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Abstract

We study a general equilibrium model of international trade with heterogeneous
firms, where countries can strategically invest in technology. The countries’ motive
is to improve firms’ productivity, leading to a competitive advantage in international
trade. We are interested in how trade liberalization affects this governmental incen-
tive to invest in technology. In the closed economy countries invest if consumers
have a sufficiently high preference for varieties. In the open economy we analyze
the Nash-equilibrium policy and the cooperative policy. If there are no cross-country
investment spillovers, countries strategically compete in their investment levels and
increase their investments with higher trade openness. From a social perspective we
have an overinvestment problem. If there are cross-country investment spillovers,
we differentiate between weak and strong spillovers. In both cases the cooperative
solution predicts a positive relationship between investments and trade openness.
If there are weak (strong) spillovers, we find a positive (hump-shaped) relationship
between technology investments and trade openness in the Nash-equilibrium. From
a social perspective we obtain an over (under)-investment problem if spillovers are
weak (strong).
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itively depends on the R&D spending of other firms in the industry and public spending
in technology. This externality to other firms is commonly called a spillover. For instance,
Cohen and Levinthal (1989) define knowledge “spillovers to include any original, valuable
knowledge generated in the research process which becomes publicly accessible”. Studies
by Adams (1990), Jaffe (1989) and Jaffe et al. (1998) examine knowledge spillovers from
academic research to firms’ R&D investments. These studies suggest that geographical
proximity matters and that spillovers exhibit a rapid spatial decay. In our model we differ-
entiate between spillovers within a country and spillovers across countries, which depend
on the degree of trade freeness. We add to this literature by studying the impact of trade

liberalization in a general equilibrium framework.

The paper is organized as follows. In section 2 the closed economy is presented. Section
3 introduces the open economy. Section 4 derives the cooperative policy and the non-
cooperative Nash-equilibrium policy if there are no investment spillovers, while section
5 derives those regimes if there are spillovers across countries. Section 6 concludes and

provides a brief empirical test of the model’s predictions.

2 Closed Economy

Consider a single country under autarky. The economy is populated by L workers that
each supply one single unit of labor, which is the only factor of production. The economy
consists of two sectors: a homogeneous good sector A with constant returns to scale and
a manufacturing sector C' with a continuum of differentiated varieties and monopolistic
competition. In the manufacturing sector C, each firm produces a unique variety under

increasing returns to scale and the firms are heterogeneous in their marginal productivities.

2.1 Preferences

The preferences of a representative household A are defined over a homogeneous good A
and the set of differentiated varieties 2 produced in sector C. Utility is a quasi-linear,

logarithmic function with CES subutility over the consumption of varieties €2:

1/p
U=pInC"+ A" with C"= (/ qh(z)”dz) ,

(S9]



where 0 < p < 1 and 8 > 0. The household’s consumption of a variety z is given by ¢ (2).

The elasticity of substitution between any two varieties is given by ¢ = 1/ (1 — p). The

1/(1-0)
P= </ p(z)" dz) .
zeQ

Utility maximization leads to per-capita expenditure for the numeraire good and the man-

CES price index is given by:

ufacturing aggregate PC*" = 3 and A" = y"* — 33, respectively. To simplify notation we
drop the household index h and it can be shown that indirect utility is given by:

V=y—FImP+3(Ing-1), (1)

which is decreasing in the CES price index. Total demand for and revenue of a single
variety z is denoted by ¢ (z) = BLp(2) 7 P7~' and r (2) = p(2) q(z) = BL(P/p(2))" ",

respectively.

2.2 Production and Firm Behavior

Production in the homogeneous good sector A has constant returns to scale and perfect
competition. One unit of labor translates into one unit of output. This good is used as the
numeraire, so that the wage rate can be normalized to one. In the manufactured good sector
C, varieties are produced with increasing returns to scale under monopolistic competition.
Each firm produces one unique variety z. The technology in the manufacturing sector is
comprised by total costs | = f + g/ to produce ¢ units of output. Every firm has the
same overhead production cost f but firms are heterogeneous in their marginal costs 1/¢.
A higher ¢ represents a higher productivity. Profit maximization leads to the firm-specific

optimal price p, which is a constant mark-up over marginal costs:

o 1
plp)=——x-=—. (2)

(=D  pp
Total demand for and revenue of a single firm can be rewritten as ¢ (¢) = L (pp)” P!
and 7 (p) = BL (ppP)’"", and operating profits are given by 7 (p) =r (@) /o — f. Tt is
evident that a firm with a higher productivity level ¢ charges a lower price, sells a larger

quantity, and has a higher revenue as well as higher profits. The CES price index given



above can be rewritten as follows:

o I - (o-1)
P =M"V1)p(5) =MV ">p75 with ¢ = U ¢ () dw} . (3
0

where M represents both the mass of manufacturing firms and varieties. The productivity

distribution among active firms is p(¢) and @ denotes the average productivity level.

