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Strategic Trade Policy with Endogenous Choice of Quality and Asymmetric Costs

1. Introduction

The availability of a greater variety of products with increasing levels of world trade has
emphasi sed theimportance of non-price competition for successin exporting. At one extreme, there
is Japan with its demanding consumers and quality oriented production culture and, at the other,
there is the emergence of lower quality, but cost competitive producers among the newly
industrialized countries (NICs). Thussuccessfor acompany can ofteninvol vethe careful positioning
of products in the quality spectrum taking into account the qualities chosen by foreign rivals. The
importance of this strategy is particularly evident in the rapidly expanding, knowledge intensive
industries, such as pharmaceutical s and computer software. First, theseindustries often exhibit high
up-front costsof product devel opment with subsequent low variabl e costs of production. Also, firms
tend to be oligopolistic because of limitations on entry due to this cost structure and an ability to
patent. In such an environment, the particular features that differentiate products are the main
determinants of success' and a major focus of competition is at the product development stage.

There are a number of possible motives for government policy targeted at product quality.
In particular, regulations affecting quality, such as minimum quality standards, may simply be a
response to the need for consumer protection due to asymmetric information about product quality.
Such policies may also be a means to protect domestic industry from import competition?. Other

motives, however, are needed to explain the existence of policiestargeted at the quality of exports’.

These features can be broadly interpreted as any attributes, including attributes of the production process
(e.g. impacts of production on the environment) that consumers care about (see Inglehart 1990).

For example, the U.S. haslong complained that Japanese regul ations specifying detail ed characteristicsthat
particular products must satisfy is discriminatory against imports.

3Quality upgrading of exports could be an indirect consequence of growth policies that generally target
investment and R&D. Our concern iswith policies that specifically target the quality of exports.



Taiwan, for example, has a long standing policy to influence the quality of exports through
compulsory inspection of certain export items and the subsidization of quality control associations
in some sectors [e.g., machine tools, heavy electrica machinery, umbrellas and toys] (Wade
1990:144]). Koreahas al so encouraged product quality improvement in some sectors, while, as part
of the so called “Northern strategy”, it has also subsidized the marketing of certain low quality
products, thus eliminating incentives to improve product quality (Ursacki and Vertinsky 1994). In
Finland, the government subsidized product oriented R& D in paper production, offering incentives
for climbing the product quality scale in an industry which was aready a world leader in the
production of high quality papers (Wilson et al. 1998). Subsidiesfor product quality improvement
in the newsprint industry have also been recommended in Canada, despite Canadian leadership in
quality (see Binkley 1993).

Therearevariousargumentsasto why governments might want to raisethe quality of exports
when quality levels are low. For example, Taiwan may have imposed quality controls to avoid
damage to the reputation of all its exports from the export of shoddy goods. There may aso be a
motive to improve the quality of exports so as to satisfy minimum quality standards in importing
countries. However, these arguments do not explain why governments would subsidize quality
improvements for firms that are already industry leaders in quality or even discourage the
development of quality for their low quality exporters.

This paper explorestheimplications of a*“ strategic-trade policy” or “rent-shifting” motive’*
for subsidy or tax policy applied to investments in quality improvements for exported products.
Therearetwo countries, adeveloped country and an LDC (lesser devel oped country), each with one

firm producing a quality differentiated good. To focus on strategic trade policy effects, we assume

* For the original work, see Spencer and Brander (1983) and Brander and Spencer (1985). Eaton and
Grossman (1986) show the importance of Bertrand versus Cournot competition.
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that the entire production is exported to a third country market on the basis of either Bertrand or
Cournot competition. A feature of the model is asymmetry of investment costs. Thusto reflect the
disparity ininvestment opportunities between the LDC and devel oped country, we assumethe LDC
facesan equal or lower productivity of investment in quality than the devel oped country®. If thiscost
difference is sufficiently large, we are able to show that there exists a unique pure strategy
equilibrium in which the LDC exports the low quality product and the developed country the high
quality product. However, even if countries are identical as to investment costs, the two countries
will produce different qualities of products and have an incentive to pursue asymmetric policies
towards the quality of their exports. Aswe show, under Bertrand price competition, the low quality
producer has an incentive to subsidize investment in quality, whereas optimal policy by the high-
guality producer involvesan investment tax. These policiesarereversed under Cournot competition
with optimal policy involving atax by the low quality producer and a subsidy by the high-quality
producer. Thus strategic-trade policy can explain why acountry might interveneto raisethe quality
of low quality exports, but it also shows that there are circumstances in which thereisamotive for
less obvious palicies, such as a subsidy to a high-quality producer or atax on quality development
by alow-quality producer.

The model structure follows Spencer and Brander (1983), except that government policy
affects positioning in product space, rather than levels of cost-reducing investment (in R&D) for
products that are fixed in nature®. Thus there is a three stage (full information) game in which
governments act first to maximize domestic welfare by committing to their subsidy or tax policy. If

both countries intervene, there is a Nash equilibrium in subsidy and tax levels. Firms then commit

°For the effects of asymmetric production costs see De Meza (1986) and Neary (1994).

®Policy is very different since, for the basic model, it involves an R&D subsidy under both Bertrand and
Cournot competition (see Bagwell and Staiger 1994).
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to their levels of investment in quality and subsequently compete (in quantities or prices). Asin
Spencer and Brander (1983), the advantages of unilateral tax or subsidy policy to the domestic
country accrue from their ability to move the outcome from the Nash equilibrium in quality space
to what would have been the Stackelberg equilibrium with the domestic firm as leader and foreign
rival as the follower. Thus the policy works by influencing those actions of therival firm that are
taken as given by the domestic firm at the Nash equilibrium.

Wealso exploretheimplicationsof coordinated policy choices by the two producing nations
so asto maximizetheir joint welfare. With the elimination of themotivefor rent-extraction fromthe
rival firm, this focuses policy towards exploiting consumers in the third country market.
Nevertheless, theimplications of thisfor policiestowards quality are not immediately obvious. For
Bertrand competition, amove from the Nash policiesto thejointly optimal policiescausesaswitch
in policies for both countries, namely the LDC should tax rather than subsidize quality and the
developed country should subsidize rather than tax quality. Under Cournot competition, the jointly
optimal policy isatax on investment in quality by both countries.

Our assumption that the costs of quality development are sunk before the market
determination of pricesand output iswell established intheliterature (seefor example, Gabszewicz
and Thisse 1979, Shaked and Sutton 1982, 1983, Ronen 1991 and Motta 1993). However,
international tradetheory hasmostly concentrated on an alternativemodel, inwhich quality ischosen
simultaneously with price or output’ (see, for example, Krishna (1987) and Das and Donnenfield
(1987, 1989), Ries (993) but Herguera, Kujal and Petrakis (1999) is an exception). Also, the focus

of thisinternational literature (including the above papers) differs from ours because of its main

Since quality affects marginal production costs, this simultaneous choice model is sometimes referred to
asa“variable cost of quality model”. Similarly, sincethe cost of quality isfixed when prices and output are
determined, the sunk cost model has been referred to as a“fixed cost of quality model”.
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concern with the effects of domestic import restrictions, particularly the implications with respect
to quality upgrading or downgrading®.

In addition to the strategic trade policy results, the paper also contributes to the technical
development of the quality differentiation model. First, as previously mentioned, we introduce
asymmietric costs of development of quality and show existence and uniqueness of equilibrium for
asufficiently large cost difference under both Bertrand and Cournot competition. We also provide
analytical proofs of concavity of profit and welfare functions with respect to quality, both for
asymmetric costs of investment and for a wider class of investment cost functions than has
previously been consideredintheliterature. Particularly for the Cournot case, numerical equilibrium
values have previously been used to hel p establish concavity (see Motta (1993) and Herguera, Kujal
and Petrakis (1999)).

The paper isorganized asfollows:. Section 2 sets out the structure of the game and the basic
consumer preferences and costs underlying the model of quality choice. Section 3 investigates
investment policy and quality choice under Bertrand competition whereas Section 4 devel ops and
contrasts the results for Cournot competition. Finally, section 5 contains concluding remarks.

2. Thebasic model: consumer demand and costs

There are two firms, firm 1 located in an LDC (lesser developed country) and firm 2, in a
developed country. Each firm produces a quality differentiated product, all of which is exported to
athird country market. The game between firmsinvolves a sub-game perfect equilibrium with two
stages of decision. In stage 1, the quality of each product is determined at a Nash equilibrium in
which each firm chooses itsinvestment in quality so as to maximize profit taking the quality of the

other firm as given. In stage 2, the products are sold on the basis of a Bertrand-Nash equilibrium if

8Feenstra (1988) discusses these two approaches and provides evidence on quality upgrading.
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priceisthedecision variable or aCournot-Nash equilibrium if quantity isthedecisionvariable. This
two-stage structure reflectsthe ideathat price (or quantity) can be changed more easily than product
quality, which is alonger term decision. For simplicity we assume that marginal production costs
are constant and, without loss of generality, we let these costs be zero. Governments commit to
policy towards investment at stage O, prior to the game played by firms.

The asymmetry in investment costs across countriesis reflected by the assumption that firm
2 inthe developed country requires an investment F(q) to produce a product with quality g, whereas
firm 1, in the LDC reguires an investment of yF(q) where y > 1. Otherwise, the two firms are
identical for any given value of g. Following Ronnen (1991), we assume F(q) satisfies

F(0) =F'(0)=0; F'(g) >0, F"(g) > 0 for g> 0 and

lim, F'(@=c=; F"(q) > 0. (1)

Thusthe investment cost, F(q), and marginal investment cost F'(q) are strictly increasing in quality
for al g € (0, =]. Since F"(q) > 0 and F”(q) > 0, F(q) is strictly convex and F'(q) is linear or
convex. The assumptions F(0) and F’(0) hel p ensure that both firms enter. Two classes of functions
satisfying these restrictions’ are F(q) = ag” for n > 2 and F(qg) = q(e™ - 1) wherea> 0.
Weuseastandard model of quality differentiation (see, for example, Gabszewicz and Thisse
1979, Bond 1988, Das and Donnenfeld 1987, 1989, Tirole 1988 and Motta 1993) in which
consumers purchase at most one unit of the differentiated product. Other things being equal, all
consumers prefer ahigher quality product. Letting O represent ataste parameter for quality, thereis

acontinuum of consumersindexed by 0, whichisuniformly distributed on [0,1]. Consumersobtain

°If F(g) = ag" for n > 2, then F'(g) = nag™ > 0 and F"(q) = n(n-1)ag™® > 0 for g > 0 and F"'(q) > 0. If F(q)
=q(e™- 1), then F'(q) = (1+ag)e™ - 1> 0, F"(q) = a(2+ag)e™ > 0 and F"'(g) = (@)*(3+aq)e® > 0for g>0. In
both cases, F(0) =0 and F'(0) = 0.



a(linear) utility®, Og, from consumption of a good with quality g and price P. Letting p = P/q for
g>0, weadso adjust the price Pto reflect differencesin quality. Thisimpliesaconsumer surplusfor
taste O given by:

C*=C¥q,p;0) =0q-P=q(0 - p) forg>0. )
Assuming a reservation surplus of zero, consumers purchase the product only if C°> 0, which
requiresg > 0. Also since O € [0,1], for any p > 0, there is arange of consumers who choose not to
buy the good.

The two firms are free to produce the same or different qualities. Referring to the low and
high quality firms as firms L and H respectively, athough we will subsequently identify firm L as
located in the LDC and firm H asin the developed country (see Proposition 1 for the Bertrand case
and Proposition 9 for the Cournot case), for the moment we do not specify which of thefirms, L or
H, isfirm 1 or 2. Using the superscripts L and H to indicate variables associated with firms L and
H respectively, then the quality-adjusted priceisgiven by p- = P-/q" for the low quality product and
p" = P"/q" for the high quality product whereg- < . Wealso definer = g/q- > 1 to represent the
ratio of high to low quality.

