(DD)

Tello Trillo

Introduction
Developing
intuition
Applying DD
Linear DD
STATA
Event Study

Self-Service
Gas

More
Examples

Issues

Extensions

Difference-in-Difference:

Sebastian Tello Trillo*
LUniversity of Virginia

2026



Methods Overviews
e Adding control variables

«Or «Fr «=>»

« =

DA



Methods Overviews
e Adding control variables
e RCTs

«Or «Fr «=>»

« = =

DA



(DD)

Tello Trillo

Introduction

Developing
intuition
Applying DD
Linear DD
STATA
Event Study

Self-Service
Gas

More
Examples

Issues

Extensions

e Adding control variables
e RCTs
° |Vs

Methods Overviews



(DD)

Tello Trillo

Introduction
Developing
intuition
Applying DD
Linear DD
STATA

Event Study

Self-Service
Gas

More
Examples

Issues

Extensions

Adding control variables
RCTs

Vs

Regression Discontinuity

Methods Overviews



(DD)

Tello Trillo

Introduction
Developing
intuition

Applying DD

Linear DO
v sy ¢ Adding control variables
® RCTs
® |Vs
[ ]

Regression Discontinuity
Panel Methods:

Methods Overviews



(DD)

Tello Trillo

Introduction

Developing
intuition

Applying DD

STATA

Event Study

Adding control variables
RCTs

Vs

Regression Discontinuity

Panel Methods:
® Fixed-effects

Methods Overviews



(DD)

Tello Trillo

Introduction

Developing
intuition

Applying DD

STATA

Event Study

Adding control variables
RCTs

Vs

Regression Discontinuity

Panel Methods:

® Fixed-effects
e Difference in Difference

Methods Overviews



(DD)

Tello Trillo Difference-in-Difference
Introduction

Developing
intuition

Applying DD

STATA
Event Study

e DD (DiD) (Diff-Diff) is one of the most widely applied methods for policy
analysis


https://www.youtube.com/watch?v=iPkJH6BT7dM

(DD)

Tello Trillo

Introduction

Developing
intuition

Applying DD

STATA
Event Study

Difference-in-Difference

e DD (DiD) (Diff-Diff) is one of the most widely applied methods for policy
analysis

® |ntuitive and applicable in many-setting.


https://www.youtube.com/watch?v=iPkJH6BT7dM

(DD)

Tello Trillo

Introduction

Developing
intuition

Applying DD

STATA
Event Study

Difference-in-Difference

e DD (DiD) (Diff-Diff) is one of the most widely applied methods for policy
analysis

® |ntuitive and applicable in many-setting.
® Let's start with an example
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® During the period right before the great-depression, in TN a a bank run
occurred
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they can't operate and the banks collapsed.
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® A bank run happens when lots of people massively withdraw their assets from
the bank. Leaving the banks with no liquidity (cash). Which basically means
they can't operate and the banks collapsed.

® Years ago, during the great recession, we went through something similar of
having several banks “collapsing”.
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® During the period right before the great-depression, in TN a a bank run
occurred

® A bank run happens when lots of people massively withdraw their assets from
the bank. Leaving the banks with no liquidity (cash). Which basically means
they can't operate and the banks collapsed.

® Years ago, during the great recession, we went through something similar of
having several banks “collapsing”.

® The main government agency that can respond to bank actions is the federal
reserve bank.
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occurred

® A bank run happens when lots of people massively withdraw their assets from
the bank. Leaving the banks with no liquidity (cash). Which basically means
they can't operate and the banks collapsed.

® Years ago, during the great recession, we went through something similar of
having several banks “collapsing”.

® The main government agency that can respond to bank actions is the federal

reserve bank.
® They have two options on how to respond to situations like this:
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® During the period right before the great-depression, in TN a a bank run
occurred

® A bank run happens when lots of people massively withdraw their assets from
the bank. Leaving the banks with no liquidity (cash). Which basically means
they can't operate and the banks collapsed.

® Years ago, during the great recession, we went through something similar of
having several banks “collapsing”.

® The main government agency that can respond to bank actions is the federal

reserve bank.
® They have two options on how to respond to situations like this:

® Option A: let the banks deal with it
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Example: Bank Run

® During the period right before the great-depression, in TN a a bank run
occurred

® A bank run happens when lots of people massively withdraw their assets from
the bank. Leaving the banks with no liquidity (cash). Which basically means
they can't operate and the banks collapsed.

® Years ago, during the great recession, we went through something similar of
having several banks “collapsing”.

® The main government agency that can respond to bank actions is the federal

reserve bank.
® They have two options on how to respond to situations like this:

® Option A: let the banks deal with it
® QOption B give the banks some cash so they don't collapse.


https://www.youtube.com/watch?v=xa75BfmXQH4
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® There are 12 federal reserve banks.

® Each of them manage banks from a particular geographical area (called

districts).
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® The state of Mississippi, is covered by the 6th and the 8th district.

® The 8th district fell under the jurisdiction of the St. Louis Fed
® The 6th district fell under the jurisdiction of the Atlanta Fed.