2.3 Entry and Exit

At each point of time, there is a mass M¥ of entrepreneurs that enter the manufacturing
sector C. To enter the market, entrepreneurs have to pay entry costs f., which are there-
after sunk. After entering the industry, firms draw their productivity level from a given
distribution function. In the original Melitz (2003) model the distribution of productivities
among firms is unparameterized, while we assume the commonly used Pareto distribution.?

That distribution function is given by:

) =1- (“”@N) (1)

with density g (¢) = k (LpMIN)k @~ B+ Here @MV > 0 is the lower bound for productivity
draws and k& > 1 is the shape parameter. After learning about their productivity, firms
decide whether to start producing or to exit the market immediately. A firm with a
productivity draw below some threshold level, ¢ < ¢*, decides to exit, while a firm with
a productivity draw above this threshold, ¢ > ¢* decides to stay active. Every active
firm can be hit by a bad shock with a probability § > 0 at each point of time. This
would force the firm to shut down and exit the market. The probability of a bad shock
is independent of . In a stationary equilibrium without time discounting, the mass of
entrants, which successfully enter the market equals the mass of firms, which are forced
to shut down: p;yM¥ = §M, where p;y = 1 — G (p*) is the survival probability. The
endogenous productivity distribution among active firms, p(p), is then the conditional

ex-ante distribution g (¢) on the domain (¢*, 00].

5The Pareto distribution has been widely used in the literature on heterogeneous firms e.g. in Helpman
et al. (2008), Melitz and Ottaviano (2008) or Behrens et al. (2009).



3.1 Equilibrium in the Open Economy

Production of varieties in sector C' still encompasses both variable and fixed costs as in the
closed economy case. There are additional fixed costs of exporting, f,, if a firm decides to
serve the foreign market. Moreover, we assume standard iceberg-type trade costs, i.e. one
unit of output to arrive needs 7 > 1 units of output to be shipped. Trade in the A-sector
is costless, which ensures factor price equalization provided both sectors are active in both
countries. The FEC remains unchanged for country i compared to the closed economy and
is given by:

_ Y

T =0fe (ﬁ) . (FEC)

Pi

The ZCPC changes in the open economy due to the fact that firms can engage in exporting.
Expected profits in country ¢ are now given by T = m; ($;) + Puimei (Pai), where @; is the
average productivity among all domestic active firms and ©,; is the average productivity
across exporting firms from country i.!! Furthermore the probability to export is given by

pei = (0 /ot Using &;/0F = Gui/t; = (k+’1“70)1/({771), the ZCPC can be written as

w\ k
1+¢ (99—> } ., (ZCPC)
(ID.

J

follows:
__f-1
k+1—0

[ESEva .
where ¢ = 775 (f/f.) o1 is a measure of trade openness. We assume f, > f, which

implies 0 < ¢ < 1. A higher ¢ indicates a higher freeness of trade. Substituting the FEC
into ZCPC leads to a system of two equations in the two cutoffs, which in turn determines

the cutoff productivities in the open economy:

e

and ] .
2= 1—@2( ' 5f.(k+1—0) i (14)

- 2] il

where y = (tpé"“N/gpjlWN)k measures the technological asymmetry across countries. Re-
garding this measure of asymmetry we need to impose a parameter restriction, which states
that the asymmetry has to be modest relative to trade openness, namely x > ¢. There

exists the following link between the domestic cutoff and the export cutoff which deter-

UNote that @; # Py, where @y is the average productivity among all (domestic and foreign) active
firms in market 4.
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mines the threshold productivity needed to serve the export market: ;. = Ap;, where
A= |:’7' (fﬁ/f)l/(ﬁfl)} and A > 1 due to f, > f. We can then obtain the following ranking
of productivity cutoffs, assuming that country 1 is the leading country and country 2 is the
laggard country in terms of technology (x < 1): %, > ¢¥ > i > ¢5. The domestic cutoff
in country 1 is higher than in country 2 and hence, due to ¢;; = Ay}, the export cutoff in
country 1 is lower than in country 2. The high productive firms from the leading country
1 find it easier to export to country 2, facing less productive firms and softer competition.
The opposite holds for the laggard country 2. Firms are less productive and exporters face
tougher competition in country 1.

