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Abstract

In oligopoly market structures, optimal trade policies depend on the conduct of
competing firms. Whether firms compete with prices or quantities as the strategic
variables has a major quantitative and sometimes qualitative impact on the design of
optimal trade policies. Conduct is not directly observable, but we develop an econo-
metric method to infer it from data on prices, quantities, and a cost shifter such as
tariffs. We apply the method to the widely used case of a constant elasticity of sub-
stitution demand and ad valorem tariffs. Using simulations, we show how policymak-
ers could infer conduct from estimation and thereby generate domestic welfare gains
from strategic trade policy when conduct is ex-ante unknown. Several caveats from
the literature remain important, but our method mitigates concerns over imperfect

information on conduct.

1 Introduction

In the early 1980s, trade economists investigated whether a country has a unilateral incen-
tive to subsidize its exports or put tariffs on imports in oligopolistic industries (Brander
1995). The modeling strategy, whose canonical statement can be found in Brander and
Spencer (1985) involves a two-stage game. A government chooses a trade policy in the
first stage taking into account the way this policy will affect competition in the second
stage. The core idea is that the government’s ability to manipulate firms’ incentives via

subsidies will shift profits foreign firms to domestic firms. In the third-country market
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model where the home firm does not consume the product, raising domestic profits net
of the subsidy is sufficient for a welfare increase. Eaton and Grossman| (1986) pointed
out that the benefits from export subsidies relied on the Cournot conduct assumption
in Brander and Spencer| (1985). With Bertrand competition, export taxes would be the

optimal intervention.

Conduct matters for policy, but industries do not have labels stating whether the firms
compete a la Bertrand or Cournot. Consider two examples. Airlines (an industry studied
by Brander and Zhang|[1990) appear to set prices since their websites post fares by route
and time. However, the airlines also choose the flight frequency and plane size on each
route. Thus, they also set quantities. Car makers post “manufacturer suggested retail
prices” but they also allocate vehicles to each dealer and then offer incentives to make
sure that dealers do not accumulate excessive inventories. These cases suggest that direct
observation of firms’ practices with respect to prices and quantities does not reveal un-
ambiguously which abstraction fits best for a given industry. Since conduct needs to be
known to determine which class of trade policy interventions are welfare improving, the
difficulty of ascertaining conduct has led some authors to conclude that strategic trade
policy is unlikely to be feasible in practice. (Grossman, (1986, p. 48) provides the definitive
statement of this view: “...[W]e do not now (and may never) have sufficient knowledge

and information to merit the implement of a policy of industrial targeting.”

In this paper, we propose an approach to carrying out strategic policy in settings where
the model of conduct is unknown, and show in Monte Carlo exercises that the approach
may improve welfare by moderate amounts. In our setting, policy makers have access
to price and quantity data for a series of export markets, but they do not know all the
demand, cost, and conduct primitives needed to determine optimal policy. We show that
standard tools from industrial organization (Berry|1994, Berry and Haile2014) can be used
to estimate the unknown demand and cost parameters, while a particular conduct model
can then be tested for using a|Hausman, (1978) test. Using simulations for a simple CES
differentiated product model, we show that our method can generate systematic welfare
gains for a government that unilaterally chooses export subsidies (or taxes) to maximize

domestic welfare.

We are far from the first to consider the problem of recovering unknown conduct.
Indeed, a voluminous literature on this problem in the empirical industrial organization
literature has developed two broad approaches to tackling this problem. First, conduct
might be estimated, in the sense that there exists a (usually continuous) parameter that
indexes different conduct models that can be recovered from price and quantity data.



Examples include the estimation of various “conjectural variation” models (e.g. Iwata
1974, Bresnahan| 1981} 1982, Brander and Zhang1990) or the more recent “rival profit
weight” models developed in Ciliberto and Williams| (2014) and Miller and Weinberg
(2017). Alternatively, one can impose a conduct model and then formally test whether a
particular conduct model fits the data (e.g.Bresnahan|1987,Gasmi et al.[1992, Backus et al.
2021, Duarte et al.|2023).

Corts|(1999) raised concern over the internal consistency problem in the estimation ap-
proach using conjectural variations. Our paper fits within the second major approach to
conduct, which emphasizes testing. The recent literature on testing conduct in industrial
organization literature includes Backus et al.2021| and Duarte et al.|2023. These papers
test for model consistency by checking the difference between predicted markups from
two alternative supply models conditional on demand estimates that are obtained without
imposing a supply model. This testing procedure require that researchers ignore poten-

tially valuable supply-side information when estimating demand-side parameters.

Our conduct testing method develops a different approach to assessing model consis-
tency. It relies on the well known insight that the demand-side of an imperfectly compet-
itive model can be consistently identified without perfect knowledge of supply side conduct.
Imposing a conduct model and estimating both demand and cost parameters simulta-
neously, on the other hand, can potentially provide an estimator that is more efficient,
but at the cost of generating an inconsistent estimator of the demand parameters when
the imposed conduct model is incorrectly specified. This means that for each potential
conduct regime R, we have two estimators; a demand based estimator that is always con-
sistent (provided sufficient instruments exist and the demand system is well specified),
and a demand and conduct based estimator that is only consistent if the conduct model
is correct. This is precisely the sort of setting where the two-estimator specification test
proposed Hausman| (1978) can be used, and rejection of the null can be understood as a
rejection of the conduct model R.

We provide a proof-of-concept of this testing approach using a series of Monte Carlo
simulations which illustrate that implementing strategic trade policy when conduct is ex-
ante unknown can still be welfare improving when guided by our proposed method. We
consider a setting where a policy maker observes prices, quantities, and ad valorem tar-
iffs over a series of differentiated product oligopoly export markets. To conduct strategic
trade policy, the policy maker needs to estimate demand, the unobserved marginal costs
of the competitors in each market, as well as the appropriate model of conduct. In our
simulations, the policy maker estimates these objects and tests for Cournot and Bertrand



conduct using our proposed Hausman test. We show that the Hausman test is able to dis-
criminate between models even when there are a modest number of export markets, and
that implementing strategic trade policy whenever it is possible to discriminate between

conduct models leads to moderate welfare gains.

Our approach allows researchers to obtain more precise estimates of demand parame-
ters by augmenting demand only moments with supply side moments, and then checking
the distance between the demand only and the demand-and-supply estimates as a model
consistency check. This is a different notion of model consistency than that proposed by
Backus et al.|(2021) who Duarte et al.| (2023), who instead rely on GMM criterion functions
defined over supply-side moments conditional on a supply-side agnostic estimate of the
demand system.

We directly test the relevance of our metric of model consistency by examining the
performance of a policy maker who, instead of running a formal Hausman test to de-
termine which model fits the data, simply chooses the model (Bertrand or Cournot) that
is closest to the demand only estimates. This particular decision rule has the desirable
property that the policy maker always chooses some model to conduct trade policy, but
has the added risk, relative to the Hausman test, that they may choose welfare harming
trade policy when estimates are imprecise. In contrast, when we implement the Haus-
man test regime, the policy maker chooses laissez-faire if the test either accepts, or rejects,
both models. This happens more often when there are few markets and therefore demand
estimates are imprecise. Interestingly, we find that the “nearest neighbor” framework for
choosing conduct and trade policy outperforms our Hausman test, in the sense that a social
planner is able to obtain higher welfare gains by simply choosing the model of best fit,
rather than only pursuing interventionist trade policy when we can definitively reject one

model over the other.

The paper proceeds as follows. Section |2 returns to the Brander and Spencer| (1985)
setup, applying a constant elasticity of substitution (CES) demand structure. This yields
some familiar results but also a surprising new feature: Cournot conduct does not nec-
essarily imply strategic substitutes with CES demand. Section [3| extends the model to
include multiple firms and multiple markets. Section [4 proposes a conduct-inference ap-
proach based on the Hausman|(1978) test. We carry out a series of simulations in Section
to investigate the welfare effects of strategic trade policy based on our conduct-inference

approaches. Section [p| concludes with some important caveats.



2 Two-firm third-market model

To provide the basic intuition for the importance of firm conduct to optimal trade pol-
icy under oligopoly, we begin by presenting classic results for the two-firm third-market
model introduced by Brander and Spencer| (1985). We develop these results for a CES
demand system, which we will rely on in subsequent sections where we extend the envi-

ronment to settings with more firms and markets.

2.1 Environment

Assume that there are two production origins and each has one firm. Both firms sell to a
third market with market size M only. Denote the domestic firm’s export price as p and
the foreign firm’s export price as p*. The quantities of exports are x and y, and A and A*

are demand shifters.
pfa Aafl
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The constant marginal costs of production are ¢ and c* respectively. Now the domestic

=M

country imposes an ad-valorem export subsidy or tax s on its firm to maximize its welfare

W (s). The profits of the domestic firm and the foreign firm are

m(x,y;8) = (14 s)px — cx
™ (x,y;8) =p'y — c'y

where s is the ad-valorem subsidy provided to the domestic exporting firm. Note that if
s < 0, the government taxes the domestic firm’s exports, and rebates those taxes back to
consumers[l| Given s, both firms choose quantities or prices depending on the conduct to
maximize their profits simultaneously. The welfare of the domestic country is given by

W(s) = m(x,y;s) — spx = px — cx,

mplicit in this model is an “outside” perfectly competitive sector that produces a numeraire good that
consumers purchase and consume with the domestic profits and taxes rebated to them. We set the price of
this numeraire good to 1.



2.2 Strategic substitutes, complements, and optimal policy

Following Brander and Spencer| (1985), [Eaton and Grossman, (1986), and Brander| (1995),
we introduce a two-stage game to solve for the optimal subsidy or tax given the conduct.
In the first stage, the domestic country imposes export subsidy (or tax) sP| In the sec-
ond stage, firms in each country simultaneously choose quantities sold to each market or
prices (depending on conduct) to maximize their profits given s. In what follows, we refer
to the strategic variable z as the choice variable (either price of quantity) for the appropriate

Nash equilibrium in the second stage.

One of the core insights from the third market model is that taxes or subsidies can
help commit the domestic firm to acting “as-if” they were the first-mover in a sequen-
tial game. This can allow the domestic firm to obtain higher profits—rebated back to
domestic consumers—at the expense of the foreign firm; this is often called the “profit
shifting” motive for strategic trade policy. However, the exact type of action— and there-
fore policy—a firm would want to use as a first mover depends on whether the choice
variables are strategic complements—where an increase in strategy variable z by the do-
mestic firm induces the foreign firm to increase their z*—or strategic substitutes, where an
increase in z by domestic firms induces the foreign firm to decrease z*. In general, a strate-
gic variable will be a strategic substitute in this class of game whenever 7., = % <0,
while the strategic variable will be a strategic complement when 7... > 0 (Bulow et al.

1985).

In the homogeneous good Cournot game considered in Brander and Spencer (1985),
quantities are always strategic substitutes. This means the policy maker will want to
encourage the domestic firm commit to a higher level of output, as this will induce the
foreign firm to decrease their output, allowing the domestic firm to capture more profit;
this is achieved by subsidizing the domestic firm’s output. On the other hand, in the dif-
tferentiated product setting considered in Eaton and Grossman| (1986), prices are strategic
complements. This means that the domestic firm can potentially extract more profit by
softening competition and committing to higher prices, which the foreign firm will then
“accommodate” by raising their price as well; this commitment to higher prices can be
imposed by the government choosing an export tax, rather than a subsidy.