® During the 1930s, a bank-run started in Nashville, TN in the bank of Nashville
and quickly spread out the neighboring areas.
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S ® Each Fed-Director had to make a choice about what policy-environment they
would follow: No intervention or some.
® The director of the St. Louis Fed believed in not-intervening (i.e. let the banks
fail).
® The director of the Atlanta Fed believed in intervening (i.e. we should help this
banks out).
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receive a treatment, the other will not.

® Q: What is the advantage of this, versus comparing all banks in the 6th district
vs all banks in the 8th district?
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® Banks location could be a reflection of economic condition.
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® |n this set-up, we have one state, composed by two “districts”. One district will
receive a treatment, the other will not.
® Q: What is the advantage of this, versus comparing all banks in the 6th district
vs all banks in the 8th district?
® Banks location could be a reflection of economic condition.
e Different states, etc.
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STBEEY ® One could argue that for the case of Mississippi there is some “randomness” in

the fact that some banks are treated and some banks will not.
® |t's hard to construct a story about a bank locating somewhere because they
thought they would receive a treatment.
® However, we can come up with stories about banks locating in south/north
region of the Mississippi, because of things like rent, projects, employment
levels.
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About 1931 (sept?) bank-runs started to happen along MS and other states.

e Within 4 weeks of the collapse:
® The ATL Fed increased lending by about 40% (did something) while the St.
Louis Fed decreased its lending by 3% (did nothing)
e What happened to the banks on each district? Which district fare better? the

ones from the ATL or STL?
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® |n the 6th district (ATL), there were 121 banks left after the bank run
® In the 8th district (STL), there were 132 banks left after the bank run
® What's the conclusion from this comparison?

e “After the collapse, the 8th district that 11 more banks than the 6th district’
e “After the collapse, the 8th district had 9 percent more banks than the 6th
district”
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o ® One way to approach to figure out to compare the # of banks that remain
Event Study after the bank run

® |n the 6th district (ATL), there were 121 banks left after the bank run
® In the 8th district (STL), there were 132 banks left after the bank run
® What's the conclusion from this comparison?

e “After the collapse, the 8th district that 11 more banks than the 6th district’

e “After the collapse, the 8th district had 9 percent more banks than the 6th
district”

® What's another comparison we can do?



(DD)

Tello Trillo

Developing
intuition

Applying DD

STATA

Event Study

A better approach

® We can do better by comparing the change in the number of banks rather than
the “post” number.



(DD)

Tello Trillo

Developing
intuition

Applying DD

STATA
Event Study

A better approach

® We can do better by comparing the change in the number of banks rather than

the “post” number.
® i.e. How many banks where lost, not how many remained



(DD)
Tello Trillo
Developing

intuition

Applying DD

A better approach

® We can do better by comparing the change in the number of banks rather than

the “post” number.
® i.e. How many banks where lost, not how many remained

® In ATL, in the pre-period (1930) they were 135 banks and in the post period
(1931) they were 121 banks. So ATL lost 14 banks.



(DD)

Tello Trillo

Developing
intuition

Applying DD

STATA
Event Study

A better approach
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® In ATL, in the pre-period (1930) they were 135 banks and in the post period
(1931) they were 121 banks. So ATL lost 14 banks.

e What's the issue with this comparison?
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We can do better by comparing the change in the number of banks rather than
the “post” number.
® i.e. How many banks where lost, not how many remained

In ATL, in the pre-period (1930) they were 135 banks and in the post period
(1931) they were 121 banks. So ATL lost 14 banks.

What's the issue with this comparison?
Can we do better?

Event Study
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| 1930 (Pre) 1931 (Post) Diff
8th District STL 165 132 -33
6th District ATL 135 121 -14

e Specifically ATL appears to have saved 19 banks (more than 10% of those
operating in Mississippi (19/135))
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Tello Trillo DD - Bank run
| 1930 (Pre) 1931 (Post) Diff
8th District STL 165 132 -33
6th District ATL 135 121 -14
Diff -30 -11 19

e The Difference estimates suggest that lending to troubled banks kept many of

them opened
® 19 is what we call the “Difference-in-Difference Estimate”.
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Difference-in-Difference

® This is a simplified version of how apply the difference-in-difference.

® We look for instances where we have a “treated” unit and a “control” unit.
® Then we compare their outcomes before and after the intervention.
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Difference-in-Difference

® This is a simplified version of how apply the difference-in-difference.
® We look for instances where we have a “treated” unit and a “control” unit.
® Then we compare their outcomes before and after the intervention.
® This is a method to obtain causal inference in which we compare the treated
units before and after the treatment to control units.
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Difference-in-Difference: Formalization

® The time component will capture the “changes over time" that could affect

everyone.
® |f we just compare pre-post on the treatment group, the challenge of attributing
that change to a particular reform is because so many other things could have
change around that time.
® e.g. It could be a following a decreasing national trend
® Hence, what the control group is allowing to do, is to control for all the other
stuff that could be confounding what's happening around those years.



(DD)

Tello Trillo

Developing
intuition

Applying DD

STATA

Event Study

Difference-in-Difference: Formalization

® The time component will capture the “changes over time" that could affect
everyone.

