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Introduction

> We propose a new methodology for estimating cost functions
when data on cost and demand variables is available.

» Our method does not use instruments to deal with the

endogeneity issues arising both on the demand side and the
cost side, unlike in the literature.

» Our method is direct rather than the pseudo-cost-based
method of Byrne et al (2022).

» Industries under (partial) government oversight, such as
banks, hospitals, nursing homes etc. report cost data.

> We conduct several Monte-Carlo experiments to show our
method works well - assuming either Logit or BLP on demand
side and Cobb-Douglas production function on the supply side.
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We also propose an approach to estimating consistently the
coefficients of the observed characteristics in demand
functions without valid instruments.

We estimate the price coefficient twice, using cost data, and
(constructed) instruments. If the two estimates are close, then
we obtain information on the validity of the instruments and
use it to estimate the coefficients of the observed product
characteristics. Our idea is similar in spirit to the
Hausman-Wu test (Wu (1973), Hausman (1978)).

The above idea also allows us to construct valid instrument
from the invalid ones.

We conduct several Monte-Carlo experiments to show our
method works well.
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Literature

P> There has been active research on the measurement of
markup (price minus marginal cost in the
monopolistic/oligopolistic industries. Examples are : Berry
(1994), Berry Levinsohn and Pakes (BLP 1995), DelLoecker
and Warzynski (2012) and the subsequent literature.

» Most of them use instruments (Berry (1994), BLP (1995)
etc.) or similar orthogonality conditions (Olley and Pakes
(1996), Levinsohn and Petrin (2003), Ackerberg, Caves and
Frazer (2015)) for the identification of the key parameters
(price and output coefficients, production function parameters
etc.)

» The number of instruments required grows with the
complexity of the model. However, in most cases, their
validity is unknown.
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Model: Demand Side

» In each market m=1,..., M, there are J,, products
» Consumer choice set in market m: {0,1,...,J,}.
» Choice 0: no purchase option (outside option).

» Consumer utility from consuming product j:

Ujjm = xjmﬁ — PjmQp + gjm + €ijm-
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Demand side: Berry (1994) logit model

» If €jm has a logit distribution then market share of product j
in market m is given by:

EXp (xjmﬂ — PjmQp + gjm)

S:
. Z}Igo exp (leIB — PIimQp + glm)
_ EXp (xjmﬁ — PjmCQp + éjm) (1)
1+ Y™ exp (XimB — Pimtp + Eim)
1
Som = (2)

1+ El 1 €Xp (X/m/8 — PimQp + flm)

» &m: unobserved product characteristics (demand shock).
» som: For outside option, we set pgm = 0, xom = 0, {om = 0.
> Z 7 Sim = L.
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The cost side

» Output and market size: qjm = QmSjm.

» Total Cost is given by:
Cim = € (qjms Wjm; Xjm; Vjm; 0c) ,

» 6. is the parameter vector; wj,: L x 1 input price vector; vjm
the unobserved cost shock.

» Log linear form:

logCim = co + (logqjm) cq + (logWjm) €w + XjmCx + Ujm.
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Variables in the data

Demand Side:

» pjm: price, sjn: market share, x;,: observed product
characteristics.

Supply Side
» Cjm: total cost, gjm: output, wjn: input price, Xjm.
» Cijm: cost of input /,/=1,..., L.

Market
» @m: market size, gjm = QmSjm, j=1,..., Im.

» We only need to observe two out of these three variables in
the data.
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The IV approach

Demand Side
» Dividing Equation (1) by (2), we can eliminate the
denominator.

» Then, taking logs, we derive:
log (Sjm) — log (SOm) = ijB — PjmCp + &jm~

» The endogeneity problem: price likely correlated with the
unobserved product characteristics, that is, the error term &jp,.
OLS estimate of a, is biased.

» The IV approach is to use an instrument for price and then
the moment condition E[{jmzgjm] = 0, Zgjm is an Ly x 1
vector of instruments that is correlated with pj, and
uncorrelated with &;p,.
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The Cost side

logCjm = co + (logqjm) cq + (logWjm) €w + Xjm€x + Vjm-

P> The endogeneity problem: log output likely correlated with
the cost shock, vjm, leading to biased estimates of c,.

