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Cost Functions

Brief Digression on Cost Function Estimation
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Cost Functions

CD example

» If we have a Cobb-Douglas production function:

Q = exp (w +e) LP KB

» Then the cost function (assuming cost minimization) is

By B 1q_ 1
Bi + Bk B+ Bk B+ B B+ Bk

where w is the wage, r is the rental rate, and p is a constant that
depends on the 3's

(w+e)

cC=u+
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Cost Functions

Cost function estimation

» We can estimate
c=p+YW+yr+ 79— (W +€¥)
where w* = yqw and €% = 74¢.

» And the parameters of the production function could be recovered:

B = wi/vq- Bk = vr/q-
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Cost Functions

Insights from Nerlove (1963)

» Note that cost-minimization theory tells us that v, + v« = 1. Nerlove
suggests measuring all prices relative to one price (say, w),
eliminating one of the redundant terms. In logs,

C—w = p+YmWHYr+7q—7w+e)—w
= B+ TW Vel ++799 — Vg (W +E) = yww — ew
H+’Yr(r_W)+7qq_'7q(W+5)

» Note that we only need variation in either r or w in order to estimate
the model.

» Another insight from Nerlove: we could do without observing r as
long as it is constant across firms. With just a cross section of firms,
the term with r would be absorbed by the constant. With a panel, we
might control for temporal variation in r with time fixed effects.



Cost Functions

Concerns

» The cost function is based on static cost minimization, so using it
only makes sense if all inputs are variable.

» With productions functions, we worry about the endogneity of inputs.
With cost functions, we worry about the endogeneity of output.
In Nerlove's application (electricity producers), Q was arguably
exogneous because of regulation. In other settings, we would need
some instrument for Q (e.g., demand shifters).

6/43



De Loecker and Warzynski (2012)

"Markups and Firm-Level Export Status"
De Loecker and Warzynski (2012)
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De Loecker and Warzynski (2012)

Overview

» Demonstrates how production function can be used to make
inferences about markups

» Applied question: how do markups of exporters differ from
non-exporters, and how does a firm's productivity change when it
becomes an exporter.

> Findings:
» Exporters have higher markups than importers
» Markups increase when a firm becomes an exporter
» Note similarity to De Loecker (2011), but focus is now on exporter
status rather than trade liberalization

43



De Loecker and Warzynski (2012)

Sketch of main idea |

» Definition of markup: = P/MC

> Let P}, represent the price of input v and let Pj; represent the price of
output.

» Production function:
1 1%
Qit = Qi (Xitu cee 7Xit , Kit, Wit)
where v =1,2,..., V indexes variable inputs.

» Assumption: variable inputs are set each period to minimize costs.



De Loecker and Warzynski (2012)

Sketch of main idea Il

» Lagrangian for cost minimization problem:

Vv
L (x,.ﬁ, XY K, /\,-t) =Y PEXY + rieKie 4+ Aie (Qie — Qe ()
v=1
» First-order condition:
0Qit (+)
PY — \i =0,
"Xy

where \j; is the marginal cost of production at production level Qj;.
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De Loecker and Warzynski (2012)

Sketch of main idea lll

» First-order condition:

0Qit (+)
oXY

it

Py — Ai =0.

» Multiplying by X /Q:

OQi (1) Xt _ 1 PiXy
XY Qi A Qi

» With pj = Pit//\itv
0Qi (+) Xy P Xit

XY Qi it Pit Qit

where we have multiplied and divided by P;; on the RHS.
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De Loecker and Warzynski (2012)

The markup formula

This leads to a simple expression:

pit = 0 (a)'/t)_l

where 0 is the output elasticity with respect to input v, and a}; is
expenditures on input v as a share of revenues.

» On its own, this formula is nothing new

» What's new about DLW is how flexible they are about estimating 0},
and how they base their inferences about markups on careful
production function estimation.



De Loecker and Warzynski (2012)

The demand-based approach
» Recall the formula for monopoly pricing:

p 1

mc 1+ &
where 851 is the inverse elasticity of demand.

» In more complicated settings (e.g., differentiated products), we can
still solve for markups as a function of demand elasticities.

» Demand-based approach has been the standard, but notice the many
assumptions involved:

» Typically static Nash-Bertrand competition (or at least some imperfect
competition game where we can easily solve for the equilibrium)
> Instruments to identify demand

» Functional form assumptions on demand system, model of consumer
heterogeneity
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De Loecker and Warzynski (2012)

CD: example

» Assume labor is a flexible input.
» With Cobb-Douglas production function,
Qit = exp (wir) LA K’BKa
output elasticity of labor is just a constant:

0Qi Lit _
OLit Qi

L _
O =

B

» Markup:
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De Loecker and Warzynski (2012)

CD: concerns

Cobb-Douglas markup:
B

Kit = L
Ay

Some things we might worry about:

» Bias in estimating 5, without appropriate econometric strategy
(always a concern in production function estimation)

» Cobb-Douglas is very restrictive, imposing output elasticity which
does not depend on @ nor the relative levels of inputs. Variation in
expenditure shares will be only source of variation in markups.