® |f we just compare pre-post on the treatment group, the challenge of attributing
that change to a particular reform is because so many other things could have
change around that time.

® e.g. It could be a following a decreasing national trend

® Hence, what the control group is allowing to do, is to control for all the other

stuff that could be confounding what's happening around those years.

® Notice that this set-up requires to observe the treatment and the control group
for more than 2 time period (i.e. panel data).
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® The time component will capture the “changes over time" that could affect
everyone.

® |f we just compare pre-post on the treatment group, the challenge of attributing
that change to a particular reform is because so many other things could have
change around that time.

® e.g. It could be a following a decreasing national trend

® Hence, what the control group is allowing to do, is to control for all the other

stuff that could be confounding what's happening around those years.

® Notice that this set-up requires to observe the treatment and the control group
for more than 2 time period (i.e. panel data).

e What is then a key assumption that we are making in order for DD to recover
the causal effect?
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Difference-in-Difference: Formalization

® The time component will capture the “changes over time" that could affect
everyone.

® |f we just compare pre-post on the treatment group, the challenge of attributing
that change to a particular reform is because so many other things could have
change around that time.

® e.g. It could be a following a decreasing national trend

® Hence, what the control group is allowing to do, is to control for all the other

stuff that could be confounding what's happening around those years.

® Notice that this set-up requires to observe the treatment and the control group
for more than 2 time period (i.e. panel data).

e What is then a key assumption that we are making in order for DD to recover
the causal effect?

® That in the absence of the reform/policy, the treatment group would have
evolved in a similar way than the control group.
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Notes: This figure shows the number of banks in operation in Mississippi in
the Sixth and Eighth Federal Reserve Districts in 1930 and 1931. The dashed
line depicts the counterfactual evolution of the number of banks in the Sixth
District if the same number of banks had failed in that district in this period
as did in the Eighth. [ o -

® \We are using the 8th district (no treatment) as the counterfactual of what would have
happened to the 6th district had they not implemented any policy
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FIGURE 5.3
Trends in bank failures in the Sixth and Eighth Federal Reserve
Districts, and the Sixth District’s DD counterfactual
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Notes: This figure adds DD counterfactual outcomes to the banking data
plotted in Figure 5.2. The dashed line depicts the counterfactual evolution of
the number of banks in the Sixth District if the same number of banks had
failed in that district after 1930 as did in the Eighth

® \We are assuming that the treatment and control group are good counterfactual of-each other,
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® No other reforms at the same time. No other reforms to control units.
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® The intuition will also imply that:
® Tthe policy should be “exogenous".

® No other reforms at the same time. No other reforms to control units.
® No Anticipacion
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® The main assumptions are:

® In the absence of the treatment, the treatment and the control group would
have continue to evolve in the same manner.
® The intuition will also imply that:

® Tthe policy should be “exogenous".

No other reforms at the same time. No other reforms to control units.
No Anticipacion

Some of these can be relaxed
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® Note that this assumption is not imposing for treatment and control to be
“exactly the same”.
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® |t didn’t matter the two districts have different starting points,
® They could have different X's. Different levels of observable and unobservable

characteristics.
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® Note that this assumption is not imposing for treatment and control to be
“exactly the same”.
® |t didn’t matter the two districts have different starting points,
® They could have different X's. Different levels of observable and unobservable

characteristics.
® The key is to understand if they are following similar patterns and trends.
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Event Study ® How to test it?
® No particular way of testing but only providing supportive evidence for it.
® One popular way is to observe pre-trends: how well do this two units track

before the reform?
® The idea is that if they track well on observable characteristics, they would track

well in unobservable characteristics.
® And that if the move in parallel, then they are being good counterfactual with

each other.
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FIGURE 5.2
Developing Trends in bank failures in the Sixth and Eighth Federal

intuition Reserve Districts
Applying DD

Linear DD 180~

STATA

Event Study

)
<]
T

Eighth District

=
S

Sixth District

Number of banks in business
N}
S
T

100

I I I I I I
1929 1930 1931 1932 1933 1934
Year
Note: This figure shows the number of banks in operation in Mississippi in
the Sixth and Eighth Federal Reserve Districts between 1929 and 1934.

e An implication of the parallel trends is that, the more data we have pre-reform,
the better because we can see how they evolve over long periods of time.
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Source: Authors.
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Applying DD

® Once we are convinced we have provided evidence for our assumptions, the
application of DD is pretty simple:
® Difference pre and post for T and C group (Diff 1)
® Difference of (Diff 1) between T and C group (Diff 2)
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e Although you could apply DD by hand. We can use our useful regression tool

to calculate all these differences for us:

® Main Set up:

Y4t = @+ B Treatq + YPost: + dpp( Treaty x Post;) + €4t

Yar = [30 + Bl Treaty + BQ Post; + B?:DD( Treaty x POStt) + Eg4t

® |n the bank run example:
| 1930 (Pre) 1931 (Post) Diff

8th District STL 165 132 -33
6th District ATL 135 121 -14
Diff -30 -11 19

Y4r = 165 —30 Treaty — 33 Post; + 19 ( Treaty x Post;)+ €4t
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Linear Reg and DD