» The IV approach is to use an instrument for output and then
the moment condition E[vjmz¢jm| =0, zgjm is an L x 1
vector of instruments that is correlated with loggj, and
uncorrelated with vjp,.
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Profit maximization

» Given price and output (market share) of competitor firms,
the oligopolistic firm maximizes profit given by:

Tjm = PjmQjm — C (qQjms Wjm: Xjm:, Ujm; Oc) ,

by choosing price. The resulting first order condition equates
marginal revenue with marginal cost:

1
aSj (Pm, Xma Sm; ad)

oC (qjm7 ij7 xjm; Ujm' OC)
8qu .

Mij = Pjm + Sjim

11/58



Using the FOC

» Suppose we know the marginal cost.

» Then, assuming the logit demand for the sake of simplicity, we

derive
1

(1 = sjm) avpo

We thus identify the true price coefficient as

MRjm = pjm — = MG,

1
(1 = $jm) (Pjm — MCjim)

» We usually do not have data on marginal cost, thus, we first
need to estimate the cost function to derive the marginal cost.

Apo =

» Estimating the cost function runs into the endogeneity
problem, which requires instruments.
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> After estimating the price coefficient using instruments, BLP
(1995) use the FOC to estimate cost parameters without cost
data.

» They assume that the marginal cost function is a log-linear
function of output and input prices. In case of logit demand
and log-linear cost function, the FOC would be

1

(1= sim) ap
= mcy + (logqjm) mcq + (logWjm) mcy, + Xjmmcy + Vjm.

Pjm —

» They need to use instruments for log output.

» We use the FOC and the cost data and estimate parameters
without instruments.
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Concerns about the |V approach

» Good instruments are difficult to find especially as the
demand models have become increasingly complex requiring
many instruments and their interactions.

» Commonly-used instruments for demand estimation are cost
shifters such as input prices. Firm-level data on wage may
reflect product quality or productivity (high product quality or
productivity requires highly paid workers).

» Similarly, observed characteristics of the competitor firms as
instruments for price may not be valid if they are correlated
with unobserved product characteristics or the cost shock.
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» Similar arguments apply on the cost side.

» Commonly-used instruments for cost estimation are demand
shifters such as income which may not satisfy the exclusion
restrictions.

P Using invalid instruments leads to biased estimates which in
turn misinforms policy analysis.

» Even if instruments are available, our methodology can be
used as a tool to check the validity of the instruments by
comparing estimates.
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Instrument-free joint estimation of the price coefficient in

demand and output coefficient in cost functions

The Cobb-Douglas example.
» The Cobb-Douglas production function

q= [Aexp (X77 + U)]—(Oéc-f-ﬁc) | e /.(/Bc7

where L and K denote labor and capital respectively and v is
the unobserved cost shock (inverse of productivity shock).
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The cost functions

» Then, the cost function is

C* (q7 W7 r? X7 U)
w ac/(ac‘i’ﬁc) r Bc/(ac“rﬁc)
- e (3) ()

Cc
1
x Aexp (xn + v) goctie .

» And the marginal cost function is

MC* (g, w, r,x,v)

(Xc/(ac+/BC) 5C/(0‘c+/36)
= (W> (r> Aexp (xn + v) qaciﬂc -1
Q¢ Be

where w and r are the wage rate and rental rate respectively.
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Estimating the cost function: key steps of our method

» First, divide true cost by marginal cost:

C*(q,w,r,x,v)
MC* (q,w, r,x,v)

= (ac + Bc) q.

» Substitute MR for MC* (g, w, r, x,v) from the FOC:

cr (qjm> Wim, lim, Xjm, U) = (ac + Bc) qijRj (pm7 Smy Xm; ed) .

(3)
» Define observed cost to be true cost plus an i.i.d.
measurement error:

ij = Cj;n"' Ucim = (ac + /Bc) qijRj (pm7 Smy Xm; ad) + Ucjm.