If g- =g, then both firms can remain in the market only if p- = p™. Since consumerswould
buy the product for O € (p, 1], letting x" and x" represent the quantities purchased of qualitiesg- and
g respectively, thisimplies an inverse demand,

P=@1-Kx+x"qforg-=q'andi=L,H. (3)
However, similar to Motta (1993), wewill show that in equilibrium, qualitiesdiffer acrossfirmsfor

Cournot as well as Bertrand competition. For g- < ", let O = 6 represent the value of the taste

19 The results can be generalized to any concave utility function u(q), where u’(g) > 0, u(q) < 0. There are
no income effects since, implicitly, utility isassumed to be separable in a second homogeneous good. This
homogeneous good also acts behind the scenes to achieve trade balance.
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parameter at which a consumer would purchase the differentiated good but is indifferent between
the high and low quality. Then, setting C¥(g-,p~; 6) = CX(q",p™; 6) from (2), it followsusing r > 1,
that:

6 =(P"-PYI(d" - ) = (rp" - pOI(r - 1). 4)
The requirement C¥(qg",p™; 6) > 0implies 6 > p™, and hence consumerswith taste © € (6 ,1] buy
quality g™. Also, since C¥(g",p~;0) = g-(0 - p+) > 0 for © > p- and since 6 > p" implies 6 > p"' > p*
(from (4)), there exists arange of taste parameters O € (p*, 8 ] for which consumerswill buy quality
g-. Consumers for whom O € [0, p'] do not purchase the quality differentiated good. Since each
consumer buys one or no units of the good, the respective demand functions for the low and high
quality products are given by

Xt=6 -p-=r(p"-pY)(r-andx=1-06 =1 - (rp™-p)(r-1). (5)
3. Investment policy and quality choice under Bertrand competition

Assuming Bertrand price competition at the second stage, the two-stage model of firm
behavior involving choice of quality and then sale of the good is developed in subsection 3.1.
Policies towards investment in quality are then investigated in 3.2 and 3.3 for the LDC and
developed country respectively.

3.1. The two-stage model of firm behavior: Bertrand competition.

Asisstandardinthese models, we start by examining price determination at the second stage
Bertrand equilibrium before considering thefirst stage choice of quality. Since marginal production
cost is assumed to be zero, firms L and H earn profits from production equal to their respective
revenues, given by R- = P-x" and R" = P"x". Thus at stage 2, each firm setsits price to maximize
its revenue, taking the price of the other firm as given. Sincethe qualitiesq- and g are committed

at the first stage, thisis equivalent to choosing quality-adjusted prices, p- = P-/q" for firm L and p"



=P"/g" for firm H. Expressing R" = g"p"(§ - p") andR" = ¢"p"(1- 6) (from (4) and (5)) and using
06 /0p- =-1/(r-1) and 0 6 /0p" = r/(r-1), it follows that p- and p™ satisfy the first order conditions:
ORYop" =qg"(p™ - 2p")/(r - 1) =0; ORYOp™ =q[1 - (2rp"- p")/(r- 1)] =0, (6)
where the second order and stability conditions are also satisfied™. As is typical for Bertrand
competition, since OR'/0p' is increasing in p' for i,j = L,H and j # i, the products are strategic
complements in price space.
Solving the conditions (6), it follows, using (4), that in equilibrium, prices are given by:
pt = (r-1)/(4r-1), p" = 2p" and 6 = (2r-1)/(4r-1). 7
It is notable that firm H enjoys a demand (as well as a quality-adjusted price) that is twice that of
firmL:i.e. from (5) using 1-6 =2(6 - p‘) = 2r/(4r-1) from (4) and (7),
x- =6 -p-=r/(4r-)andx"=1- 6 = 2x". (8)
Letting $(r) = p-x*- = p"x" /4, we can express the Bertrand equilibrium revenues of thetwo firms as
R(q-,0™ = ¢(r)g- and RY(g",q") = 4 (r)g™ where from (7) and (8), ¢(r) = r(r-1)/(4r-1)? and hence
&'(r) = (2r+1)/(4r-1)* > 0and ¢ (r) = - 2(8r+7)/(4r-1)* < 0. 9)
It fol lowsthat higher quality productstend to command higher revenues, but also (asshown by ¢ (r)
> 0) each firm’s revenue is increased by a greater separation of products. Since in response to an
increaseinr, quality adjusted pricesriseand outputsfall for both firms, thislatter increaseinrevenue
can be explained by areduction in price competition: i.e. from (7) and (8),
dp"/dr = 2(dp“/dr) = 6/(4r-1)? > 0 and dx"/dr = 2(dx"/dr) = -2/(4r-1)* < 0. (10)
Using subscripts L and H to represent partial derivativeswith respect to g- and g™ respectively, since

risincreasing in g” and decreasing in g, thisimplies:

"We have 0°R"/(0p-)? = -2q™/(r-1) < 0, 3°R"/(9p™)? = -2rq™/(r-1) < 0 and using 0*R/(Ap") (Fp™) = g/(r-1) >
Ofori=L,H, weobtain Q = (3°R"/(dp")?)(3°R"/(dp")?) - (6°R/(9p")(0p))? = (g™)?(4r-1)/(r-1)* > 0.
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R-,=¢'(r)>0and R, =- 4(r)’}p'(r) < 0. (11)
Turning to the stage 1 determination of quality, we continue to keep the analysis general by
letting A“F(g") and A"F(q") represent the cost of investment in quality faced by firm L and firm H
respectively. In addition to the cost disadvantage, vy, in the LDC, the parameters, A- > 0 and A" >
0 will subsequently be interpreted as including the effects of subsidies and taxes arising from
investment policiesin the two countries. Thus, the respective profits of firmsL and H are given by:
n(d-,0") = RY(q".q") - A'*F(g") and ©(d",0") = R"(a".g") - A"F(q"), (12
where RY(g-,q") = ¢(r)g-and R(q,g™ ) = 4d(r)g". Setting g- to maximize 7t- taking g as given
and setting g™ to maximize 7" taking g as given, it follows from (12) that, at the Nash equilibrium
in quality, g- and q" satisfy the first order conditions:
-, =RY- A'F'(q) =0and ", = R", - A"F'(g"") = 0, (13)
where, using (9), we obtain:
R = () - rdp'(r) = (N)*(4r-7)/(4r-1)* > O for r > 7/4 and
R, = 4(P(r) + rd'(r)) = 4r(4(r)? -3r + 2)/(4r-1)*> 0. (14)
The second order conditions are satisfied since, from (13), (14), (9) and F”(qg) > 0, we have
=R, -A'F'(@) <O0and ", =R, - A"F"(q") <0, (15)
whereR", = (N " (r)/g- <0and R, =42} ' (N+rdp " (r))/g- = - 8(5r+1)/g-(4r-1)* < 0. Since R"
=-rdp"(r/g-=-R- /r>0andR", =-rR",,>0,weasoobtainR"  R",,, - R" ,R™, = 0and hence
D = it 7", - T, = - APFY(g)RY - AR (gD T, > 0. (16)
It follows from (15) and (16) that conditional on a particular country producing the high or low
quality, the equilibrium is unique and stable.
In deciding on quality, the firms face two basic considerations. The first is the profitability
of the location in quality space based on revenues and the cost of investment in quality for agiven

distance from the rival’s quality as measured by the quality ratio, r. The second is the effect of
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induced changes in the quality ratio, which determines the degree of price competition. For firm L,
since an increase in g- serves to reduce r (holding g fixed), the associated increase in price
competition, tendsto reducefirm L’ smarginal revenue, R~ , from quality (i.e. thetermr ' (r) enters
negatively). Indeed, as shown by (14), R, is positive only if the products are sufficiently
differentiated to maker > 7/4. Nevertheless, for any g, firm L hasanincentiveto set g- > 0, because
its marginal profit from a very low quality is always strictly positive™. Since there is no cost of
investment at g- = 0 (i.e. F(0) = 0 from (1)), this ensures that entry as a low quality producer is
always profitable and hence that both firms enter. For firm H, the prospect of reduced price
competition asr isincreased, taking g- asfixed, gives an incentive to increase quality. The tradeoff
is that an increase in " becomes increasingly costly because of the rising marginal cost of
investment in quality.

Asillustrated in Figure 1, the reaction functions, denoted g™ = p"(q) and - = p“(q™) for
firms H and L respectively, have positive slopes, making the products strategic complements in
quality space: i.e. from (14) and (15),

dgf/dg- = - R", /7™, =R, /T, > 0; dgv/dg” = - R, /mtt, =R /rmt >0. (17)
Thus in response to the greater price competition arising from an increase in g+, firm H eases this
competition by also increasing g"'. Correspondingly, the reduced competition associated with an
increasein g allowsfirm L to better positionitsproduct by raising g-. The second order and stability
conditions (15) and (16) ensure that firm L’ sreaction function is steeper than for firm H and hence
that the curves cross at aunique point (shown as N). Sincer = g"/g- > 1, the reaction functions both

lie above the (dotted) 45° line.

2Adapting Ronen (1991) for v > 1, sincer > 7/4 asq- —> 0 and F'(0) = 0 (see (1)), it follows, using (14),
that IimqL . Tk, = IimqL 0RLL - YF'(0) > 0 for any g".
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Figure 1 Quality reaction functions: Bertrand

competition

Turning to the question as to which country produces which quality, for Bertrand
competition, Ronnen (1991) has shown that if the firms areidentical (A" = A" in our setting) then
thereexistsaglobal equilibriuminwhich theuniquequalities(g-,q") can be produced by either firm.
Thus there are two pure-strategy equilibria depending on which firm produces which product. For
asymmietric firms, we show in Proposition 1 that the second, “switched” equilibrium, inwhich firm
1 in the LDC produces g and firm 2, in the developed country, produces g- can be ruled out by
setting y sufficiently large. For thisresult, it isimportant that investment costsincrease sufficiently
fast with quality (dueto F”(q) > 0 and F"’(q) > 0) that the LDC firm does not leapfrog its quality
above the high quality produced by firm H.

Proposition 1. Assume Bertrand price competition. Under conditions (1), if ¥ > 1 is sufficiently
large, there exists a unique pure strategy equilibrium in which the low quality product is produced
in the LDC and the high quality product is produced in the devel oped country.

Proof: See Appendix A

For the subsequent analysis, we assume that y is sufficiently large for Proposition 1 to apply and
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hence that firm L (or firm 1) produces the low-quality product in the LDC and firm H (or firm 2)
produces the high-quality product in the developed country, country H.
3.2 LDC investment policy towards the low-quality product

Now considering government policy committed at stage O, this section concernsthe effects
of an LDC subsidy (or tax) applied to investment in quality by firm L. We a so adjust firm H’s cost
so asto include any subsidy (or tax) imposed by country H. Effects on quality levels and profitsare
first devel oped before examining the policy that maximizesL DC welfaretaking the policy of country
H as given.

Letting s- and s" represent the proportion of the cost of investment in quality covered by the
governmentsin the LDC and devel oped countries respectively, we assume®® s- < 1and s < 1, with
s <0ors' <0, corresponding to atax. Thus the cost of investment for firm L is A*F(g") where A-
= (1-s)y > 0 and the cost of investment for firm H is A"F(q") where A" = 1-s™ > 0. Letting q- =
g- (A A" and g = (A", AY) represent the relationships between quality and costs, A and A", as
defined by (13), it followsthat s- and s” have an indirect effect on prices through quality changes.
However, since investment costs are sunk at stage 2, there is no change in the second-stage price
equilibrium for given levels of quality.