The same intuition approximately applies to the differentiated product, CES case de-
veloped here, although with an important ambiguity for the Cournot case which we shall

become clearer in a moment. It is straightforward to verify that the optimal export sub-

2If s > 0 there is a subsidy, while if s < 0 there is a tax.
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sidy or tax s¢ of the domestic country under Cournot competition will satisfyf]

*

s

c _ yz

= my (1)
PTyy T TPy — TPyTy,

while under Bertrand competition, it will satisfy

T T
SB — P "p*p (2)
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We derive these results formally in Appendix[A]and Appendix[B} with the above results
nesting the general case of many firms and countries to the special case of two export
countries with one exporting firm each. Since 7, <0, m,« > 0, pm,, + xp,7,, — TP, <0
and prpmy. . + Ty — Py, > 0 (see Appendix B) it is easy to verify that whenever
m, < 0or . < 0 (strategic substitutes) the optimal policy is a subsidy with s¢ > 0 or
s” > 0, while whenever 7}, > 0 or 7%, > 0 (strategic complements), the optimal policy is
a tax.

To determine the sign of the optimal policy in the CES demand model considered
here, it is useful to define S, as the revenue-based market share for good z, and S, as
the revenue based market share for good yﬁ We can solve for ,, or 7., as a function of

exogenous and endogenous variables as follows:

C 6 on = 0T e 71\ “(1-2S,)
ournot: = = = - BV -
Ty = Gray ~ Pe T YPye s ) v
0*m* pr—c" 1 ©
. * — — * * = 2 __ 2
Bertrand: 7., = o0 Yp + D Yprp — CDprp = (1 —0)°M p SySzp*p >0

Since CES demand is a special case of the model developed in Eaton and Grossman
(1986), we obtain the standard result that Bertrand pricing always involves strategic sub-
stitutes, and therefore the optimal trade policy involves an export tax. On the other
hand, the Brander and Spencer| (1985) intuition for strategic substitutes with Cournot—
which was developed for a homogeneous goods model—does not always apply to the
CES differentiated goods context considered here. In fact, under CES demand, Cournot

competition will only involve strategic substitutes on the foreign firm’s reaction function
1.
27
is large, i.e. S, > % the Cournot model involves strategic complements. This can lead

whenever the foreign firm is small, i.e. S, < j;; conversely, whenever the foreign firm

SHere, a; denotes the partial derivative of a with respect to b.

4Thus, we have S, = b and Sy = 2o




to non-monotonicities in the firm’s reaction functions under Cournot, which can make

determining the optimal policy complex.

Figure [1| visualizes the best response functions of the two firms under two different
modes of conduct; Cournot in panels (a) and (b), and Bertrand in panels (c) and (d).
Panels (a) and (b) show that the best response functions are not monotonic under Cournot
competition. Starting from the symmetric equilibrium and giving an export subsidy s; >
0 to the domestic firm will increase its export quantities and make its market share exceed
0.5. Under this scenario, 7, < 0 and the best response of the foreign firm is to decrease
its export quantities (strategic substitutes). Similarly, when imposing an export tax on
the domestic firm, in the new equilibrium, T, > 0, both tirms will decrease their export

quantities (strategic complements).

Figure [1d and Figure [1d|show that the best response functions are monotonically in-
creasing under Bertrand competition, given the two firms are always strategic comple-
ments. Therefore, the prices of the two firms will move in the same direction with export

subsidy or tax imposed on the domestic firm.

The slopes of the reaction functions are crucial for understanding optimal policy. We
will see that under Bertrand competition, a robust result is that the optimal policy is
an export tax. With Cournot competition, export subsidies are often preferable, but this

depends on market sizes as we shall see in the next section.

2.3 Numerical examples in the base case

In general, correctly implementing the socially optimal strategic trade policy depends on
whether firms compete in prices or quantities, i.e. the model of conduct. As we move
toward our final econometric exercise where we consider an environment where a policy
maker wishes to conduct strategic trade policy while not knowing the appropriate con-
duct model, it is useful to first consider what this simple model tells us about the costs
and benefits of getting the conduct model right. In particular, we have already shown
that the sign of the optimal policy may flip if the policy maker gets the model of conduct
wrong. But what about magnitudes? In this subsection, we show that under some pa-
rameterizations of our model, the benefit of being right may be small, while the costs of
being wrong can be sizeable. This suggests that having to estimate conduct is a potentially

risky enterprise, where econometric uncertainty is important take seriously.



Figure 1: Best response functions with export subsidy or tax under CES demand

(c) Bertrand, export subsidy (d) Bertrand, export tax

Note: The red and blue lines are best-response functions of firm 1 and firm 2,
respectively, with CES demand with A = A* and ¢ = ¢* = 0.25. The orange line is the
best response function of firm 1 after imposing an ad valorem export subsidy s; = 0.35
(panels a and c) or tax s; = —0.35 (panels b and d).



Figure 2: Welfare change with export subsidy/tax in two-firm third-market model

Bertrand Bertrand

5+ —40 = -

'//"'//, _ — - 2}0
/Cournot - E
/ Sl
/// Cournot mkt shrs w/o S: [0.5:
i

_~Cournot

W-Ww wW—-w
20— % x 100% 20 % 100%
(a) Country with the larger firm (b) Country with the smaller firm
imposes export subsidy /tax imposes export tax

Note: The x-axis is the ad valorem subsidy on the exporter from country 1. The y-axis
is the percentage welfare change relative to no subsidy. The vertical orange and blue
lines show the welfare-maximizing subsidies for Bertrand and Cournot conduct. The
rival country sets so = 0. We set 0 = 5, A = exp(0.6)%-2°, A* = exp(1.4)*%5,
c=c*=1+exp(l.0).

Figure [2| visualizes the welfare change of a country under different export subsidy or
tax in terms of marginal cost for a given set of exogenous parameters. Assume that the
domestic firm is the one that has a larger market share in the third market. In this exam-
ple, as shown in Figure 2a| the domestic country will impose an optimal export subsidy

s¢ > 0 under Cournot competition and impose an optimal tax s?

< 0 under Bertrand
competition. Note that the welfare loss of inferring the wrong conduct and imposing
the subsequent s¢ or s is substantial. If the true conduct is Cournot and the domestic
country mistakenly assumes Bertrand, the welfare loss is around 1.5% with the export
tax. The loss is even larger if the true conduct is Bertrand; under this specific DGP, if the
domestic country imposes an export subsidy based on Cournot, welfare falls by 4.4%. As
the foreign firm has a smaller market share at initial equilibrium, as shown in Figure @
the foreign country will impose an optimal export tax s¢ < 0 under Cournot competition
and also impose an optimal tax s” < 0 under Bertrand competition. In this case, the op-
timal export tax based on the Cournot competition will still improve the welfare of the
foreign country if the true conduct is Bertrand, but the welfare gain is smaller than the
optimal export tax based on the true conduct. On the other hand, there is welfare loss if
the foreign country imposes an export subsidy based on the Bertrand competition while

the true conduct is Cournot.

While these numbers come from a particular parametric example, note that under al-
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ternative parameter settings, the welfare loss of inferring the wrong conduct could be
larger or smaller. Below, we run a series of simulations—where we draw demand and
supply parameters for a collection of independent export markets—to quantify the po-

tential magnitude of these gains and loses on average.

3 Extending the third-market model

Having now worked through the canonical two firm third market model, we now extend
our CES environment to a setting with many firms, countries, as well as a domestic sector
in each market. This extension is important to accommodate econometric estimation in
real world settings.

3.1 Environment

Assume that there are C' production origins and each has N, exporting firms. The set of
exporting firms in country c is denoted by Z.. There are also M sales markets without any

exporters. The total number of markets is C' + M.

Each market m has a local firm indexed by i = 0 that only sells to market m; i.e.,
they do not exportf| Each firm only produces a single variety. For simplicity, we assume
that each exporting firm sell in all markets including its domestic market, i.e., the total
number of products in market m is 1+ <, N.. The quantity sold by firm i from country
c in market m is parameterized as

Diom ATt
4)

l1-0o P -0
Pomm i/ c!'m
Aomm> + ZC/ Zi/EQc/m <Ai’c’m>

where V), is the total demand in market m, p;.,, is the price, A,.,, is a firm-market specific

Gicrmn = Ym (

demand shifter, and (2., is a set of firms from production origin c operating in market m.

For simplicity, we assume that every exporting firm sells in all markets.
The inverse demand function is then given by:

1

_1 o-1
o o
qicmAicm

pzcm(qm) - Ym o1 o1
(QOmmAOmm) ° + ch Zi/GQc/’nL (%”c’mAi’c’m) 7

>The presence of the local firm implies that aggregates sales of the foreign oligopolists is not fixed.
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The variable profit of firm 7 from country c in market m without any tax or subsidy is
Tiem = Piem3icm — Ciem%icm

The total profit of firm ¢ from country c is

C+M

Tie = E Tiem
m=1

Aggregating profits of all firms and subtracting the total subsidy paid to (or adding the
total tax collected from) all exporting firms in country c, the total welfare of country cis

Wc(s) = Z Tie — Z Sem Zpicmqmm (5)

i€l m#c i€l
where s, is the ad valorem export subsidy (or tax) imposed by country ¢ on all firms that
export to market m.

To make estimation and simulation of this model feasible, it is useful to parameterize
the demand and supply sides of the model. Specifically, the quantity sold by firm i from

country c in market m is parameterized as

p;gl eXp(gz’cm)
Qicm = Yo 1—o 1—o (6)
Pomm eXp(&)mm) + Zc’ Zi/eQC,m Pirerm exp({}rc/m)

where &, = (0 — 1) In (Aiern)

The constant marginal cost of selling from production origin c to market m is param-

eterized as

Ciem = 7-t:(i)m eXp<wicm)

where 7.;),, denotes ad valorem tariffs charged on goods moving from origin country c to

market m, and wj.,, is a firm-origin-destination specific (log) productivity shock.

Firms choose prices to maximize profits in each market, which leads to the standard

markup rule,
el
icm
DPiem = R—Tc(i)m eXp(wicm)-
icm
R
icm

where ¢}, is a firm’s perceived demand elasticity, whose particular functional form varies

with the assumed conduct model R = B (Bertrand) or R = C (Cournot). If we assume
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that firms choose price and quantity pair taking their rivals prices as fixed as in Bertrand

competition, then one can show that

B
€iem — 0 + (1 - U)Sicm (pma Em) 3 (7)
1—0o
. — DPicmQicm — Picm exp(gicm)
where Szcm (pma ém) T PommAomm~+Y o Zjegc/m DiemGicm p(l);ﬁn exp(omm)+2 o Zjeﬂ , pj;fn exp(gjc,m)

is the revenue market share of firm ¢ from production origin c in market m. These market
shares are determined by the vector of prices chosen by each firm operating in market m
(pm), as well as the vector of demand shocks for each firm operating in market m (&,,).

On the other hand, if firms choose their individual price and quantity pairs taking

their rival’s outputs as given, the relevant demand elasticities will then be given by:

c g
Eicm B 1 + (J - 1)Szcm (pm>€m) ‘ (8)

The difference in perceived demand elasticities under Bertrand and Cournot then leads
to a separate pricing rule for each conduct model R = B, C:

B (m + 1) Te@i)m exp(wicm) = MB(U, Sicm)Tc(i)m eXp(wicm) if R=1RB

Piem =

9)
mTc(i)m eXp<wicm> = ,UC<0-7 Sicm)Tc(i)m eXp(wicm> ifR=C

where 1if(0, S;.,) denotes the markup function under pricing rule R = B, C]

Note that these equilibrium pricing rules generate weakly higher markups under
Cournot competition compared to Bertrand. This is because when firms believe their ri-
vals quantities are fixed when they choose their price and quantity pair, individual price
cuts must implicitly be matched by their rivals for their quantities to remain fixed. This
implicitly softens price competition relative to a model where rival prices are assumed
to be fixed in response to price cuts, thereby leading firms to exercise a higher degree of

market power under Cournot competition.