The allocation of the workforce which is employed in the manufacturing sector completes
the description of the open economy equilibrium. To derive it, we use the aggregate trade

balance condition for country 1:

Mipe17ra1 (Po1) = Mapastan (Pa2) + (L=t — ) = (1 —m1). (15)

The LHS of the trade balance condition denotes the value of country 1’s manufacturing
exports. The RHS of the equation consists of the manufacturing imports from country 2
and, if manufacturing trade is not balanced between both countries, the net exports of the
numeraire (represented by the sum of the second and third term of the RHS). Appendix
A proves that the labor share allocated to the manufacturing sector in country ¢ = 1,2 is

given by:

L (1—2x o B I 9
71*5<m+m>+t1 and 72*5(@ 7X—¢>+t2. (16)

The equations clearly show that a higher tax rate ¢; increases the share of labor allocated
to the manufacturing sector. This is because the lump-sum tax reduces the consumption
of the numeraire and increases the minimum productivity. Analyzing (16) shows that
Y1 = 2 = B+t if countries are symmetrical regarding their technology level (y = 1) and
that ;, = [ + t; if trade costs are prohibitive (¢ — 0). Because we want to ensure that
the numeraire sector is still active after trade, we need to impose parameter restrictions
such that 0 < ~; < 0 for ¢ = 1,2, which are written down in appendix A in detail.
These restrictions require technology asymmetries to be modest relative to trade openness
and per-capita manufacturing expenditure [ and taxes t; to be sufficiently small. Using
v and 7y, it is now straightforward to derive the equilibrium masses of entrants, MFE,

surviving domestic firms, M;, exporting domestic firms, M,;, and consumed varieties, M;; =

16



M; + M,;, for both countries. The price index in the open economy is given by P; =
Mtli/(k”)/ (pPti), where @y, is the average productivity among all active firms in market 4.

Finally, indirect utility in country ¢ can be written as:

Vi=y+flng; +

Lt (17)

which is proportional to the domestic cutoff productivity ¢3.

4 Technology Investments without Spillovers

We now turn to the determination of the endogenous technology investments. We as-
sume that both countries have the same and normalized technology level if there are no
investments in any country. We first deal with the Nash-equilibrium, which results if both
countries behave non-cooperatively, before addressing the case where they cooperatively
set their policies. Tax income and investment level in country i are denoted by 7;. Anal-
ogous to the closed economy the government in country ¢ invests 7; and the technology

level is given by H (T;). The minimum productivity draw in country 4 is given by:
PN = exp {H (T;)} . (18)

At this point we assume that technology investments in country i do not affect the mini-
mum productivity draw in the other country. Hence, there are no spillovers of technology

investments across countries.

4.1 Nash-Equilibrium Policy

Welfare in country i is given by:

O\ 1/k
Vim 1= T+ flug) + pinltm =1-T+ G <¢?’“N (%) >+H3, (19)
o— X —
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MIN

where y = @MIN JoMIN i the relative technology and 3 = ka+2In (1 — ¢?) is a constant. 2

The necessary condition for a welfare optimum is the FOC given by:

ov.
oT;

¢pH’ (T3)

=—1+0H (T;) + (exp {H (T}) — H(T))})" — ¢ -

(20)

It can be shown that there exists a symmetric Nash-equilibrium policy such that both

countries set the same tax rate 7' = T; = T} and the FOC simplifies to:

@ iﬁ d))ﬁH’ =0. (21)
N———

trade effect

FOC = -1+ pH'+

In appendix A we show that this Nash-equilibrium satisfies the second-order condition for
a welfare maximum. Using equation (21) we can clearly disentangle the different effects
of higher investments in technology. Investments 7' increase the lump-sum tax, which
has a negative marginal unit welfare burden. However, they also increase the minimum
productivity, rising the cutoff and average productivity, decreasing the price index, and
at the end increasing welfare. By considering the FOC, the positive effect of investments
in technology can be split into two parts. The already known effect SH’ we discussed in
the autarky case and the new “trade effect” ¢SH’'/ (1 — ¢). To develop economic intuition
for the trade effect, consider a scenario in which country 1 invests in technology, while
country 2 does not. Hence country 1 is the leading and country 2 is the laggard country
in terms of technology. The direct positive effect of investments in technology by country
1 is that they increase the domestic cutoff j. Furthermore, they also decrease the foreign
cutoff 3. Hence, investments in technology generate a negative cross-country externality
to foreign firms. Concerning the export markets it is now harder for country 2 firms to
serve country 1, and it is easier for country 1 firms to serve the foreign market country 2:
©iy > %y The comparative advantage of country 1 firms in serving the foreign market is
even more important, the higher the profit from international trade is, i.e. the higher the
trade freeness ¢ is. This effect mirrors the strategic incentive for governments to invest in
technology. The higher trade freeness is, the higher is the governments’ incentive to give
domestic firms a competitive advantage in competition with foreign firms. Hence, trade

liberalization should increase investments in technology. To see this analytically, define

12 Again we have to impose that asymmetry has to be modest relative to trade openness, namely Y > ¢.
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BH'/(1-¢)

0 1

Figure 3: Optimal investment level T* under autarky and in the open economy without
spillovers

¢ =p0H'/(1—¢)—1, and use the implicit function theorem to derive:

or ¢ [oc\ T H’
5o lor) gm0 .