As shown in Proposition 2(a), an investment subsidy by the LDC increases both - and ¢,
enhancing the quality levels chosen by both firms, but since the quality ratior = g'/g- falls, overall
the products become more similar. This follows since in response to an increase in g- (due to the
subsidy), firm H eases price competition by also increasing its quality (g- and g are strategic
complements), but, the increase in g is not sufficient to prevent afall in r. From (10), quality-

adjusted prices, p- and p" then fall and outputs, x- and x" rise. Not surprisingly, as shown in

13 Countrieshavenoincentivetosets- > 1 or s* > 1, sincethen quality would be increased indefinitely (this
violates the first order conditions (13)).
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2(b),firm L enjoys higher profits, but the profits of firm H are reduced.
Proposition 2. Under Bertrand competition, an increasein the investment subsidy, s*, by the LDC:
(a) raisesboth g-and q", but r = g"/g* falls, increasing price competition between the firms.
(b) increases profit, 77+, in the LDC and reduces 7"
Proof: (a) Since A" = (1-s- )y, from (A.1) in Appendix A, we obtain
dg-/ds- = -yF'(g")m",/D > 0 and dg™/ds- = yF'(q")R",,./D > 0, (18)
where D > 0 from (16). From dr/dg" = [(dg™/dd") - r)]/g" and dq/dg- = rR",,. /%™, from (17), we
also obtain dr/dg- = rA"F” (q")/m",,,g" and hence, using (18), it follows that
dr/ds- = (dr/dg")(dg/ds) = -r A"yF"(q")F'(g" )/D < 0. (19)
(b) From (12), using T, =0, ", =0, A*=vy(1-s"), R, >0, R" <0 (see(11)) and (18), we obtain
drtt/ds- = R-,(dg"/ds") + YF(g") > 0 and dnt"/ds- = R" (dg"/ds") < 0. (20)
m
Next considering LDC welfare, since all of the good is exported, welfarein the LDC, given
by W- = (g™ A" - S-YF(Q) for A= (1-s)yy, issimply the profit from these exports|essthe cost
of the subsidy, s, to taxpayers. At the Nash quality equilibrium, letting s* maximize W" taking s
as given, we show in Proposition 3 that s* > 0. Thus, taking account of effects on the subsequent
game played by firms, a subsidy to investment in g- raises LDC profits by more than the cost to
taxpayers.
Proposition 3. Under Bertrand competition, the LDC gains from a subsidy to investment in g-.
Proof. Using (20) and g = p"(g-;A™) where A" = 1- §" istaken as given, it follows that dW'/ds- =
[R,(dg"/dq") - s-YF'(g")](dg-/ds") and hence using (11) and (17)) that s-* = R~,,(dg™/dg")/yF'(q")
> 0. As shown in Proposition 4(ii) below, we have d®W'/(ds-)?<0ats- =s". u
To explain thisresult, wefirst consider the choice of quality supposing that the low quality

firmisa Stackelberg leader in quality space, but thereisno subsidy. Proposition 4 then shows that

14



the subsidy, s*, maximizesthe LDC' srentsfrom exports by shifting the equilibrium to what would
have been the Stackelberg |eader-follower point in quality space'. This result follows essentially
because for any quality g-, LDC welfareis simply the profit of firm L at s- = 0: i.e. expanding W*
using (12), we have
W= 7i(gh,q y) = RA(a-a") - YR(A) for g™ = p"(a). (21)

Weassumethat y issufficiently largethat, asshownin Proposition 4, the LDC firm as a Stackel berg
leader would not choose to leapfrog so as to become the high-quality producer®. Proposition 4 also
demonstrates the concavity of theleader’ s profit in g- and hence the local concavity of LDC welfare
as” .
Proposition 4. Assume Bertrand competition. (i) The subsidy, s, maximizesthe LDC’ srentsfrom
exports by shifting the equilibrium to what would have been the Stackelberg |eader-follower point
in quality space with the low quality firmastheleader and no subsidy. For y sufficiently large, the
LDC firm does not choose to become the high quality producer. (ii) Under conditions (1), profit
7-(q-,07(q"), 4" of theleader firmis(strictly) globally concaveing- and LDC welfare, W, islocally
concaveat s- = s*.
Proof. See Appendix A.

Sincethe quality g” isincreasingin g- (firm H's reaction function has a positive slope) and
since, for any -, firm L benefits from an increase in g (i.e. R, > 0 from (11)), firm L as a
Stackelberg leader would increase quality g- above the Nash equilibrium level ™. Consequently, in

a situation of Nash behavior by firmsin quality space, the optimal policy in the LDC involves a

The generd principle is the same asin Spencer and Brander (1993, Proposition 3).
This follows because the rate of increase in investment costsis magnified as 'y increases.
®*More formally, dn*/dg- = -, + R*,(dq"/dg") >0 at -, = 0.
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subsidy to investment in quality. Since r = g"/g- falls (see Proposition 2(a)), qualities actually

become more similar, which increases price competition, but by increasing its quality, firm L

nevertheless gains from a better positioning of its product in quality space. Fundamentally, the
subsidy correctsfor thefact that, by taking g™ asgiven, firm L setsg- too low dueto its overestimate
of theincreasein price competition from anincreasein g-. Asfor therole of government, thisarises
becausefirmsare constrained by the Nash assumption that they taketherival’ squality asgiven. The
underlyinginsight of strategic trade policy isthat government subsidy and tax policy can changethe
incentives faced by firms at the start of the competition and hence shift the outcome to a more

favorable equilibrium from the viewpoint of the government concerned.
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Figure 2 The LDC’' s optimal subsidy: Bertrand competition

Theseresultsareillustrated in Figure 2. Starting from the Nash equilibrium at point N, the
subsidy, s-*, shiftsfirm L'squality reaction functionto theright (shown asthe dashed line), resulting
inanew Nash equilibrium at point S. Thiscausesanet increasein LDC profit at the expense of firm

H and, asaresult, the LDC movesto a higher iso-welfare contour (from L1 to L2) while country H,
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moves to a lower iso-welfare contour (from H1 to H2). Since the contour L2, based on firm L’s
profits less the cost of the subsidy, is tangent to firm H's reaction function at S, point S aso
represents the outcome if firm L were a Stackelberg leader in quality space in the absence of a
subsidy.

3.3. Developed country policy towards the high-quality product

Theeffects of aninvestment subsidy, s”, set by the devel oped country, country H, are set out
in Proposition 5. As shown in 5(a), aswas the case for s, aniincreasein s’ causes the quality of
both products to rise. However, in contrast to the effect of s, the quality ratio r = g"/q" increases,
making the products more differentiated. Thisdifference arises because s" worksthrough raising g
which directly raises r and s- works through raising g- which directly lowersr. Although the rival
firm also raises quality in each case (since g- and g are strategic complements), the initial effect
dominates. Since r is increased, the reduced price competition results in higher quality-adjusted
prices and lower outputs for both products(see (10)).

Asshownin 5(b), the differing effects of thetwo policies, s- and s”, on the degree of product
differentiation also translates into differing effects on profits. Whereas an increase in s decreases
the profit of firm H, the lessening of competition dueto anincreasein s serves to boost the profits
of therival low-quality firm. Interestingly, it is not obviousthat an increasein s raises the profit of
firm H. The problem arises because theincreasein g- dueto s* > 0 causes areduction in firm H’s
revenue, which tendsto offset the direct effect of the subsidy in lowering firm H’ s costs. However,
using the assumptions F”(g) > 0 and F"’(g) > 0 (from (1)), we are able to show (see Lemma 1,
Appendix A) that firm H’s profit will indeed rise. The basic intuition is that if investment costs
increase sharply with quality, this limits the extent to which both g™ and ¢" rise, and hence causes
the direct reduction in costs from the subsidy to dominate.

Proposition 5. Under Bertrand competition, an increase in the investment subsidy, s*, to firmH:
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(a) raises both g™ and g, but r = g™/g" increases, reducing price competition between the firms.
(b) increases the profits, 77 and 7, of both firms.
Proof.(a). Since A" = 1-s", from (A.1) in Appendix A, we obtain dg™/ds" = -F'(q")=",/D > 0 and
dg-/ds’ = F'(q")R",/D > 0. Then, using dg-/dq” = R",/rrt*,, from (17), we obtain dr/dq” = -
ASYF”(qH)/Tt  g- > 0 and dr/ds™ = (dr/dg™)(dg"/ds™) > 0. (b). From (12) using ", = ", = 0 and
drt/dA" < 0 from Lemma 1 in Appendix A, we obtain: drt*/ds” = R, (dg™/ds") > 0 and dr"/ds"
= R" (dg/ds") + F(g™) > 0. n
Next, letting W" = mtH(q-,q" ;1-s™) - s'F(q") denote welfare in country H, as shown in
Proposition 6, for any given value of s-, country H has an incentive to tax the investment of itsfirm.
Although thetax reducesthe profits of firm H, thisismore than offset by the additional tax revenue.
Letting S* < O represent the optimal tax, the proof assumes local concavity of WH at s*' =", In
Lemma 2 (see Appendix A), this condition is shown to hold for the class of investment cost
functions, F(q) = a(g)" for n > 2.
Proposition 6. Under Bertrand competition, country H has an incentive to tax investment in g
Proof. Assume d®W"/(ds™)?< 0 at s*™*. Using drt"/ds” = R, (dg'/ds") + F(q™), we obtain dW"/ds™ =
[R", (dg-/dq") - s'F'(g™)](dg™/ds™) and hence s** = R" (dg-/dg™)/F'(g™) < 0 from (17) and (11). =
Just asin Proposition 4 concerning policy by the LDC, thetax, s™, maximizesthe rentsthat
country H earns from exports by shifting the equilibrium to what would have been the Stackelberg
|eader-follower point in quality space with firm H as the leader and no tax'’. Since the quality, d-,
set by the LDC firmisincreasing in g™ (firm L’s reaction function has a positive slope) and since,

for any given ", the revenues of firm H are reduced by an increasein ¢ (i.e. R", < 0 from (11)),

The genera point is well understood and we omit the proof.
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the Stackelberg leader would reduce " below the level implied by the Nash equilibrium®.
Consequently, if firmsfollow Nash behavior in quality space, then the optimal policy for country H
isan investment tax so asto reduce the quality, g, produced by firm H. From Proposition 5(a), the
actual effect of the tax is to reduce the separation between qualities, which increases price
competition. Nevertheless, firm H gains from a reduction in the quality of its product.
Fundamentally, the tax corrects for the fact that, by taking - as given, firm H sets g too high due

to its over estimate of the effect of anincreasein g in reducing price competition.

q q"=p"(q") “— Increasing W"
% q'=p"(q"
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Figure 3 The developed country’ s optimal tax: Bertrand competition

Theseresultsareillustrated in Figure 3. Starting from the Nash equilibrium at point N, thetax, s*,
shifts down the reaction function of firm H (shown as the dashed line), resulting in a new Nash

equilibrium at point S. As a result, the developed country moves to a higher iso-welfare contour

More formally, dn"/dg" = ", + R" (dg"/dg”) <0 at ™, = 0.
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(from H1 to H3) while the LDC movesto alower iso-welfare contour (from L1 to L3). SinceH3is
tangent to the reaction function of the LDC firm, point S a so representsthe outcomeif firm H were
a Stackelberg leader and s* = 0.

To explain why the policy isatax in country H and asubsidy inthe LDC, recall that firm H
gains from a reduction in the quality, g-, of its rival, whereas firm L gains from an increase in
quality, . Since in both cases, quality reaction functions are positively sloped, by reducing g™, the
tax in country H servesto reduce - and conversely, by raising g-, the subsidy in the LDC servesto
raiseq”. However, sincethe LDC would liketoincrease g but country H taxes g and since country
H would liketo reduce d- but the LDC subsidizes g-, when both countriesintervene, these unilateral
incentives for policy tend to undermine the goal of raising profits from exports.

Asshown in Proposition 7, the aggregate or joint welfare of the two producing countries can
beincreased if LDC policy is switched to atax on investment in g- and devel oped country policy is
switched to asubsidy. These joint policies raise producer welfare by taking into account the effects
of each firm's choice of quality onitsrival’s profit. Thusfirm H gains from the reductionin g- due
to the LDC tax and firm L gains from the increase in g due to the LDC subsidy. Overall, the two
policies increase the separation between the products so as to reduce price competition and better
exploit third country consumers®.

Proposition 7. Under Bertrand competition, the jointly optimal policies (s~ ,s*) involve an
investment tax in the LDC and an investment subsidy in country H: i.e. s~ = R /yF {g") < 0 and
sY=R,/F1d" > 0.

Proof. See Appendix A.

