectively

• These are large but not implausible effects given the correlations 
between proximity to traffic and birth outcomes found in previous 
studies

• Results suggest that policies intended to curb traffic 

congestion can have significant health benefits for local 

populations in addition to the more often cited benefits in 

terms of reducing travel costs
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Recap

• Most DID applications exploit variation across groups of units 

that receive treatment at different times

• In some applications, all units are eventually treated, e.g. a rollout 
of a national policy

• In others there is a control group that never gets treated

• Rollout is a great way to make sure we learn something about the 
effects of the policy

• In principle this is all fine

• But there are complicated issues concerning staggered designs and 
the literature is moving forward on this
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