» If we assume variation of input share is independent of output
elasticity, then any variation in productivity which affects the input
share is being treated as variation in markups.
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De Loecker and Warzynski (2012)

Translog production function

» DLW'’s main results are based on a translog production function:
Yie = Bilie + Buckie + Bl + Bricki + Bicliekie + wie + €.
» Translog output elasticities:
0 = B+ 2Bulie + Bk,

so translog production is flexible enough to allow for a first-order
approximation to how output elasticities vary with input use.

16
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De Loecker and Warzynski (2012)

Empirical framework

» Consistent with production function estimation literature, they
assume Hicks-neutral productivity shocks:

Qit = F( Ity * X/t 9 Kltvﬁ) eXp (wit) .

» Also allow for some measurement error in production:
yie = In Qjt +€it

yit = f (Xit, kie; B) + wi + €t
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De Loecker and Warzynski (2012)
The control function
» Following Levinsohn and Petrin, use materials to proxy for productivity
Mmig = Mg (kit;wihzit)
where z;; are controls.

» Note: a big claim of the paper is estimating "markups without
specifying how firms compete in the product market"

» But here, z;; must control for everything which shifts input demand
choices or else there will be variation in productivity they're not
controlling for (and hence some of the variation in their inferred
markups may actually come from variation in productivity)

> In the appendix, they explain that z;; includes input prices, lagged
inputs (meant to capture variation in input prices), and exporter
status.
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De Loecker and Warzynski (2012)

Physical output vs. sales

» Note that the theory is developed in terms of outputs, but DLW only

have sales (as usual).

> For a price-taking firm, there's no problem rewriting the formula in
terms of sales:
OR() Xy _ PdQu() Xy _ Py
OXy{ Re  OX{ PiQi " PiQu

ORit(-) _ P:9Qi()
Xi — OXy

» However, if the firm has market power,

ORit (1) _ 0Qit () (P- 5Pit)
Xy oxy \" T oQe)”

because
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De Loecker and Warzynski (2012)

TasLE 2—EstiMaTeD MARKUPS

Methodology Markup
Hall* 1.03 (0.004)
Klette* 1.12 (0.020)
Specification

I (Cobb-Douglas) 1.17

II (I w/ endog. productivity) 1.10

I (I w/ additional moments) 1.23

IV (Translog) 1.28

V (Il w/ export input) 1.23

VI (Gross Output: labor) 1.26

VI (Gross Output: materials) 1.22
VII* (I w/ single markup) 1.16 (0.006)
VIII® (First difference) 1.11 (0.007)

“Markups are estimated jointly with the production function (as discussed in Section III), and
we report the standard errors in parentheses. The standard deviation around the markups in
specifications I-VI is about 0.5.
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De Loecker and Warzynski (2012)

TasLe 3—Markups AND ExporT StaTUus I Cross-SecTion

Methodology Export Premium
Hall 0.0155 (0.010)
Klette 0.0500 (0.090)
Specification
I (Cobb-Douglas) 0.1633 (0.017)
II (I w/ endog. productivity) 0.1608 (0.017)
IV (Translog) 0.1304 (0.014)
V (Il w/ export input) 0.1829 (0.017)
VII (First difference) 0.1263 (0.013)

Notes: Estimates are obtained after running equation (21) where the different specifications
refer to the different markup estimates, and we convert the percentage markup difference into
levels as discussed above. The standard errors under specifications I-V are obtained from a
nonlinear combination of the relevant parameter estimates. All regressions include labor, capi-
tal, and full year and industry dummies as controls. Standard errors are in parentheses.
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Ackerberg, Caves, and Frazer (2006)

"Structural ldentification of Production Functions"
Ackerberg, Caves, and Frazer (2006)



Ackerberg, Caves, and Frazer (2006)

Overview

» ACF argue that Olley and Pakes’s (1996) and Levinsohn and Petrin’s
(2003) approach suffer from collinearity issues.

» They propose a new approach which involves modified assumptions
on the timing of input decisions and moves the identification of all
coefficients of the production function to the second stage of the
estimation.
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Ackerberg, Caves, and Frazer (2006)

Overview

» ACF argue that Olley and Pakes’s (1996) and Levinsohn and Petrin’s
(2003) approach suffer from collinearity issues.