> We use this equation to estimate some of the cost parameters
and the demand parameters.
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» In the logit case,

1
MR; (Pm; Smy Xm; 0d) = Pjm — 77—
! ! (1= sjm) p
» Substituting in the cost function, we obtain:
1
Cim = (ac + Bc) Gjm <ij - (]-_Sjm)ap> + Ugjm- (4)
That is,

djm Q¢+ Be
(1—sm) ap

ij = 4jmPjm (OCC + ﬁc) - + Ucjm. (5)
Because the residual u¢jm is a measurement error, assumed to be
i.i.d., it is uncorrelated with the RHS variables gj,pjm and

gjm/ (1 — sjm), thus, there is no endogeneity issue and thus,
parameters ac + ¢ and (o + Bc) /ap are estimated without any
bias via simple OLS. Hence, a, is estimated consistently.
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Use of Shephard’s Lemma

» To estimate o, and (¢, we can use the Shephard's lemma if
input cost data is available:

dInC* (qjma Wim, Xjm, Ujm, 0c0) . Q¢ . ijij

8/’7ijm ac + fe B Cj;n

where C = (ac + B¢) gjmMR;jm as in Equation (3).
» Then denoting the measurement error in the labor cost data
by ugjm, we obtain the estimate of o from the following:

Cij = ijij + Upjm = acqijRj (pma Sm, Xm; ed) + Upjm

1
Cij = Qcqjm (ij - (]-_Sjm)ap> + Ugjm-

Once again, this is a simple OLS estimation exercise with no
endogeneity issue and thus the estimate of a. is unbiased.
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Monte Carlo Experiments for BLP Demand

» We conducted Monte Carlo experiments for the random
coefficient logit model or BLP where market share function is
as follows:

>

SJ pITth?Emv 0)

exp (Xjm mQp + &jm
/ / p ! ﬂ pJ P gj ) dFﬂ (ﬂ;e,@)dFap (ap;eap)a
ap v B Zk 0 eXp ka/B PkmCip + Ekm)

where F,, (.;0,,) denotes the distribution function of the
parameter vector 6,, and similarly for 3.
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Monte Carlo experiments for BLP demand

> Letting pq, to be the mean of o, and pg the mean of B, the
mean utility is given by:

5jm = XimMg8 — Pjmia, T fjm'

» The parameter set up is the same as for logit demand except
Ha, replaces ap and pg replaces B and in addition, we need
to estimate the standard deviations of these parameters,
denoted by 0,, and o respectively.

» We assume four firms in each market so that the sample size,
denoted by T equals 4M, where M denotes the number of
markets.

» We report statistics from 100 Monte Carlo
simulation /estimation exercises.
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Table: Monte Carlo Parameter Values

Parameter Description Value

(a) Demand-side parameters
Ha, Price coef. mean 2.0
Ta Price coef. std. dev 0.5
g Product characteristic coef. mean 1.0
o Product characteristics coef. std. dev. 0.2
115% Product characteristic mean 3.0
ox Product characteristic std. dev. 1.0
do Unobserved product quality mean 2.0
¢ Unobserved product quality std. dev. 0.5
QL Lower bound on market size 5.0
Qu Upper bound on market size 10.0
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Parameter

Table: Supply Side Parameter Values

Description

(b) Supply-side parameters

7
Hw
Ow

Hr
Or

coef. on observed product characteristics
log wage mean

log wage std. dev.

log rental rate mean

Rental rate std. dev.

log cost shock mean

log cost shock std. dev.

Number of firms in each market

Scaling factor for output in cost function
Measurement error std. dev.

Value

0.2
1.0
0.2
1.0
0.2
-5.0
0.1

1.0
0.4
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Other Parameters

» Correlation Parameters

» Correlation between ¢}, and
Own Observed Characteristics ( dx) = 0.
Other firms' observed characteristics ( dxo,) = wages (dy,) =
Rental Rate (4,) = Market Size ( dg) =0.0833.
The cost shock (4,) = —0.0833

» Correlation between the cost shock and market size (vjm, and
Qm) = (o = 0.0833

» Cobb-Douglas Production function parameters:
Labor Coefficient (ac) = 0.5
Capital Coefficient (8c) = 0.3
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Table: Parameter estimates based on Shephard’'s Lemma

( Xjm correlated with &, and vjm,)

(a) Demand side parameters

Hop &QP
Sample Std. Std.

