
Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + δ Treatments*Postt + εst
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Multiple counties in the state.  Suppose the estimating equation is:

yst = α0 + δ Treatedst + εst
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Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + α1Treatments + δ Treatments*Postt + εst
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Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + α1Treatments + δ Treatments*Postt + εst
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Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + α1Treatments + δ Treatments*Postt + εst

Traffic Fatality Rate

time

Colorado 

Nebraska

Colorado  
Implements 

Policy

α0 + α1

α0

α0 + α1 + δ

δ



Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + α1Treatments +α2Postt + δ Treatments*Postt + εst
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Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + α1Treatments +α2Postt + δ Treatments*Postt + εst
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Difference in Difference Model with two states and two time periods.   The 
estimating equation is:

yst = α0 + α1Treatments +α2Postt + δ Treatments*Postt + εst
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Difference in Difference Model with two states and two time periods.   Multple
counties.  The estimating equation is:

yst = α0 + α1Treatments +α2Postt + δ Treatments*Postt + εst
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This estimating equation is exactly the same as:

yist = α0 + α1dCOs +α2d2t + + δ Policyst + εist

dCO is dummy for CO; d2 is dummy for year 2; Policy is dummy =1 in CO after policy is passed
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𝑦𝑖𝑠𝑡 −  𝑦𝑠 = α2d2t + + δ Policyst +𝜀𝑖𝑠𝑡 −  𝜀𝑠
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The estimate of δ is exactly the same as obtained by subtracting the mean for each 
state:

𝑦𝑖𝑠𝑡 −  𝑦𝑠 = α2d2t + + δ Policyst +𝜀𝑖𝑠𝑡 −  𝜀𝑠
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And δ is exactly the same after subtracting the mean for each time period:

𝑦𝑖𝑠𝑡 −  𝑦𝑠 −  𝑦𝑡 = δ Policyst +𝜀𝑖𝑠𝑡 −  𝜀𝑠 −  𝜀𝑡

δ



When we have lots of states and years, an author 
typically writes

yst = β0 + δPolicyst + vs + zt +εst

And then the author might say that the equation is 
estimated including state and year fixed effects

Start with state fixed effects, common time trend



If we’re using state-level data, then each state contributes one observation per 
year. The estimating equation with a common time trend is

yist = α0 + α1dCOs +α2t + δ Policyst + εist
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Remove state specific means δ will still be the vertical change

𝑦𝑖𝑠𝑡 −  𝑦𝑠 = α2t + δ Policyst + 𝜀𝑖𝑠𝑡 −  𝜀𝑠
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With multiple states δ will be the average vertical change across the states

yst = α0 + α2 t + δPolicyst + vs + εst



If we’re using repeated cross-sectional data at the individual level, then each state contributes multiple 
observations per year. The estimating equation is:

yist = α0 + δ Policyst + α2 t + vs + εist
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Pooled model: MRit = β0 +β1unemit +eit

id state year
murder 

rate unem

19 LA 87 11.1 12

19 LA 90 17.2 6.2

19 LA 93 20.3 7.4

5 CA 87 10.6 5.8

5 CA 90 11.9 5.6

5 CA 93 13.1 9.2



FD model: ΔMRit = β1Δunemit + Δ eit

id state year
murder 

rate ΔMR unem ΔUN

19 LA 87 11.1 -- 12 --

19 LA 90 17.2 6.1 6.2 -5.8

19 LA 93 20.3 3.1 7.4 1.2

5 CA 87 10.6 -- 5.8 --

5 CA 90 11.9 1.3 5.6 -.02

5 CA 93 13.1 1.2 9.2 3.6



FE model: MRit -𝑀𝑅𝑖= β1unemit−𝑢𝑛𝑒𝑚i + eit

id state year
murder 

rate Mean
MR-

mean unem mean

UN-
mean

19 LA 87 11.1 16.2 -5.1 12 8.5 3.5

19 LA 90 17.2 16.2 1 6.2 8.5 -2.3

19 LA 93 20.3 16.2 4.1 7.4 8.5 -1.1

5 CA 87 10.6 11.9 -1.3 5.8 6.9 -1.1

5 CA 90 11.9 11.9 0 5.6 6.9 -1.3

5 CA 93 13.1 11.9 1.2 9.2 6.9 2.3



The estimated coefficient on unemployment 
from these two models will be the same if 
there are only 2 years.  

Otherwise, they are both consistent 
estimators of  β1 but their exact values will 
differ



FE model: MRit = α0+β1unemit + α1Statei +eit

id state year
murder 

rate unem State

19 LA 87 11.1 12 1

19 LA 90 17.2 6.2 1

19 LA 93 20.3 7.4 1

5 CA 87 10.6 5.8 0

5 CA 90 11.9 5.6 0

5 CA 93 13.1 9.2 0



FE model: MRit = α0+β1unemit + α1Statei +eit

id state year
murder 

rate unem State

19 LA 87 11.1 12 1

19 LA 90 17.2 6.2 1

19 LA 93 20.3 7.4 1

5 CA 87 10.6 5.8 0

5 CA 90 11.9 5.6 0

5 CA 93 13.1 9.2 0

The constant term in 

this model and the 

previous version of 

the FE model will be 

different (how?)

The estimated 

coefficient on 

unemployment WILL 

BE EXACTLY THE 

SAME







Now look at time shocks.  

What if all states experience a common shock in a 
given year?  

What if the means varies by time as well as by state?



z3

Crime Rate

time

Barber

Jefferson

Barber legalizes 
by-the-drink sales

Common time fixed effects-- δ will still be the average vertical change from before and 
after the policy

Violent Crimect = π0 + δ Wet Lawct + X‘
ctπ2 + vc + zt + εct

.
Jefferson legalizes 
by-the-drink sales 

Positive shock to crime Negative shock to crime

z3

z8

z8



z3

Crime Rate

time

Barber

Jefferson

Barber legalizes 
by-the-drink sales

Common time fixed effects-- δ will still be the average vertical change from before and 
after the policy

Violent Crimect = π0 + δ Wet Lawct + X‘
ctπ2 + vc + zt + εct

.
Jefferson legalizes 
by-the-drink sales 

Positive shock to crime Negative shock to crime

z3

z8

z8



Crime Rate

time

Barber

Jefferson

Barber legalizes 
by-the-drink sales
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