Although you could apply DD by hand. We can use our useful regression tool
to calculate all these differences for us:

Main Set up:

Y4t = @+ B Treatq + YPost: + dpp( Treaty x Post;) + €4t

Yar = [30 + Bl Treaty + BQ Post; + B?:DD( Treaty x POStt) + Eg4t

In the bank run example:
| 1930 (Pre) 1931 (Post) Diff

8th District STL 165 132 -33
6th District ATL 135 121 -14
Diff -30 -11 19

Y4r = 165 —30 Treaty — 33 Post; + 19 ( Treaty x Post;)+ €4t

How would we graph this?
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For each of the four panels below, indicate the values of 8,7,
Develoring Y4 = o0+ B Treaty + yPost: + 6pp( Treaty x Post;) + €4t

Lo o8 ® Let's also do the reverse, let's pick numbers and then graph it
STATA
Event Study Y Y
4 4
=== Contrc ~--m@= Control
3 3 L 3
2 TP S " 2
1 1 >
T T T T
Before After Time Before After Time
(a)
Y Y
4 S 4
--m- Control -.- ntrol
3 3 [
2 = 2
1 1 *m
T T T T -
Before After Time Before After Time

() (d

FIGURE 8.6: More Difference-in-Difference Examples (for Review Question)
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STATA

Say reform happeneed in year 2000, and treatment group is women
with children

gen treat=0

replace treat=1 if sex==2 & num __ children>0
gen post=0

replace post=1 if year>=2000
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Linear DD ® Say reform happeneed in year 2000, and treatment group is women
:ﬁnmw with children

® gen treat=0

® replace treat=1 if sex==2 & num_ children>0

® gen post=0

e replace post=1 if year>=2000

® reg outcome treat post treat_X_post

® reg outcome treat post i.treat#i.post

® reg outcome i.treat##i.post
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® One way to provide evidence of this is Parallel Trends. How do we provide
evidence of parallel trends?

® We can look at a graph. Similar to RD, we just don't want to trust our eyes,
so we'll want to evaluate it with a regression.
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® One way to provide evidence of this is Parallel Trends. How do we provide
evidence of parallel trends?

® We can look at a graph. Similar to RD, we just don't want to trust our eyes,
so we'll want to evaluate it with a regression.

® Let's go over with some graphs to the intuition of what we want to test. To
the board & STATA
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e Event studies are a way to perform an empirical test of the parallel trends.
Let's start with the main framework:

Y4t = @+ B Treaty + yPost; + Opp( Treaty x Postt) + Xyt + €4t
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e Event studies are a way to perform an empirical test of the parallel trends.
Let's start with the main framework:

Yar =

o+ B Treaty + yPost: + dpp ( Treaty x Post;) + Xy: + €4t

® The main change is that we change the interaction, to be an interaction with
every single time unit of the data. Let’s say the time unit is years:

Ygt = ot + B Treaty + yPost; + Xy + 01 Treat x Year; + 82 Treat x Years ...+ 61 Treat X Yeart + €4;

Yar =

0o + B Treaty + yPost; + Xyt + Z 0; Treat x Year; + €4
i=1
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e What are these dummies capturing?
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O ® The difference in slopes between treatment and control at a given point in time,
relative to a baseline.
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® What are these dummies capturing?

e Sty ® The difference in slopes between treatment and control at a given point in time,
relative to a baseline.

® |et's see it on a graph
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® fvset base 2011 year

In Stata
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® fvset base 2011 year

ST ® reg outcome treat post i.treat#i.year, cl(fips)
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® One last point on the DD equation is that we can make the model “more
flexible” by using more flexible fixed-effects

Y4t = &+ B Treaty + yPost; + Opp( Treaty x Postt) + Xyt + €4t
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® One last point on the DD equation is that we can make the model “more
flexible” by using more flexible fixed-effects

Y4t = &+ B Treaty + yPost; + Opp( Treaty x Postt) + Xyt + €4t

® We will change Post and Treat variables for group fixed-effects (could be
anything) and time-fixed effects
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Y4 = ot + B Treaty + yPost; + Spp( Treaty X Post:) + Xgt + €4t

The “post” represented the change in the control group after the time period
when the policy was implemented. The spirit of this was to control for other
things that are going on in the post period that are affecting the treatment and

control group.
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® The "post” represented the change in the control group after the time period
when the policy was implemented. The spirit of this was to control for other
things that are going on in the post period that are affecting the treatment and
control group.

® We can be more flexible by capturing events that may be happening in a specific
time period that are affecting all treatment and control groups in the same way.