» They propose modifying the timing assumptions on input choice to
avoid the collinearity
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Ackerberg, Caves, and Frazer (2006)

LP’s first stage

» Levinsohn and Petrin’s first-stage regression:

Yie = Bilit + ft_l (mje, ki) + €ie.

» LP’s approach was based on the premise that materials inputs are a
variable input and therefore a function of state variables:

miz = my (wita kit) )

» They also assume that labor is a variable input (or else we would not
be able to exclude it from the inversion), so

lir = It (Wih kit) .
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Ackerberg, Caves, and Frazer (2006)

LP’s identification problem

» This means we can write:
yie = Bilt ('.:;1 (mig, ki) kit) + ffl (mie, kit) + €it,

and since we're being nonparametric about £, 1,
it should absorb 3/ (f;l (mie, kit) , k,-t).

» There should be no variation in /;; left over to identify j3;.

26
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Ackerberg, Caves, and Frazer (2006)

Collinearity with CD production
» Cobb-Douglas production with inverted productivity:
Yie = Brkie + Bilie + Bmmie + £, 1 (mie, kie) + €ie.

» FOC for materials:
Pm

m—1 wir _
B Kl Ly Mim e =
Py

» Solving for w:

wit = In (;) I (’Z”) — Bk — Bilie + (1= B) mie
m y

» Plugging this into the production function, the 3,/;; terms cancel:

1
Yit = (B )+In<p>+mlt+elt
m y
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Ackerberg, Caves, and Frazer (2006)

Collinearity in practice and in principle

» |t could be the case that /;; takes different values in the data for the
same values of (mj, kit). ACF's argument is about collinearity in
principle, given the assumptions of LP.

» Some potential sources of independent variation:
(Which one works?)
» unobserved variation in firm-specific input prices.
» measurement error in /i or mj;
» optimization error in [;; or mj
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Ackerberg, Caves, and Frazer (2006)

Collinearity in practice and in principle

» |t could be the case that /;; takes different values in the data for the
same values of (mj, kit). ACF's argument is about collinearity in
principle, given the assumptions of LP.

» Some potential sources of independent variation:
(Which one works?)

» unobserved variation in firm-specific input prices.
> measurement error in l;; or mj;
» optimization error in [;; or mj

» While optimization error in /;; works econometrically, it's not the most
appealing assumption economically.
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Ackerberg, Caves, and Frazer (2006)

Another failed solution

» Note that the whole problem comes about because labor and
materials are set simultaneously. This means one way to break the
collinearity is to assume they are set with respect to different
information sets.

» Let’s try to break the informational equivalence with timing
assumptions. Suppose:
> mj is set at time t
» [, issetattimet—bwith0O< b<1
» w has Markovian in between subperiods:

p(witbllit-1) = p(wit—blwi-1)
p(wiellie—p) = p(wilwit—p)

» But this doesn't work! And neither does having m;; set first. (Why?)
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Ackerberg, Caves, and Frazer (2006)

An implausible solution

> Let's try again:
> [ is set at time t
» miisset attimet—bwith0< b<1
» we have a more complicated structure of productivity shocks:

Yie = Bilit + Bmmie + Brkic + wit—p + Nit,

p(wit—pllit—1) = p(wit—blwie-1) ,

» and there is some unobservable shock to labor prices which is realized
between t — b and t. This shock must be i.i.d.

» [;+ has its own shock to respond to, creating independent variation,
and the productivity inversion still works because the new shock is not
a state variable.

» This works, but as ACF argue, it's rather ad-hoc and difficult to
motivate.
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Ackerberg, Caves, and Frazer (2006)

Collinearity in Olley Pakes

» Olley Pakes's control function has the same collinearity issue, but
ACF argue it can be avoided with assumptions which "might be a
reasonable approximation to the true underlying process."

» Assume that /;; is set at t — b with 0 < b < 1. w has a Markovian
between subperiods. Then:

lie = It (Wi,t—b7 kit) )
so we have variation in /;z which is independent of (wjt, kit).

» Note that even though /; is set before investment Jj, investment
won't depend on /;; because it is a static input. So the productivity
inversion is unchanged.

> These timing assumptions cannot save LP, but they work well with
OP.
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Ackerberg, Caves, and Frazer (2006)

ACF’s alternative procedure |
» Consider value added production function:

Vit = Bkt + Bilit + wir + €it.

» ACF's procedure is based on the same timing assumption that "saves"
OP: labor chosen at t — b, slightly earlier than when materials are
chosen at t.

» Point of first stage is just to get expected output:
Vit = @t (mit, kit, lie) + €it

where
& (mje, kie, lit) = Brkic + Bilie + f,t_l (i, kit, lit)

... first stage no longer recovers [3;.
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Ackerberg, Caves, and Frazer (2006)

ACF’s alternative procedure |l

> After the first stage, we have ®je, expected output.