Result 2: Nash-equilibrium policy without spillovers: Trade liberalization leads to higher

investments in technology. '3

Figure 3 illustrates the autarky equilibrium and the open economy equilibrium without
spillovers. In both cases the unit welfare burden is constant (gray line) while the decreas-
ing functions denote the welfare increase due to a higher minimum productivity. As the
comparison between the dashed line (autarky) with the black solid line (open economy
with ¢ = 0.5) shows, the optimal investment level under autarky is lower than in the open

economy.

1370 illustrate result 2 consider the following example: Let H = /T. Then we have H = 1/ (2\/?)
Solving H' = (1 — ¢) /3 for the optimal tax rate leads to T* = 82/ (4 (1 — ¢)?).

19



4.2 Cooperative Policy

Now consider the scenario, where countries cooperatively set their policies. Joint welfare

Q of both countries is given by:

Q=Vi+Vo=1-T1 4+ Flny] +

Inli+1-Ty+ Flng; +

g
InLy + Ky, (23
o—1 s mlet e (23)
where x4 = 2K is a constant. The necessary condition for a welfare optimum for country

1 is given by:

o, 1
exp{} -6 —1tep(}o

Q
LT

m_ ) H (1) =0, (24)

where the argument of the exponential function is suppressed to simplify notation and
given by exp {-} = exp {k (—H (T1) + H (T3))}. For country 2 the FOC is the following:

20 o 1 /
M _ _ H'(Ty) =0, :
or, 't ( <exp{-}>’“—¢+1—<exp{-}>’“¢) @)=0 @)

where the argument of the exponential function is again suppressed and given by exp {-} =
exp{—H (T1) + H (T3)}. Tmposing T} = T, = T due to symmetry yields the simplified
FOC as follows:

FOC =—-1+08H =0. (26)

Result 3: Cooperative policy without spillovers: The cooperative solution is equivalent to
the autarky policy. Trade liberalization leads to no change in the investments in technology

compared to the autarky case.

In the Nash-equilibrium policy trade liberalization leads to higher investments compared to
the autarky scenario, and thus to over-investments in technology from a social perspective.
The economic intuition is straightforward. Technology investments lead to a negative
cross-country externality that is not taken into account in the Nash-equilibrium policy.
This negative externality is internalized in the cooperative solution, and thus leads to

lower investments than in the Nash-equilibrium policy.

20



5 Technology Investments with Spillovers

We now relax the somehow restrictive assumption that technology investments solely af-
fect the minimum productivity of the home country. Henceforth we assume that home
investments in technology also generate a spillover to the minimum productivity draw in
the foreign country.™ Doing so, we introduce another channel how trade liberalization im-
pacts the equilibrium outcome. The government in country ¢ invests 7; and the technology
level in country ¢, induced by home investments, is H (7;). However, the overall technol-
ogy level in country 7 is also positively affected by investments T} of the foreign country
J. The foreign part of technology improvement is denoted by F'(Tj). Even if countries are
identical with respect to country size and the return of investments, our notation allows
for a separation of the technology improving impact of domestic and foreign investments in
technology. For both H and F' we assume that investments in technology generate positive

but decreasing marginal returns, formally:

OH OH' OF OF
H==->0 and H'==—-<0, FF==—->0 and F'=—-= <0.
aT; aT; aT; oT;

The minimum productivity draw in the home country ¢ is given by:
PN = exp {H (T;) + oF (T})} (27)

and it is clear that the minimum productivity draw now positively depends on not only
the home investment level 7; but also on the investments 7Tj of the foreign country j. The
impact of the spillover ¢F increases in ¢, since we consider trade openness ¢ as a broad
measure of economic integration. The spillover is then more pronounced, the more the
economies are integrated.!> We typically expect that investments in technology have a
stronger impact on the domestic minimum productivity level than on the foreign minimum
productivity. We define A = H' — F’ and call the typical case of A > 0 a “weak spillover”.
Nevertheless, in certain cases, investments in education may have a stronger impact to a

foreign country than to the home country. This may be the case, for instance, in some

See also the industrial organization literature on R&D spillovers, e.g. Cohen and Levinthal (1989).
They argue that R&D investments not only lead to a new product innovation but may also impact the
other firm’s ability to assimilate and exploit their production technologies.