3.2 Optimal export subsidy or tax

As with the two-firm third-market model, we introduce a two-stage game to solve the
optimal export subsidy /tax, s, and sZ,. Now in the first stage, country c imposes a set
of market-specific per-unit export subsidies (or taxes) s., on all exporting firms. Since
production involves constant marginal costs, each firm’s profit maximization problem is

®The own elasticity derivations are provided for Cournot and Bertrand in appendix
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independent in each market. In Appendix [A] we derive the following formulas which

characterize the optimal subsidy, s&, and sZ , under Cournot and Bertrand competition:

cm/

87"zcm dQOmm 8Tl'zcm d%cm aﬂ'icm(Q) dekm
C ZiEIC 9gomm  dsem + ZZEIC 237& aq]cm dsem ZZEIC Zk;&c Zjelk 8ijm dscm

dQ'Lcm . apicm dqjk"L apicm qunnn
ZiEI (pzcm dsem + Qiem Zk ZjeIk <8qjkm dsem + 0qomm dsem

d7rwm dPOmm dﬂ'zcm(P dp]cm 87ricm(P) dpjkm
B ZiEZC Opomm  dsem ZZEIC Z];’éc Opjem  dsem Z'LGIC Zk#c Zjel—k‘ Opjkm  dsem

Picm Oicm dp]km OGicm_ dpomm
ZZEIE <q16m dsem +plcm Zk Zjezk (apjkm dsem + 8pOmm dsem

(10)
The optimality conditions in equation (10) show that the optimal tax or subsidy now de-
pends on three sets of terms in the numerator. Moving from right to left, we have the ef-
fects of the subsidy on the firms from the country imposing the policy, the effects on firms
from the rival countries and finally the effect on the output of the local firm in the tar-
get market. While we cannot make further progress on these equations analytically—as
the optimal subsidy appears on both the left- and right- hand side of these expressions—
we use them to solve for optimal subsidy and taxes numerically via fixed point iteration.
Specifically, for each market m and given ¢, we solve for the subsidy or tax with starting
value s? = 0 based on equation (10), and then update the subsidy or tax in the right-hand

side of the equation until convergence.

3.3 Numerical examples in the extended case

Now we modify the simulations in Section [2.3|to include an additional local firm in the
third market. The data generating process is described in Appendix D] With three firms
competing in the third market, the sign of the optimal export subsidy or tax becomes more
ambiguous. Figure [3{shows a case where the local firm has a market share of less than a
quarter of the market. In this case, both the exporters—both the country with a smaller
market share, and the one with the larger share—will both want to impose an optimal
export subsidy s¢ > 0 under Cournot competition. Thus, it resembles the classic Brander
and Spencer| (1985) case despite the use of product differentiation and the presence of
the domestic competitor. One novel point we see here is that the country with the larger
market share wants to impose a bigger export subsidy. This runs somewhat counter to the
idea of using a subsidy to overcome a weakness, but it makes sense here because bigger

domestic firm will tend to face a rival with more negative slope of their reaction function.

Under Bertrand competition, we obtain the Eaton and Grossman, (1986) result of an
optimal tax (s” < 0). In both cases there is notable welfare loss when the wrong conduct is
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inferred. The situation is particularly bad when the policy maker believes there is Cournot
competition, but the true conduct is Bertrand. Then we see export subsidizing countries

have greater than 20% losses in welfare. Inferring Bertrand is a less costly mistake.

Alternatively, Figure [f] shows a case where the local firm has a market share of more
than 85% in the third market. Under this DGP, both countries impose an optimal export
tax s® < 0 under Bertrand and s¢ < 0 under Cournot conduct. Interestingly, there is still
a welfare gain even when the wrong conduct is inferred. However, inferring Cournot

incorrectly leads the home country to impose a smaller than optimal export tax.

Two additional visualizations on welfare changes with multiple production origins
and multiple firms are provided in Appendix [} The main takeaway from these examples
is that knowing the correct conduct is always useful for designing optimal trade policy.
Furthermore, when the two rival exporters dominate the third market (as in the classic

models of the 1980s), then knowing conduct can avoid a sign error in optimal policy.

Figure 3: C' =2, N =1, with local firm (market share of local firm < 25%)
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Note: The x-axis is the ad valorem subsidy on the exporter from country 1. The y-axis is the
percentage welfare change relative to no subsidy. The vertical orange and blue lines show the
welfare-maximizing subsidies for Bertrand and Cournot conduct. The rival country sets s, = 0.
Denoting the two production origins as countries 1 and country 2, and the “third-market” as
Country 3, weset o = 5, 5113 = 06, 5123 = 14, 5033 = 76.0, W113 = W123 = W33 = 10,

T13 = Tog = 1 +exp(1.0), 733 = 1.0, Y3 = 1. Equilibrium prices, quantities and optimal export
subsidies or taxes are solved via fixed-point iteration.
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Figure 4: C' =2, N =1, with local firm (market share of local firm > 85%)
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Note: The x-axis is the ad valorem subsidy on the exporter from country 1. The y-axis is the
percentage welfare change relative to no subsidy. The vertical orange and blue lines show the
welfare-maximizing subsidies for Bertrand and Cournot conduct. The rival country sets s = 0.
Denoting the two production origins as countries 1 and country 2, and the “third-market” as
COUI’ItI'y 3, we set o = 5, 6113 = 0.8, 5123 = 1.2, 5033 = 6.0, W113 = W123 = Wp33 = 1.0,

T13 = T23 = 1+ exp(l.O), T33 = 1.0, }/3 =1.

4 Inferring conduct through a Hausman Test

In the previous sections, we presented variants of the classic Brander and Spencer| (1985)
third country model of strategic trade policy. In practice, realizing the potential welfare
gains from optimal policy requires that policy makers know (i) the demand and costs of
the competing firms, and (ii) the appropriate model of conduct. All of these objects are
potentially unobserved by the policy maker. Importantly, since the sign of optimal policy
may not even be known if conduct is unknown, some researchers have concluded that
strategic trade policy is unlikely to provide a successful guide to implementing welfare
improving trade policies.

In this section, we develop a potential path forward for realizing the gains from strate-
gic trade policy; estimating demand and costs and then testing for a particular model of
conduct. The setting is one in which policy makers have access of data on the prices and
quantities sold for various firms in a series of third markets m, thereby allowing the policy
maker to estimate demand and cost using standard tools from the industrial organization
literature (e.g. Berry|1994, Berry and Haile|2014). We show that the techniques used to re-
cover demand and costs from price and quantity data naturally suggest a straightforward
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to implement Hausman test for the appropriate model of conduct.

We present this test in the context particular parameter model developed in Section
this is both for expositional convenience, as well as to elucidate the DGP we will use in the
Monte Carlo is Section 5, where we consider the performance of this approach in a setting
where the policy maker needs to estimate demand, cost, and conduct. However, we also
show in Appendix|C|that this test can be generalized to more flexible models of demand
and cost.

In what follows, we assume that the policy maker knows the CES functional form in
Equation (), but does not know (o, &,,,, wy, ), nor the mode of conduct R; rather, they only
observe for a series of markets m then prices, quantities, and ad valorem tariffs (p,, Qum, 7).
To tackle this problem, we first show that this model readily allows the policy maker to
recover a consistent estimate of demand and productivity shocks, (&, w,,), as long as they
are able to generate a consistent estimate of 0. The fact that unknown demand and supply
parameters are invertible conditional on the global demand parameter o is key to devel-
oping our conduct test; specifically we rely on the commonly noted insight that as long as
supply-side instruments exist, demand parameters can be estimated without imposing a
conduct model. On the other hand, recovering supply side parameters generally requires
knowledge of demand parameters and imposing a conduct a model; this provides a series
of overidentifying restrictions that will be more efficient when a researcher imposes the
correct conduct model, but inconsistent when the wrong conduct model is imposed. This
naturally leads to a Hausman test for conduct.

4.1 Invertibility of (¢, w,,) given o

While the policy maker does not directly know anything about each firm’s costs, if they
know how each firm chooses their prices, they can recover estimates of marginal costs
by relying on the fact that profit maximizing firms will choose prices to equate marginal
revenues with marginal costs. Specifically, if the policy maker is able to construct an
estimate of marginal revenue for each firm, then they can recover marginal cost estimates
as in Rosse (1970) by simply setting this unknown object equal to (estimated) marginal
revenue. For the model developed here, this mapping is implicit in the pricing rule (9);
rearranging this expression yields the following equation which can be used to recover
estimates of the productivity shocks form all firm products, w;.,, given observed data and

and estimate of the elasticity of substitution o :
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aicm(a-\a R) = lnpicm - ln (,UR<87 Sicm)Tc(i)m> (11)

A similar inversion exists for the unknown demand shocks as well; in particular, it is
straightforward to show that (4) implies:

&iem — omm = In gicm —(1-o)hn ( Picrn )
Ocm Pomm
The above provides a mapping between relative prices, market shares, the elasticity and
substitution, and relative demand shocks, &;crm — Eoem- Since CES demand systems are homo-
geneous of degree zero in demand shocks, the overall scale of these demand shocks are
not relevant for counterfactuals. As a result, for the purpose of determining the optimal
subsidy, a policy maker can normalize &, to zero, recovering the remaining demand

shocks as:

Gon(@) = 1o G — (1~ ) 1n (L) (12

Ocm Pomm
Together, Equation and Equation provide a way for the policy maker to recover
all the relevant unknown demand and supply shocks for purpose of determining optimal
policy, given o and the mode of conduct R. In the next two subsections, we then show
how the policy maker can use these properties to generate estimating equations for o,
which then provide over-identifying restrictions to test for the appropriate conduct model
R.

4.2 Estimating o

To recover the global demand parameter, o, a policy maker can rely on standard demand
estimation techniques. A simple tool for this purpose that is available when demand
is CES is based on the following transformation of demand, which generates a linear
estimating equation (Berry|[1994, Bjornerstedt and Verboven 2016):

Sz'cm

1
N SOcm

= (1 - U) In ( Diem ) + ficm - SOmm (13)

Pomm

Here, the structural error term—which we call a firm’s relative demand shock—is given
by Eiem — Somm- While (1 — o) could be estimated by applying OLS to Equation (13), in
general this procedure will not generate consistent estimates of o as equilibrium prices
Piem Will tend to be correlated with relative demand shocks for two reasons. First, accord-
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ing to both pricing rules in Equation (9), firms with higher revenue shares will tend to
charge higher prices. Since higher revenue shares can directly be generated by a firm ex-
periencing a larger relative demand shock, this generates a positive correlation between
prices and revenue shares. Second, since prices also move with marginal costs, prices
will be correlated with relative demand shocks whenever there is a systematic correlation
between demand shocks and productivity. For example, higher quality goods may be
more difficult to produce, which will tend to generate a positive correlation between A,
and wj.,, (Hottman et al. 2016, Jaumandreu and Yin|2018, (Orr 2022, Forlani et al. [2023).
Alternatively, more productive firms may simply select into producing higher quality
goods, as emphasized by Kugler and Verhoogen (2012), which would generate a negative

correlation between &;.,,, and w;e,.

Consistent estimation of Equation generally requires an instrumental variable that
is excluded from the demand system, correlated with price, and uncorrelated with rela-
tive demand shocks. Equation (9) provides a natural candidate for such an instrument;
tariffs 7.(;),,. Notably, consumers do not directly care about tariffs (except through their
impact on the price they pay)—thereby excluding this variable from direct consideration
in the demand system—while tariffs will generally increase prices through the equilib-
rium pricing rules. In what follows, we assume tariffs are not set in an endogenous
way—or more formally, that E(&;cn, — §oem) Te(iym = 0— so that Equation (13)) can be es-
timated using a standard linear IV estimator, with 7., serving as the instrument. This

provides a researcher with an estimated value of o, which we will denote by 5.