¥Since s’ < 0 lowersg-, thismay seem to suggest a broadening in market sales, but since p* rises, therange
of consumers O € [ p*, 1] who purchase either variety of the good is actually reduced.
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4. Investment policy and quality choice under Cournot competition
We now turn to the case of Cournot competition in which firms choose quantitiesrather than
prices at stage 2 after committing to quality levels at stage 1. The game played by firmsis set out
in4.1 and therespective effectsof LDC and devel oped country policiestowardsquality are explored
in4.2 and 4.3.
4.1 The two-stage model of firm behavior: Cournot competition.
Examining the second-stage first, we solve for p- = P-/g- and p™ = P"/g" from the demand
functions (5), so asto obtain the inverse demand functions:
P-=[1-("+x"M]g- and P =[1- x"/r-x"]q". (22)
Thisincludes the possibility that both firms set the same qualities (i.e. g = g"), since, settingr =1
in(22), weobtain, P = (1- (x- + x"))q for i = L,H, asin (3). Recalling that productions are zero, for
any given qualities, g- and " , committed at stage 1, firm L sets x- to maximize its revenue, R- =
P-x", taking x" as given and firm H sets x" to maximizeitsrevenue, R" = P'x" | taking x" as given.
Thus from (22), x- and x" satisfy the first order conditions: OR"/0x" = [1- (2x*+x")]g- = 0 and
OR"/ox" = [1 - (x*/r + 2x" )]g" = 0, where the second order and stability conditions are also
satisfied®. Also, since dR/0xX' is decreasing in X! fori,j =L,H andi # j, the outputs are strategic
substitutes asis typical for Cournot competition.
From the first order conditions, we obtain output levels and then quality-adjusted prices
(from (22) and (4)) at the Cournot equilibrium as follows:
pt=x"=r/(4r-1), p" =x" = (2r-1)/(4r-1) and 6 = (rp™-p")/(r-1) = 2r/(4r-1). (23)
From (23), itisnotabl e that the quality-adjusted price equal sthe quantity sold of each product. Also,

since p- and x" both fall and p™ and x" both rise, greater separation in quality, as shown by an

“We have °R"/(0x")? = -2d- < 0 and 6°R"/(0x™)? = -2q"" < 0 and, using 3°R/(0x")(0x") = - g*/r=-q" <
Ofori =L, H, weobtain Q° = (2RH/(9x" )? )(O°RM(9x™)?) - (B2R(Ox)(OxM)? = g-(4q" - ) > 0.
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increase in r now has mixed effects on prices and output and hence the degree of competition: i.e.
from (23),
dp-/dr = dx"/dr = - 1/(4r-1)? < 0 and dp"/dr = dx"/dr = 2/(4r-1)*> 0. (24)
Using a superscript ¢ to distinguish functions at the Cournot equilibrium, we express the revenues
of firmsL and H asR™(q",g™) = w(r)g- and R*(q",g™) = Y(r)q" respectively, where w(r) = (r)%/(4r-
1)? and Yr(r) = (2r-1)%(4r-1)? from (23) and
w'(r) = -2r/(4r-1)* < 0 and Y’ (r) = 4(2r-1)/(4r-1)% > 0. (25)
Thus, holding own qualitiesfixed, the revenues of the two firmsrespond in opposite directionswith
respect to an increasein r = /g, with firm L’ s revenue falling and firm H’ s revenue rising. This
implies that revenues for firm L as well as for firm H are decreased by an increase in the rivals
quality: i.e.
R, =w'(r) =-2r/(4r-1)° < 0 and R, =-(n)2y'(r) = - 4(r)*(2r-1)/(4r-1)*< 0. (26)
In contrast with the Bertrand case, firm L now gains as the products become more similar,
but, as before, firm H gainsfrom a greater separation of qualities. To understand these results, first
note that, for both models, anincreaseinr, holding x" and x™ fixed, shifts up the demand curve for
good H, raising the willingness of consumers to pay for the high-quality good (i.e. dp"/or = x/(r)?
>0from (22)), but thewillingnessto pay for the low-quality good is unchanged (i.e. dp“/dr = 0 from
(22)). Under Cournot competition, firm H respondsto this higher demand due to greater separation
of products by expanding output and firm L then reacts by cutting output (x- and x" are strategic
substitutes). Since quality-adjusted price and output both fall for firm L and both risefor firmH (see
(24)), firm L’ s revenue falls (holding g- fixed) and firm H’ s revenue increases (holding q" fixed).
Instead, under Bertrand competition, firm H raises pricein responseto anincreaseinr and, since p-
and p™ are strategic complements, firm L also raises price (see (10)) causing the revenues of both

firmsto increase.
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Incorporating the cost of investment for general cost parameters A and A", the respective
profits of the low and high quality firms are given by:

II"(g" ,0") = R*(a".q") - A"F(q") and IT"(d",0") = R*(a",d") - A"F(a"), (27)
where R*(q",g™) = w(r)g- and R*(q",q") = Y(r)g". Thus, the Nash equilibrium qualities, denoted
gt and g, respectively satisfy the first order conditions:

I =R*- A'F'(q") =0 and IT",, = R*™,, - A"F'(q") = 0. (28)
In this Cournot case, marginal revenue with respect to own quality isaways positive: i.e. from (25)
RY = w(r) - ro’(r) = (4r+1)(r)%(4r-1)* > 0;
R, = r(r) + rr'(r) = (16(r)3- 12(r)* +4r-1)/(4r-1)% > 0. (29)
In considering the choice of qualities, there is again atradeoff between competition affects
arising from the extent of differentiation from therival’s product and the profitability of aparticular
location in quality space based on revenues and investment costs for a given quality ratio, r. Since
firm L gainsfrom anarrowing of the quality gap, thisgivesfirm L anincentivetoincreaseq-, which
reducesr, holding g fixed (theterm -r’(r) in (29) is positive). For firm H, analogously to Bertrand
competition, a greater separation of products raises revenue leading it to also want to raise g
However, for both firm L and firm H, the profitability of an increase in quality is limited by the
rising marginal cost of investment in quality.
Although positive profits can be made at the second-stage Cournot equilibrium when - =
g, Lemma3 shows (see Appendix B for the proof) that even if both firms faceidentical costs (i.e.
if At = A"), thefirst order conditions (28) imply that the quality game is asymmetric with g~ < .
and hencer > 1.
Lemma 3. Assuming Cournot competition, if A > A", theng" < q".
Letting D¢ = 11+ 11", - 11, II", , we require the second order and uniqueness conditions:
I, =R*, - A'F"(q) <0, II",, =R, - A"F”(qg) < 0 and D° > 0. (30)
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For firm H, we have R, < 0 for r > 1. However, satisfaction of 11", < 0ismade difficult by the

fact that marginal revenue, R, increases as the products become more similar and hence R*, >

0: i.e.usingw”(r) =2(8r +1)/(4r-1)*> 0and R™,,, = (2’ (r) + ryr " (r))/q" for Y ”(r) = - 8(8r-5)/(4r-
1)* < 0, we obtain:

R% = (N?w" (/g > 0; R, =-8(r-1)/(4r-1)*g" < 0. (31)

Lemma4 (proved in Appendix B) concerns conditions under which (30) holdslocally. For

"

the case, F(g) = g?/2, commonly used in the literature”, we have F (g) = 0 and Lemma4(i) applies
for AYA" > 1. Letting E = gF"(q)/F'(q) represent the responsiveness (or elasticity) of the marginal
cost F'(q) of investment with respect to quality, since F'(0) = 0, the assumption F"'(qg) > 0 (see (1))
ensuresF”(q) > F'(q)/gand henceE > 1. If E=1then F"(g) = 0 and Lemma4(i) applies. However,
to allow for more general investment cost functions and for any value of AY/A", Lemma 4(ii)
requires that firm L’ s marginal cost of investment increases more steeply: i.e. for - satisfying II-,
=0, that E- = g"F"(q")/F'(d") > 2. For the example®, F(q) = ag", E = n-1 isaconstant and Lemma
A(ii) appliesif n > 3.
Lemma 4. Assume Cournot competition and conditions (1). Then I+, < 0, [I",,,< 0and D°=
IF IR, - IF  II', > Oaresatisiedat I7I', = 0: () if II",=0,F”(q)= 0and A-/A" > 1or
(i) if E- > 2,

Firm H continuesto view g as astrategic complement to g, but since R*, isincreased by

agreater similarity of products, it followsthat R®,, < 0 and hencethat firm L viewsq" asastrategic

substituteto g": i.e. from (29) and (31),

“'See Motta (1993) and Herguera, Kujal and Petrakis (1999). The proof of Lemma 4 has the advantage that
it does not require a numerical solution for r = /g

2For F(g) = q(€™ - 1), using €9> 1and R* = A'F'(q") >5/27 at r = 1, we obtain E- > ag-[1+ 10A-/27] >
2 for suitable parameter values.
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I ,=R*, =-R* /r<0and ", =R*, =-rR*,,, >0. (32)

Thus, as shown in Figure 4, firm L’s reaction function, g- = p®(q™), is negatively sloped in the

neighborhood of equilibrium®, whereas g = p®(g") has a positive slope; i.e. from (28), (32) and
Lemma4,

dg-/dg” =-R* /I, <O0and dof/dg- =- R, AIM,, > 0. (33)

"4

q“=p™(q" q"=p"(q")
45° line

>
L

q
Figure4 Quality reaction functions: Cournot competition

Anaogously to Proposition 1 for Bertrand competition, for a sufficiently large cost
disadvantage in the LDC, we are able to prove existence and uniqueness of the pure strategy
equilibrium (see Appendix B for the proof) in which the LDC firm produces g- and the devel oped
country firm produces ¢". For the remainder of the paper we assume that Proposition 9 applies and
hence A" = y(1-s") and A" = 1-s" where s- and s" represent the investment subsidy policiesby LDC
and developed countries respectively.

Proposition 9. Assume Cournot competition in the output market. Under conditions (1), if ¥ > 1is

sufficiently large, there exists a unique pure strategy equilibriumin which the low quality product

2 Since Lemma4(ii) requiresII- =0, but not II",, = 0, it followsthat if E > 2, thenII- | <OalongfirmL’s
reaction function.
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is produced in the LDC and the high quality product in the devel oped country.
4.2 LDC investment policy towards the low-quality product.

For the Cournot setting, the effects of an investment subsidy, s-, applied to firm L by the
LDC on quality levels and profits are presented in Proposition 10.
Proposition 10. Under Cournot competition, an increasein theinvestment subsidy, s-, by the LDC:
(a) raisesboth g~ and g™, but r = g"/g" falls, making the products closer substitutes.
(b) increases profit /7" of firm L and reduces profit /7",
Proof. (a) From (B.5) in Appendix B and A" = y(1-s), we obtain dg-/ds- = -yF'(q")II",,/D¢ > 0,
dg™/ds- = yF'(g")R*,,,/D° > 0 and, analogously to (19), dr/ds- = -r A"yF'(q")F"(g™)/D°q" < 0. (b)
From (27), using II", =0, A* = y(1-s") and R* <0, we obtain dII"/ds- = R** (dg'/ds") < 0. Since
dII/dA" < 0 from Lemma 5 (see Appendix B) and A" = y(1-s), we aso obtain dII'/ds- =
R, (dgds) + yF(g-) > 0. n

Interestingly, comparing Proposition 10 with Proposition 2 for Bertrand competition, the
direction of effectsisthe same. However, therearesomecritical differencesbehind thescenes, since,
asshowninProposition 11, theLDC hasaunilateral incentiveto tax theinvestment of itsfirm under
Cournot competition, whereas a subsidy raises LDC welfare in the Bertrand case. For Proposition
11, we assume that LDC welfare, denoted W = II*(q",g™,A") - s“yF(q"), islocally concave at the
optimal policy, s*. As shown in Lemma 6 of Appendix B, this holds for?*;

E-=qF"(d)/F (@) > 2and o(q) = (F"(q))* - F'(9F"(a) > 0. (34)

Proposition 11. Under Cournot competition, the LDC has an incentive to tax investment in g-.

