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LEMMA 1 (Elimination of Time Effects): Suppose the outcome equation (1) is augmented
with additive time effects,

Yie=pyYis1 +a;, + X0+ Z th&j +v+Uy, t=1,...,T.
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Let the demeaned variables be
YVi=Yy Y, Xi=Xu—-X, d&=o,—a, Uy;=U,;—0U,.
Then the demeaned outcome satisfies
(A1) Vi = PYYz',tq +a; + (Z Dgt5ij - Dt(5)> + Xi/tﬁ + U,
JjeT
so that the time effects {v;} are eliminated from the dynamic equation for Y.

PROOQOF:

Averaging the augmented outcome equation over ¢ = 1,..., N yields
Y, = pyYi1 +a+ Dy(8) + v + X, 8+ U
Subtracting this average from the individual equation gives

Y- Y = py (Yii—1 — thl) + (a; — @)

+ (Z thdij - Dt(5)> + (v =) + (X — Xt)/ﬁ + (Ui — Ut)-
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The term (v, — ;) is identically zero. Using the definitions of the demeaned variables, this
simplifies to

Yit = PYYi,t—1 +q; + (Z Di;% - Dt(5)> + X:tﬂ + Uit7
jeg

which is exactly (A.1). Hence the time effects {7;} are eliminated from the dynamic

equation for the demeaned outcome.