Markets Size Mean Dev. RMSE Mean Std. RMSE
50 200 2.038 0.1939 0.1967 0.5007 0.1121 0.1115
100 400 1.999 0.1391 0.1384 0.5005 0.0734 0.0730
200 800 2.000 0.1095 0.1090 0.4964 0.0559 0.0558
400 1600 2.006 0.0698 0.0700 0.4981 0.0367 0.0365

True Value 2.0 0.5

(a) Demand side parameters
s 6
Sample Std. Std.

Markets Size Mean Dev. RMSE Mean Dev. RMSE
50 200 1.192 0.1121 0.2221 0.4185 0.0600 0.0625
100 400 1.173 0.0787 0.1900 0.4036 0.0437 0.0436
200 800 1.175 0.0651 0.1866 0.4013 0.0322 0.0320
400 1600 1.179 0.0421 0.1835 0.4052 0.0221 0.0226

True Value 1.0 0.4
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(b) Production function parameters

é\éc 54:
Sample Std. Std.
Markets Size Mean Dev. RMSE Mean Dev. RMSE
50 200 0.5025 0.0347 0.0346 0.3023 0.0220 0.0220
100 400 0.5034 0.0230 0.0231 0.3007 0.0130 0.0129
200 800 0.5011 0.0189 0.0189 0.3006 0.0135 0.0134
400 1600 0.4992 0.0115 0.0115 0.2998 0.0081 0.0081
True Value 0.5 0.3
7)
Sample Std.
Markets Size Mean Dev. RMSE
50 200 0.1613 0.0141 0.0412
100 400 0.1642 0.0096 0.0370
200 800 0.1628 0.0073 0.0379
400 1600 0.1619 0.0045 0.0384
True Value 0.2
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Discussion of results and next step

» In the experiment, observed characteristics are correlated with
the demand shock and the cost shock. Results show that
while 115 and 7 are biased due to the correlation, all other
parameter estimates continue to be close to the true values.

» To address the consistent estimation of the observed
characteristics coefficient, we next examine the logit case.

» We focus on the following linear regression equation.

log (sjm) — log (Som) = —Pjmp0 + XjmBo + &jm-

» Currently, we focus on the single characteristic case so that
Xjm is a scalar.
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» Petrin Ponder and Seo (2023) use the F.O.C. of optimal
choice of x assuming lagged observed characteristics as
instruments for identification of 3.

» However, since firms do not change product characteristcs
each period, they face discrete-continuous dynamic choice
problem, which cannot be estimated simply by F.O.C.

» Furthermore, To properly estimate the oligopoly model based
on optimal choice, the problems of multiple equilibria and
equilibrium selection need to be addressed. (Ciliberto, Murry
and Tamer (2023)).
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[V estimation

>

Market share equation is;

/Og (Sjm) - /Og (SOm) = —Pjm0po + ij/BO + fjm-
Taking covariance with IV zjy, € {Wjm, rjm} results in:

Cov (Zjm, Insjm — Insom) = —Cov (Zjm, Pjm) Ctpo
+CoV (Zjm, Xjm) o + CoV (Zjm, &jm)
(6)

Using the cost data, we already identified apc = apo. Then,
putting what we know on the RHS,

Cov (zjm, Insjm — Insom) + CoV (Zjm, Pjm) po
= Cov (zjm, Xjm) Bo + Cov (Zjm, §jm) ()

If we assume CoV (2Zjm,&jm) = 0, then the IV estimation above
identifies fg.
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|dentification of the valid instruments for 3,

> We allow for the violation of the instrument orthogonality
condition.

E [gjm’ij] 7é 0, or, Cov (ijafjm) 7£ 0

» Suppose CoV (2Zjm, Xjm) = 0. Then, from Equation (6), we
derive

CoV (Zjm, Insjm — Insom) Cov (2jm; &jm)

-y = = —Qpo

Cov (Zjm, Pjm) Cov (zjm, pjm)

Since apc = apog in the population, oy = apc implies
Cov (Zjm, &jm) = 0, and thus, the IV orthogonality condition
holds.
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We estimate the price coefficient o, twice: ¢ using the cost
data and apy using the instruments (This is similar to the
Hausman test).

Since we can identify the true price coefficient from the cost
data, (apc = apg) we check whether apy = apc.

If yes, then we know Cov (zjm,&jm) = 0, the orthogonality
condition for valid IV holds.