Note that when justifying the use of 7.(;),, as an instrument, we could rely on either the
Bertrand or Cournot pricing rule; in fact, as long as firms internalize costs when choos-
ing prices, exogenous cost shifters such as tariffs can be used as instruments to identify
demand. This means that our identification strategy for o is robust to the policy maker’s

lack of knowledge on the exact mode of conduct.

On the other hand, note that if the policy maker knew the mode of conduct, they could
obtain more efficient estimates of o by leveraging their knowledge of the firm’s exact
pricing rule in Equation (9). More precisely, the pricing rule for a given conduct model R
provides a series of overidentifying restrictions that, when correctly specified, should lead
to more efficient estimates of o. This is because a correctly specified pricing rule tells use
how market shares should vary across markets conditional on o,which provides a series
of further moments to help pin down 0. We generate an estimator that takes advantage
of this idea by formulating another estimating equation for o by substituting Equation (9)
into Equation (I3), yielding:
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Treating the sum of the productivity and relative demand shocks as the new struc-
tural residual, we can obtain a new estimate of o by estimating the above model by
nonlinear GMM. Since market shares enter the markup rule for each proposed model
of conduct R = {B, C'}, we still need to rely on an instrumental variables formulation of
the estimator—rather than a nonlinear least squares procedure — as S, will tend to be
correlated with both relative demand shocks and productivity shocks. For this purpose,
we implement a nonlinear GMM estimator that relies on the following moment condition
EViemTesym = 0. Validity of this moment condition requires that tariffs be uncorrelated
with both demand and productivity shocks; a sufficient condition for which is that tariffs

be completely exogenous/]

Estimating Equation for a given conduct model R only provides a single moment
for identifying o. In practice, this variation alone may be more or less efficient at identify-
ing o than estimating Equation alone. To generate an estimator for o that will tend to
be more efficient under a correctly specified model of conduct R, we propose estimating
both Equation (13) and Equation (14) simultaneously using a system GMM estimator. In
practice, we implement this through a two step procedure which chooses an approxima-
tion to the optimal weighting matrix for overidentified models as in Hansen| (1982). We
denote the estimate of o obtained by this estimator as o%,where R denotes the particular
model of conduct imposed in Equation (14).

While 57 will tend to be more efficient than ” when R is correctly chosen, 5% will be
inconsistent if the wrong conduct model is imposed on the data. This is because the pric-
ing rule estimator imposes a series of mispecified moments to identify o. In what follows,
we take advantage of the fact that these two estimators generate a tradeoff between con-
sistency and efficiency, which is precisely what a Hausman test was designed to exploit

in model testing.

7 An important property we use here is that the policy maker knows that the passthrough rate of tariffs
to marginal costs is 1; this means the above equation only has one unknown parameter to be estimated
(0),rather than ¢ and the passthrough rate of tariffs to marginal costs. As a result, we only need a single
instrument to identify this model. While this is appropriate for a setting where ad-valorem tariffs are avail-
able and exogenous, we show in Appendix |C|that we can also generalize our approach to settings where
the researcher only has access to a series of supply-side instruments where the pass-through rate of the
instrument to marginal costs is unknown and therefore must also be estimated.
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4.3 Hausman Test

The Hausman test, developed in Hausman| (1978), is a standard econometric tool to test
for whether two estimators of the same object are converging to the same probability
limit. This type of test is particularly useful when it is known that one of the estimators
will only be consistent when a stronger set of conditions hold, while another estimator
is consistent under weaker conditions. For example, the Hausman test is often used in a
panel data context to test for whether random effects (which imposes the strong condition
that individual specific effects are uncorrelated with other regressors) are appropriate,
with the alternative, less efficient, estimator being the fixed effects estimator, which does

not require uncorrelated of the individual fixed effects.

In our context, the Hausman test can be computed as follows:

(3" -3’
H B
Var(GP — GR)

where Var(3P — GF) is the estimated variance of 57 — 83 Note that the Hausman test
simply tests for whether the two estimators are close enough to one another, adjusting for

the variance of each estimator.

Hausman (1978) shows that this test statistic is asymptotically distributed as a chi-
square distribution with one degree of freedom. As a result, we can then use this statstic
to formally test the hypothesis that 77 = 7. Rejection of this hypothesis leads to rejection
of a particular conduct model R; this is because we know the demand esitmator is 5 is
consistent for any conduct model. As a result, differences in 5" and 5% tells us the conduct
model R is likely mispecified. On the other hand, failing to reject means that a particular
conduct model R is potentially capable of explaining the data.

In the next section of this paper, we examine the behavior of this testing procedure
in a series of Monte Carlo exercises. Specifically, we consider a policy maker who ob-
serves prices, quantity, and tariff data for a series of markets m, and wishes to conduct
strategic trade policy in each of these markets to improve overall domestic welfare. We
assume they follow the above estimation procedures for o, and then implement the above
Hausman test based on significance levels of 0.01, 0.05, and 0.1 for rejection of the null hy-
pothesis. Note that for a policy maker to conduct this policy exercise, they need to decide

8While this object can be difficult to compute, we follow Cameron and Trivedi| (2005) and compute it
using the bootstrap. Since our model involves a series of independent export markets, we randomly sample
export markets in our implementation, which implicitly clusters standard errors by market.
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on how to resolve situations where either both conduct models R are either rejected or not
rejected. Since strategic trade policy can lead to fairly large welfare loses when a policy
maker sets subsidies according to the wrong conduct model, we assume they conserva-
tively choose laissez faire (no tax or subsidy) whenever both conduct models are rejected
or not rejected according to this procedure.

5 Simulating strategic trade policy with unknown conduct

In this section, we carry out a series of simulations to investigate the effectiveness of
the policy-maker’s strategic trade policy based on our conduct-inference approach in the
extended third-market model. We assume that only one country c imposes a set of export
subsidies or taxes s, on its exporting firms. The first conduct-inference approach we
adopt is based on the Hausman test described in Section [d Specifically, if the Hausman
test rejects the null hypothesis that the conduct is Cournot and fails to reject the null
hypothesis that the conduct is Bertrand, we infer that the conduct is Bertrand. If the
Hausman test rejects the null hypothesis that the conduct is Bertrand and fails to reject
the null hypothesis that the conduct is Cournot, we infer that the conduct is Cournot. If
the Hausman test fails to reject both null hypotheses or rejects both null hypotheses, we

cannot infer conduct.

The second approach is simply based on selecting the model whose estimate 7' is
closest to the demand IV estimate o°; we call this the “nearest neighbor” approach. This
approach focuses attention our somewhat novel metric of model consistency, which treats
models with smaller values of (8D — 83) % as titting the data “better.” Note, however, that
this approach runs the risk of potentially generating high welfare losses than the Hausman
test approach. In particular, the Hausman test may reject, or fail to reject, both models in
some settings due to uncertainty in the parameter estimates; in this case we assume the
policy maker does nothing, so consumers are no better or worse off. The nearest neighbor
approach instead always selects at least one of either Cournot or Bertrand, which runs a
greater risk of choosing the wrong policy than the Hausman approach. Since the nearest
neighbor policy is more interventionist than the Hausman test, we expect it it will tend to
generate more variable welfare gains than the more conservative Hausman testing proce-
dure; this naturally suggests that a policy maker’s risk aversion should likely determine

which policy regime is preferable in practice.

The simulations we focus on here are based on the extended third-market model with
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C = 2 production origins and N = 1 exporting firm in each production originf| The
data generating process is the same as Section [3.3| described in Appendix|D]and Table
summarizes the parameters chosen in the simulations. We assume that production origin

1 is the country that imposes export subsidies or taxes on its exporting firm.

Table 1: Parameters chosen in the simulations, C' =2, N =1

variable value mean variance definition

Y. 1.0 1.0 Market size

Eicm 0.0 30.0 Demand shifter of importing goods

Eomm -3.0 1.0 Demand shifter of local goods

Wiem 0.0 0.5 Cost shifter of exporters

Womm 0.0 0.5 Cost shifter of local firms

Yem 1.0 2.0 Trade cost shifter

o 4.0 Elasticity

P(&icms Wiem,) 0.5 Demand-cost correlation of importing goods
P(Eomms Womm) 0.5 Demand-cost correlation of local goods

To evaluate the performance of the two conduct-inference approaches, we first check
the percentage of simulations where we correctly infer conduct. The results are shown in
Figure [5, where we plot the percent of correctly predicted markets using Hausman tests
with 1%, 5%, and 10% significance levels, as well as the nearest-neighbor approach. On
the x-axis, we vary the number of third markets to get a sense of how many independent
markets (effectively, our sample size) a policy maker must observe to correctly identify
the right conduct model. We find that conduct is easier to identify under the Bertrand
DGP, compared to the Cournot DGP. While we identify the correct mode of conduct a bit
under 100 % of the time when we consider 1000 independent markets for all three Haus-
man tests, the identification of Cournot conduct appears to be somewhat more sensitive
to sample size than Bertrand, with the % of times we correctly identify conduct immedi-
ately beginning to decline as we decrease the sample size. Since nearest neighbor still gets
100% of the simulations right here—i.e., our point estimates are still consistent with the
right model—this tells us this is purely a precision issue, leading our social planner to be-
have conservatively (choose laissez faire) when there is not sufficient evidence for them to
choose one model of the other. On the other hand, the proportion of simulations where we

can correctly identify Bertrand conduct under a Hausman test remains relatively constant

Results for three rather than two countries are reported in in Appendix [E} Qualitatively results are
similar, although the magnitude of the gains are smaller. It also becomes somewhat harder to identify
conduct under Bertrand competition when we observe more firms.
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until we start considering less than 500 export markets. After decreasing the number of
export markets even further—less than 200—nearest neighbor starts to occasionally rule
in favour of the wrong model, which is precisely when the conservativeness of a testing

procedure that accounts for uncertainty is likely to be most valuable.

Figure 5: Percent of correct inferred conduct, C' =2, N =1
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Note: The y-axis is the percentage of correct conduct inferences. The x-axis is the number of
third markets.Each line represents an inference approaches. The Hausman tests are conducted
with 1%, 5%, and 10% significance levels. The nearest neighbor approach selects the model
whose estimate 57 is closest to the demand IV estimate 5.

In the next set of results, we turn to welfare properties of choosing strategic trade pol-
icy after inferring conduct. We assume that the policy-maker observes all equilibrium
prices, quantities, market shares and bilateral trade costs 7;),, to estimate o using both
demand IV and GMM approaches. If the policy-maker cannot infer conduct, the optimal
export subsidy or tax is set to zero. If the policy-maker can infer conduct, the optimal
export policy is solved for using the first-order condition of the social welfare function in
Equation via fixed-point iterations. To compute the welfare change, we first solve for
the new equilibrium with estimated o%, £ and & given the inferred conduct R. Specif-
ically, we refer to the methodogy described in Section 4.1| to obtain estimated ¢ and &
given o and observed data. Given 0%, £, & and constant market size Y,,, the new equi-
librium prices and quantities can be solved via fixed-point iteration, and the welfare at

new equilibrium is computed based on Equation (5).