» We can construct a measure of productivity given coeffiencts:

@it (ery ﬁl) = &Jit - ﬁkkit - 6I/it

» Then, non-parametrically regressing @i (5k, 1) on @i t—1 (Bk, B1),

can construct the innovations:

Eit (Br, B1) = Qe (Brs B1) — E (@it (Br, B1) |@i.6-1 (Br, B1))

we
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Ackerberg, Caves, and Frazer (2006)

ACF’s alternative procedure Il

v

Estimation relies on the following moments:
1 2 k;
TN Y S E (e ) ( e )
t ht=

> In the second stage, these two moments are used to estimate both (5

and j;.

> In ACF's framework, /i isn't a function of w;; but of w; ;. However,
labor will still be correlated with part of the innovation in
productivity, so we still need to use lagged labor in the moments.

» The moment with lagged labor is very much in the spirit of OP and
LP, and they actually used it as an overidentifying restriction.
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Ackerberg, Caves, and Frazer (2006)

Comments

» The approach also works with an investment proxy,.

» Wooldridge (2009) proposes estimating the first and second stages
together. This makes computation of standard errors easier (standard
GMM formulas rather than boostrap), and it improves efficiency.

36
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Gandhi, Navarro, and Rivers (2006)

"On the Identification of Production Functions:
How Heterogeneous is Productivity?"
Gandhi, Navarro, and Rivers (2006)
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Gandhi, Navarro, and Rivers (2006)

Overview

v

A bit like ACF's critique of OP and LP (but more formal), GNR argue
that past approaches suffer from non-identification due to flexible
inputs.

» They argue that ACF's "solution" merely moves the non-identification
problem.

» Instead, they suggest using first-order conditions from profit
maximization for identification.

» Their identification argument is in the context of gross output
production functions, and then they attack the use of value added
production functions.
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Gandhi, Navarro, and Rivers (2006)

Setup

» For the general intuition for the non-identification result, consider a
gross output production function:

yie = (i, ki, mit) + wie + €j¢

Yit = f (/ih Kit, mit) + E(Wit

lit—1, Kijt—1, mit—1) + &ix + €ir

» This is an equation in (/it, kit, Mit, i t—1, ki t—1, Mj t—1). Theory tells
us that there is no instrument for m;; which will be a source of
exogenous variation.
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Gandhi, Navarro, and Rivers (2006)

Intuition for identification issue

> Letting h; be the productivity inversion and
gt (wit-1) = E (wit|wit-1),

yvie = (lie, kie, mie) + 8¢ (he (hi e—1, kit—1, mie—1)) + &ie + i

mi = me (e, kie, 8¢ (he (li.e—1, kit—1, Mje—1)) + &it)

» There is no instrument for m;; which is both valid and relevant:
» variation in (/i, ki) won't help identify effect of m;; if we're being
flexible about the functional form of f;
» variation in (/; 1—1, ki,r—1, m; t—1) won't help if we're being flexible
about the functional form of h;.
> variation in &;; is not exogenous.

» A Cobb-Douglas example in their appendix suggests that functional
form assumptions shouldn’t help.
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Gandhi, Navarro, and Rivers (2006)

Using FOCs from profit maximization |

» FOC for optimal choice of intermediate inputs:
PytFme (Lie, Kit, Mit) € E = pmt
where Fu,; = % and £ = E (et).

» Note: this is a static profit maximization assumption.

» We can form a system of equations with the production function:

Inpme = Inpye +1InFuy e (Lie, Kie, Mit) +InE + wir

Yit = fi (Lit, Kit, Mit) + wir + €t
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Gandhi, Navarro, and Rivers (2006)

Using FOCs from profit maximization |l

» We can form a system of equations with the production function:

Inpme = Inpye +InFpp e (Lie, Kie, Mit) +InE + wir
Yit = f; (Lit, Kit, Mit) + wir + €iz.

» Differencing and adding mj; to both sides:

Mmit Pmt

Yit Pyt

In =In Gt (Lit,Kit,Mit)+|ng—€it

where G; is the elasticity of output with respect to M;;:

G, — FM,t (Lih Kit; Mit) Mit
' Fe (Lit, Kit, Miz)
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Gandhi, Navarro, and Rivers (2006)

Using FOCs from profit maximization |ll

» The basic idea is that the input expenditure share,

Mit Pmt
)

Yit Pyt

Ins; = In

gives us information about how the production function depends on
mig.

> Notice that for a Cobb-Douglas production function,
Insit = Bm + €it,

and B, is the coefficient not identified by the ACF approach.
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