That is, instead of the conventional IV orthogonality condition
Cov (Zjm, &jm) = 0, which we cannot verify from the data, we

use the moment condition: apy = apc, which we can verify
from the data.

However, Cov (zjm,xjm) = 0, thus, the IV relevance condition
is violated. Therefore, zj,, cannot be used as an instrument.
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Simple specification of instrument invalidity

» We allow for endogeneity of X, as well as invalidity of IV
orthogonality condition:
» the following specification for w, r and x:

Xjm = Xjm +0x¢&jms Wim = Wi +0we&jm, Him = Fim+0re&jm (8)

» &m is i.i.d. mean zero with standard deviation o¢.

* * * . .
P (Xjrm> Wjins i) is @ vector of mean zero random variables,

independent to {jn,.
» We focus on the case where d,¢ # 0, and d,,¢ # 0 or 6,¢ # 0
or both, so that the OLS estimation of 3 given oy is biased
and the input prices are invalid instruments for X;n,.
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Bias of the IV identification?

» Suppose the IV orthogonality conditions do not hold. Then,
the price coefficient identifed from the population being

Qply = Qpc = apg does not imply 3y = f.
» Consider the following violation of the IV moment condition:

COV(megmﬂ _ CbV(Um’ﬁm)
CoV (Wjm, Xjm)  CoV (Fjm, Xjm)

£0. (9)

> Let

Cov (Wjm, &jm)
Cov (Wjm, Xjm)

Cov (fjm, &jm)
Cov (Fjm, Xjm)

Biv = Bo + =fo+ # Po-
Then, (apo, iv) still satisfies Equation (6) without the IV

orthogonality conditions in Equation (7).
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Another way to look at the bias

> We can discuss the non-identification equivalently using the

following potential instrument for price:

Wim B lim
Cov (Wjm, Xjm) ~ Cov (fjm, Xjm)

Zpjm

The above IV satisfies Cov (zpjm, Xjm) = 0.

» We can check from the observed variables whether
apv = apc (= apo), which implies,

Cov (zpjm, In (Sjm) — In (Som))
Cov (2pjm, Pjm)
Cov (zpjm, —Pjmpo + XjmBo + jm)
Cov (zpjm, Pjm)
Cov (zpjm, &jm)
Cov (zpjm, pjm)

—Qply =

—Qp0 = —QpC = —Qpo
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» Hence, apiv = apc = ap implies

COV (ZP.ima g.lm)

—0, 10
Cov (zojm: Pim) (10)

which validates the instrument z,;,,. However, that does not
imply validity of wjm, rjm.

» Equation (10) implies

COV(ij,fjm) — COV(I’jm,fjm) (11)
CoV (Wjm, Xjm)  CoV (rjm, Xjm)

but cannot exclude the possibility of

Cov (Wjm, &jm) _ Cov (rim, &jm)
Cov (ija ij) Cov (rjma ij)

£0.

which is equivalent to Equation (9).
» Thus, ap)y = apc doesn't identify the validity of wj, and rjn,
as instruments for Xjn,.
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» That is, the instruments can be constructed even if they identify the
true price coefficient if their biases are the same.

» Instead, we use the conditional expectation to derive the IV
estimates. That is, let A, = [w, W] be a closed intervals of w, and
let A, = [r,7] be a closed interval of r. Let

I (Wjm € Aw, rim € Ar)
Pr(Wjm € Aw, rim € A;)

Zim (AW7 Ar)

and let

i Zim (Aw, Ar) _ Zjm (AW, A7)
P E[2Zim (A A) Xim] E [2Zim (Alys AL) X

Then,
E [zpjmxjm] = 0

and therefore,

E [2pjm (InSjm — Insom)] = —E [2pjmPjm] po + E [Zpjm&jm] -
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Then, apy = apc implies
E [zpjm&jm]) = 0V (Aw, Ar, Al A’,)

which implies

E [§m|wim € Aw, tim € Al E[&m|wim € A, tjim € AY]
E [Xjm|Wim € Aw: tim € A] E [Xjm|Wim € Ay, rjim € Al
Y (Aw, A, AL AL (12)

Equation (12) is equivalent to the below equation for a
constant B.
E [§m|Wjm = W, fim = 1] _

E [xjm|wjm = w, fjm = 1]

BVY(w,r) € R%.

