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Today

❍ Preview of time-varying treatments in diff-in-diff

❍ Event studies

❍ Synthetic control
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Standard difference-in-differences

❍ Classic case is when some units become treated in a given
period and others are not treated

❍ yit = αi + γt +βTreatmentit + ϵit
‚ β is our estimate of the difference-in-differences comparing the
pre- to the post-treatment period

❍ But what if treatment assignment varies over time?

‚ e.g. a policy is implemented in one state in 2019, and then in
two other states in 2020, and so forth
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e.g. Classic case (treatment at the same time):

id year treatment outcome

1 2000 0 34
1 2001 0 25
1 2002 1 27
1 2003 1 30
1 2004 1 24

2 2000 0 78
2 2001 0 68
2 2002 1 68
2 2003 1 71
2 2004 1 89

3 2000 0 20
3 2001 0 13
3 2002 0 9
3 2003 0 30
3 2004 0 26
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e.g. Time-varying treatment

id year treatment outcome

1 2000 0 34
1 2001 1 25
1 2002 1 27
1 2003 1 30
1 2004 1 24

2 2000 0 78
2 2001 0 68
2 2002 0 68
2 2003 1 71
2 2004 1 89

3 2000 0 78
3 2001 0 68
3 2002 0 68
3 2003 0 71
3 2004 0 89
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We can still use our standard generalized diff-in-diff
with time-varying treatments

yit = αi + γt +βTreatmentit + ϵit

❍ There are complications, however...

❍ If you have a time-varying treatment, there are additional
robustness checks and models to use:

‚ https://andrewcbaker.netlify.app/2019/09/25/

difference-in-differences-methodology/

‚ https://blogs.worldbank.org/impactevaluations/

what-are-we-estimating-when-we-estimate-difference-differences

❍ But next week we will go over this in more depth
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Event studies

❍ Standard diff-in-diff designs estimate an overall effect

❍ But we can fit a diff-in-diff model more flexibly with an “event
study” model

❍ Event studies allow one to see the dynamics of an effect, i.e.
how its magnitude changes over time

❍ They also allow us to examine pre-trends by providing a visual
check on the parallel trends assumption

❍ It works by constructing a diff-in-diff estimate for every period
in your data using “leads” and “lags”
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If treatment is assigned in only one period:

id year treatment outcome

1 2000 0 34
1 2001 0 25
1 2002 1 27
1 2003 1 30
1 2004 1 24

2 2000 0 78
2 2001 0 68
2 2002 1 68
2 2003 1 71
2 2004 1 89

3 2000 0 20
3 2001 0 13
3 2002 0 9
3 2003 0 30
3 2004 0 26
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If treatment assignment varies over time, we need to
construct a new variable

id year treatment outcome time to treatment (τ)

1 2000 0 34 0
1 2001 1 25 1
1 2002 1 27 2
1 2003 1 30 3
1 2004 1 24 4
2 2000 0 78 -2
2 2001 0 68 -1
2 2002 0 68 0
2 2003 1 71 1
2 2004 1 89 2
3 2000 0 78 0
3 2001 0 68 0
3 2002 0 68 0
3 2003 0 71 0
3 2004 0 89 0
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How an event study works

❍ It constructs a difference-in-difference in every time period

❍ What is the difference between treatment and control units in
time period 1, and in period 2, in period 3, etc.

❍ Each time period difference is compared to a baseline
difference

‚ Typically the time period right before the treatment
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Some notation

Standard diff-in-diff model:

yit = αi + γt +βDit + ϵit

Event study model ((a.) and (b.) are the same, but with different notation):

yit = αi + γt +
m
ÿ

τ=´q

βτDiτ + ϵit , (a.)

yit = αi + γt +
´1
ÿ

τ=´q

βτDiτ +
m
ÿ

τ=0

δτDiτ + ϵit , (b.)

where q is the number of leads (number of time periods before the treatment),

and m is the number of lags (number of time periods after the treatment).

You thus have a set of parameters βτ that are separate diff-in-diff estimates...
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Standard diff-in-diff graph & estimate
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Event study graph
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Event study estimates: Separate estimates βτ per period
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Example write-up of event study in an article:
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From Ang (2023):

Slide 16 of 38



Preview of time-varying treatments Event studies Synthetic control Exercises

Results
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Results write-up
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Research is hard
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But sometimes everything looks exceptionally clear
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Event studies

❍ Easy to implement in R

❍ Intuitive to understand

❍ An essential visual check on pre-intervention parallel trends

❍ Captures the dynamics of an effect

❍ Increasingly used in political science

‚ These will soon be required in all diff-in-diff studies (like in
economics)

❍ Can be used as the primary model, or in concert with a
standard diff-in-diff model
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Synthetic control

❍ How can we examine the effect of an event that affects a
single unit?