Figure [f| shows the average welfare change under different conduct models and dif-
ferent numbers of observed third-markets. The solid brown lines represent the average
welfare change under the true conduct and the optimal export subsidy or tax that is com-
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puted based on the true o and simulated ¢ and w. The other lines represent the average
welfare change under the inferred conduct and the optimal export subsidy or tax that is
computed based on the estimated 5% and estimated data. Given the high success rate
of nearest neighbor at identifying the correct mode of conduct documented in Figure
we unsurprisingly find that the welfare gains implied by nearest neighbor in Figure [6|
are close to what an omniscient social planner would obtain. The same is true for the
statistical Hausman tests when we observe many markets. However, these gains fall off
quickly as we decrease the sample size under the Cournot DGP. On the other hand, un-
der Bertrand, a social planner is able to generate average welfare gains close to 4% as
long as the number of third markets is above 500. Interestingly, even in cases where con-
duct is hard to identify, i.e. both DGPs with less than 100 markets, the Hausman test still

generates positive welfare gains.

The simulations suggest that our proposed metric of model misspecification—the dif-
ference between the demand only estimator and a demand-and-supply estimator—is
very good at identifying the correct model of conduct, even when the policy maker has ac-
cess to very little data. Simply choosing the model with the smallest value of (77 — 8R)2
as a model selection statistic appears to even outperform a formal Hausman test. That
said, forcing the social planner to always pick one model—as we do under the nearest
neighbor approach—does increase the risk of choosing the wrong model when estimates
are imprecise, which will tend to generate more variable welfare benefits than the more
conservative Hausman test. We illustrate this in Figure 7], which plots the standard devi-
ation of welfare changes across simulations. We see that the nearest neighbor approach
always generates a higher standard deviation in welfare than the Hausman test approach.
As a result, while the Hausman test tends to generate lower gains on average, there is also
less variability in the realized gains, which suggests that risk averse policy makers may
prefer the more conservative testing procedure in some cases; i.e. when the number of

markets is small.
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Figure 6: Average welfare change "50%, C'=2, N =1
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over all cases in all simulations. If the policy-maker cannot infer the conduct, the optimal export
subsidy or tax is set to zero, and the welfare change is zero. The x-axis is the number of
third-markets. Each line represents a different approach to conduct inference. The Hausman
tests are conducted with 1%, 5%, and 10% significance levels. The nearest neighbor approach
selects the model whose estimate 7% is closest to the demand IV estimate 5°.

Figure 7: Standard deviation of welfare change WV_V—ZVO%
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the number of third-markets. If the policy-maker cannot infer the conduct, the
optimal export subsidy or tax is set to zero, and the welfare change is zero. Each line
represents a different approach to conduct inference. The Hausman tests are
conducted with 1%, 5%, and 10% significance levels. The nearest neighbor approach
selects the model whose estimate 6% is closest to the demand IV estimate 5.
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6 Conclusion

In the 1980s concern over the dependence of optimal strategic trade policies on unobserv-
able conduct led to skepticism about whether governments would have the information
necessary to implement the optimal policies. That is even if we set aside concerns over re-
taliation and general equilibrium effects, it was natural to worry that a government that
mistook conduct as Cournot when in fact it was Bertrand would implement the exact

opposite policy of what would be optimal.

Our results here should not be seen as an argument for increased use of strategic trade
policy. There remain many valid concerns with such policies. However, our results sug-
gest that the natural response to not knowing conduct is to estimate it. We develop a
method to do that using a fairly standard toolkit from econometrics. Our Monte Carlo re-
sults (under ideal circumstances) suggest that implementing our method could give rise
to moderate welfare gains. A useful path for future work would be to implement the
method on real world industry data.
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A Derivation of optimal export subsidy/tax in extended third-

market model

A.1 Cournot

The revenue of firm 7 from country c in market m is

o—1

<(]icm14ic7n)T
o—1 o—1
(QOmmAOmm) c 4+ ch Zi’ (Qi’c’mAi’c’m> 7

chm(Q) - pzcm(Q)me = Ym

The profit of firm i from country ¢ with export subsidy or tax is

Wic(Q) - Z ﬂ-icm(Q) - Z [chm(Q) - Cicm%’cm] + Z SemGicm

m m%#c
B o—1
QicmAicm K
= Ym L—g ) o—1 Cicmqmm]
m L (qOmmAUmm) S ZC/ Zi’ (Qi’c/mAi/c’m> 7

B a—1

+3 st () =|
m#c L (qOmm£0mm) ° 4+ ZC/ Zi/ (Qi’c’mAi’c’m) 7

The profit of firm j from another country £ is

Ti(Q) = Y Tim(Q) = D [Rijkm(Q) — Cjmjim)

o—1

=X ) * - i
- m -1 -1 7kmYjkm
m (q0mmAOmm) o+ Zc’ Zi’ (Qi’c’mAi’c’m) 7

The welfare of country c is

Wc(s) == Z Z Wicm(Q) - Z Z Scmpicm(Q)Qicm

i€ m i€Te m#c
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The own price elasticity of demand is

19

o—1
-1 1 o o
C apzcm Qicm _ ;YWLchm Aicm
Ciem = — Oa ] - o—1 o—1
Qicm DPiem (QOmmA()mm) S ZC/ Zi’EQc/m (Qi’c’mAi’c’m) ‘
-1
o1 _% 20-2
+ TquicmAicm Qicm
o—1 o1\ 2 .
<(QOmm€Omm> ° + ZC/ Ei’eﬂc,m (Qi’c’mAi’c’m> 7 ) Piem
—1
1 o-1 o
<0 o 20m( " £m>> 1 + (U - 1)Sicm(pma €m>
A.1.1 Second stage (given s.,,):
First-order conditions
The first-order condition of firm ¢ from country c in market m # cis
aﬂ(‘;‘c'r.n (Q) = (1 + Scm)qicmw + (1 + scm)picm(Q) — Ciecm
q'LCm aq'LCm
o—1
_ (1 4 scm)Y”lG -1 Ui(lqicmAicm) g _ 1
7 (QOm'mAO'mm)T + Zc’ Zi’ (qi’c’mAi’c'm)T Jicm
o—1
_ (1 n Scm)Ym o—1 Uil(qmmAicm) “ — (qv;cmAicm)% : — Ciem
<(qo'rmn"40mm)T + Ec’ Zi/ (qi/c'mAi’c’m)T) dicm

a—1 o—1

1 (qicmAicm)T 1 (qicmA'Lcm) g

= (1 + Scm)Ym 7=

— Cicm

o—1
= (1 + SCm)Tpicm(l - Sz’cm) — Ciem =0

(15)
where S;.,,, is the market share of firm ¢ from country ¢ in market m. Similarly, the first-
order condition of firm ¢ from country c in market c is

87Ticc(Q) 8picc(Q) oc—1
= Gice icc — Cice = ——DPice(l — Sice) = Cice = 16
8Qicc e aqmc + b (Q) ¢ g p ( S ) ¢ 0 ( )

The first-order condition of firm j from another country k£ # ¢ in any market m (including
local firms in market m) is

aﬂjkm(Q) apjkm(Q) o—1
A —Y5km—F ikm — Cjkm = ——DPjkm (1 — Sjkm) — Cjkm =
Dd0m djk O +pjkm(Q) — cjk p Pikm( Sikm) — Cjk 0 (17)
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Second-order conditions

027rz-cm(Q) 8pzcm((g) azpicm(Q)
- N em)————————— cm)Qiem ™ 4 o 1
. 2(1 4+ Sem) . + (14 Sem)q . <0 (18)
827TZ-CC(Q) apm(Q) a2picc(Q>
=2 iccT A o9 1
aqgcc a(]icc e aqz’Qcc <! ( 9)
Priem(Q) . Ipijkm(Q) pjrm(Q)
m — g Zbykm + Gy —2 <0 20
aqukm jkm ik aq?’km 20)

Take % as an example (We can apply a similar derivation to the other two partial

icm

derivatives to show SOC always hold for them as well). As 1 + s.,, > 0, sign of i g“;”(Q)
3 3 0 icm icm Zcm
is the same as the sign of 2]’8%—67(:2) + qicmagq—(Q).

wcm

28picm(Q) T Giem 02 pzc;n(Q)
0qicm dq

1cm

1+o0 o-—1 _2 20-2
—92 _l Y qLcm zc:n 1 _ o—1 Y, q“ﬂi LU’%
o—1 . o—1 o—1\2
g (QOmmAOTnm) 7 + Z Z (@irermAirerm) dicm 7 ((Q()rmnAOmm)T + Zc/ Zi/ (qi’c’mAi/c/m)T)

_1+20 o-1 _2+t0 20-2
+ai 1+o quzcma Azc:n 1 4 o—-1 quzcma AZ(,TZL
icm 2 o—1 . 2 o— 2
o (QOmmAOmm) o + Z Z (qz c'm 7, c’ m) o iem 7 ((QOmmAOmm) o+ Zc/ Zi’ (qi’c’mAz’c’m) )
240 20-2 3 30=3
+qi 20 — 2 quwmg A’LCT:L + 2(‘7 — 1)2 }/mqlcmAwm
cm 2 o— o—1\ 2 2 c—1\3
o o—1 o—1
<(QOmmA0m7n) o+ Zc’ Zi/ (@irermAirerm) @ ) 7 ((QOmmAOmM) o+ Zc’ Zi/ (@irermAirerm) @ >
_ 140 o—1 _2 20-2
_ 1-0 quicma Aic?n + (3 — 2‘7)(‘7 — 1) quic:r'LAic;L
- 2 o—1 o=1 2 o—1 o—1\2
o (qO'mmAOmm) o + Zc/ Zi’ (qi’c’mA'L’c’m) g g (((]OmmAOmm)T + Zc/ Zi’ (Qi/c/mAi’c’m)T)
1_3 30-3
+ 2(0 — 1)2 quicmg Aicrcrrb
o2 o—1 o=1\3
((qOmmAOmm) o + Zc’ Zi/ (qi’c’m i’c! m) e )
Ym (1—0 (3—=20)(c—1) o9 20 —1)2 4
= qizcm ( 2 Sicm + o2 Sz(‘m o2 Swm

1)

Define f(Sicm) = 57 Siem + MSfcm 2(" 12 S3., then sign[az’;i;(Q)] = sign[f(Siem)]

icm

3-2(0 — ) g2

mwcm

1l—0 2(3-=2 -1
7t ( 03(0 )Sicm+ 2
o o o

f/(Sicm) =

It is easy to show that f’(S;.,) is a convex function with maximum value achieving at
either S;.,, = 0 or S, = 1, given that S;.,, € (0,1) and o > 1. f/(0) = 177(’ < 0 and
f'(1) = 22=324L ~ . Therefore, f(Si.n) first decreases and then increases on (0, 1), with

maximum value achieved at either S;.,, = 0 or S;,, = 1. Since f(0) = 0 and f(1) =
1—0+(3—20)(c—1)+2(c—1)2 __
0-2

= 0, we have s1gn[8 M(Q)] = sign|[f(Sicm)] < 0.
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Strategic substitutes or complementarity

