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Abstract

We develop a two-factor trade model with monopolistic competition, a variable elasticity of substitution

and trade cost. We show that the country endowed with more capital is a net exporter of manufactured

good, its capital price is bigger and �rm's output is smaller. The relative added value in manufacturing is

smaller in the capital-endowed country. Total trade value increases with trade liberalization. Last, dumping

or reverse dumping may aim depending on consumers' altitude towards variety love and countries relative

capital endowment.

1 Introduction

Classic questions in trade theory include number of �rms in di�erent countries and their size, specialization of

countries, total trade value and etc. How decreasing of trade bariers and globalization a�ect them? It's one of

the main interests in many studies (Helpman and Krugman, 1987; Brakman and Heijdra, 2004). Another topic

is dumping (Brander and Krugman, 1983; Greenhut et al., 1987). What leads �rms to use price discrimination?

New trade theories typically use CES preferences which yield a well-de�ned set of predictions regarding

�rms' pricing policies across countries. However, most of them are not consistent with empirical evidence. First,

mark-ups vary with market size (Syverson, 2007). Second, �rms price discriminate across destinations, using

either dumping or reverse dumping (Martin, 2009; Manova and Zhang, 2009; Bernard et al., 2007). Last, �rms

set up in countries endowed with a large amount of human or physical capital charge prices higher than �rms

located in poorly endowed countries (Schott, 2004; Hummels and Klenow, 2005; Hallak, 2006; Hallak and Schott,

2008). The aim of this paper is to obviate some of these drawbacks by studying trade �ows and �rms' pricing

1



in a monopolistic competition setting with non-homothetic preferences. To be precise, instead of using the CES

or any other speci�c preferences, we use general additive preferences.

To achieve our goal, we consider a trade model with two asymmetric countries in which production factors

are owned by di�erent agents, i.e. workers and capital-owners. Unlike the model developed by Krugman and

Helpman (1987) and others who assume that the relative endowment of labor and capital is the same in both

countries, we follow Heckscher and Ohlin and consider a setting in which the shares of labor and capital di�er

between countries. Our model may thus be viewed as a combination of �new� and �standard� trade theories. By

combining the two main types of asymmetries used in the literature with non-homothetic preferences, we are

able to derive a new set of predictions that agree with the above-mentioned empirical literature.

Our main results may be summarized as follows. Elasticity of inverse demand (or, the same, inverse elasticity

of substitution of varietes) can increase/decrease with individual consumption and all markets can be classi�ed

respectively as imitating price decreasing/increasing competition. Under increasing (decreasing) elasticity of

inverse demand the product price decreases (increases) with the number of �rms.1 It could take place when

total endowment of capital or share of capital in the country increase. In both cases the number of �rms remains

proportional to gross capital (as in traditional models) and individual consumption of each variety decreases.

However, this decreasing is outweighed by increasing number of varieties and consumer's utility increases.

Another topic is the e�ect of the trade liberalization which means decreasing trade cost. Lowing trade cost

makes price of any imported variety increasing in case of price increasing competition (the change being am-

biguous in the opposite case), whereas price of any domestic variety decreases (increases) under price decreasing

(increasing) competition. Total trade value increases with trade liberalization.

We show that �rms' pricing behavior may exhibit (reciprocal or unilateral) dumping or (reciprocal or uni-

lateral) reverse dumping, depending on the nature of the utility and the relative sizes of the trading partners.

Under small asymmetry of countries in capital endowment both countries practice dumping or reverse-dumping

depend on price decreasing or increasing competition. In case big asymmetry price decreasing (increasing) com-

petition yields dumping (reverse-dumping) used by smaller country and reverse-dumping (dumping) used by

bigger country.

Trade equlibrium displays that capital price is less in country with relative advantage in capital in contrast

to P�uger (2004) and country with bigger endowment of capital is net exporter of manufactured varieties. These

results are the similar to Helpman and Krugman (1987).