Proof. Assume d®W</(ds")* < 0 at s*. Using dII"/ds-= R*,,(dq"/ds") + yF(q"), we obtain dw*-/ds-

=[R*,(dq"/dq") - s-yF'(g")](dg"/ds") and hences™* =R*,(dg"/dq")/yF'(g") < 0from (33) and (26).

*We have o(q) > 0if F(g) = ag” for n > 2 or if F(g) = q(e™ - 1).
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Thistax policy may initially seem hard to understand, since, as can be seen from Proposition
10, the LDC tax lowers the profit of firm L and at the same time, since firm H benefits from a
reduction in g, raises the profit of firm H and hence welfare in the developed country. However,
LDC welfarerises becausethetax revenue morethan offsetsthelossinfirm L’ sprofit. Also, thefact
that firm H’ sprofits areincreased simply meansthat the rent-shifting aspect of the policy isentirely
at theexpense of consumersinthethird country market. Asillustrated in Figure 5, the LDC tax shifts
the quality reaction function of firm L in towards the origin (shown by the dashed line) and both

countries move to higher iso-welfare contours.
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Figure5 The LDC' s optimal tax: Cournot competition

To understand why a switch from Bertrand to Cournot competition causes LDC policy to
switch from an investment subsidy to an investment tax, we again appeal to the correspondence of
the model with a Stackelberg |eader-follower model in which firm L is the leader and there is no

government intervention. Sincefirm H raisesg" in responseto anincreasein g- under both Bertrand
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and Cournot competition, thefact that therevenuesof firm L areincreased by anincreasein g™ under
Bertrand competition (i.e. R, > 0) and are reduced by anincreasein g under Cournot competition
(i.e. R*, <0), meansthat a Stackelberg leader would increase g- above its Nash equilibrium value
inthe Bertrand case and reduce - in the Cournot case®™. If both firms play Nashin quality, the same
outcome is achieved by an investment subsidy in the LDC under Bertrand competition and an
investment tax under Cournot competition.

Fundamentally, by taking g as given at the Nash quality equilibrium, firm L overestimates
the effect of anincreasein g- in making the products more similar under both forms of competition.
However, since firm L gains from a greater separation of products in the Bertrand case and from a
greater similarity of productsin the Cournot case, it setsq- too low in the Bertrand case and too high
in the Cournot case for maximum profit. To correct for this, the LDC policy moves firm L (and
hence firm H) up the quality ladder under Bertrand competition and down the quality ladder under
Cournot competition.

4.3 Developed country policy towards the high-quality product

For the Cournot setting, Proposition 12 concerns the effects of an investment subsidy, s,
applied to firm H by the developed country. An increase in ™ increases quality g, but in contrast
to the Bertrand setting, firm L’s reaction function has a negative slope and g- falls. As might be
expected, Firm H enjoys higher profits, but firm L’s profits are reduced.

Proposition 12. Under Cournot competition, an increase in the investment subsidy, s™, to firm H:

(@) raises 9" but reduces g, causing r = g"/q" to rise. (b) increases profit 77", but reduces 7*.
Proof. (a). From (B.5) in Appendix B and A" = 1-s", we obtain dq'/ds™ = -F'(g™)II"- /D¢ > 0 and

dg-/ds™ = F'(d")R*,/D° < 0. Using dr/dg™ = -A~yF"(q")/II",, > 0, we then obtain dr/ds™ > 0. (b).

*More formally, for Cournot competition, dII*/dg- = II*, + R*,(dq™/dg") <0 at II*, = 0.
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From (27) using II*, = II", = 0, A" = 1-¢", R*,< 0, R* < 0 and part(a), we obtain dII"/ds" =

R (dg-/ds) + F(g") > 0 and dIIt/ds" = R, (dgf/ds") < 0. n
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Figure 6. The developed country’s optimal subsidy: Cournot competition

Next, Proposition 13 showsthat a shift form Bertrand to Cournot competition gives country
H anincentiveto subsidizerather than tax theinvestment of itsfirm. Asillustrated in Figure 6, under
Cournot competition, the subsidy shifts up the quality reaction function of firm H (shown as the
dashed line), moving the equilibrium from point N° to point S°, which, as before, correspondsto the
Stackel berg leader-follower point with firm H as the leader and s = 0. Since firm H gains from a
reduction in g- under both forms of competition (i.e. R*, < 0and R*, < 0), in each case the policy
isaimed at reducing g-. For Cournot competition, it follows from the negative slope of firm L’s
reaction function that a subsidy will raise "' and hence lower ¢-. By contrast, in the Bertrand case,
sincefirm L raisesg- in response to an increasein g, the relevant policy is an investment tax. For
Proposition 13, we assume that the welfare function, W' , for country H is locally concave at the

optimum subsidy, s***. From Lemma 7 (see Appendix B for the proof), this holds under the same
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conditions, E- > 2 and o(q) > 0, used to ensure local concavity of LDC welfare.

Lemma 7: Assume Cournot competition and conditions (1). Sufficient conditions to ensure local
concavity of firmH’ sprofit asa Stackelberg leader in quality space or equivalently, local concavity
of W with respect to s” areE- =qg'F (g")/F (q") > 2 and o= (F (q))?- F {(9)F “{(q) > 0.

Proposition 13. Under Cournot competition, country H gains from a subsidy to investment in g".

Proof: Similar to Proposition 6, using (26) and (33), we obtain s = R* (dg"/dg™)/F'(¢™") >0. =

Finally, asin the Bertrand case, the jointly optimal investment policy corrects for the cross
effectsof the quality chosen by each firm onitsrival’ sprofit. Since Firm H gainsfrom the widening
of the quality gap dueto areductionin g- and firm L gainsfrom the narrowing of the quality gap due
to areduction in g, joint profit maximization involves a move by both firms down the quality
ladder. Consequently, as shown in Proposition 14, the policy requires that each country tax
investment, with the tax given by s~ = R* /yF'(q") < 0inthe LDC and s = R*/F'(q™) < Qin
country H. Relative to the Nash policy equilibrium, the joint choice of policies increases the
investment tax in the LDC and results in a switch from asubsidy to atax in the developed country.
Since an increase in product differentiation has mixed effects on price competition (p™ rises and p*
falls), in contrast to the Bertrand case, there is no clear relationship between the size of the quality
gap and the ability to raise prices at the expense of third country consumers. Rather the jointly
optimal policy is directed at finding the optimal location in quality space taking into account
revenues and the increasingly high investment costs as quality isincreased.

Proposition 14. Under Cournot competition, the joint welfare of the two producing countriesis

maximized by an investment tax in both countrieswith s*’ < s < Qand s < 0< ",
5. Conclusion
This paper develops the implications of strategic trade theory for policies targeted at the

quality of exports. Themodel involvesathree-stage gameinwhich an LDC and adevel oped country
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attempt to reposition their firmsin product quality space through taxes and subsidies on investment.
Thetwo firms(onein each country) first make aninvestment determining the quality of their product
and then compete on the basis of either Bertrand or Cournot competition in athird country export
market. An important innovation is our consideration of asymmetric costs of investment in quality
withthe LDC firm potentially facing substantially higher costs. If this cost differenceis sufficiently
large, we show that there exists a unique pure strategy equilibrium in which the LDC firm (firm L)
producesthelow-quality product and the devel oped country firm (firm H) producesthe high-quality
product. The paper also makes atechnical contribution by providing analytical proofs of concavity
for the profit and welfare functions under specified conditions.

Therearetwo basic considerationsin determining the profitability of aparticular location on
thequality ladder. First, for agiven difference between own quality and the quality of therival firm,
thereisthe profitability of the location based on revenue and the investment costs required to reach
that quality. Higher quality products tend to command higher revenues, but this tends to be offset
by the fact that the cost of investment in quality is increasing at an increasing rate. The second
consideration is the extent of the gap between own quality and the quality of therival firm, but the
role played by this gap differs depending on the nature of product market competition. Under
Bertrand competition, an increase in the quality gap or extent of differentiation of the products
relaxes price competition, raising the profits of both firms, whereas under Cournot competition, the
effect on profits depends on whether the firm isabove or below itsrival onthe quality ladder. Under
Cournot competition, firm H’s profit isincreased by areduction in the quality of firm L as before,
but firm H respondsto an increase in its own quality by sufficiently increasing output so asto cause
firmL’sprofitstofal. Thisdifferencein responsesisat the heart of the explanation for the opposing
policy prescriptions arising under the two market structures.

FortheLDC, strategictradepolicy involvesasubsidy toinvestment in quality under Bertrand
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competition and atax under Cournot competition. At the Nash equilibrium in qualities, each firm
takesits rival’squality asfixed, but under both Bertrand and Cournot competition, firm H responds
toanincreasein LDC quality by also increasing quality so asto partially offset the narrowing of the
quality gap. Asaresult, firm L in the LDC overestimates the extent to which the quality gap will
narrow as it raises its quality. In the Bertrand case, since LDC profits are increasing in the quality
gap, this causes firm L to position its product too low on the quality ladder. By contrast, in the
Cournot case, firm L is better off as the quality gap narrows and it sets too high a quality. Asis
typical in strategictrade policy model s, the government can increase domestic wel fare by committing
toitspolicy so asto shift the equilibrium to what would have been the outcomeif the domestic firm
could act as a Stackelberg leader in the absence of policy. Taking into account the reaction of the
high quality firm, optimal LDC policy theninvolvesaninvestment subsidy so asto movefirmL (and
hence firm H) up the quality ladder in the Bertrand case and an investment tax so as to move firm
L (andfirm H) down the quality ladder in the Cournot case. Under Bertrand competition, the subsidy
actually causes a narrowing of the quality gap, which hurts the profits of both firms by sharpening
price competition. However, theincreased L DC revenue from theimprovement in quality morethan
offsets this. Similarly, the LDC gain from a move down the quality ladder under Cournot
competition more than offsets the loss from the widening in the quality gap due to the tax policy.
Similar reasoning applies with respect to developed country policy, except that now the
direction of incentives under the two forms of competition is changed. Thus the developed country
hasanincentiveto tax investment in quality under Bertrand competition and to subsidizeinvestment
inquality under Cournot competition. Onefactor explaining thisswitchin policy isthat thedirection
of the LDC firm’sresponse to an increase firm H’ s quality depends on the nature of competition.
Thusthe LDC firm responds by increasing its quality under Bertrand competition, but by reducing

itsquality under Cournot competition. It followsthat at the Nash equilibrium in qualities, firmH in
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the devel oped country overestimates the extent to which the quality gap will widen asit raisesits
quality in the Bertrand case, but underestimates the widening of the gap in the Cournot case. Since
firm H gains from awidening of the quality gap under both forms of competition, it setstoo high a
quality in the Bertrand case (explaining the investment tax) and too low a quality (explaining the
investment subsidy) in the Cournot case.

We aso consider the possibility that both producing countries coordinate their policies so
as to maximize joint profits at the expense of consumersin the third country. These joint policies
correct for the fact that the Nash equilibrium qualities do not take into account effectson therival’s
profit. A coordinated strategy under Bertrand competition involves an increase in differentiation as
ameansof reducing price competition. Thusthe LDC would tax itsfirm whilethe devel oped country
would subsidizeitsfirm. Under Cournot competition, since each firm gainsfrom amove of itsrival
down the quality ladder (narrowing the quality gap for firm L and widening it for firm H), both
governments tax quality.