15See Adams (1990), Jaffe (1989) and Branstetter (2001) for empirical evidence that e.g. patent citations
actually decrease in distance. Or as the authors (Jaffe et al., 1998, p.968) note “spillovers are limited to
specific areas and not just the diffuse effect of a large research university.” Hence for our model these
studies also suggest that the magnitude of the spillover positively depends on the trade openness.
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small countries like Hong Kong, whose educational quality is very high and attracts many
students from foreign countries. Thus Hong Kong’s investments in education may have a
stronger impact to foreign countries than to Hong Kong itself. For situations like that, we

assume A < 0 and call it a “strong spillover”.

5.1 Nash-Equilibrium Policy

Welfare in country i is given by:

o—1

o\ 1/k
Vi=1-T,4+Blng; + B lnL—&—m—l—ﬂ-f—ﬁlD(%]'WN(X)—(QJ )4—’%37 9

]WIN/(’OMIN
i

where X = ¢} is the relative technology and k3 = ko + % In (1 — ¢?) is a constant.

The necessary condition for a welfare optimum is the FOC given by:

Vi
oT;

¢BH' |T)) — ¢*BF' (T1) _
(exp {H (T}) — H(T}) + ¢F (T;) — 6F (T))})* — ¢

= -1+ pH (1) +

0. (29)

It can be shown that there exists a symmetric Nash-equilibrium policy such that both

countries set the same tax rate T'=T; = T; and the FOC simplifies to:

marginal benefit

_ 1 ;¢
R (e L )

trade effect spillover effect

BF' =0. (30)

In appendix A we show that this Nash-equilibrium satisfies the second-order condition for
a welfare maximum. Formally the marginal benefit of investments in technology can be
split into two parts. The already known trade effect (see section 4.1) and the new “spillover
effect”. Both increase in trade openness ¢ but have opposite signs. If the trade (spillover)
effect dominates, trade integration leads to higher (lower) investments in technology.

Comparing the FOCs with and without spillovers of investments in technology, for a given
level of trade openness ¢, we can clearly see that without spillovers (Eq.(21)) the invest-
ment level T is always higher as it is the case with spillovers (Eq.(30)). With spillovers,
investments in technology have the characteristic of a public good, i.e. not only the do-
mestic firms benefit from the investments but also the foreign firms. Hence, the spillover

effect dampens the marginal benefit of the investment policy because home firms now gain
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less competitiveness relative to foreign firms.'® With higher trade openness this “free rider”
problem, that arises due to the public goods character of investments, becomes even more
important and dampens the government incentive to invest.

With the help of the implicit function theorem and ( = %H’ —-1- %F’ we derive:!”

M_@g(@()l_ H' + (=2 + ¢) ¢F (31)
9 96 \oT) — (1—0)(¢*F" = H")’
If we assume a weak spillover, i.e. A= H' — F' > 0, we get:

or  a¢ (o¢\™'  H(1—¢)+A2-¢)¢

% 5r) —uoenieE 7o o

Result 4: Nash-equilibrium policy with weak spillovers: Trade liberalization increases

investments in technology.

Hence, for weak spillovers and without spillovers (see Result 2) trade liberalization leads to
higher investments in technology in Nash-equilibrium policy. A natural question is whether
this result also holds for strong spillovers. Put differently, we ask ourselves if there is a case
in which trade liberalization actually leads to lower investments in technology? Solving
85 = 0 for ¢ leads to:

&:1—7\/m 1 -4 (33)

with ¢ < 1 if and only if A < 0, which mirrors a strong spillover of technology investments
to the foreign country. Hence, for a sufficiently high trade openness ¢ > ¢, investments
in technology decrease with further trade liberalization. Note that a lower A mirrors a
stronger spillover to the foreign country, and the incentive to decrease investments starts

at a lower trade openness ¢ since ¢ decreases with lower A.

Result 5: Nash-equilibrium policy with strong spillovers: Trade liberalization first leads

to an increase and then to a decrease of investments (hump-shaped relationship). '8

6The result that the level of investments is lower in cases where spillovers exist is a well known result in
the industrial organization literature on investments in R&D, see e.g. Spence (1984) as a seminal reference.
"Note that if the impact of the foreign technology investment level is zero, i.e. F' =0 and F” =0,
Eq.(31) reduces to 3% = 7(1%);1” > 0 what is equivalent to Eq.(22) derived in the case without spillovers.
18Ty illustrate results 4 and 5 consider the following example: Let H = /T and F = sv/T, where s
is the strength of the spillover. Thereby 0 < s < 1 denotes a weak spillover and s > 1 denotes a strong
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Why do countries decrease investments in technology with higher trade openness? The
reason is that with strong spillovers the total effect (marginal benefit) of trade integration
can actually be negative. In this case the spillover effect outweighs the trade effect. In this
context, recall the example of Hong Kong, where investments in education might convey

foreign countries more than the domestic country itself.

