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Suppose we have a model Yt = λYt−1 + βXt + εt. A shock is X1 = 1 for the first period, with
Xt6=1 = 0. For this case, in expectation,

Y1 = βX1 (1)
Y2 = λ(βX1) (2)
Y3 = λλ(βX1) (3)

= λt−1βX1 ⇒
∂Y

∂X
= λt−1β (4)

For a shift, where Xt = 1

Y1 = βX1 ⇒
∂Y

∂X
= β (5)

Y2 = λ(βX) + βX ⇒ ∂Y

∂X
= λβ + β (6)

Y3 = λ(λ(βX) + βX) + βX ⇒ ∂Y

∂X
= λ2β + λβ + β (7)

∂Y

∂X
=

T∑
t=1

βλt−1 (8)

The marginal effect for either a shock or a shift is equations 4 and 8 evaluated at t, respectively.
The associated .do file creates visualizations of the math presented here for a dynamic model.1

1available at http://www-personal.umich.edu/˜franzese/ICPSR/icpsr_dynamic_
counterfactual.do
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