This paper hasfocused on strategic trade theory asamotive for policiesaimed at the quality
of exports. It isnot hard to find alternative motivesfor policies directed at improving the quality of
low quality exports, such as an effort by agovernment to reduce externalities that may damage its
“country of origin” brand reputation, or asameans of allowing “infant industries’ to catch up with
world market standards. However, in addition to providing a further explanation for such policies,
strategic trade theory can also help explain less intuitively obvious policies, such as attempts by
governments to subsidize quality improvement in industries which are already global leadersin
quality (e.g. Finland in paper and Canada in newsprint). Strategic trade policy also suggests
circumstances in which governments with low quality sectors might want to encourage producers
toremainin that niche of production rather than improvetheir quality (aswasthe case with Korea's

“Northern Strategy”).
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Appendix A: Bertrand Competition

Lettingg- = g-(A", AY) and g = (A", A") denotethe Nash quality levels, totally differentiating the
first order conditions -, = 0 and ", = 0 (from (13)) and applying Cramer’s rule, we obtain:

dg-/dA- = F' ("), /D <0, dg'/dA- = - F'(¢-)R", /D < 0;

dg'/dAf = F'(g™)m, /D < 0, dg-/dA" = - F'(g")R", /D < O, (A1)
whereD = - ", - ©- ", > 0 from (16). If firms 1 and 2 produce the low and high quality products
respectively (aswe show in Proposition 1), thisimplies A" = (1-s")y and A" = 1-s" where s" is the subsidy
set by the LDC and ™ is the subsidy set by the developed country

Lemma 1 is used for the proofs of both Propositions 1 and 5.
Lemma 1. Under conditions (1), dz"/dA" < 0.
Proof: Sincedn™/dA" = R" (dg-/dA") - F(@") (from (12) using ", = 0)), using dg-/dA" = R", F'(q™)/rD
<0(from(A.1) and R" ,, =- R /r), we obtain drt"/dA" = [R", R", . F'(g") - rDF(g™)]/rD. Using D asin (16)
and letting Z = R" F'(q") + rA"F"(q")F(g™), thisimplies:

d/dAr = R, ZIrD + A'F”(g)F(g™)=t™,,.,/D.
Since ", <0OandR", <0from(15), it remainsto show that Z > 0. For this, weuse R", = 4({(r) + rp'(r))
= 4R, +8rd’(r)) from (14) and R", = - 4(r)?¢ ' (r) from (11) to obtain R", = 2rR-, - rR", /2. Using the first
order conditions (13), thisimplies R", = 2rA*F'(q") - rA"F’(g™)/2 and hence
Z=rA"T(a")/2 + 2rA'F'(dh)F' (@) for T(q) = 2F"(aQ)F(a) - (F'(@))% (A.2)

Using F'(q) > O, we obtain T'(q) = 2F(q)F"'(q) > 0 and since T(0) =0, wehave T(q) > 0andZ>0. =
Proposition 1. Assume Bertrand price competition. Under conditions (1), if ¥ > Lissufficiently large, there
exists a unique pure strategy equilibriumin which the low quality product is produced in the LDC and the
high quality product is produced in the developed country.
Proof. Suppose firmi for i = 1,2 faces an investment cost y'. For any quality ¢ set by firmj, the profits of
firmifori #jandi,j=12aregivenby m'" if it isthe low quality producer and 1" if it isthe high quality

producer. Since A" = y'if ¢ = g* and A" = y'if ¢ = g, from (12), we obtain:
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Tt =n(dhdhy) =R - ¥R for RY = ¢(r)g" and = di/q®;
ot = wh(d,q" ") = R - y'F(g") for R™ = 4dp(r™)g™ and r = g*/q. (A.3)
Weassumethat g < ¢ and g* > ¢ are at their profit maximizing levelsfor any given value of ¢ and hence
satisfy the reaction functions, - = p*(¢,y') and "' = p"(d,y'), defined respectively by
' =R -Y'F'(d%) =0and ", = R", - Y'F'(g") =0, (A.4)
where Rt = (r') - '’ (') and Ry, = 4[(r') + rHp’(r'™)]. Since (15) and (16) are satisfied, there are
only two potential Nash equilibria, (g*,g*"), and the “ switched” allocation (g?,q™").
We first show that both firms earn strictly positive profits at (g'*,g*). From (A.3), using F(q) <
F'(9)q (from F(0) = 0, F'(g) > 0 and F"(q) > 0) and (A.4), it followsthat, for any ¢f and ', if firmi isfirm
L, producing g = p(d/,v), then T = b(r)g - YF(GY) > (G(™) - Y'F () = F' (P > O. I firm
i isfirmH, from (A.3), using ¢p(r) = r(r-1)/(4r-1)%, we obtain R* - R = ¢f"(r-1)/(4r-1) for r = g*/g". Since
Y'(F(@") - F(@Y) < Y'F' (") (g"- g% =R",g"(r-1)/r from F”(qg) > 0 and (A.4) and since [r/(4r-1) - R,/
= (4r-7)/(4r-1)* > 0 fromr > 7/4 for R > 0, it follows that
H - ot > gt(r-1)[r/(4r-1) - RY /e + (Y - y)F(gY) > 0for v -y' > 0. (A.5)
For (g™, g*) to be globally stable, we also requirethat firm 1, taking o = g = p"(q™,y?) asgiven,
would set g* = p(g® ,y") = g-(y*,y?), rather than attempting to become firm H by setting g* = p"(q®,v?)
> . Similarly, werequirethat firm 2, taking g* = g* = p-(g*,y") as given, would prefer g = p"(g™,v?)
=q" (y'y?) rather than o” = p“(g™,y?) <g™. Thus, letting A" = A(d ,Y') = ' (p"(d.Y), d, ¥)) - T"(d!,
p"™(d,Y"), v") represent the differencein profit earned by firmi from production of g* rather than g'* for any
given quality d set by the other firm, werequire A*=A(g*',y*) > 0for g = p"(q™,y?) and A= A(q™ ,y?)
<0for g' = p-(g®, y*). Conversely, the switched alocation (g*,g™") isnot globally stableif A*= A(g™,y?)
<Ofor g = pH(g*,y?) or if A?= A(g™,y) > 0for g = p(g, ).
To obtain these results, we first use (A.3) to express A’ in the form:
A'=A(d ) = d()a" - 4d()g™ + Y F(@"™) - F(a")].
From (A.4), dlowingr'- = ¢/q" for g* = p*(¢,y") and r'* = "/ for g = p"(d,y") to vary, we then obtain:
dA/oy" =F(g") - F(g*) > 0 for any ¢ and dA/oq = ' (r') +4(r™)?d’ (r'™) > 0. (A.6)
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With respect to firm 1, from (A.3) and (A.4), we obtain:
T = -4t (M) g + v F (@) - (g (A7)
Since g"'F'(g™) - F(g™) > 0 from (1), thisimplies T = O for y* = y™(¢®) = 4™’ (™) g™ /[q*F' (™) -
F(g™)] > 0. Then, sincedn™/dy*<0fromLemmal, setting ¢?=g¢* =d-(y%Y"), it followsthat " <0and
hence (using Tt > 0) that A*(g*,y") > O for y* > y™(g™). Thus firm 1 will set g* < g*, breaking the
switched equilibrium (g?-,g™) for y* > y*(g™). Alternatively, if ¢* = ¢ = g"(y*,y?, then since g > g*
and dA¥dq? > 0 from (A.6), it followsthat for y* > y™(g™), we have AY(g®,y*) > 0 and hencethat (g*,g*")
is globaly stable for firm 1. For firm 2, if y* = y? then we have A? = A(g",y) < O, since
TEEHAh Y. Y < (PN Y0 YY) < (AP, y?), Y?) where the first inequality follows
from dnt?/dg" > 0 and the second from (A.5). Since dg'*/dy* < 0 and dA%/dy* = (dA%dqg™)(dg'/dy?) <0,
it then follows that A% = A(g*,y?) < Ofor al y* > y? and hence that (g*,g?"") is stable for firm 2. u
Proposition 4. Assume Bertrand competition. (i) The subsidy, s, maximizes the LDC' s rents from exports
by shifting the equilibrium to what would have been the Stackel berg leader -follower point in quality space
withthelow quality firmastheleader and no subsidy. For y sufficientlylarge, the LDC firmdoesnot choose
to become the high quality producer. (ii) Under conditions (1), profit 7-(q-,0"(q"),4") of the leader firmis
(strictly) globally concave in g- and LDC welfare, W, islocally concave at s- = s*.
Proof. (i) SincedW"/ds- = (drt*(q",p"(g"),y)/dg")(dg-/ds") from (21), it followsthat at s- = s, " satisfies
drt(q-,p"(g"),y)/dg"- = R, + R",(dg™/dq") - YF'(q") = 0, which isthe value of g- that would be chosen by
firm L asa Stackelberg leader at s- = 0. Since " > 0 at the Nash equilibrium (from Proposition 1), we have
mt-(q-,p"(g"),y) > 0. To show that the leader firm would not set ' = g™, letting o = g(dr/dg™)/r represent
the elasticity of r with respect to ' , from dr/dg" = (1- r(dg'/dg™))/q- and dg-/dg™ = R, /rmt*,,, we obtain
o =-AF’(g")/m,, >0,dr/dg" = a/g- >0and 1- « = R- /7", > 0. (A.8)
It then follows from (A.3) that drt*t/dg = 4(d(r) + ard’(r)) - APF'(g") = 0 and since gF’(q) - F(q) > 0 from
(1) and dnt*/dy = -F(q™') < 0, it can be shown that T = -4ar* '}’ (r*)g™ + Y[g™'F'(g™) - F(g*")] < Ofor
' = g™/p(g™) and y sufficiently large. (ii) From (21), we have dW"/ds- = (d=‘/dg")(dg"/ds") for mt" =

Tt-(q-,p"(g"),y) and hence d®W*/(ds")? = (d?r"/(dg")?)(dg-/ds-)? + (dm-/dg-)(d*g-/(ds)?). Since dW'/ds- =
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drnt/dg- =0 at s-*, it follows that d*mt"/(dg")? < 0 implies d®W"/(ds")* < 0 at s-*.

To show d?rt/(dg-)? < O for g = p"(g-) and general investment cost, A“F(q"), letting B = -
g-(dr/dg")/r, it follows, using dr/dg- = -(r - dqg"/dq")/g", dg™/dg- = rR",, /7"y, and T, = R, - A"F"(q")
from (17) and (15), that B = - A"F”(q")/m",,, > 0 and that

dr/dg- = -rp/g- < 0, dg"/dg- = r(1-) and 1- B = R",.,/7",, > 0. (A.9)
From 1" = ¢(r)g- - A*F(g") and (A.9), we then obtain dmt*/dg- = ¢(r) - B’ (r) - A*F'(g") and hence

() = - A () + BB (1) - (1)’ (M1/g" - rdy (r)(dprelgh). (A.10)
Using dg"/dg- = r(1- B), we have dp/dg- = - AP[F” (q")r(1-B)/m",,, - F”(9")(dw™,/dgH)/(mH,,)?]. Since
dr™,/dg- = dR",,/dg- - A"F(g)r(1-P), letting € = - A"F"(q)/T",, > O from F™(q) > O, thisimplies

dB/dat = r(1-B)% - B(dRM,,/dgh)/ Ty, (A.11)
Letting ¥ = R, [P'(r) - B (N9 - ¢’ (r)(dRY,,./dg-)/ T, it then follows from (A.10), using
B (1) - (1-P)d' () = A-P)IBD"(r) - d'(n) + r(B)’d" (1), 1- B = R/ and (A.11), that
d*nt/(dg)® = - AF7 (@) + (DAB)*P " (/- - (N1~ BY*d'(NE - rPY.

Sinced'()>0,"(r)<0,f>0and € > 0, it remainsto show that Y > 0. From R",,,, = -8(5r+1)/(4r-1)*q"
and (A.9), we obtain dR",,./dg- = R",,,, + rR",,,(1-B) where R",,,, =- R",,./q" - rR",,.,,, and hence

dR",,./dg- = - R",./q" - rBR",,,, for R, = 24(20r+7)/(4r-1)%(q")* > 0. (A.12)
Using (A.12), thisimplies Y= [29"R",, " (r) + rBtl/n"y,(d")? for T =- [q" R () - ¢/ (NG Rl
Using ' (r) = (2r+1)/(4r-1)% and ¢ " (r) = -2(8r+7)/(4r-1)*, we have rt = 8(40(r)*+16(r)>+7r)/(4r-1) > 0 and
2R’ (r) = - 16[40(r)>+18(r)>-3r-1]/(4r-1)8. Hence, it follows using 1- B > 0 and r > 1 that:

Y= -[rt(1-B) + 8(40(r)® + 20(r)?- 13r - 2)]/(4r-1)%(q")*n",,, > 0. u

Lemma 2: Assume Bertrand competition and conditions (1). If E= gF (q)/F 1q) isconstant (which applies
for F(g) = a(g)") thisensureslocal concavity of firmH’s profit as a Sackelberg leader in quality space or
equivalently, local concavity of welfare, W with respect to s™.
Proof: Recalling A" = 1at " = 0, it follows (analogous to (21)) that W = ©"(g*,g",1) where t"(q-,g™,1) =
R(q",9") - F(g") and hence d®W"/(ds™)? = (d?r"/(dg™)?)(dg"/ds™)? + (dm"/dg™)(d*q/(ds™)?) for g- = p-(g™).