Yar = a+ B Treaty + YearFE; + dpp( Treaty x Posty) + Xt + €4t
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® The "post” represented the change in the control group after the time period
when the policy was implemented. The spirit of this was to control for other
things that are going on in the post period that are affecting the treatment and
control group.
® We can be more flexible by capturing events that may be happening in a specific
time period that are affecting all treatment and control groups in the same way.
® Time fixed effects: e.g. Year Fixed Effects

Yar = a+ B Treaty + YearFE; + dpp( Treaty x Posty) + Xgr + €4t



(DD)

Changing Treat

Tello Trillo

Developing

Dee e What was Treat capturing?
Arelving 5O Ya: = o+ B Treaty + YearFE; + Spp( Treaty x Post:) + Xyt + €4t

STATA
Event Study




(DD)

Changing Treat

Tello Trillo

TR e What was Treat capturing?

frebine B0 Ya: = o+ B Treaty + YearFE; + Spp( Treaty x Post:) + Xyt + €4t
Svent St e What treat was capturing is the inherent “level” difference between the

treatment and control groups.



(DD)

Tello Trilo Changing Treat
TR e What was Treat capturing?

frebine B0 Ya: = o+ B Treaty + YearFE; + Spp( Treaty x Post:) + Xyt + €4t
Svent St e What treat was capturing is the inherent “level” difference between the

treatment and control groups.

e We can be more flexible by having a baseline level for each group: group
fixed-effects
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® What was Treat capturing?
Ya: = o+ B Treaty + YearFE; + Spp( Treaty x Post:) + Xyt + €4t

STATA

Event Study

e What treat was capturing is the inherent “level” difference between the
treatment and control groups.

e We can be more flexible by having a baseline level for each group: group
fixed-effects

® For example: State fixed effects

Yar = o + StateFE, + YearFE; + Opp( Treaty x Post;) 4+ Xgt + €4t

Ya: = a+ 8pp(Treaty x Post;) + StateFEy + YearFE; + Xgr + €4t
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® What was Treat capturing?
Ya: = o+ B Treaty + YearFE; + Spp( Treaty x Post:) + Xyt + €4t

e What treat was capturing is the inherent “level” difference between the
treatment and control groups.

e We can be more flexible by having a baseline level for each group: group
fixed-effects
® For example: State fixed effects

Yar = o + StateFE, + YearFE; + Opp( Treaty x Post;) 4+ Xgt + €4t

Ya: = a+ 8pp(Treaty x Post;) + StateFEy + YearFE; + Xgr + €4t

® Notice that it doesn't just have to be state, it can be “units” FE, where “units”
represents units getting the treatment.
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Y4t = 0t + Opp( Treaty x Post;) + StateFEq + YearFE; + Xyt + €4t
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® Qur main regressions could look like

Event Study

Y4t = 0t + Opp( Treaty x Post;) + StateFEq + YearFE; + Xyt + €4t

® The event study could look like:

t
Y4: = Og + StateFE + YearFE + Xy + Z O; Treat x Year; + €4;
i=1
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® Most of the world's population lives in countries that ban the self-service sale

of gasoline.
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e Causal effects of this regulation can hardly be assessed in these countries due

to a lack of policy changes, but a recent quasi-experiment in the state of
Oregon allows us to analyze the impact of the ban.
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e Causal effects of this regulation can hardly be assessed in these countries due
to a lack of policy changes, but a recent quasi-experiment in the state of
Oregon allows us to analyze the impact of the ban.

e Why would we care about this question?
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Most of the world's population lives in countries that ban the self-service sale
of gasoline.

Causal effects of this regulation can hardly be assessed in these countries due
to a lack of policy changes, but a recent quasi-experiment in the state of
Oregon allows us to analyze the impact of the ban.

Why would we care about this question?

What would be interesting outcomes to look at?
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® The recent rise of this debate has been largely associated with the claim that
repealing the self-service ban will lead to lower gasoline prices.
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® The recent rise of this debate has been largely associated with the claim that
repealing the self-service ban will lead to lower gasoline prices.

e Sal Risalvato, executive director of the New Jersey Gasoline, Convenience Store
and Automotive Association, claimed that “[repealing the ban] should bring a
savings at the self-serve pump of about 15 cents a gallon or more’.
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® The recent rise of this debate has been largely associated with the claim that
repealing the self-service ban will lead to lower gasoline prices.

e Sal Risalvato, executive director of the New Jersey Gasoline, Convenience Store
and Automotive Association, claimed that “[repealing the ban] should bring a
savings at the self-serve pump of about 15 cents a gallon or more’.

® Yet there are no modern assessments of the effect of repealing this ban on
gasoline prices.
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The recent rise of this debate has been largely associated with the claim that
repealing the self-service ban will lead to lower gasoline prices.

Sal Risalvato, executive director of the New Jersey Gasoline, Convenience Store
and Automotive Association, claimed that “[repealing the ban] should bring a
savings at the self-serve pump of about 15 cents a gallon or more’.

Yet there are no modern assessments of the effect of repealing this ban on
gasoline prices.

What would some economic models predict and why?
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Self-Servcie Gas

The recent rise of this debate has been largely associated with the claim that
repealing the self-service ban will lead to lower gasoline prices.

Sal Risalvato, executive director of the New Jersey Gasoline, Convenience Store
and Automotive Association, claimed that “[repealing the ban] should bring a
savings at the self-serve pump of about 15 cents a gallon or more’.