One of trade pattern of a model with CES-preferences (Helpman and Krugman, 1987) presents relative GDP

1Anti-competitive e�ect is not unnatural. It is known in IO that shrinking demand decreases the output, but the impact on price

is ambiguous, depending upon the elasticity of the demand. A monopolistic competitor experience the same e�ects when facing

more competitors.
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of richer in capital country less than one despite to bigger output of manufacturing sector. Should this non-trivial

pattern remain true under our generalized assumption? We show that value added per �rm and �rm's size are

less in country with advantage in capital.

Finally, we apply our setting to trade theory and uncover several new properties hindered by the CES, such

as dumping and reverse dumping. We also derive general properties of the trade pattern. So, the relative value

added in manufacturing is smaller in the bigger endowment of capital country as well as �rm's size in terms of

value of output.

2 Closed economy

Before analyzing our main object of interest - trade, we are explaining our main concepts and main impacts of

labor and capital on equilibria on the simpler object - closed economy. Our goal is to study e�ects of market

size and ownership structure on equilibrium without in�uence of trade cost. One big country can be interpret

as integrated equilibrium in Helpman meaning.

2.1 Model

To simplify aggregating demands of capital owners and workers, we assume two sectors called (traditionally)

�manufacturing� and �agriculture�, the latter being used as numerarie. Manufacturing includes one di�erentiated

good and agriculture includes one homogeneous good. The two production factors are called �labor� and �capital�

though there can be alternative interpretations: skilled and unskilled labor, etc.

Consumer side includes workers and capital owners. Among a big number L of identical workers, each

o�ers one unit of labor inelastically and similarly among a big number K of capital owners, each o�ers one

unit of capital. The di�erentiated good is represented by continuum of varieties indexed by i ∈ [0, N ], where

N is the mass of varieties. We interpret L + K as exogenous country size (population size) and N as an

endogenous industry size. In�nite-dimensional consumption vector is x = (xi)i∈[0, N ] where xi is the individual

consumption of variety i. We follow Ottaviano et al. (2002) and assume quasi-linear preferences of consumers

(same for workers and capital owners). Absence income e�ect is drawback of using quasi-linear preferences but

it necessary to avoid di�erences in consumers' expenditure. Utility maximization has the form:

U = V (

ˆ N

0
u(xi)di) +A→ max

x,A
, s.t.

ˆ N

0
pixidi+Apa ≤ E

Here p = (pi)i∈[0, N ] is the price vector, pa is the price of agriculture good, E is income (de�ned below

di�erently for workers and capital owners), u(�) is an �elementary� utility function, V (�) is an upper-layer utility
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function. Both utility functions are thrice continuously di�erentiable, strictly increasing (at least at some zone

of equilibria [0, x̌)) and strictly concave with u(0) = 0, V (0) = 0. Unlike Dixit and Stiglitz (1977) and Behrens

and Murata (2007) we do not assume speci�c form of function u(�).

Critical role in the analysis of the equilibrium variables is an Arrow-Pratt measure of concavity is

ru(z) = −u
′′(z)z

u′(z)
.

On the other hand, ru is the elasticity of the inverse-demand function for variety i. Also ru(z) can be treated

as �relative love for variety� (further, RLV). Note that for CES-function (u(z) = zρ) ru(z) is a constant -

ru(z) = 1− ρ but for other functions it may increase or decrease.

The �rst-order condition for the consumer's problem imply the inverse demand function for variety i:

p(xi, λ) = V ′(

ˆ N

0
u(xj)dj)u

′(xi) = u′(xi)/λ.

where λ = 1

V ′(
´N
0 u(xi)di)

> 0 denotes an analogue of the Lagrange multiplier of the �budget constraint� for

sub-optimization problem with manufacturing only (unlike real budget multiplier equal to 1). It is interpreted

as the marginal utility of expenditure for manufacturing or the intensity of competition in manufacturing.

On production side, agriculture sector produce homogeneous good with marginal cost of one unit of labor,

perfect competition and constant return to scale, so price pa ≡ 1. Manufacturing sector presents identical �rms.