Since dW"/ds™ = drt"/dg = 0 at s™*, it follows that d*m™/(dg™)? < 0 implies d®W"/(ds™)? < 0 at s**.
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To show d*m"/(dg™)? < 0, it follows from ©t" = 4p(ng" - A"F(q") and dr/dg- = a/q- for o =
g-(dr/dg-)/r that dme/dg™ = 4(Pp(r) + ard’(r)) - APF'(g") and hence that
d?ni(dg")? = - AF(@7) + 4§ ((1+a) +ard” (D] (a/gt) + 4rd’(r)(da/d’). (A.13)
Next, letting &- = - A" F”/(q")/mt,, and using & = - A'F” (g )/m,, from (A.8), we obtain dov/dg™ = (o -
1)%€4/r - o(dR" /dg)/ -, . From R, =-2(r)*(8r+7)/(4r-1)*q- anddg-/dg™ = (1-c)/r, wealsohavedR" , /dg"
=R 4+ R (Q-a)rwhereR", =- (R, /d- +rR",,). HencedR" ,/dg" = - R", (1-o)/" + aR" ,, and
using R /7", = 1- o from (A.8), we obtain
de/dg = (1-00)2(GE" + er)/q - (0)2RY /T, (A.14)
for R, = 4r(16(r)* +40r+7)/(4r-1)>(q)2. Since dE/dq = F"(q)/F'(q) - a(F"(q))? -F'(q)F" ())/(F'(g))>*=0
(from E constant), we obtain qF"'(q) - F”(q)(E - 1) = 0, which implies g-&" - c.(E-1) = 0 and hence, from
(A.14), that do/dg™ = oc(1-00)’E/g - ()*R", /T8, Also, from APF” () = EAYF'(q")/q" and dt™/dg™ =0,
we obtain A"F” (g™ = 4E[p(r)/q" +ap’ (r)/g-], which, using p(r) > rd’(r) from - =0, implies A"F”(q")
> 4E(1+a) P’ (r)/q-. Letting k(r) = -¢ " (n)/g- + ¢’ ()R-, /7", it then follows from (A.13), using 1 + o -
o(1+0) = (1-0)(1+a) and 1+¢¢ - oo(1-0) = 1 + (x)? that
d*n/(dg")? < -4’ (NI(E-D)(L+a - a(1-a)?) + (L-0)(1+ ()?)]/a" - Ar(o)’Kk(r),
which, using o >0, 1-¢ > 0and E > 1 (from F"’(q) > 0), implies d*wt"/(dg™)? < 0 if k(r) > 0. Since -, =
R-. - A'F7(qY) < R+, and R, = (N*}"(n)/q- < - 8(r)*}’(r)/(4r-1)g- from (9), we obtain k(r) >
&' (N[(B(r)*d " (n)/(4r-1) + (9-)°R", . ,)/(g")?m-, and hence, using ¢ " (r) = - 2(8r+7)/(4r-1)* and r > 7/4, it
follows that k(r) > -4r¢’ (r)[ 16r(r-1)+4r-7]/(g")*1t",  (4r-1)° > 0. u
Proposition 7. Under Bertrand competition, the jointly optimal policies (s~ ,s™) involve an investment tax
inthe LDC and an investment subsidy in country H: i.e. s = R /¥F (d") < Oand s* = R,/F (") > 0.
Proof. Let J = J(s-,8") = W(sH,s™) + WH(s,s™) represent joint welfare, where Wi(s-,s™) = m'(g-,g"\A) -
SY'F() =R - y'F(q) for y- =y, y"=1andi =L, H. Using ', = 0 from (13), it then follows that dW'/ds
= R (dg//ds) - SY'F' (d)(ddi/ds) and dWi/ds = Ri(dg/ds) - SYIF’ (¢f)(ddi/ds) for i #j, i, ] = LH. Hence the
policies (s* ,s™) satisfy the first order conditions:

dods = (R, - SyF'(qh)(dat/ds) + (R, - 'F/(g)(dgt/ds) =0
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dyds® = (R", - SyF/(qh))(dgHds™) + (R, - SF/(gM))(dg/ds") = 0. (A.15)
It then follows from (A.15), using R", <0 and R, > 0 from (11), that

s?=RM/YF'(d") <0and s¥=R"/F'(d") > 0. (A.16)

Appendix B: Cour not Competition

Lemma 3. Assuming Cournot competition, if A~ > A", theng" < g".
Proof. Since Yi(r) = 4w(r) - Y(4r-1) and Y’ (r) = - 4w'(r) - 4/(4r-1) from (25), using R*, = w(r) - rw’(r) and
R, =y(r) + ryr’(r) from (29), we obtain

RH, =4R* +1/(4r-1)?>R* foral g > g->0. (B.1)
At the Nash equilibrium g- > 0 satisfies the first order condition II*, = R* - A'F'(q") = 0. If A* > A" and
q"=q-, thenusing (B.1), we obtain II",, = R*,, - A"F'(q") > II* =0, proving that q"' > ¢". u
Lemma 4. Assume Cournot competition and conditions (1). Then /Y, < 0, II",,, <OandD°= II*, IF,,
-1, I, > Oaresatisfied at /I = 0: (i) if II",=0,F”(q) = 0and A“/A" > 1or (i) if E-> 2.
Proof: Wefirst prove II-, <0 for both cases (i) and (ii). Using (30), (31) and E = gF"(q)/F’(q), we obtain

I, =R* - A'F"(q") = [(N?w"(r) - A'F'(q")E"]/d . (B.2)
() If F”(q) = 0, then F”(q) is a constant and since F’(0) = 0 from (1), we have E = qF"(qg)/F'(g) = 1 and
F'(d") - F'(d") = F"(g")(g" - q") = EF'(g™)(1- 1/r), which implies F'(q")/F'(g") = 2/r. Using R* /R™,, =
ALF(Q)/APF (g from IT, =IIM, = 0, we then obtain A'F'(g") = R*, = (R*,/r)(AY/AT) > R™/r for AH/AM
> 1. Henceit follows from (B.2), that IT", | < 0if (r)?w”(r) - R*,/r <0. Using @ " (r) = 2(8r+1)/(4r-1)* and
R, = (16(r)3- 12(r)? +4r-1)/(4r-1)® we can then show
(N?w”(r) - R /r = -[(r)*(r-1)(48r-18) + 10(r)* 8r+1]/r(4r-1)* < Ofor al r > 1.

(ii) From (29), (31) and r > 1, auseful expressionis:

u(r) = 2w(r) - (1w " (r) = 32(r)3(r-1)/(4r-1)* > O. (B.3)

Since A'F/(g1) = w(r) - rw’(r) from I, =0, from (B.2), using E* > 2, (B.3) and w'(r) <0, we obtain IT* |
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=-[u(r) + w(r)(E-2) - rw’ (r)E]/g- < 0. Next for both cases (i) and (ii) using II",,, = R*,,,,- A"F"(q"), R*,,
< 0,F"(q) > 0and R* ,R*,,, - R* ,R™, =0from (32), we obtain:
]'-'[LLL < 0! HHHH < 0! DC =- )\‘HF”(qH)HLLL - )“LF”(qL)RCHHH > O (B4)

Effectsof A" and A" on quality levels: Letting g~ = g-(A-, A") and g = g™*(A-, A™) denote the Nash-

quality levels, from (28) using (B.4) and (32) to sign expressions, we obtain:

dg-/dA- = F'(gh)II",,, /D¢ < 0, dg"/dA"- = - F'(g")R*, /D° < O;

dg/dAf = F'(gMHII', /D¢ <0, dg-/dAr = - F'(g")R*, /D> 0, (B.5)
where D¢ = IT+ | 1T, - IT*,,, IT",,. > O from (B.4).

We next show in Lemma 5 that the profits of firm L fall in response to an increase in own cost A"
Lemma 5. Assuming conditions (1) and 7, < 0, then d//*/dA" < 0.
Proof. Since dII'/dA" = R*,(dg/dA"Y) - F(g™) (from (27) and (28)), using dg/dA" = rR*,,,F'(q-)/D°< 0
(from (B.5) and (32)) we obtain dII*/dA" = [R*,,,, rR*,F'(q") - D°F(g")]/D°. From D¢ asin (B.4), II* , <0
(see Lemma4) and R*,,, < 0 (see (31)), it follows letting Z¢ = rR*,F'(q) + A*F”(g")F(q") that

dII*/dA" = [R*,,.Z° + A"F"(q")F(gH)II-  ]/De < 0if Z° > 0.
Sincefrom (26), (29) and (28), R*, = -2R%,, (r)? + (r)?/(4r-1) = A'F'(gq%), we obtain R*,, = - A*F'(g")/2(r)?
+ 1/2(4r-1)3. Using T(q) = 2F"(g)F(q) - (F'(q))>> 0 from F"(g) > O (see(A.2)), we obtain Z° = AT(q")/2
+ (r-D)AS(F'(g9)%/2r + rF'(g°)/2(4r-1)° > 0. u
Proposition 9. Assume Cournot output competition. Under conditions (1), if ¥ > 1issufficientlylarge, there
exists a unique pure strategy equilibrium in which the low quality is produced in the LDC and the high
quality is produced in the developed country.
Proof. Supposefirmi for i = 1,2 faces an investment cost y' . For any quality ¢ set by firm j, the profits of
firmifori # jandi,j = 1,2 aregiven by IT" if it isthe low quality producer and II' if it isthe high quality
producer. Since A" = y'if d = g* and A" = y'if ¢ = g, from (27), we obtain:
I = TI(q",d;v') = R - y'F(@") for R*" = w(r) and r* = i/t ;
I =1I"(d,g";y") = R™ - y'F(q") for R% = Yi(r'* )" and r'* = g/qg. (B.6)

We assumethat - < ¢ and g* > ¢ are at their profit maximizing levels for agiven ¢ and hence satisfy the
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reaction functions g = p®(¢/,y') and g" = p*(d,y") defined respectively by:

I, =R, - yiF(qY) = 0and IT",, = R, - y'F'(¢") = O, (B.7)
where R = w(r') - r'w’(r') and R, = Y(r'™) + r'" ¢’ (r'"). From Lemma 4, there are only two potential
equilibria, (g*,g*") and the “switched” equilibrium, (g*,g™).

Since R%, > 0 for g“ > 0 (see (29)), using F'(0) = 0 from (1) and IT*, = R, - Y'F'(g"), we

obtainlim 0 o IT, >0, which impliesthat, for any ¢ and y', II'- > 0if g* is sufficiently small. Thus, if

firmiisfirmL, then II'"- > 0if g is chosen optimally at g* = p*(¢/,y"). Alternatively, if firmi isfirm H,
from (B.6), using w(r) = (r)?/(4r-1)% and (r) = (2r-1)%/(4r-1)?, we obtain R°" - R = ¢*(r-1)( 4r-1) forr =
q"/g-. Since y'(F(qd") - F(d")) < Y'F'(d"™)(q"- ¢“) =R™,q"(r-1)/r from (1) and (B.7) and since r/(4r-1) -
ROH, = (4(r)? -3r + 1)/(4r-1)* > 0 from (29) and y* > 2, thisimplies

I - I > g™(r-1)[r/(4r-1) - R J/r + (Y - Y )F(g") > Ofory! -y' > 0. (B.8)
Thus, for y* > y?, we have [1** > II* > 0.