Yet there are no modern assessments of the effect of repealing this ban on
gasoline prices.

What would some economic models predict and why?

® The increase in marginal costs associated with the gasoline self-service ban leads
to a reduction in supply and a subsequent increase in gasoline prices.
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The recent rise of this debate has been largely associated with the claim that
repealing the self-service ban will lead to lower gasoline prices.

Sal Risalvato, executive director of the New Jersey Gasoline, Convenience Store
and Automotive Association, claimed that “[repealing the ban] should bring a
savings at the self-serve pump of about 15 cents a gallon or more’.

Yet there are no modern assessments of the effect of repealing this ban on
gasoline prices.
What would some economic models predict and why?
® The increase in marginal costs associated with the gasoline self-service ban leads
to a reduction in supply and a subsequent increase in gasoline prices.
® |f the marginal costs of gasoline stations are constant, there should be a near
100% pass-through of costs to prices and the effect of the self-service ban on
gasoline prices could be entirely attributed to the change in supply
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® The states of Oregon and New Jersey were the only U.S. states that banned
the self-service sale of gasoline from 1992 to 2017.
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® The states of Oregon and New Jersey were the only U.S. states that banned
the self-service sale of gasoline from 1992 to 2017.

® |In March of 2017, however, the Oregon House of Representatives voted to
adjust the ban.



(DD)

Tello Trillo

intuition

STATA

Event Study

Self-Service
Gas

Set up

® The states of Oregon and New Jersey were the only U.S. states that banned
the self-service sale of gasoline from 1992 to 2017.

® |In March of 2017, however, the Oregon House of Representatives voted to
adjust the ban.

e Effective January 1st, 2018, the new legislation allowed self-service of gasoline
in rural counties (h populations below 40,000 individuals.)
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Set up

The states of Oregon and New Jersey were the only U.S. states that banned
the self-service sale of gasoline from 1992 to 2017.

In March of 2017, however, the Oregon House of Representatives voted to
adjust the ban.

Effective January 1st, 2018, the new legislation allowed self-service of gasoline
in rural counties (h populations below 40,000 individuals.)

Though, we don't know the data structure, what could be some set-ups for
DD?
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Even Study ® The gasoline price data used to create the dependent variable in my analysis
ool Serviee reflects the daily price, reported to the mobile application GasBuddy by

gasoline consumers, for each station in the state of Oregon from January 1,
2016, to December 31, 2019.
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Even Study ® The gasoline price data used to create the dependent variable in my analysis
SRS reflects the daily price, reported to the mobile application GasBuddy by

Gas
gasoline consumers, for each station in the state of Oregon from January 1,

2016, to December 31, 2019.
® The data are observed once per day and are aggregated at the county level to
represent the average retail price of gasoline per county
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Event Study ® The gasoline price data used to create the dependent variable in my analysis
SSHaSSIes reflects the daily price, reported to the mobile application GasBuddy by

Gas
gasoline consumers, for each station in the state of Oregon from January 1,

2016, to December 31, 2019.

® The data are observed once per day and are aggregated at the county level to
represent the average retail price of gasoline per county

e Knowing the data structure, would would you recommend as the DD set-up?
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Hinear BB 1 estimate the impact of self-service bans in the retail gasoline market on gasoline prices by using the

STATA . . . . ey . .

S—— 2018 repeal of this ban in counties with less than 40,000 citizens in Oregon as a natural experiment.
That is, I compare changes in gasoline prices in treated counties (with population below 40,000) to

Self-Service those of control counties (with population above 40,000) in Oregon before and after the repeal.

Gas My primary specification estimates a difference-in-differences model with county fixed effects and

time (monthly) fixed effects given by:

GasolinePrice;; = y; + 0, + ) * 1[After2018 x Treated),, + X;;A + e;;. 1)

Here, i indexes county and ¢ indexes the date. 1[After2018 s Treated] indicates if a county has repealed
the self-service ban at a given time period. Thus, it equals 1 if a county is treated and the date is
after January 1, 2018, and it equals O otherwise. 1[After2018 = Treated] is the variable of interest,
and its coefficient is my estimate of the ATT. y; represents a vector of county level fixed effects and

o, represents a vector of monthly fixed effects. The dependent variable, GasolinePrices, represents
the average daily price of retail gasoline in each county. I represent the matrix of unemployment,
population, poverty rate, and median income measures by X;;. The error term is represented by e;;.
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intuition

e What is the treatment and control group in this study? How were they defined?
e What role do fixed effects play in the regression? Why does the model include
both county and time fixed effects?

e What is the key identifying assumption for difference-in-differences to yield
causal estimates in this study? How does the author test it?

Self-Service
Gas



Assumption

RESULTS
Parallel trends assumption

The estimates of the ATT from the difference-in-differences model rely on the assumption of parallel
trends. Thus, the validity of the effects found in this study requires substantial evidence to support this
assumption. Figure 2 shows the average gasoline prices of the control counties (with population above
40,000 people) represented by the dashed line and the treated counties (with population below 40,000
people) represented by the solid line. The vertical solid line represents the last month of 2017, which is
the month immediately prior to the policy change that repealed the self-service ban in some counties.
The dashed vertical line shows the time when the repeal of the self-service ban was announced. Note
that the repeal of the self-service ban applies primarily to the rural eastern part of Oregon, which is
known to be very different from the coastal part of Oregon. However, these distinct characteristics
in Oregon counties will not bias the results from the difference-in-differences model as long as the
parallel trends assumption holds.
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Results

TABLE 2  Simple differences in gasoline prices.