‚ What was the effect of German reunification on the economic
performance of West Germany? (Abadie, Diamond &
Hainmueller, 2010)

‚ What was the effect of the exodus of Cubans from Mariel
Harbor to Miami on the local economy? (David Card 1990)

‚ What was the effect of terrorism in Basque Country in the
1960s on economic growth? (Abadie & Gardeazabal 2003)

‚ What was the effect of the civil war in Congo on deforestation?
(Kikuta 2020)
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Synthetic control

❍ Counter-factually, we want to know what would have
happened to the treated unit had it not been treated

❍ We cannot observe this, i.e. the “fundamental problem of
causal inference”

❍ Synthetic control methods are designed to construct a
counter-factual by using a weighted average of other units to
mimic the counter-factual of our unit of interest
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Synthetic control

❍ Like diff-in-diff, one needs panel data for the unit of interest,
and other units which we might think of as similar

❍ Each unit is observed at the same points in time over the time
period of interest

❍ Then, in one period, the unit of interest is treated, and the
others remain as controls

‚ Comparing West Germany as the treated unit to all other
OECD countries from 1960 to 2003

❍ Need predictors of the outcome of interest as well—not just
the data for the outcome from each unit
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Synthetic control as weighted combination

❍ The synthetic control is represented as a vector of weights
W = (w2,w3, . . . ,wJ+1),

‚ where there are J + 1 total units in the data, and j = 1 is the
treated unit

‚ The value of the weights w are constrained to be greater or
equal to 0 and less than or equal to 1

‚ And the weights are constrained to sum to 1

❍ X are a set of pre-intervention characteristics from each unit
that we will match on

❍ X1 ´ X0W represents the difference between the treated unit
and the weighted combination of other units on
pre-intervention characteristics

❍ The goal is to select the values of weights W that minimize
this difference across all characteristics
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Abadie, Diamond, and Hainmueller (2010) minimize W
as follows:

k
ÿ

m=1

vm(X1m ´ X0mW )2,

where m denotes a pre-intervention variable, and vm represents the relative

importance assigned to that variable

The idea is that we want to minimize the distance between the
treated unit and the units in the donor pool, but we care more
about minimizing the distance for the variables that are most
predictive of the outcome
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How do we choose vm?

❍ vm denotes the importance of a variable m

❍ We care about minimizing the distance for some variables
more than others

❍ e.g. If investment rate is strongly predictive of GDP, we want
to minimize that distance between our synthetic control and
West Germany a lot

❍ Typically we select vm to minimize the squared prediction
error:

T0
ÿ

t=1

(
Y1t ´

J+1
ÿ

j=2

w˚
j (v)Yjt

)2
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Once we have the set of weights W ˚, we can estimate
the effect of the treatment as follows:

Y1t ´

J+1
ÿ

j=2

w˚
j Yjt

❍ The difference between the observed post-treatment outcomes
Y1t for the treatment unit and that of the weighted
combination of outcomes from the donor units
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How does one make inferences about the effect?

1. Run placebo intervention on the treatment unit at an earlier
period in time

‚ We shouldn’t observe an effect for the treated unit before the
intervention occurred

2. Run placebo interventions on all donor units at the time of the
actual intervention (i.e. do a synthetic control for all donors)

‚ Compare the effect obtained for the treatment unit to the
placebo “effects” we observe for each of the donors

‚ Sort of like randomization inference
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What was the effect of German re-unification on the
economy in West Germany?

1. Use 16 OECD countries

2. Pre-unification variables: per capita GDP, inflation rate,
industry share of value added, investment rate, schooling,
trade openness
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Weights obtained by minimizing difference between West
German variables and those of donor countries
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Weighted average of the synthetic control on pre-treatment
characteristics
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Weighted average of the outcome variable (GDP per capita)
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Difference between actual West Germany and synthetic

Placebo intervention (“reunification” in 1975) on the right
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Placebo synthetic control on all other units individually

Much larger root mean square prediction error for West Germany compared to

all other countries (highest out of 17)—can think of as a sort of p-value
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Benefits of synthetic control

❍ Useful if want to know the effect of an event in a specific place

❍ Transparent about which units construct the synthetic case

❍ Very graphical, with figures that are simple to comprehend

❍ But takes a bit of work to understand how the weights are
constructed, and how we make inferences about the estimated
effect
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Exercise

❍ Complete the exercise as usual on the course website
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