Then, we can rewrite the above as:
E [&jm — BXjm|Wjm = w, rjm = r] = 0. (13)
for all (w,r) € R2.

Instruments wjm, rjm are valid if B = 0. Next, we prove
validity.
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Outline

» We use the decomposition of wjny, rj, into the component
orthogonal to {j, and the rest.

» Because of the linear specification of endogeneity, there exists
a linear combination of w;jy, and rj, that is independent of
&jm, hence a valid instrument.

» Then, rather than conditioning on wj;, and rj;,, we can
condition on this linear combination and rjp,.

» By integrating out the other component r;jy,, we obtain a
contradiction to the assumption that the input prices are not
valid - that is, we prove validity of the input prices as
instruments.
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Case 1: assume 4, # 0

> Because xjm = X, + 6x¢§jm, Equation (15) implies

E (1~ Bdxe) §im — Bl Wjm = w. 1 = r] =0

> Let
\% (ija Fim, D) = Wim — Drjm'
» Then, for 5
Dy = &
0 6r§ )

&jm cancels out, i.e.,

* *
V (Wjm; tjm; Do) = Wjm — Dorjm = Wy, — Dorip,

which is independent of .

(14)
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» Then, Equation (16) implies

E[ = Bxj + (1 = Bou) &imltim = 1,V (Wim, tjm; Do) = D)
=0

» We take expectation with respect to rj, given
V (Wjm, rjm, Do) = D and obtain

E[— Bx + (1= B.) &l Y (Wi, im, Do) =D| =0 (15)

> Note that
E [&im|V (Wjm, Fim; Do) | = 0

due to independence of V (Wjm, rjm, Do) to &jm. Hence,

(18) = —BE |xu|V (Wim, fim, Do) = D| =0 (16)
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» Suppose we know Dg. Then as long as there exists D such
that E {xj,‘n\V(ij, fim, Do) = 5} # 0. Then, Equation (18)
implies B = 0. However, we do not know Dy.

» We still can establish B = 0 if we make stronger assumption:
If we assume that for any D, there exists D such that

E [xjm|V (Wjm, fjm, D) = E} # 0, then the same holds for
D = Dy and thus, Equation (18) implies B = 0.

» This is similar to the instrument relevance condition.
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» Then, from Equation (15),

E[fjm_Bij‘ij:Warjm:r] = E[gjm|ij:Warjm:r]:0

V(w,r)€R2
and thus, we obtain a contradiction to the assumption that
dr¢ # 0. Hence d,¢ = 0 holds. Thus, we have shown that the
instrument rjy, is valid.
Case 2:assume d,¢ # 0

The same arguments hold if we let
NV (Wjm, fjm, D) = rjm — Dwjm

and then, set
Ore

Dy =
o »

9

and follow the same procedure as above. Then we have proved
that d,,¢ = 0 and thus, w is a valid instrument. Combining the two
cases, it follows that both w and r are valid instruments. Thus,
(5,5 = 5w§ = 0 hold.
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Constructing valid instruments

» While the above procedure helps verify validity of existing

instruments, it may not be useful if there are't any valid
instruments.

» Using procedures similar to above, we can construct valid
instruments from invalid ones.

» Define the following two candidates for instruments for X;p,.

Zwjm = Wjm — DXWij; Zrjm = Fjm — Dxrxjm-

=2

» Let Dyo =

w —_ 6r .
6X§, Dyyo = 5X§. Then, jm cancels out:

* * * *
Zwojm = Wim — DxwoXjm, Zrojm = Fjm — DxroXjm-

(zwojm; Zrojm) do not contain unobserved product
characteristics. Hence,

E [5jm|ZWija Zrij] =0
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» On the other hand, for (Dxw, Dxr) # (Dxwo, Dxro0),

*

Zwjm = Wjp — DXWX;;n + (DXWO - DXW) 6xf£jm
Zrjm rj;n - Der_;;n + (Der - Dxr) 6X££jm

contain &;,. Hence, at least one of the instruments is invalid.

» We cannot simply derive and use z,0jm, Z-0jm as instruments
because we do not know the coefficients d,,¢, d,¢ and .