5.2 Cooperative Policy

Now consider the cooperative solution. The joint welfare function of both countries €2 is

given by:

Q=Vi+Vo=1-T +Blny] +

In Ly + Ky, (34)

Inly+1-Ty+ Flng; + ﬁl
o —

B
oc—1
where k4 = 2k is a constant. The necessary condition for a welfare optimum is the FOC.

For country 1 it is given by:

69_1+25H’(T1)+5(

5)

_ oH' (1)) — ¢*F'(Ty)  H'(Ty) — ¢F (T1)> =0, (3
a1 |

exp{}' —¢ 1—exp{}'¢

where the argument of the exponential function is suppressed to simplify notation and
given by exp {-} = exp {¢F (T1) — ¢F (1T2) — H (T1) + H (1) }. For country 2 the FOC is
given by:

o

aTz—l—&-26¢F(T2)+ﬁ<

$*F' () — pH' (Ty) | ¢F' (Ty) — H' <T2>) =0, (36)
exp{-}'—¢ “1texp{}'o |

where the argument of the exponential function is again suppressed and given by exp {-} =
exp{¢F (Th) — ¢F (Iz) — H (T1) + H (T3)}. Imposing 71 = T = T yields the simplified
FOC as follows:

FOC = -1+ BH' + BoF' = 0. (37)
: : : : * 32(175¢2)2 * H H
spillover. Solving the FOC for the optimal tax rate yields 7% = PTG T* reaches its maximum at

s = 1/¢? > 1. Hence, there exists only a maximum for 0 < 7% < 1 if s > 1, which mirrors a strong
spillover.
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We use the implicit function theorem and ( = —1 + SH' + B¢ F’ to derive:

or o (ag)* B P N 38)

9 0o\aT) T P+ H' "

Result 6: Cooperative policy with spillovers: Trade liberalization leads to higher invest-

ments in technology.

In comparison to the cooperative policy without spillovers (Eq.(26)) we find a positive
impact of trade openness on the investment level. The economic reason is that invest-
ments in the scenario with spillovers do not only improve the domestic firms’ technology
level but they also generate a positive externality on the technology of foreign firms. The
latter effect is stronger, the higher the degree of trade openness. In comparison to the
Nash-equilibrium policy the spillover does not dampen the incentive to invest. Exactly
the opposite it true. Spillovers lead to a positive externality to the foreign country that is
internalized in the cooperative solution and increases in ¢.

To compare the cooperative policy with the Nash-equilibrium policy we rewrite the FOCs

Eq.(30) and Eq.(37), respectively. They are given by:
FOCcoop = —1 4 BH' + BoF' =0 (39)

and

FOCyash = —1 + BH' + BoF’ + %BA =0. (40)
Both FOCs only differ in the last term of Eq.(40). The sign of A depends on whether the
investments spillover is weak or strong. If the spillover to the foreign country is strong
(A < 0), the investment level T, in the Nash-equilibrium policy is then lower than the

welfare maximizing investment level T¢, of the cooperative solution. If the spillover is

oop

weak (A > 0) the investment level T, in the Nash-equilibrium policy is then higher

compared to the cooperative solution T¢ .

Result 7:

(i) Weak Spillover: Nash-equilibrium policy invests too much from a social perspective

and we have an over-investment problem: T¢ = < T3,

(if) Strong Spillover: Nash-equilibrium policy invests too little from a social perspective

17 1 . i %
and we have an under-investment problem: T, < T¢,0p-
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In the open economy there are two motives for governments to invest in technology. Firstly,
there is the benevolent motive. Investments in technology improve welfare due to a lower
CES price index. Secondly, there is the strategic motive of investments in technology. Gov-
ernments have an strategic incentive to give their domestic firms a competitive advantage
over foreign firms. In the cooperative solution, only the benevolent motive is taken into
account, and all strategic motives of cross-country externalities are internalized. The mag-
nitude of the strategic motive crucially depends on the strength of the spillover. Without
or with weak spillovers the government strategically over-invests and with strong spillovers

the government under-invests in technology.

6 Conclusion

6.1 Summary

In this paper we have developed a two-country model where governments can invest in
technology to improve firms’ average productivity. We find that in the closed economy
countries have an incentive to invest if consumers have a sufficiently high preference for
varieties. In the open economy there are two motives for this policy. First, the benevolent
motive is to decrease the average price, which leads to a consumption gain. Second, the
strategic motive is to generate a negative cross-country externality to the foreign coun-
try, which gives domestic firms a competitive advantage over foreign firms. This strategic
motive to invest in technology might also be supported by the fact that investments in
technology are not considered as a common trade policy. Therefore this instrument is not
under scrutiny by international organizations like the WTQO as classical trade policy instru-
ments like import tariffs or export subsidies. However, in our context with heterogeneous
firms we definitely find that trade patterns are affected by the strategic use of investments
in technology.