Each �rm perceives current λ and function p(., .) as given and faces �xed cost of one unit of capital and marginal

cost amounting to c units of labor. Its production cost is C(y) = π+wcy, where π is the price of capital (interest

rate) and y is output. Labor is intersectorally mobile, that lead us to same wages in both sectors, normalized

without loss of generality to w = 1. Then total production cost of output y becomes

C(y) = π + cy.

Then income of worker (wage) is E = 1. Each capital owner spends E =
´K
0 πidi

K which is individual income

from capital and K denotes total supply of capital.

Each �rm produces one unique variety (each is produced by single �rm). The number of �rms N is big

enough to ignore impact of each �rm on the market and any i-th producer's program is:

(L+K)p(xi, λ)xi − (L+K)cxi − πi → max
xi

.

Since all producers are identical (we assume cancave pro�t function and week border conditions), there is unique
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symmetric solution of producer's program. We drop index i and, using the �rst order condition, characterize

the (symmetric) pro�t-maximizing price as

p =
c

1− ru(x)
(1)

and mark-up as

M =
p− c
p

= ru(x) ∈ (0, 1). (2)

Second order condition for producer's program can be derived as

ru′(x) < 2,

where ru′(x) = −xu′′′(x)
u′′(x) denotes concavity of u′ (see Apendix A).

For symmetric outcome, capital owners income becomes E = π, and since each �rm uses one unit of capital,

the number of �rms at equilibrium should become

N = K. (3)

Equilibrium. The (symmetric long-run) equilibrium is the bundle (p∗, x∗, λ∗, π∗) satisfying consumers' and

producers' maximization conditions and zero-pro�t condition in manufacturing sector

(L+K)p∗x∗ − (L+K)cx∗ − π∗ = 0.

Labor market clearing for manufacturing is unneeded because agricultural sector uses the same labor, whereas

total labor balance follows from the budget constraint.

We can rearrange the main equilibrium equations in the convenient form dropping index ∗:

V ′(Ku(x))u′(x) =
c

1− ru(x)
(4)

π = (L+K)(p− c)x. (5)

Proposition 1. To solve for equilibrium, one can �nd consumption x from (4), then price p from (1), then

capital price (interest) π from (5), number of �rms always being constant as (3).

Summarize, equilibrium is determined as system solution included (1), (3), (4), (5).
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2.2 Impact of market size: capital and labor supply

From now on we study only equilibrium values of variables (p, x, λ, π). This is done through total di�erenti-

ation of our equilibrium equations, allowed by the implicit function theorem (the functions involved are twice

di�erentiable).

Consumption. We use main equation (4) for inverse demand and di�erentiate it w.r.t. K to get

∂x

∂K
= − V ′′(Ku(x))u(x)u′(x) (1− ru(x))

KV ′′(Ku(x)) (u′(x))2 (1− ru(x)) + V ′(Ku(x))u′′(x)(2− ru′(x))
< 0,

since V ′ > 0, V ′′ < 0, u′ > 0, u′′ < 0, ru < 1, ru′ < 2.

Thus, individual consumption of each variety decreases with the supply of capital K, being independent of

labor supply L (see (4)). One can understand that independence of labor suply is the artifact of the assumption

of constant marginal cost.

Decreasing individual consumption w.r.t. mass of varieties is consistent with the assumption that agents

consume all available varieties. Individual consumption of each variety decreases w.r.t. mass of varieties because

each consumer consumes bigger mass of varieties distributing her income between larger mass of varieties.

Price. Now using behavior of individual consumption w.r.t. capital endowment we study �rms' pricing

policy. Thus, we analyze the behavior of equilibrium price (1) as a function of K:

∂p

∂K
= c

r′u(x)

(1− ru(x))2
∂x

∂K

We observe that behavior of equilibrium price as function of K depends on r′u. When ru(x) is an increasing

function - under increasing RLV - the equilibrium price decreases with capital K, thereby under growing com-

petition (N = K) market mimics pro-competitive e�ect. When ru(x) is decreasing function - under decreasing

RLV - the equilibrium price increases with capital K that corresponds to anti-competitive e�ect. Further, using

(2) we note that: (i) behavior of equilibrium mark-up is the same as the prices; (ii) both price and mark-up are

independent on number of workers L. As before (ii) is the artifact of the assumption of constant marginal cost.