?miem (Q) Opicm (Q) 9% piem(Q)
—————— =1+ sem)——— + (1 + sem)@iem —————
94 kmOicm 94 km 995 km9icm
1 o—1 _ 1 o—1
_ 1 o—1 Ym q‘L("IOY-lA‘Ll‘gn quf:YLAJk}C’,!n
=—(1+scm) s o—1
(qO'm?nAOan) o+ D ( ’mAi/c/m) 7
140 o—-1 _1 o-1 2 20-2 _1 o-1
+ 1+ v o1 Ym ‘Iwm” Aicm LikmAjkm L2y QquwmAich LikmAjkm
(L4 sem)Gicm > o—1 - - g=1\3
(‘ZOmmA0mm> [ IND ( ‘et 7nA1’d1n) '7 (lIOmmADmm) g (Z i ( A'L/c,m) 7 )
g—1 o—-1 og—1 o-—1 o1
o .1y2 Yntiets Avgs 9ovim Ascin R Gt Asem) 7
=—(1+ scm) ;. TINT g - o—1
((qOmmACMnm) c + Z Z ( /et 771A1/c/7n) g ) remAgkm (q0mm A(Mnm) o + Z Z (qi’c’mAL’c/'m) 7

o—1\2 1
= —(1+sem) ( > ) TpiC'rnpjk7n,(1 = 2Sicm)
" @)
o—1
9?2 iem Ai T
Prenl@ ) if 5, = —emdien) T 5,
45km9%icm ZC/ Zi’(qi Az’c’m) >
Total differentiation of FOC
6 71'7,c’m((Q) a 7T'Lcrn( a 7T'Lcm ) 827ricm(Q) BQﬂicm(Q)
ot 3 daromt S gt LTiem @)y Piem(Q) g gy e
T a2 . .
dq Qiem i €Te il #i 0qy/ cmaqlcm A ET,, 0431 ' mOicm 090mm9qicm 08cmO0gicm
8 chc(Q) 8 7T'Lcc( a 7T'Lcc aQTFicc(Q)
dQ'Lcc + Z dq + Z Z dQ'/ let ———— qucc =0
T a2 i’ cc i'c’c ;
0q Qice i €Te,il i 04 cc0icc ' #ci/ €T, a%’c’ca%cc 090ccO0ice
a W]km(Q) 8 71—]lm"n( 8 Tikm Q) 8271—]krn((Q) 827rjkm(Q)
dgjrm~+ dg;rem+ ————dgy et —— dgommt+—F—dsem =0, Vm,k#c
0 ]2km ! i GIXC:'L’;tz 8‘11 c'rrLa‘I]km ’2;261621: 8‘11 c! 8Qka aqO'm'ma(ijm 850m8qj'km o

For a given market m # ¢, there are N*, = 1 + 3. | N, equations. In matrix form, the
system of equations is

?711m (Q)
2
aqllm,

2 m1em (Q)
9911m 9q1cm

2N em (Q)
9911m 94N cm

1N om(Q)
9911mIIN Cm

% m0mm (Q)
| 9911m990mm

%m11m (Q) 2 7111m (Q)
94N CcmI911m 940mm 9q11m
2 m1em (Q) 2 m1em (Q)
94N CmOq1em 990mm 9q1em

a2 ' 2 '
N em (Q) 2N em (Q)

94N;CmIIN em

990mm 94N cm

2? TrNng(Q) %1 em(Q)
anC cm 990mm AN, Cm
9 7omm (Q) 927 0mm (Q)
94N CmI90mm a4z,

dQIcm/dscm
dQNccm/dscm

dQNCCm/ dsem
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[ dqllm/dscm 1

L dQOmm/dScm i

% m1im(Q)
9sem9q11m

_ 627"lcvn (Q)
9semOqicm

2 7Neem(Q)
Oscm aLZNL-an

021N om(Q)
6-5'c7n B‘INC Cm
2 m0mm (Q)

Bscmc?tmmm -

- %picm (1

- Szcm)

%picm (1-

Sz’cm)

(23)



[ 0%7m11m(Q) 0%m11m (Q) Pr11m(Q) ]
94T 1m, 9N CmOqiim 9q0mm9q11m
82771077’1 (Q) 627rlcm(Q) 8271'16777‘((2)
8qll”maqlc'm, anCCmaqlcm 6q()'m,rn,aqlc'm,
: : : . ,
Denote M = | 5., (q) P2 n.om(Q) Prn.om(@ |- Adopting the Cramer’s
0911mOqNcem "7 0ANoCmOdNcem  O90mmOdNcem
Prnoom(Q) Frnoom(Q) FPrnoom(Q)
0q11m 9N Cm 8q12\’c cm 090mmIIN G Cm
aQWO’mm(Q) 827"0mm(Q) aQﬂ'Omm(Q)
N a!h lmaq(hnm anC Cm aq(hnm aqgmm
rule,

det(M~k)
Aqirm/ dSem = NIRRT
Gikm/ ds det(M)

where My, is the matrix M with the [j+ Zf;ll N,|th column replaced by the column vector
0

_UT_lplcm(]- - Slcm)
_GT_leccm(]- - SNccm)

0
0

Applying the determinant formula and dropping the zero termsm

det(M;;) = _i<_1)i+255 Ni+j+501 Nna%ic—m(@d t(M7, )

N,
c e . - -1
_ z :<_1)z+zl:11 N1+J+ZZ:§ N, 9 picm<1 _ Szcm) det( ;k,m)
=1

k
removed.

where My, ;. is the matrix Mj; with the [i +- S~ Nj]th row and [j + 32~} N,Jth column

ail a2 aij ... Qip
as1 92 a2; A2n
077 = : : ,then det(M) = 37" | (—=1)""a;; det(M;;), where M;; is the
Qi1 A52 Qi in
an1 an2

Gnj Qpn
matrix M with the ith row and jth column removed.
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Similarly, dot(M )
VUM Ny Ny,

d mm d cm —
Qomm/ 45 det(M)

where My v is the matrix M with the last column replaced by the column vector

N,

det(Myy,ny,) = Z(_l)iJer:ll Nt 1+ Em N det<M;\</;;lN;;1,ic)

=1

where M. y. ;. is the matrix My, v with the [i+ S~ Nj]th row and [N ]th (last) column

removed.

A.1.2 First stage (given LZ];% for Vk,m,j € I, and dg;’ﬁ):

Focus on the welfare of country c gained from market m # c,

Scm Z ﬂzcm — Sem szcm(Q)me

i€l 1€l

dW Scm dﬂ'wm dpzcm
dScm gl—: dScm ZEZI pzcm QZcm Sem ZGZI (chm Som
_ a7Tzcm d%cm a71—zcm dQJ km
zEZI ancm dscm ; kz#c ]ezlk QJk:m Scm
871-zcm dq cm 87"-zcm dQOmm
* Z Z aQJcm dsjcm Z aqOmm dscm

€L j#i

incm
pzcm dScm

(24)

C

ankm dscm 8qOmm dscm

— Sem Z (pzcm Qicm _|_ Giom Z Z (apzcm dekm + apicm dq{)mm)) _0

1€ k  jEI)

35



Optimal s - is solved as

67Ticm(Q) dqomm 87r1cm(Q dQJcm 87rzcm(Q) dqjkm
ZiEIC dsem ZZEZC Z];éz qucm dsem ZzEIC Zk;ﬁc Zjefk 0qjkm  dsem

SC o BQOmm
em dgicm Opiem 4jkm Opiem dgomm
e, (Piom S8 + iom T4 ¥, (Gt 4 Qo S ) )
(25)
A.2 Bertrand
The revenue of firm i from country c in market m is
—0 po—1
pzcm Azcm
Ricm(P) = Piem%icm = Yo 1o 1o
(Zm=) " 4 3,5y (Gin)
The profit of firm 7 from country c with export subsidy is
7Tic(]-:)) = Z [chm(P) - Cicm‘]icm] + Z SemPiemQicm
m m#c
—0 po— 1 —0 pO— 1
_ Z Y,, — p'Lcm icm — - CiemYom - — DiemLiem —
w () S (B () + 20 o (B2m)
—0 Ao— 1 —0 fo— 1
+ Z SemYom — pzcm icm — - CiemYom — DicmLiem —
el () e () () oo (22)

The profit of firm j from another country k is

Tik(P) = Y [Rjkm(P) = CibmGjkm]

m

o po—1 — o—1
pjkmA]k:m Y. pjkmA]k:m
= § Y, — CikmYm

() ememe(am) (=) T (x)

The welfare of country c is

o—1

-0 AS
= Z Z 7Ticm(]:_)) - Z Z SemYm Piom?”iem )1_0

1—o
. . Pomm 3
€L, m i€ZL. m#c <—A0mm> -+ E E (A =

'c'm

36



The own price elasticity of demand is

—o—1 po—1
EB — aQicm Diem _ oY, DPicem Aicm
icm 8 ] . - m -0 l1—0o
Piem Qicm <p0mm ) + Z , Z e <Zi/c/m )
AOmm c Ve c'm i'c!m
—20 p20-2
Picmn A pi
+ (1 . O')Ym wcm “ iem wcm

o 1—0o P 1—0o 2 Qicm
((—Aozz )+ T Ty, (G )
=0+ (1 - U)Sicm(pn"m €m>
A.2.1 Second stage (given s.,,):
First-order conditions

The first-order condition of firm ¢ from country c in market m # cis

Omicm (P) _  04iem(P)  Bgicm(P)
Opiom =1+ sem)qiem + (1 + secm)Piem ODrom Cicm Opiom
o AL
= (1 + SC’”L)YW 1 plc‘,”‘ tem p 1—0o
mm I i’¢!m
(Bomm ) ' ™7 450 S (St )
po—1ao—1 p20 4202
— ((1 + Scﬂz)picm, — Cﬂicm,) oYm 1 icm iem - p—— + (1 _ o‘)Ym icm “"icm S =
mm I i’c!m 1—0o ) —o
()~ + =m0 () (o)~ + 2w (B )'™)
o ATL 1+ sem)Picm — Ciem 1=oA9 -1
=1+ sem)Ym — Picmticm — — _ ( (i i ip - C. o4 (l—0o) — Picm Yicm — —
(Bmm)'™" + zo o (R ) (Ramm)'™ + 2o m (R )
1 (1 4+ sem)Piem — Ciem
= em)Ym Siem —— (1 - —0)Siem) | =
(e i icm <1 (1 + sem)Piem o+ 7 >> 0
(26)
Similarly, the first-order condition of firm ¢ from country c in market c is
o 1 oo — Ci
ﬂ—lCC(Q) - YmSicc (1 - Pice e (‘7 + (1 - U)Sicc)> =0 (27)
apicc Pice Pice

The first-order condition of firm j from another country k # cin any market m (including
local firms in market m) is

87Tjkm(Q) 1 ( DPjkm — Cjkm )
———— =Y, Sikm 1l-—=———"—(c4+(1—-0)Sjtm) | =0 28
apjlcm i Pjkm Pjkm ( ( ) i ) ( )
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Second-order conditions

a27Ticm(]-:)) a%cm(P) aQchm(P> aQchm(P>
—— = 2(1 em) o 1 em)Piem——Fa 53— — Ciem— (4 53— < 0 29
O At S ) e T (LT 5em)P W " O, )
827Ticc(P) ancc(P) 82(]2'00(]?) azquC(P)
=2 icc — Lice <0 30
angcc apicc " P ap?cc ‘ apzzcc ( )
P ikm (P OGitm (P O qijem (P %qijem (P
Tin®) _00n(P) L PanlP) | Fn(P) -
W Opjkm W W
6271'icrn
Take WW(LQ) as an example.
827ricm (P) 6C]zcm (P) 82 Gicm (P) 82 Gicm (P)
—— =21 em) T o 1 em)Piem™ o o~ bYiem™ 5 o9
8p120m ( e ) apzcm " ( e )p 8pz20m ‘ 8pz20m

= 21+ $om)YonSiom—a— (0 + (1 — 0)Shem)
1

+ ((1 + Scm>picm - Cicm)ymg_ (0(1 + U)Sicm + 3U<1 - 0>Sz'20m + 2(1 - U)2S§cm)
wcm (32)

