
DiD

DiD strategies take into account the timing of the treatment
(e.g., a policy shift) to obtain an estimate for the ATET.

Remember that we can write

Yi = DiYi1 + (1− Di)Yi0

= Yi0 + Di(Yi1 − Yi0)

= α + ∆iDi + εi

where α = µ0 and εi = Yi0 − µ0.
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DiD

To incorporate timing, let t0 denote the time period before the
assignement and t1, the time period after. We then append time
subscripts to the above relation:

Yit = α + ∆iDit + εit , t = t1, t0

where ∆i = Yi1t1 − Yi0t1 and Dit = 0 if t = t0.

We can also decompose the shock εit as

mt + ηi + vit

where mt is a macro shock affecting all equally at time t and ηi
is a time-invariant individual effect.
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DiD

The identifying assumption we will maintain here is that

E [εit |Dit ] = mt + E [ηi |Dit ]

which is equivalent to no selection on untreated outcomes (in
first differences):

E [Yi0t1 − Yi0t0 |Dit1 = 1] = E [Yi0t1 − Yi0t0 ].

This does not rule out selection on unobservables (since this
may still depend on ηi ).

It does exclude the possibility that selection is based on
transitory individual-specific unobservables (vit ).
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DiD

I Suppose for example that we want to evaluate a training
programme for those with low earnings. Let the threshold
for eligibility be B.

I We have a panel of individuals and those with low earnings
qualify for training, forming the treatment group.

I Those with higher earnings form the comparison group.
I The treatment group may have low earnings for two

reasons:
1. They have low permanent earnings: ηi is low. This is

handled by DiD.
2. They have a negative transitory shock: vit is low. This is not

handled by DiD.
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DiD

I To see this note that participants are such that Yi0t0 < B.
Assume that the shocks vit are iid. Then,
vit0 < B − α−mt0 − ηi . this implies that

E [Yi0t1−Yi0t0 |Dit = 1] = mt1−mt0−E [vit0 |vit0 < B−α−mt0−ηi ]

and for the comparison group

E [Yi0t1−Yi0t0 |Dit = 0] = mt1−mt0−E [vit0 |vit0 > B−α−mt0−ηi ].

I This implies that

E [Yi0t1 − Yi0t0 |Dit = 1]− E [Yi0t1 − Yi0t0 |Dit = 0] =

E [vit0 |vit0 > B − α−mt0 − ηi ]− E [vit0 |vit0 < B − α−mt0 − ηi ]

> 0
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DiD

I Ashenfelter (1978, REStat) was one of the first to consider
DiD to evaluate training programs.
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DiD

I With covariates, it is possible that

E [Yi0t1 − Yi0t0 |Dit1 = 1,X ] = E [Yi0t1 − Yi0t0 |X ]

even if

E [Yi0t1 − Yi0t0 |Dit1 = 1] 6= E [Yi0t1 − Yi0t0 ].

I This is just as in matching where the outcome now is the
change in Y s!
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DiD

Under the assumption that E [Yi0t1 − Yi0t0 |Dit1 = 1] =
E [Yi0t1 − Yi0t0 ],

ATET = E [∆i |Dit1 = 1]

= E [Yit1 |Dit1 = 1]− E [Yit0 |Dit1 = 1]

−{E [Yit1 |Dit1 = 0]− E [Yit0 |Dit1 = 0]}.

Which suggests the empirical analog estimator

ÂTET =

∑
i dit1(yit1 − yit0)∑

i dit1
−
∑

i(1− dit1)(yit1 − yit0)∑
i(1− dit1)

Notice this is just the within groups panel data estimator.
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DiD

I If treatment and control groups can be separated before
the policy change and composition of the groups with
respect to the individual fixed effects does not change,
repeated cross-section can be used to estimate the ATET .

I Differential macro trends would also invalidate the
estimator.

I Selection on idiosyncratic shocks will also invalidate the
estimator. One example is “Ashenfelter’s dip”. If enrolment
to a training program is more likely when earnings are
temporarily decreased, a faster earnings growth should be
expected among the treated even without program
participation.
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Nonlinear DiD

I To extend DiD to a nonlinear setting, suppose that

Yit = 1[α + ∆iDit + εit ≥ 0].

I As before, assume that

εit = mt + ηi − vit

and
E [εit |Dit ] = mt + E [ηi |Dit ].

I Now, assume also that vit ∼ F where F is known and
ηi = ηd if Dit = d .
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Nonlinear DiD

I The above model corresponds to a binary response model
with non-independent shocks.

I Under those parametric assumptions, letting Y d
it ,d = 0,1

denote treated and untreated outcomes for individual i as
before,

E [Y 0
it |Dit1 = d ] = F (α + ηd + mt )

⇒ F−1(E [Y 0
it |Dit1 = d ]) = α + ηd + mt

for d = 0,1 and t = t0, t1 since E [εit |Dit ] = mt + E [ηi |Dit ].
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Nonlinear DiD

I Then,

F−1(E [Y 0
it1 |Dit1 = d ])− F−1(E [Y 0

it0 |Dit1 = d ]) = mt1 −mt0

for d = 0,1.
I This leads to

E [Y 0
it1 |Dit1 = 1] = F

(
F−1(E [Y 0

it0 |Dit1 = 1])

+{F−1(E [Y 0
it1 |Dit1 = 0])− F−1(E [Y 0

it0 |Dit1 = 0])}
)
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Nonlinear DiD

I The ATET (= E [Y 1
it1
− Y 0

it1
|Di = 1]) can then be expressed

as

ATET = E [Y 1
it1 |Dit1 = 1]− F

(
F−1(E [Y 0

it0 |Dit1 = 1])

+{F−1(E [Y 0
it1 |Dit1 = 0])− F−1(E [Y 0

it0 |Dit1 = 0])}
)

I An estimator for this quantity is

ÂTET =

∑
diyit1∑

di
− F

[
F−1

(∑
diyit0∑

di

)

+

{
F−1

(∑
(1− di)yit1∑

(1− di)

)
− F−1

(∑
(1− di)yit0∑

(1− di)

)}]
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