Economic intuition suggests that price decreases with number of competitors. But as describe above in-

creasing/decreasing price w.r.t. number of competitors depends on the elasticity of the inverse demand. So,

increasing equilibrium price with number of competitiors is native if inverse demand curve is �too� convex.

Interest rate. Now we study the behavior of capital price (5) π. Di�erentiating (in K) equation

π = (L+K)c
xru(x)

1− ru(x)
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and rearranging we get

∂π

∂K
=

Kcru(x)

1− ru(x)
· ∂x
∂K
·

(
x

K ∂x
∂K

+ (
L

K
+ 1)

(2− ru′(x))

1− ru(x)

)
.

The sign here is not clear but one can note that it depends on comparison between (the inverse of) elasticity of

equilibrium consumption and labor/capital ratio multiplied by some demand characteristic. Intuition suggests

that the sign should be negative, the price of capital should decrease with its supply, which is true when gross

parentheses term is positive. However, formally it is not so clear. As soon as x is a function only of K, not L,

we see from the above that for any given u, K one can found su�ciently big labor endowment of economy that

the parentheses term is positive and our intuitive conclusion holds true. I.e., under su�ciently big population

interest decreases with capital supply, that makes sense. Is the same true for smaller population or not is not

clear so far, we do not have counter-intuitive examples.

Now we study impact of labor supply on capital price by di�erentiating equation (5) w.r.t. L

∂π

∂L
= c

xru(x)

1− ru(x)
> 0

So, capital price unambiguously increases with the number of workers. Individual consumption doesn't depend

on number of workers. It means that �rm size (equilibrium �rm output) increases with number of workers.

Consequently, capital price increases with labor suply too.

Welfare. Equilibrium utility of each worker does not depend on labor supply, because consumption of

manufacturing good x does not change and income does not change. By contrast, utility of each capital owner

increases with labor supply, because consumption of x does not change, income π increases and additional income

can be spent on agriculture.

When r
′
u > 0, equilibrium utility of each worker as function of capital is clear: variety increases, price

decreases and bigger range of variety becomes available for smaller prices, so, under increasing RLV, worker's

utility increases in capital supply (by the revealed-preference argument).

Similar question for capital owners is more involved. In case pro-competitve e�ect and increasing capital

price with capital supply utility of capital owners' increase. But behavior of capital owners' utility could be

contradictory in more general case:

U(K) = V (Ku(x(K))) +A(K) = V (Ku(x(K))) + π(K)−Kp(x(K))x(K)

By the envelope theorem, we can ignore indirect e�ects (x(K)) on the optimal utility, so, di�erentiating
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utility w.r.t. K we get

∂U

∂K
= V ′(·)u(·) +

∂π

∂K
− px−Kx∂p

∂x
· ∂x
∂K

,

with unclear answer.

Intuition suggests that increasing as well as decreasing capitalists' utility is native behavior. As we show

above equilibrium capital price as well as product price behave di�er w.r.t. capital supply. So, market can re�ects

di�erent e�ects, in case pro-competitive e�ect and decreasing capital price capitalists' utility can decreases or

increases. The same take place in case anti-competitive e�ect and increasing capital price.

3 International trade

In previous section we study closed economy model that help us understand main interest of our research - trade

patterns in following model. We assume that the world economy has similar preferences and technologies but

includes two countries named Home and Foreign. Agricultural good requires zero trade cost. By contrast, τ > 1

is the �iceberg�-type trade cost for manufacture good. There is a big number L = saL + (1 − sa)L of identical

workers and K = sK + (1− s)K of identical capital owners. Here sa and (1− sa) denote the shares of workers

in Home and Foreign countries respectively. Similarly, s and (1 − s) are the shares of capital owners in these

countries. We assume that Home country has bigger supply of capital, i.e. s > 1
2 .

Let xij be the individual consumption of each variety made in country i and consumed in country j, pij is

the price of xij .