M 0 iff 2(1 + Sem)Piem - o(0+1)+30(1 — 0)Siem + 2(0 — 1)252,
8p12cm (1 + Scm)picm — Ciem o+ (1 — J)Sicm

g
2( U)Szcm +o0+ o+ (1 — U)Sicm

Plug in FOC, 1 — Wreeanlbion—tion (5 1 (1 — 0)S,,,) = 0, then 22D <  iff

g

2 21— icm 21_ icm
o+2(1—0)Siem >2(1—0)S +U+U+(1_U)Sicm

o
o+ (1—0)Siem
o4+ (1 —=0)Siem = (1 = Siem)0 + Siem > 1

o >

Since 1 — Siem > 0,0 > 1, we have (1 —S;.n)0 + Siem > (1 — Siem) X 1+ Siem = 1. Therefore,
aQWicm(Q)
o2

cm

< 0 is always satisfied.
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Strategic complements (given FOC)

2 2 2
" =1+ sen)—F—— +(1+ Scm)]gicmW - CicmW
apjkmapicm 8pjkm PikmOPicm PjkmOPicm

1 Piem — Ciem + Sem
_<1 -+ Scm)(l - U)Ymsicmsjkmﬁ 1-— D (O’ + (1 - O')Sicm)
icmtjkm icm
DPiem — Ciem + Sem 2 1
+ (1+Scm)(1 _U) Y icmSjkm
DPiem DPiemPjkm
Diem — Ciem + S 1
(1 . O') Y icm icm cm Szcmsjkm =~ 0
DPiem PiemPjkm
(33)
Total differentiation of FOC
92 WZC(P) 3?7 (P) 3?7ic(P) 3?1 (P) 9%7ic(P)
dpiem+ dAp;s em+ —————dpiyrert+———— dpomm+——————dsem =0, Vm #c
apwm i’ Eg'?ﬁz apz cmapzcm rem CZ#C'L GZI apilelmapicm e 8p0mmapicm 0 ascapicm
3?1 (P) 3?1 (P) 92 7er 8?7 (P)
dpice + dp;/ee + dpirere + ———— dpocec =0
0 ?cc e it eIZz’;éz Opit ccOPice Hee gc,b EZI 8171 ¢! capmc vele 0poccOPice
02 TF]k(P) 0?2 7r]k(P 027 (P 0?7, (P) 027, (P)
dp + dp;sem~+ —————dpyremt————— dpomm+———dsem =0, Vm,k#c
W ELZZ,# Pt emOPjkm gmezz Opyer 8p]km BpommOpskm " 05cODjkm

For a given market m # c, there are N}, = 1 + chzl N, equations. In matrix form, the
system of equations is

0271 1m (P) 9271 1m (P) 827115 (P) T 02rin(Q) _
P31 OPNeCmOP1Im OPommOP11m r ddpgll,n B ;e e 0
. Sem
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o TLem AR ez - _ 2 1cm (Q) —YmRS 1— RS
9P11mOP1cm OpNoCmOPlem 9PommOP1em dp;i;zl - ascmcg)r;lcm mAtolem g, ) 1em)
7 N em (P) 07 N pem (P) 7 N em (P) dpngem | | _ 2P Neem(Q) | T [—YmRSNcem 5y (1 —0)(1 = RSN.cm)
9P11mOIPN cm " OPNoCmOPNeem 9P0mmOIPN,cm dsem 98cmOPNoem
97N g om (P) 7Ny om (P) 7Ny om(P) d”g’ﬂ 71Ny cm(Q) :
9P11mOPNsCm 8pN cm P0mmIPN Cm apes™ f?SmanNCCm 0
210 mm (P) a2 mmm(P) 2 T0mm (P) L “dsem gmgim(@ | 0
| 9P11mOPomm T 9PN CmOPomm P2 | - SemIPOmm - b
34
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B 827r11m(P) A% 11m (P) 827r11m(P) ]
8p%1m T apNCCmapllm OP0mmIP11m
0% 1em, (P) 627rlcm(P) 827rlcm(P)
8pll'maplc'm T 6pNCCm8plcm ap()mmaplcm
Denote M = | 42, (P 91, om (P) 92ny..m(P) |- then the solution is
apllmapN,;cm e C()pNCC’mapN,;cm apOmmapN,;cm
rngom(P) Frngom(P) rngom(P)
Op11mOpNyem T 317?\700”1 OpommOPN,Cm
aQﬂ'Omm(P) 827"0mm (P) aQWOTﬂm(P)
L OP11mOPpomm T 8chCrrLapOmm 3p%mm
dp /dS det(MJk)
" = Jr/
e/ Aem = =300 (A1)

Where My is the matrix M w1th the [j+ 2%} N.]th column replaced by the column vector

—YmRS1cm 5—— 1’1 (1 —0)(1 — RS1cm)

~Ym RSN cm

s (1= )= RS eem) |

Applying the determinant formula and dropping the zero terms,

N,
- ; e i - 82 icm
det(Mj;,) = — Z(_1)1+Zz=11 N+t N, O ien (Q) det(M;,;.)

ascmapicm
al : 1
= Z( 1)1+Zf PN Ny, mSiem——(1 = o) (1 = Sicpn) det(Mjy ;)
. Piem ’
i=1
where M, ;. is the matrix Mj; with the [i + 7,7 ! Nj]th row and [j + 32*Z} N, ]th column
removed.
Similarly,
det(MN* N* )
dpomm/ dsem = vium
Pomm/ ds det(M)
al i+ N1+ N 827Ticm(Q) *
det(Mn; Ny, ) = ;(—1) 1=t n=t "m det(Mp: Ny ic)
Ne : -1 c 1
- Z(_1)1+Zl:1 Nit 1+ 2n= MY Siem——(1 = 0)(1 = Siem) det (M- s ic)
; DPiem mem
i=1
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where M3 . ;. is the matrix My; n; with the [i + S~} NjJth row and [N ]th (last) col-

umn removed.

A.2.2 First stage (given 22 for Vk, m, j € Z;, and “Znm);

dWc Sem dﬂzcm dQZcm dpicm
% = Z szcqucm — Sem Z (pzcmF + %cm?
¢ ieZ. i€Z. icZ, em om
Z aﬂ'zcm dpzcm Z Z Z aﬂ'zcm dpjkm Z Z aﬂ'zcm dpjcm
ieT, apzcm dscm i€T. ktc jeT, ap]k dscm i€Te jc 8p]cm dscm
87-"zcm d mm d zcm a icm d  km 8 icm d mm
€T, Pomm cm ieT. Sem kel Pikm cm Pomm cm
=0

(35)
Optimal sZ  is solved as
aﬂ'zcm dpomm a71'7,(:777, (P) dpjc’m aﬂ-ic’m (P) dpjkm
B ZiGIC OPomm dsem ZZEZC 2.7756 ap]cm dsem ziEZC 216756 EjEZk 6pjk'm dsem

S =
cm
Picm 8qic'm dpjkm 8qicm demm
ZieZc (qzcm dsc +p7’cm Zk ZjeIk <apjkm dsem + apOmm dsem

(36)

B Derivation of optimal export subsidy/tax in two-firm third-

market model

Continuing from Appendix [A} this section discusses optimal export subsidy/tax in the
two-firm third-market model.

B.1 Cournot Duopoly

Equation is simplified as

Moz  Tay d$/d8 _ —Txs _ _UT_lp(l_Rx) (37)
T Ty | |dy/ds —Ts 0
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Applying Cramer’s rule,

d -1 T,
= =Tl - Ry)—— (38)
ds e Ty — TayToy
d -1 ,
YT (1 -R) v (39)
ds o Taa Ty — Ty
In the first stage,
dW dx dy dx dx d_y B dy_ dx_ d_x d_y

I =Ty My T+ s — X —SP—— —STPp— —
ds ds Yds p S p

Optimal s° is solved as

s
Yy * * *
PTy, + TP2Ty, — TDyT,,

. MR, M (1—0o 3-20)(oc—-1) o, 2(—-12 4
pﬂ';y+xpzﬂ';y71pyﬂ'yz<:> - y—Q( = Ry + = Ry + = Ry
M o—1M _, 1—0o (3—20)(c—1) 5 2(c—1)2 4
o (Mo T ) (L, B Dy o1 g

o—1 o—1\2%2 1
- Rup* —pp*(1-2R
p( . ) Mpp( )

(1-Ry)+11 (1—0 (3-=20)(c—1) 5 2(c—1)2 4
R, ® Ry + 5 R, + R,

(0 —1)
“ (

-(= 1)3<1—Ry><1—2Ry>

g

o2 o

= h(Ry)

Easy to show h(R,) < 0 forall R, € (0,1) and ¢ > 1. Thus pr;, + zp,m,;, — xp,m,, < 0.

Given that 7, < 0 and pm;, + zp,7,, — xp,7,, <0, we have

sign[s“] = —sign|[r,]

m, < 0iff R, < 0.5. Therefore, s > 0iff R, < 0.5.

B.2 Bertrand Duopoly
Equation (34) is simplified as

Tpp  Tpp | | dp/ds s | z(oc —1)(1 - Ry)
Ty Ty | AP/ ds —T 0

pp

(41)
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Applying Cramer’s rule,

dp _ z(o—1)(1 = Ry)m e 2)
ds TppT pepr — Tpp* T prp
% _ _m(a - 11— Rz)’ﬂ';*p (43)

* *
ds TppT e — Tpp* T

In the first stage, Optimal s” is solved as

dp*

SB _ Tp* ds
 pr, R 4 pr,. W4 B
DTpgs T PTpgs ds

*

* * *
PLpTy, + Ty, — PTp=Ty

1
(p*)2
* 1

P R2R,

o ByRe

1
PTpT s px + TTpw v — PTpx s < —M Ry — (0 4 (1 — 0)Ry) <72]\4Ry
P

(041 —0)Ry) + (p" — c*)Mﬁ (o‘(o’ + 1Ry +30(1 — 0)R2 +2(1 — 0)2R3)>

1
— (6 =1)MR;Ry—(1 - 0)’M
p

—2MR,MR, (04 (1 —0)Ry) + (p* — c*)M2R, a(a+1)Ry+3a(1—a)R§+2(1—a)2R2)

_ —(

p(p*)? p(p*)3

& (0 +(1—0)Ra) (2(0 + (1= 0)Ry) — (P — ") (060 +1) +30(1 = )Ry +2(1 — U)ZR;‘;)) —(e-1?T % R?
o

p* Yy

* wy L 2.2
—2(c+ (1 —0)Ry) + (»* — ¢ )p—* (o‘(a‘+1)+3a‘(1—o‘)Ry+2(1—a‘) R,y)

1

< (c+(1—0)Ry —1) <2(0+(170)Ry)7ﬁ
I — 0)Ry

(0(0‘ +1) +30(1 — )Ry +2(1 — 0)2R2)>

1
3 2
)

—(o—-1)¥——— R
(@ o+ (1 —0)Ry v

x

& (o+(1—0)Ry — 1) (2(o+(1 — o)1 - Ry)) — m

(o(e+1) +380(1 = o)1 = Ra) +2(1 - 0)*(1 = 31)2)>

3 Y m2R
i Tyra T L

— (o —

Therefore,

. * * *
SigN [ PTp T % + Tk pk — PTpk Ty,

1
R2R,

= sign |:(O‘+(1—O‘)Rz -1) (2(0‘+(1—0‘)Ry)— m v

Ao (U(a +1) +30(1 — )Ry + 2(1 — 0)233)) —(c—-1)°

Define
= —c — o - - (o(o o(l—o —0)?R2) ) — (0 — s 1 g
0) = o+ (1= 0)Re = 1) (204 (1= 0 Ry) = s (oo 1)+ 30(1 = )y +20 = 02 3) ) = (0 = ) -t R
_o(c—1)Re(c+(1—0)Re —1) — (0 — 1)3R2 Ry
- o+ (1—-0)Ry