» But for every d,¢, d,¢ and dx¢, we can construct instruments
(zwjm> zrjm) and check their validity using the method
discussed above.
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That is, valid instruments can be identified by finding D,,, Dy, in

/(ijm (wa) € Aw, Zrjm (Dxr) € Ar)
Pr (zwjm (wa) S AW7ZI’jm (Dxr) € Af)

Zim (AW7 Ar)

and let

Zim (AW7 Ar) . Zjm (Af/v, A/r)
E[zjm (Aw; Ar) Xjm] — E [zjm (Aly, AL) Xjim]

ijm =

that satisfy apy = apc, ie.,

Cov (2pjm, In (Sjm) — In (som))

Cov (Zpjm; pjm)
Cov (Zpjm, &jm)

— E — _apc = —a
Cov (zpjm: pjm) " P

—Qply =

for any (2w, 27) # (21, 2)).
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Estimation of valid instruments and consistent 3

> We have the following market share equation:
/nsjm — Insom = —Pjm&o + ijBO + fjm
» Use the indicator function of sets of overlapping rectangles as
instruments.
R (Azwk7 AZrl)
= {(zwjm, Zjm) © (Zwjms Zrjm) € [Zwks Zwk+a] X [Zk; Zr K]}
» Use the sets of overlapping rectangles R (Az,x, Az,) that
cover the domain of (z,,z,), we derive the following
conditional expectations.
E [Insjm — Insom| (Zwjm (Dxw) ; Zjm (Dxr)) € R (Azyi, Azy))
= —E[pjm| (zwjm (Dxw) ; Ztjm (Dxr)) € R (Azuk, Azpy)] a0
+E [ij‘ (ijm( XW ) Zrjm (Dxr)) € R(Azwka AZr/)] Bo
+E [&m] (2wjm (Dsw) > Zjm (Dxr)) € R (Azui, Azy)]
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Furthermore, let

S/\k/ (DXW7 Dxr) = E[/nsjm - /n50m| (ijm (DXW) sy Zrjm (Dxr)) eRrR (Azwk7 Azr/)]
/lskl (DXW7 Dxr) = E[ij‘ (zwjm (DXW) sy Zrjm (Dxr)) eER (Azwk; Azrl)]
?k/ (DXW7 Dxr) = E [X_/m| (ijm (wa) s Zrjm (Dxr)) eER (Azwka AZrl)}

> If Dyw = xw0 and Dy, = xr0» then

E [fjm| (ijm (DXWO) sy Zrjm (Der)) €eR (Azwka AZrl)] =0

Therefore,
Yki = bo + Pribp + Xk bx.

bp = —apo, bx = Bx-
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» Furthermore, similar arguments as before can be used to show
that b, = —apg implies validity of the instruments
I ((zwjm (Dxw0) ; Zrjm (Dxr0)) € R (Azyk, Azy)), and thus,
by = BXO-

» However, in the actual finite sample, the sample analog of the
expectation E is the sample average, and is subject to the
sample error, which we denote to be wuy.
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» \We obtain the estimates (BO,BP,BX> by minimizing the
following loss function:

~

(Bo. o bx) = argmin(iy by, Duy.0) ( D i+ (|bp — pc) )
Py,

where uy; is the residual, i.e.

Ukl = Ykl — Ykl

and ¢ () > 0 is the loss function, i.e., ¢ (v) > 0 if v # 0 and
¢ (v) =0 if and only if v =0. The example of a loss function
is
o(v) =2
> Set B = by.
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Monte-Carlo results

(a) Demand side estimates

~

ap B
Sample Std. Std.

Markets Size Mean Dev. RMSE  Mean Dev. RMSE
50 200 1.9984 0.0628 0.0625 0.7285 0.1246 0.2984
100 400 2.0191 0.0474 0.0508 0.9116 0.0993 0.1326
200 800 2.0016 0.0296 0.0295 0.9799 0.0861 0.0880
400 1600 2.0011 0.0226 0.0225 1.0497 0.0750 0.0897

True Value: 2.0 1.0

(b) OLS estimates
QpoLs Bors
Sample Std. Std.