Pre-treatment Post-treatment Difference-in
mean mean Differences differences
Treated group 270.23 313.62 43.38 —4.23
Control group 265.11 312.78 47.61

Notes: This table shows a simple 2x2 comparison of the change in average prices from the pre-treatment period to the post-treatment period for
treated and control counties. This difference in differences suggests that the self-service repeal reduced gasoline prices. A formal assessment of
this effect is found in Tables 3 through 5.



Results

TABLE 3  Effect of repealing self-service gasoline ban.

(&Y} 2) 3) @)
Repeal (ATT) —4 Qkk —4 gk —4. —4 4k
(1.65) (1.69) (1.74) (.7
Unemployment rate Yes Yes Yes
Poverty rate Yes Yes
Income Yes
Time fixed effects Yes Yes Yes Yes
County fixed effects Yes Yes Yes Yes
Observations 42,961 42,961 42,961 42,961
Treated counties 13 13 13 13
Control counties 18 18 18 18

Notes: The coefficient on Repeal (ATT) represents the estimated average treatment effect on the treated associated with the repeal of the self-
service ban. Standard errors clustered at the county level are shown in parentheses. ***p < 0.01, **p < 0.05, and *p < 0.1.
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is 4.4 cents a lot? or not?

Although public polling suggests that a strong majority (63%) of Oregonians support giving drivers
the choice to pump their own gas, some consumers have resisted efforts to lift the ban on self-service
pumps (Degenhardt, 2023). Reasons cited include skepticism over price reductions, concerns that
people with disabilities won’t be able to fuel their vehicle without assistance, drivers may lack the
skills to safely operate a pump, and that in inclement weather drivers would rather avoid the need to
exit their vehicle to refuel. This research shows that the self-service ban repeal decreased gasoline
prices in rural counties. Given that much of the competition in gasoline markets is over only a couple
cents, the effect I uncover represents a substantial change in gasoline prices. A comparable tax that
leads gasoline prices to increase by 4.4 cents would likely face an enormous amount of criticism and
debate, which speaks to the economic relevance of this regulation. The effect of repealing this ban in
urban Oregon counties and New Jersey may be even larger since gasoline stations are likely to pay
higher wages in urban areas than rural areas.
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Event Study
ool Serviee ® What are some issues that could affect the validity of the claim?
® For this bias story to work well, it needs to be correlated with (TxPost), which

means:
® Affecting treatment and control differently and
® changing around the time where the outcomes change (Jan 2018).
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o ® Given the results from the paper, for the following concerns that people may
S Sy have discuss with a partner: is this a concern? if yes why, if not, what else
ool Serviee would we need to state for this to be a concern?

® Spillover effects: If drivers in control counties traveled to treated counties to
benefit from lower prices.

® Price data comes from GasBuddy, crowd-sourced by consumers. While this data
has been validated in prior research, it may be noisier in rural areas with fewer
reporters.

® State policy change that affected all counties in 2016.

® State policy change that affected all counties in 2019.
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Examples

® \What happens to voter turnout when you move to another place with higher
voter turnout?

® What does subsidizing legal counsel in poor communities do?

® Does reducing taxes on small business actually pay for itself?
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Legal Counsel

CHANGES IN FAMILY STRUCTURE AND WELFARE PARTICIPATION SINCE THE
1960S: THE ROLE OF LEGAL SERVICES*

Jamein Cunningham
Andrew Goodman-Bacon

July 15,2020

Abstract

This paper evaluates the effects of the War on Poverty’s Legal Services Program (LSP) on family
structure and welfare participation. LSPs provided subsidized legal assistance to poor
communities, focusing on divorce and welfare access. We use a difference-in-differences research
design based on the rollout of the program to 251 counties from 1965 to 1975. We find temporary
increases in divorce and persistent increases in welfare participation and nonmarital birth rates.
Nonmarital births rose because marriage rates fell, not because birth rates rose. Expanded access
to legal institutions thus contributed, directly and indirectly, to changes in family structure in the
1960s.
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Legal Counsel

Figure 4. Relationship between LSP Establishment and Divorces
Divorces per 1,000 Women 10-49