Next, let A® = A(d,y") = I (p™(d,y"), d, v") - ITM(d, p™(d,Yy"), Y') represent the differencein
profit earned by firmi from production of g rather than " for any given quality ¢ set by the other firm.
For global stability of (g™,g**), we require A = A%(g*,y*) > 0 for ¢* = p™(g™,y?) and A® = A%(q™,y?) <
Ofor g™ = p™(g?,y"). Conversely, the switched equilibriumis not globally stableif A = A%(g?,y*) <Ofor
o = p*(a,y?) orif A®=A%qg™,y?) > 0for g = p*(g™,y?).

To obtain these results, we first use (B.6) to express A in the form: A% = A%(¢/ ,y") = w(r'*)g* -
(g™ + y'IF@"™) - F(g")]. Allowing r' = d/q* for " = p*(¢,y") and r'™ = q*/df for ¢ = p"(d/,Y') to vary
using (B.7), thisimplies:

dA%oy' = F(g") - F(d") > 0. (B.9)

We also obtain dA®/dg = w'(r') + (r'*)2 ¢’ (r'). Since Min [@'(r')] = w'(1) = - 2/27 while Min[(r'")?
Y’ (r'™)] = 1/8 (reached asr— « ), we have

dA%/dg > Min [’ (FY)] + Min[(FH)2 ¢’ (rH) ] > -2/27 + 1/8 > 0, (B.10)

With respect to firm 1, from (B.6) and (B.7), we obtain IT** = -r™* ¢ (™) g™ + Y ["'F' (q™) - F(g*)]. Since
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g*'F'(g™) - F(g™) > 0 from (1), thisimplies that II'** = 0 for y* = y*(¢® = r* ¢'(r*)g™/[q*'F' (9™) -
F(g™)] > 0. Then, since dII*/dy* = R*™ (dg?/dy?) - F(g™) < 0 from R* < 0and (B.5), setting ¢ =qg* =
g-(y%yh, it followsthat IT*" < 0 and hence (using IT'* > 0) that A*(g?,y*) > 0 for y* > y*(g®). Thusfirm
1 will set ' < g, breaking the switched equilibrium (g,g™) for y* > y*(g?). Alternatively, if > = g =
a*(y:y?, thensinceg* > g and dA*/dg? > 0 from (B.10), it follows that A*(g?,y*) > 0for y* > y*(¢*),
and hence (g',g*) is globally stable for firm 1. For firm 2, if y* = y?, then A% = A%qg",y? < 0, since
I (pH(a™,y?),a,v?) < I (p (0™, y?).a™,y?) < I*(g,p"(a™,v?),y?) where the first inequality follows
from dII*/dq* > 0 and the second from (B.8). Since dqg'*/dy* < 0 and dA%/dy* = (dA%/dg™)(dg™/dy?) <
0, thisimplies A% = A%(g™,y? < Ofor al y* > y? and hence that (g**,g*') is stable for firm 2.
Lemma 6: Assume Cournot competition and conditions (1). Sufficient conditionsto ensure local concavity
of firmL’s profit as a Stackelberg leader in quality space or equivalently, local concavity of LDC welfare,
W with respect to st are E- =gF {(g")/F (g") > 2 and o(q) = (F 10))? - F (q)F “(g) > 0.
Proof: Since, analogousto (21), W* = II*(g"q",y) for " = p*'(q") where II*(q",",y) = R-(a".q") - YF(@")
isfirmL’sprofit at s- = 0, asin the proof of Proposition 4, we obtain d®W</(ds-)? = (d’I1*/(dg")?)(dg-/ds")?
at dII*/dg- = 0 and hence d?I1'/(dqg")? < 0 at dII*/dg- = 0 ensures d®W*/(ds")? < 0 at dW*-/ds- = 0.

To show d’II/(dg-)? < O, let 3¢ = - g-(dr/dg")/r (analogousto 3 for the Bertrand model), then [3¢ =
- APF(gM)/IIM,, and, asin (A.9), dr/dg- = -r%/g- < 0, dg*/dg- = r(1-8°) and 1- B¢ = R",,/II",,,,. From IT*
= w(r)g- - A'F'(g"), we obtain dII*/dg- = w(r) - rcw’(r) - A*F'(q"), and, asin (A.10), it follows that

d?IIH/(dg")? = - AF (@) + rBrBew” (1) - (1-B)w’(N1/g" - rw’(r)(dBdg"). (B.11)
Rearranging (B.11), using u(r) = 2w(r) - (r)?w”(r) and AF”(q") = A*F'(q")E/g- = [w(r) - @’ ()] E*/q-
at dII*/dg- = 0, we then obtain:

d?IIH/(da")? = -[(B9)?u(r) + w(r)(E" - 2(B%)) - rod’ (NIPS(E" - (1-B°)) - g-(dB/daN)]l/a-.  (B.12)
Letting A® = (B9)?0(r) + (w(r)+rw’(N)(E- - 2(B%?), it follows using E > 2, f¢< 1, vu(r) > 0from (B.3) and
W(r) + rw’(r) = (r)?(4r-3)/(4r-1)° > 0for r > 1 that A°> 0. From (B.12) using E- - 2(39? + B4(E" - (1-f9)) =
E" + BY(E"-2) + B(1-B°) and w'(r) < 0, thisimplies d?I1-/(dg-)? = - AY%q" + rw’()AYqg- < 0 if

Al = E- + BY(E--2) + B(1-B°) - g-(dB/dg) > O. (B.13)
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Letting & = - A"F” (g™)/II",,,,, it followsasin (A.11) that dB%dqg- = r(1-°%)%€° - BS(dR™,,,,/dg")/II",,,,. From
R, = -8(r-1)/(4r-1)*g-, we obtain dR*,,, /dg" = R",,,,. + rR™,.,4(1-B) whereR™,,,,, =- R",,.,/d" - rR",,,,, and
hence dR™,,/dg" = - R*™,,./g" - rB°R™,,..,;. Using R*, /1T, = 1 - B¢, thisimplies dB%dq- = [B(1-B°) +(1-
B9%gee + g'(B9)*RM,,/1I™,0]/g- and, from (B.13), that
At =E + BAE-2) - (1-B) 0 - o' (BR™ /I (B.14)
From R* .., = 24(4r-5)/(g")%(4r-1)° using 24(4r-5) = 96(r-1) - 24, R*,, = (2(r-1)+1)(8(r)>2r+1)/(4r-1)® and
8(r)%>-2r+1> 1 fromr > 1, weobtain R*,,,,, > 3(R™,,)2R™,, - 24/(q")*(4r-1)°. Using (R*,,.)7(I1I",)? = (1-
B9?, R*, = A"F'(q") (from IT", = 0) and E" = g"F"(q"™)/F’'(q"), thisimplies -"(B%)*R*,,.,./TI",,, > 3(1-
B?BE" + 24(r)2(9)%q"(4r-1)°I1",,,,. Hence, letting M = BE" - g™€° = - A" o(q™)/F' (g™, > 0 and
h(r) = 2 + 24(r)?/q"(4r-1)°I1",,,,, we obtain
AL> BE(E--2) + (1-BOPMH + 2(1-BOPPE" + E- - 2(B%)% + (B)?N(r). (B.15)
Since E- > 2(%? (recall °< 1), thisimpliesA* > 0if h(r) > 0. Using R*,, = A"F'(q"), we have d"A"F" ()
= R",E"and since II",,, = R*,,,, - A"F"(q") <0and E" > 1 (from F"(qg) > 0), it follows that
h(r) = 2[0"R™y - RMW(E™-D)/G" Ty, - g(n)/(4r-1)°g T, > 0
for g(r) = 2R™,, (4r-1)°- 24(r)? > 0. Using (4r-1)? = (4(r-1) +3)*= 8(r-1)(2r+1) + 9and R™, = (16(r)3 - 12(r)?
+4r -1)/(4r-1)® asin (29), it then follows that
g(r) = 16(r-1)(2r+1)R™,,(4r-1)3 + 6(48(r)*- 40(r)> +12r - 3) > Oforr > 1. u
Lemma 7: Assume Cournot competition and conditions (1). Sufficient conditionsto ensurelocal concavity
of firmH’ sprofit asa Sackelbergleader in quality spaceor equivalently, local concavity of W™ with respect
tos’areE- =g'F {g")/F (g") > 2and o= (F {q))*- F (q)F "{q) > 0.
Proof: Since W = II"(g-q" ) = R*(q- ,g") - F(g") for - = p*(g™), it follows asin Lemma 2 that if
d’I1"/(dqg)? < 0 at dII"/dg™ = 0, then d®W/(ds™)? < 0 at dW/ds™ = 0. Letting & = ¢(dr/dg")/r and using
dr/dg" = (1- r(dg-/dg™))/g" and dg®-/dg™ = R* /rII", | weobtain o®= - A*F”(q")/II" .. SinceII* = 0at the
Stackelberg equilibriumand E- > 2, thisimpliesII',, <0from Lemmad(ii) and hence o > 0, dr/dg" = o¥/q*
>0 and dg®/dg™ = - («*-1)/r = R* /rII* | <O. It then follows from IT" = Y(r)q" - A"F(q") that dII"/dg" =

Y(r) + orr’ (r) - AMF(g™) and hence
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d’IIM/(dg")? = - A"F" (") + [(Y' N+ rd " (n)as + ¥ (0](e/a") +r P’ ()(dadd”).  (B.16)
Since (W' (N+ rP”(r))o + P'(r) = g-R*af - §'(r)(a-1) < 0 (from R*,, <0and a°> 1) and Y’ (r) > O,
it remains to show that da/dg” < 0. Letting £+ = - A*F”'(q")/II",, we obtain de*/dg™ = (0c®-1)%€*/r -
o(dR*  /dg™)/II-, . Using R*, | = 2(r)%(8r+1)/(4r-1)*g- and dgc-/dg® = - («>-1)/r, we also have dR*, /dq"
=R%* -R* . (a®-1)/rwhereR* | =-(R*  /g- +rR* ) andhencedR™  /dg” =R* (a*-1)/q" + °R*
for R*,,, = - 4r(16r(r+1)+1)/(q-)%(4r-1)°. Using R* /11", | = -(«*-1), thisimplies:
dacdg” = - ()R, NI + (€€ -1)%(g-&€*+ a)/qH. (B.17)
Using R*, = (r)%(4r+1)/(4r-1)3, we obtain R*, , = -[4(n)*(8r+1)%(r+1) + 12(r)°]/(g")*(4r-1)%rR*, and hence
R h = -(REDAr+D)/IR* - 12(r)%/(q-)3(4r-1)°R™,.. (B.18)
Since o¢ = - E'R® /1T g (from R*, = AF'(g) at II*, =0and E = g-F"(q")/F'(q")) using R*, /II* | = -
(1) and (B.18), we obtain (0c°)’R*, /I | = (a1 E-(r+1)/g" - 12(r)*(0®)?/(g-)*(4r-1)8I1-  R™,.
Letting M* =°E" - g-€* = - Atg-o(g-)/F'(gqH)II',, > 0, it then follows from (B.17), E- > 1 and r > 1 that
da’/dg’ = -(a-1)M* + oS(E'r -1)]/g" + 12(r)*(«®)?/(q-)*(4r-1)I1  R*, < 0. =
Proposition 14. Under Cournot competition, the joint welfare of the two producing countriesis maximized
by an investment tax in both countrieswith s*’< s < 0and s < 0< s**,
Proof. Joint welfare is given by * = W + W where W® = W9(s-,s") = IT'(d-,g™,A") - SY'F(q) = R® -
Y'F(g") for y- =7, y"=1andi =L,H. Using IT', = 0 from (28) and R®, < 0 from (26), we obtain dW°/ds =
R%(dq/ds)) - 3y'F'(q)(dq/dg) <Ofori # j. At thepolicies (s*, "), sincedW'/ds- = dW"/ds" = Oiit follows
that dJ%/ds"- = dW*/ds- < 0 and dJ¥/ds" = dW*-/ds" < 0 and hence s-’ < s-* and s’ < s**. Following the same
steps as in the proof of Proposition 7 and recalling R% < 0 for i # j, wealso obtain s=R" /yF'(q") <0

ands¥=R* /F'(d") <O0. [
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