Markets Size Mean Dev. RMSE  Mean Dev. RMSE
50 200 1.7255 0.0701 0.2832 0.9272 0.0649 0.0973
100 400 1.7246 0.0491 0.2797 0.9274 0.0453 0.0855
200 800 1.7181 0.0313 0.2836 0.9244 0.0280 0.0806

400 1600 1.7205 0.0216 0.2804 0.9238 0.0218 0.0793
True value: 2.0 1.0
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(c) IV estimates: (Wjm, fim)

Qpiv Biv
Sample Std. Std.

Markets Size Mean Dev. RMSE  Mean Dev. RMSE
50 200 21180 1.3817 1.3799 1.3051 1.3712 1.3980
100 400 1.9777 0.2132 0.2133 1.1656 0.2115 0.2678
200 800 2.0477 0.2198 0.2237 1.2379 0.2163 0.3209
400 1600 2.0165 0.1128 0.1134 1.2045 0.1106 0.2322

True Value: 2.0 1.0
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(d) Estimates given the price coefficient Gpc

Bors (Qpc) Biv (Qpc)
Sample Std. Std.
Markets Size Mean Dev. RMSE  Mean Dev. RMSE
50 200 1.1505 0.0600 1.1619 1.1827 0.0704 0.1960
100 400 1.1683 0.0476 0.1749 1.2052 0.0582 0.2132
200 800 1.1558 0.0267 0.1580 1.1917 0.0318 0.1943
400 1600 1.1533 0.0209 0.1548 1.1894 0.0245 0.1910
True Value 1.0 1.0
Hausman-Wu Sargan
Sample test p- test p-
Markets Size stat. value stat. value
50 200 3.4522 0.2387 1.2913 0.4595
100 400 7.9305 0.0786 0.7833 0.5447
200 800 13.466 0.0224 1.2794 0.4683
400 1600  25.754 0.0001 0.8729 0.4870
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IV validity parameter setup: dy¢ = 0.8, dy¢ = ¢ = 0.4:
instruments are invalid, and 5w =~ Bivr.

Our procedure: the price coefficient (@), the coefficient on
the observed characteristics (B) are close to the true values.

OLS and IV estimates of (cp, 5): closeness of the IV
estimated price coefficient to cost-based estimate does not
correspond to the validity of the IV for 5.

» OLS: apors (IV estimate with instruments: pj, and xjm) has

large downward bias, downward bias of EOLS is small.

» 1V: apv only has small asymptotic bias, large upward

asymptotic bias in B,V
Estimate /3 given ap: Upward asymptotic bias of [y larger
than the upward bias of Bp;s. On the other hand,

» Sargan test insignificant, IV validity is not rejected.

» Hausman-Wu test: significant: OLS has downward bias.
Hence, commonly used test results indicate the Vs are valid,
and thus, OLS has downward bias. Our procedure implies that
IVs are not valid and OLS has upward bias because the true

beta is 1, not 1.18 as these tests conclude.
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Identification of demand with multivariate x.

» Both in the logit and the random coefficient aggregate
demand (BLP) model, cost data identifies the marginal
revenue without instruments.

» Logit model: marginal revenue only identifies the price
coefficient . Insufficient for the identification of the
coefficient of multivariate x.

» BLP model: marginal revenue identifies the price coefficient
ap and the vector random coefficient parameters og: identify
the multivariate x.
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Conclusion

> We show that we can consistently estimate the demand
coefficients and the key coefficients of the cost function of a
differentiated product oligopoly model by using cost data and
without instruments for output and price.

> We develop a way to verify the validity of existing instruments
and constructing valid instruments from invalid ones for
observed product characteristics.

» In our Monte-Carlo experiments, we show that our method
works well even when all the commonly used instruments are
invalid.
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» Benefit for industries with cost data: we can estimate the key
parameters of the cost function and all parameters of the logit
or BLP demand parameters.

» For industries without cost data:information on instruments
that are identified or constructed as valid instruments using
cost data could be useful.

» Researchers can use the validated or constructed instruments

» Or, such information on instruments can be helpful in
constructing the bounds or prior distributions of the IV
moment conditions, when researchers allow for moment
conditions to not exactly equal to zero (see Conley, Hansen
and Rossi (2012)).
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Thank you for your attention.
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