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Motivation Estimation

Estimation of Cobb-Douglas Production

Yi = ArKPKLD' taking logs

Yit = Bo + Bikit + Bilit + wit + 1t
Parameters for firm i in period t:

m o is mean productivity

m wj; idiosyncratic productivity observed by firm

njt iid measurement error not observed by firm/econometrician

Bk and [, are output elasticities

wjt and nj; mean 0
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Motivation

Problems with Naive OLS

If investment decision of a firm is dynamic and firm can exit:
= Simultaneity Bias on 3;: Firm chooses /;; after seeing wij;
e Positive correlation creates an upward bias on )
m Selection Bias on [;: Exit before production if w;; low

e Since higher k; will continue with lower w;;'s:
E [wit|wi—1, ki, no exit] is decreasing in k¢

e Hence wj; and k; negatively correlated conditional on being in
sample, creating a downward bias on [

m 'Fixed' input: k¢, chosen last period, in firm state

m 'Variable’ input: /;, chosen this period, not in firm state
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Motivation

Dynamic Model

V(k,w) = max {V¢(k,w), V(k,w)}

exit,stay

Ve(k,w) = r’_n§3<{7r(k,w) —c(i)+ BE [V(k',w’)|w] }

stk =(1—08)k+i

m k capital, / investment, w idiosyncratic shock

m 7w(-) — c(+) is profit conditional on 'variable' choices

n V¢(k,w) is terminal value of exit

= w first order Markov with transition probability p(w’|w)
m ...use t to indicate the time series data. 1 firm
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Motivation

Solution to Dynamic Model

Proves that under a set of assumptions including:
m w1 = g(wt) + &, stochastically increasing
m & mean 0, iid
m Scalar Unobservable: w;
Solutions exist to the problem:
m Investment Rule: iy = i¢( ke, wi)
o ii(k:,w;) is strictly increasing in wy, invertible

e Inverse investment rule: w; = hy(ke, it)
o Key: If labor were 'fixed’, it would enter h;

m Exit rule: xe(ke,wt)
* Xe(kt,we) = 1iff wy > &t(kt)
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Estimation

Olley-Pakes Estimation

m Given observables k¢, it, yt, I+, and indicator if in data set x;

m Estimate Cobb-Douglas production without making
parametric assumptions on 7(-), c(+), h(-), g(+)

ye = Bo + Brke + Bily + we +n¢
vt — Bile = Bo + Biks + we + ¢

Solution will be a 3 stage process:
i) Estimate variable coefficient 3
ii) Control for selection

iii) Estimate fixed coefficient [y
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Estimation
Step L: 5/7 ¢t7 d)t

Using the inverse investment rule:

v = Bo + Bike + Bily + he(ke, it) +ne

» Use a non-parametric estimation method for hy(+)

m If ht(-) has a constant and linear term in k¢, then h, Bo, Bk
cannot be separately identified

o Let ¢r(ke,it) = Bo + Brke + he(ke, i)
m Estimate 5, and qgt with a polynomial in ¢;:

Yt = Bily + ¢¢(ke, it) + 1
m Estimate for unobservable: J; = ggt — Bo — Brk:
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Estimation

Step 2: P,

Pr(xt+1 = l|weg1) = Pr(weyr > QH_l)
1- F(£t+1|wt) = Pi(it, kt)

m Non-parametric function of exit probability
m Use data on state today and exit next period
m Estimate a probit in polynomial of state variables
o Pr(xts1 = ke, it) = ®(A(k, it))
e For polynomial A(-) and cdf of normal &(-)
o Get estimate for P;, probability of being in data at ¢t
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Motivation Estimation

Conditional Expectation with Exit

Taking expectation of production function conditional on x; =1

E [y: — Bilt|lwe—1, xt = 1] = E[Bo + Brke + we + ne|we—1, x¢ = 1]
= Bo + Bkt + E [we|we—1, x¢ = 1]
= Bo + Bkt + E [we|we—1, we > wy]
= Bo + Bkk: + / Plwrlwe-1)

w
v o P we—1)de

= Bo + Brke + g(wi—1,w,(kt))

o

dw

g(+) is a conditional expectation function
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Motivation Estimation

Controlling for Exit

w, is not observed

Control for it with Py: w,(kt) = f(we-1, Pt)

Use w;_1 from Step 1

m Remember wii1 = g(w) + &, and E[&] =E[n] =0

E [)/t - ﬁllt|wt—1, Xt = 1] = Bo + Brk: + g(wrf1, f(wt—la 'Dt))
= Po + Brk: + &(dt—1 — Bo — Bike—1, Pt)
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Estimation

Step 3: Gk

From previous line, we can estimate our production function
conditional on x; =1

ye — Bile = Bo + Brke + &(de—1 — Bo — Brke—1, Pe) + ne + &t
ye — Bile = Brke + &(dr—1 — Bike—1, Pe) + nr + &

By construction, &; and 7; are uncorrelated with rhs
m Combined constants into g since 5y not identified

o &, orthogonal to k; since k; chosen last period
e &, now orthogonal since we removed /; from rhs

m Use estimates for c;ASt,l, FA’t, and 3

m Estimate B using a polynomial for g(-) and NLLS
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