If there are no cross-country investment spillovers, the cooperative solution is equivalent
to the autarky solution. If there are cross-country spillovers, countries invest more with
higher trade openness. In the Nash-equilibrium policy countries strategically compete in
their investment levels. If there are no cross-country spillovers, countries increase their
investments with higher trade openness in order to take advantage of the negative cross-
country externality to foreign firms. If there are cross-country investment spillovers, we
differentiate between weak and strong spillovers. If there are weak (strong) spillovers,

we find a positive (hump-shaped) relationship between investments and trade openness in
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the Nash-equilibrium policy. From a social perspective we then obtain an over (under)-

investment problem if spillovers are weak (strong).

6.2 A Brief Look into the Data

Our model provides a rationale why countries have an incentive to strategically invest in
technology. It predicts a positive (humped-shaped) relationship between the minimum
productivity draw and trade openness for weak (strong) spillovers. Unfortunately, the
minimum productivity draw is unobservable in the data.!'® Nevertheless, we provide a brief
empirical analysis whether this theoretical result is qualitatively supported by the data. As
a real basic proxy for the country-specific investments in technology, we use the teacher-
per-pupils ratio for 74 countries as reported by the World Bank (2006).20:2! We augment
this data set with information on trade openness at the country level, sticking to a standard
proxy that has been widely used in the literature. The most common openness indicator is
trade intensity (717), which is defined for country ¢ as the sum of total exports and imports
over GDP: TI; = (Exp; + Imp;) /GDP;.*2 Matching data on the TI-measure by Penn
World Table (2009) with the information on the teacher-per-pupils data by the World Bank
(2006), we end up with a sample of 74 countries. Figure 4 plots the teacher-per-pupils ratio
for 74 countries against the TT-measure and suggests a positive correlation. In fact, the
simple OLS regression (T'eacher/Pupils), = oz—&—ﬂl-TIi—&—ﬂz-(TIi)2+ﬁg~laborproductivityi—&—ei
has significant coefficients 8; > 0 and B2 < 0, which actually suggests that a humped-
shaped relationship seems to fit the data.?® This result is driven, however, by the countries
with the highest openness levels like Hong Kong or Malaysia. For those countries it is
most likely that investments in technology not only improve the domestic technological
capabilities but also the foreign technology level of surrounding countries. In these cases

the spillovers are probably “strong” (A < 0) and our model predicts that trade liberalization

19Some authors like Corcos et al. (2009) provide indirect estimations for the minimum productivity
using a Melitz and Ottaviano (2008) framework. For the 15 EU countries they provide estimations for
the so called exogenous competitiveness, a bundle of sunk entry costs, factor prices, and the minimum
productivity.

20The correlation coefficient of the teacher-per-pupils ratio with exogenous competitiveness by Corcos
et al. (2009) is, depending on the set of sectors included, up to 0.52.

21Gee the UNESCO (2006) report on Teachers and Educational Quality.

22Trade intensity is the most basic trade indicator and easily available for a variety of countries from
the Penn World Tables. See Rodriguez and Rodrik (2001) for a discussion on openness indices.

23More specifically, this simple OLS estimation yields 5, = 0.462*** (std.error 0.123), B, =
—1.517** (std.error 0.459), B3 = 1.430*** (std.error 0.208) with R? = 0.44. TLabor productivity is
(GDP /employment) as reported by the International Labor Office (ILO). See appendix B for detailed
data sources.
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Figure 4: Trade intensity and teacher-per-pupils ratio

may actually lead to lower investments in technology.

For the vast majority of countries, figure 4 suggests that freer trade can go hand in hand
with higher technology investments, which is qualitatively consistent with the predictions of
our model. This conclusion is, of course, suggestive at best, especially since figure 4 makes
no pretense of capturing any causal relationship between trade freeness and technology

investments. A more detailed empirical analysis of these issues seems to be an interesting

avenue for future research.
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Appendix A: Model

Equilibrium Firm Masses in the Open Economy

Using the fact that aggregate earnings in the manufacturing sector equal government spend-
ing and the revenue of manufacturing firms ~; = M;7; + t;, with 7 = 1, (@;) + Peitai (Pui)
yields M; (v; —t;) /7; for i = 1,2. Substituting these terms into the trade balance condi-
tion for country 1 (Eq.(15)) and the analogous equation for country 2 gives the following
expressions:

M=t 2 — e Yo—ta 1 —t
_ — 3t = —B3—t Al
i, 1gn M B—t + 92 = B —ta, (A1)

1+ by 14+ b
= o—1 ~ x\ 01 w\ K -
o @) T (991%) :1(@> _ (x—¢)
Pe1721 ($a1) Dot \ P Pa1 o) 1 1—ox
poo T2(@) 1! (%s&i‘ ) 1
2 = T~ =~
()029012 ¢

where

Pax2T22 (@x?) P2
Solving (A1) for ; yields:

(14b1) (1 —bq)

mn=7p 1— biby

+ 1 Y =0 + to. (A2)

Plugging in b; and by then leads to the expressions for y; and -y, given in equation (16) in
the text.

Furthermore, we need some parameter restrictions in order to ensure that 0 < 3; = v, —t; <
1 for i = 1,2. Country 2 is assumed to be the lagging country in terms of technology and

we have 0 < ¢ < 1 for ¢« = {¢, x}. Now we impose the following conditions:

_(@=x)(ox—-1) 11— /12 -1 /
0<ﬂ<ﬁmaz:m and 0<¢<¢m(w:f. (A3)

Conditions A3 require that per-capita manufacturing expenditure § and country asymme-
tries with respect to technology investments are sufficiently small. Using M; = (v; — t;) /7:
and 1, 7o yields the mass of domestic firms, mass of entrants, and mass of exporting firms:

M, = (m—t) :(kJFl*U)ﬁ 14 ¢* — 20x (A4)

g (7?1 + f +pm1fa¢) ka (1 - ¢2) (1 - ¢X)
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(2 — t2) (k+1—-0)B(x(1+¢°) —20))

=5 (o + [+ paafs) okf (1—¢2) (x — o)

s 6My  (0-DBx(1+¢>—20x) N
M= i joF = kg, (=9 (=) (A5)
ME — oMy (0-1)B(x(1+¢%) —29)

2T (VN o F T okfe (x— @) (1—6x)

k

_ (¥ _(k+1-0)Bo(1+¢*—20x)

s <As;’5) S P (Y ey (46)

k
. k+1-— 1 2) -2
Mﬂ:(%*) M, = EE1=0) 56 (x( ;Hzﬁ) )
Api okf. (1—=9¢%)(1—ox)
Finally from these expressions the mass of firms active in country 4, My, = M; + M,;, (i.e.

consumption variety) can be obtained.

Nash-Equilibrium Policy

In the following we show that the Nash-equilibrium satisfies the second-order conditions for
a welfare maximum. Firstly, consider the case without spillovers. Differentiating Eq.(20)
with respect to 7; and using the FOC H' (T) = (1 — ¢) /3, leads to:

S0C — % 4 (%) H <0, (A7)
which is satisfied for a sufficiently low ¢. Secondly, consider the case with spillovers.
Differentiating Eq.(29) with respect to T; and using the FOC H' (T) = (1 — ¢ + B$*F") /5,
e 6 (k(1=0) (1 = GOFY — FoF") 3
+ H" <0, (A8)
B(1—9) (1-19)

which is also satisfied for a sufficiently low ¢.

SOC =

Appendix B: Data

List of Countries included in the Empirical Analysis (N=74):

Argentina, Armenia, Austria, Belgium, Bolivia, Brazil, Bulgaria, Burkina Faso, Chile,
China, Colombia, Croatia, Denmark, Dominican Republic, Ecuador, Egypt, Finland, France,
Georgia, Germany, Ghana, Greece, Hong Kong, Hungary, India, Indonesia, Ireland, Israel,

ITtaly, Jamaica, Japan, Jordan, Kazakhstan, Kenya, Korea Rep., Kyrgyz Republic, Latvia,
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Lebanon, Lithuania, Madagascar, Malawi, Malaysia, Mexico, Morocco, Mozambique, New
Zealand, Nigeria, Norway, Pakistan, Panama, Peru, Philippines, Poland, Portugal, Roma-
nia, Russian Federation, Senegal, Singapore, Slovak Rep., Slovenia, South Africa, Spain, Sri
Lanka, Sweden, Tanzania, Thailand, Tunisia, Uganda, Ukraine, United Kingdom, United
States, Uruguay, Venezuela, Zambia, Zimbabwe.
Data Sources:
Teacher-per-pupils ~ World Bank (2006), World Development Indicators 2006.
TI; TI-based trade openness measure for the year 2000, Penn World Tables.
Employment Total employment level for 1999 (in 1,000,000), International Labour

Office (ILO), LABORSTA - data base for labor statistics.

Note for the interpretation of the OLS regression that 7'/; is multiplied by 1,000.
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