Preferences of consumers are the same as before and include consumption of goods produced in Home and

Foreign countries. Consumer's programs for Home and Foreign country are:

max
X,A

[
V (

ˆ NH

0
u(xHHi )di+

ˆ NH+NF

NH

u(xFHi )di) +A

]
, s.t.

ˆ NH

0
pHHi xHHi di+

ˆ NH+NF

NH

pFHi xFHi di+A ≤ E

max
X,A

[
V (

ˆ NH

0
u(xHFi )di+

ˆ NH+NF

NH

u(xFFi )di) +A

]
, s.t.

ˆ NH

0
pHFi xHFi di+

ˆ NH+NF

NH

pFFi xFFi di+A ≤ E

Here NH and NF denote number of �rms in Home and Foreign country, and of varieties in Foreign are numbered

starting from NH . As before, for workers E = 1 and capital owners' incomes in H and F are interests E =

πH , E = πF , respectively.

We use, as in previous section, the marginal utility of expenditure for manufacturing goods, but now these
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magnitudes can di�er in H and F, being denoted as λH , λF , respectively. The �rst-order condition for the

consumer's optimization imply the inverse demand functions of any variety k:

p(xHHk , λH) =
u′(xHHk )

λH
, p(xFHk ) =

u′(xFHk )

λH

λH =
1

V ′(
´ NH

0 u(xHHk )di+
´ NH+NF

NH
u(xFHk )di)

,

p(xFFk , λH) =
u′(xFFk )

λF
, p(xHFk ) =

u′(xHFk )

λF
,

λF =
1

V ′(
´ NH

0 u(xHFi )di+
´ NH+NF

NH
u(xFFi )di)

.

Production side is the same as in previous section. Since �rms are identical, we symmetrized outputs are

qHi = qH , qFi = qF . Total demand (output) qH of Home �rm and output qF of Foreign �rm are:

qH(x) ≡ (sK + saL)xHH + ((1− s)K + (1− sa)L)xHF ,

qF ≡ ((1− s)K + (1− sa)L)xFF + (sK + saL)xFH .

Producers of Home and Foreign �rms perceive λH , λF as given and maximize pro�ts as

(pHH(xHH , λH)− c)(sK + saL)xHH + (pHF (xHF , λF )− τc)((1− s)K + (1− sa)L)xHF − πH → max
xHH , xHF

,

(pFF (xFF , λF )− c)((1− s)K + (1− sa)L)xFF + (pFH(xFH , λH)− cτ)(sK + saL)xFH − πF → max
xFF , xFH

,

where πH and πF are capital prices in Home and Foreign country.

Using the �rst order condition we characterize the (symmetric) pro�t-maximizing prices as

pHH =
c

1− ru(xHH)
, pFH =

τc

1− ru(xFH)
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pFF =
c

1− ru(xFF )
, pHF =

τc

1− ru(xHF )
,

Under second order condition for producer's problem we get the same as in the previos section condition for

pro�t concavity:

ru′(x) < 2.

Capital (as well as labor) is immobile among countries, so, as previously, the masses of �rms are predetermined

by its capital balance:

NH = sK, NF = (1− s)K.

Equilibrium. Trade equilibrium is the bundle (xHH , xFH , xHF , xFF , pHH , pFH , pHF , pFF , NH , NF , πH , πF , λH , λF )

satisfying consumers' and producers' maximization conditions, capital balance and zero-pro�t condition

(pHH(xHH)− c)(sK + saL)xHH + (pHF (xHF )− cτ)((1− s)K + (1− sa)L)xHF = πH , (6)

(pFF (xFF )− c)((1− s)K + (1− sa)L)xFF + (pFH(xFH)− cτ)(sK + saL)xFH = πF . (7)

This de�nition does not present consumption of agricultural good and related trade explicitly, but has in mind

that it satis�es the balance of payments. We can rearrange the equilibrium equations in terms of consumptions

only as follows (see Appendix B for details).