43



Therefore,

sign [pxpW;*p* + Ty — DT T p} =sign [o(c — 1)*(1 = R,) — (0 — 1)3R?ﬂ
= sign [o(1 — (0 —1)(1 - R,)?]
= signfo — (0 — 1)(1 - R,)]

=signfo — (0 = 1)(1 - R,) = 1
> sign[(0 — 1)R,]
>0

Given that 7,- = ((1+ s)p — ¢)zp- > 0, 7., > 0, and prpmh . + T — PTpey, > 0, We
have
sign[s”] < 0

C A general testing procedure

While in this paper we focus on a very simple CES environment to make Monte Car-
los straightforward to implement, in this appendix we show that this particular demand
structure is not needed to implement our conduct test. In particular, we briefly sketch
out in this section how the Hausman test be adapted to more flexible specifications of
demand, marginal cost, and conduct. The key requirement is that the demand model be
invertible in the sense of Berry and Haile (2014). More precisely, suppose the demand is

given by the following{™|

Qicm = Nmaic(5i0m7 57(i,c),m . '7)

Here, N,, is the size of market m and o(, ;) is an unknown function that character-
izes the demand for firm (7, ¢). This demand system depends on J arguments; the first
argument is the firm (4, ¢)’s linear demand index 0;c, = BXicm — Piem + Eiem, Where X e,
is vector of observable product characteristics, p;.,, is the price charged, and &, is a de-
mand shock that is known to consumers and firms, but not the econometrician or policy

maker[”?| The remaining ./ — 1 arguments are a vector of the demand indexes for all other

'We work with a special case of Berry and Haile| (2014) primarily to develop intuition; specifically, we
assume prices and product characteristics only affect demand through the linear index. This can be relaxed,
but at the cost of further notation.

12The fact that price enters with a coefficient of 1 is a normalization, since we can choose the units of &;.,,
so that this holds while representing the same set of preferences; see Berry and Haile|(2014).
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firms 0_(; cym = {@m}u,m;&u,@ﬁ Berry and Haile (2014) show that under fairly weak
conditions, demand systems of this form are invertible, in the sense that there exists an

inverse function o;,'(:,~) such that:

5icm = Ui_cl (Sma 7) (44)

where S,, is a J x 1 vector of market shares %=, This can be used a basis for generating

m

the following demand estimation equation:

DPiem = ﬂchm - O-i_cl (Sma 7) + ficm (45)

Berry and Haile (2014) show that the above model can be identified using a series of
supply side instruments that shift costs, 7;.,, as well as a instruments based on the ob-
servable product characteristics of other firms, X _icmﬂ This generates a vector of demand

estimates, 8° — (BD AP ), which can immediately be used to the recover an estimate of
the demand shocks &iom = Pier — BPXiom + ot (SmiAP).

The supply side of the model for single product firms revolves around the specifica-
tion of a marginal cost function Cj.,, and conduct model R through a markup function
it (Sm;y) H Suppose that marginal costs take the following form:

Cicm = g(Ticm; 6) eXp<wicm)

where g(:, ) is an unknown function parameterized by unknown vector 4, and 7;., is a
vector of supply side variables (tariffs, distance, shipping prices, etc...), that we assume
are uncorrelated with productivity shocks w.,. We can the generate an estimating equa-
tion for both supply and demand side parameters by imposing the conduct model:

13Note that usually these models also require the existence of an outside option good whose demand
index is normalized to 0 (or some other number). In our third market model developed earlier, this role
was played by the domestic firms in each market m. We leave the outside option implicit in the specification
of o zc()

YThese other firm observable product characteristic instruments are excluded from firm i’s demand
index. Berry and Haile| (2014) show that this class of instrumental variable is crucial for identifying the
inverse market share function o, (S,,;v). In general, validity of these instruments requires that product
characteristics be chosen before demand shocks are realized and that demand shocks not be intrinsically
correlated with product characteristics.

15Note that which markups are generally functions of the prices, product characteristics, and demand
shocks of all competitors in a market, since we restrict attention to models with the demand inversion
property (44), then it immediately follows that the effect of prices, product characteristics, and demand
shocks on demand and markups will only occur through market shares, S,,.
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Piem = e (Smi ) 9(Tiem; 6) exp(Wicm )

Or after taking logs:
1npicm = ln :uﬁm (va ’7) + lng(Ticm; 6) + Wiem (46)

Here, the supply side can be identified by applying a standard nonlinear GMM esti-
mator to the above model['| Estimating Equation (45) and Equation (46) simultaneous, as
we proposed for the simpler model above, however, can potentially generate more effi-
cient estimates conditional on imposing the correct pricing model R. Let 67 = (BR, §R>
denote the demand-side parameters recovered from this procedure. The Hausman test
for a particular conduct model R is then given by

= (8" - éR)' (var (87 - 6%)) " (8" - 8")

Hausman| (1978) shows the test statistic H asymptotically has a chi-square distribution
with degrees of freedom equal to the number of elements of <B , ‘)7)

D Simulation setup

We simulate C' production origins and each has N exporting firms. There are additional
M markets without any exporters. There is a local firm in each of the C' + M markets that
produces and sells goods locally.

The demand functions are parameterized as

v Picm €XP (§icm)
pé%fn exp (omm) + Zc/ Zjch,m p;;fn exp (§jerm)

Giem =

1
qomm = Ym = —c
p(l)mm exp (mem) + Zc’ Zjeﬂc/m p;c’m exp (gjc/m)

16Note, however, T;., alone is not sufficient to identify the model. In particular, since exogeneity of
T;em 18 Needed to pin down the unknown marginal cost function g¢(.), if we wish to also identify wR(Sm;v),
further instruments are needed. Note, however, that we can solve this problem by noting that exogenous of
product characteristics X,,, as well as cost shifters for other firms 7_; ¢y », can be used to shift the endoge-
nous Sicr,. Together Ticm , T_ (i ¢),m, and the vector of observed product characteristics X,,, can be used as
instruments to identify u(S,,;~) and g(Tiem; 9).

46



The marginal costs are parameterized as
Oicm = Te(i)ym €XP (wicm)

COmm = Tmm €XP (WOmm) = exp (wOmm)

In simulations, we set ¢ = 4. The exogenous variables for each market m are simulated

as follows.

In (Y,,) ~ N (1", VY): market size
® &iem ~ N (15, VE): demand shifter of importing goods

® Wiem ~ N (11, V*¥): cost shifter of exporters

Somm ~ N (,ufo, Vfo): demand shifter of local goods
® Womm ~ N (u¥, V*¥): cost shifter of local firms

® Ton=1+exp(¢) forc#mwith¢ ~ N (¢*,V¥) and 7, = 1: bilateral trade costs

All C + M markets are independent and the distribution parameters are common across
markets in one simulation. We set different distribution parameters of ¢ for goods from
local firms and importing goods, which allows us to adjust the average market share of
local firms.
Equilibrium prices in each market are solved by the fixed-point iteration method. Specif-
ically,

P = iy (P, €m) © MCyy,

where p,, is a vector of prices, &, is a vector of demand shifters, MC,,, is a vector of real-
ized marginal costs, and p? is the markup rule given a conduct. Both the left-hand side
and the right-hand side are vectors of the same dimension. To solve for the equilibrium
prices, we first guess that equilibrium prices solve the monopolistic competition pricing
rule p), = -2-MC,,. Then, for g =0,1,2,...,

1. Calculate PY = ul (P9, ¢,,) o MC,,
2. Check if PY = P¢, . If yes, stop.
3. If not, generate P4 = wPY + (1 — w)P2, and return to step 1. w is the damping

factor.
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The equilibrium quantities are then calculated by plugging equilibrium prices into de-

mand functions.

For the classical two-firm third-market model, we have a slightly different setting. We
setC' =2, N =1,and M = 1, and simulate the data for the third market only without any

local firms. The equilibrium prices are still solved by the fixed-point iteration method.

E Generalized case

We extend the welfare analysis to C' = 3 production origins and N = 1 exporting firms
for each origin. Figure|8shows the average welfare change WV_V—ZVO% for both Bertrand and
Cournot DGPs. The exogenous parameters are the same as C' = 2, N = 1 simulation case,
shown in Table

Figure 8: Average welfare change WV;—OWO%, generalized cases, C =3, N =1

° 200 ° °
© o °
3r )
o
15 o
R ® ® X
= © 2
== o = =
= 2T . | |=
= e ° S 1.0
[}
o =)
> o S ®
© o od o
1k
P © Hausman w critical value 2.706 05 © Hausman w critical value 2.706
q O Hausman w critical value 3.841 © Hausman w critical value 3.841
4 © Hausman w critical value 6.635 9 © Hausman w critical value 6.635
o O nearest neighbor o © nearest neighbor
° (.3 optimal value based on full sample o optimal value based on full sample
ore . . . ; . 009 . ; ; .
50 100 200 500 800 1000 50 100 200 500 800 1000
Number of third markets Number of third markets
(a) Bertrand DGP (b) Cournot DGP

Note: This figure visualizes the average welfare change under different numbers of
third-markets and inference approaches, for both Bertrand and Cournot DGPs. The Hausman
test is conducted with 1%, 5%, and 10% significance levels. The nearest neighbor approach
selects the model whose estimate 5% is closest to the demand IV estimate 5. The average
welfare change is calculated as the average of ng/igv‘)% over all cases in each simulation. If the
policy-maker cannot infer the conduct, the optimal export subsidy or tax is set to zero, and the
welfare change is zero.
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F Additional figures

Figure 9: C' =2, N =2, with local firm

40T
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== 25 ENIA)
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, , \ 4 4
/ -40 ”;‘ﬂ e ”‘;ﬂ 100%
(a) Larger exporting country imposes (b) Smaller exporting country imposes
export tax export tax

Note: This figure visualizes welfare changes of a country that imposes different
export subsidies or taxes in terms of price in the extended third-market model, given
conduct and a set of exogenous parameters. The rival country and the
“third-market” do not impose any export subsidy or tax. Denote the two production
origins as country 1 and country 2, and the “third-market” as country 3. We set

o =5, exp(§113) = 1.0, exp(§213) = 1.0, exp(&123) = 2.0, exp(§a23) = 2.0,

exp(§o33) = 1.0, exp(wi13) = exp(wa13) = exp(wi23) = exp(wazs) = 1.0, 713 = 10.0,

Tog = 5.0, 733 = 1.0, Y3 = 10.0. Equilibrium prices, quantities and optimal export
subsidies or taxes are solved via fixed-point iteration.
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Figure 10: C' =4, N =4, with local firm
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Note: This figure visualizes welfare changes of a country that imposes different
export subsidies or taxes in terms of price in the extended third-market model, given
conduct and a set of exogenous parameters. The rival countries and the
“third-market” do not impose any export subsidy or tax. Denote the four production
origins as country 1, 2, 3, and 4, and the “third-market” as country 5. We set o = 5,
exp(&ie5) = 1.0fori=1,2,3,4and ¢ = 1, 3,4, exp(§;25) = 2.0 fori = 1,2, 3,4,
exp(€os5) = 1.0, exp(wies) = 1.0fori =1,2,3,4and ¢ = 1, 2,3, 4, exp(wpss) = 5.0,

Tes = 4.0for ¢ = 1,3,4, 795 = 2.0, 755 = 1.0, Y5 = 10.0. (a) assumes that country 2
imposes optimal trade policy, and (b) assumes that country 1 imposes optimal trade
policy. Equilibrium prices, quantities and optimal export subsidies or taxes are
solved via fixed-point iteration.
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