Year
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Voter tumout (coefficient)
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Figure 3 from Cantoni and Pons (2022)
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) Effective Policy for Reducing Inequality? The Earned Income Tax Credit and the Distribution
L T of Income
Applying DD Hilary W. Hoynes and Ankur J. Patel
Linear DD NBER Working Paper No. 21340
STATA July 2015
Event Study JEL No. H2,138,12
ABSTRACT
M
Exoarfnples In this paper, we examine the effect of the EITC on the employment and income of single mothers

with children. We provide the first comprehensive estimates of this central safety net policy on the
full distribution of after-tax and transfer income. We use a quasi-experiment approach, using variation
in generosity due to policy expansions across tax years and family sizes. Our results show that a policy-
induced $1000 increase in the EITC leads to a 7.3 percentage point increase in employment and a
9.4 percentage point reduction in the share of families with after-tax and transfer income below 100%
poverty. Event study estimates show no evidence of differential pre-trends, providing strong evidence
in support of our research design. We find that the income increasing effects of the EITC are concentrated
between 75% and 150% of income-to-poverty with little effect at the lowest income levels (50% poverty
and below) and at levels of 250% of poverty and higher. By capturing the indirect effects of the credit
on earnings, our results show that static calculations of the anti-poverty effects of the EITC (such as
those released based on the Supplemental Poverty Measure, Short 2014) may be underestimated by
as much as 50 percent.
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How to chose a control group?

Overall answer:
® | ook for clever-ways to construct a control group.
Regional comparisons:
® Border states, census regions
Demographic Comparisons:
® Age groups
Usually want to rely on more than one control unit. We want to construct an
average of other units.
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Example: Age group

2
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©
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ACA Mandate
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N T T T T T T T T T
2005q1 2006q1 2007q1 2008q1 2009q1 20101 2011q1  2012q1 2013q1

Age 22-24
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Other robustness checks

e Falsification test:
® Run the DD but only with control units and randomly assign a set of unit

treatment
® and re-do this x number of times

® Placebo test:
® Pick a group within your “treated” group that would be less or nor treated at all

and re-run the specification

® Get creativel!
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Extensions

e What if treatment is continuous?
® Then we call this a continuous DD or a Dose Response
e What if treatment is similar but occurs in different places at different times?

® Then we may have to be careful about comparisons in case there are
heterogenous treatment effects



The problem of heterogenous time effects

Figure 2. The Four Simple (2x2) Difference-in-Differences Estimates from the Three Group

Case
A. Early Group vs. Untreated Group B. Late Group vs. Untreated Group
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Outoome variable
~

Bacon Decomposition in practice

—— ig=1
—— i4=2
—— id=3

Time variable

Make all possible comparison (DDs), and get the average of all of those
comparisons



Bacon decomposition in practice

4% A
35
Earlior Group Trealment vs. Laler Group Conlrol
3 x Later Group Treatment vs. Earlier Group Conlrol
"""""""""""""""""""""""""""" 4 Trealment vs. Never Trealed

25
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015 020 025 030 035

Weight

® Combine the numbers times the weights to get a weighted average, what do

you get?
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Bacon decomposition in practice

® When we run the regression, we get 2.9, why not 37

® Because OLS give the comparisons different weights:

uting de

® Where do the weights come from?
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Bacon decomposition

Difference-in-Differences Decomposition Theorem (3 Group Case)

Vie = @; + @, + BPP Dy + uy,

For three groups:

A A2X2)
BPP = siuBii| + sevBii

A2x2,4
Bre

e

B Late Group vs. Untreated Group.




Bacon decomposition: The weights

The weights are:

Vi
_ (e +ny)* ey (1 = m)Die(1 = Dy)
Sy = D ’ (106)
Vv
17,3,"
-D,1-D
(e +np)(1 - Df)) (1 — nke) ~D, £ 1= Dk
ko _ e
sy, = 7o (101)
77
D,; D D,
(g +n£)Dk) e (1 — lee) =L ka B
Ske = 5 : (109)

Kk | 2
and Tiey Sy + Siewv Sesklshe + Ske] = 1.
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Bacon decomposition: What do the weights mean?

® The elements that the weights contain the following information/intuition:

@ Size of each subgroup based on N of the groups: what percentage of units -
states, counties, companies, workers, etc. - are in the treatment and control
group for a given (2x2) pair.

@® Size of each subgroup based on time: what percentage of time periods are used
in a specific 2x2 subsample.

© Treatment variance (how close to the beginning/end of the subsample window
the treatment is activated).

e This implies that: These weights end up giving a high degree of weight to the
treated units in the middle of the sample (since they have the highest variance
in the treatment indicator).
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Bacon decomposition: Heterogenous Timing

Effects
® These data was created with an effect for each unit that's between 2 and 10.

40
Time variable




Bacon decomposition: Heterogenoud timing effects

® But when we run the regression we get

HDFE Linear regression Number of obs = 1,800
Apsorbing 2 HOFE groups F( 1, 1710) = 59.04
Prob > F - o.0000
R-squared = 0.835
Adj R-squared - @.8273
Within R-sq = 0.3
Root MSE = 39.7334

D | -25.93176 3.374793  -7.68 -32.55092  -19.3126

_cons | 114.9349 1.997427  57.54 111.8172  118.8525




Bacon decomposition: Heterogenous timing effects
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Overall DD Estimate = -25.931759
Within component = (weight = )

Negative effects even when all the effects were positive!
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How to solve the problem?

® We need another estimator that understands this comparisons
e https://asjadnaqvi.github.io/DiD/docs/01 _stata/
e But think about other easy solutions!
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