Lemma 1. The equilibrium consumption bundle (xHH , xFH , xHF , xFF ) is the solution to the system

u′(xHH)

u′(xFH)
=

1

τ
· 1− ru(xFH)

1− ru(xHH)

V ′
[
sKu(xHH) + (1− s)Ku(xFH)

]
u′(xHH) =

c

1− ru(xHH)

u′(xFF )

u′(xHF )
=

1

τ
· 1− ru(xHF )

1− ru(xFF )

V ′
[
sKu(xHF ) + (1− s)Ku(xFF )

]
u′(xFF ) =

c

1− ru(xFF )

This system contains two independent systems of two equations each. First system (�rst and second equation)

determines the individual consumption for home country (xHH , xFH). Second system determines (xHF , xFF ).
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Analyzing this system bring us to the following conclusions on comparisons among consumptions of Home

and Foreign varieties.

Proposition 2. (i) there is not more than one solution (xHH , xFH , xHF , xFF ) of the equilibrium system.

(ii) individual consumption of any domestically produced variety is higher than the consumption of any

imported variety, i.e. (xHH > xFH , xFF > xHF ).

(iii) consumption of a domestic variety is smaller in the country with higher endowment of capital (xFF >

xHH).

(iv) There exists such critical value ŝ ∈ (0.5, 1] of capital share s of Home, such that orderings of individual

consumptions satisfy:

xFF > xHF > xHH > xFH when s > ŝ (very asymmetric countries),

xFF > xHH > xHF > xFH when s < ŝ (similar countries).

Proof see in Appendix B. Commenting, we explain that one can �nd some value s̃ as the root (proven to

be unique) of equation xHF (s̃) = xFH(s̃) and s̃ can be lower or higher than 1 but anyway ŝ = min{1, s̃}.

3.1 Impact of factors supply and costs

Further, we study comparative statics of the equilibrium consumptions, prices, etc. by totally di�erentiating

w.r.t. exogenous parameters K, s, sa, c, τ (or directly observing monotonicity of functions). First, we �nd what

happens to individual consumptions (sizes of each purchase).

Proposition 3. The equilibrium consumptions respond to exogenous shocks as follows:

(i) individual consumption xii of any domestic variety increases whereas consumption xij of any imported

variety decreases w.r.t. transport cost τ .

(ii) both individual consumptions xii,xji in country i decrease: (1) w.r.t. its share (s for Home and (1− s)

for Foreign) of world capital, (2) w.r.t. total endowment of world capital K, (3) w.r.t. marginal cost c.

(iii) all individual consumptions xHH ,xHF ,xFF ,xFH are independent from the world endowment of labor L,

and from countries' shares of workers sa, (1− sa).

Proof of proposition 3 see in Appendix B.

Now we analyze the behavior of equilibrium prices (pHH , pFH , pHF , pFF ) as a function of K. We drop
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indices of country, since the behavior of prices repeats the behavior in the closed economy:

∂pii

∂K
= c

r′u(xii)

(1− ru(xii))2
∂xii

∂K
,

∂pij

∂K
= τc

r′u(xij)

(1− ru(xij))2
∂xij

∂K

In the case of increasing (decreasing) RLV, each equilibrium price decreases (increases) with K, thereby market

displays pro-competitive (anti-competitive) e�ect. As before, equilibrium mark-ups behave as prices. As well

as consumptions, both equilibrium price and mark-up are independent from the number of workers L and from

the share of workers in each country.

Proposition 4. The equilibrium prices respond to exogenous shocks as follows:

(i) decreasing transport cost τ makes price pij of any imported variety decreasing when RLV decreases (the

change being ambiguous in the opposite case), whereas price pii of any domestic variety decreases (increases)

under increasing (decreasing) RLV.

(ii) growing total world capital K makes all prices pii,pji of domestic and imported goods decreasing (increas-

ing) under increasing (decreasing) RLV.

(iii) growing country share (s for Home, (1− s) for Foreign) of world capital makes prices pii,pji of domestic

and imported goods in this country decreasing (increasing) under increasing (decreasing) RLV.

(Proof see in Appendix B).

Of course, downward shocks push all these magnitudes oppositely to upward shocks. Another obvious

observation is that the case of CES preferences is the borderline between increasing and decreasing RLV, so,

price e�ects are absent (unrealistically).

To interpret both above propositions, suppose, for example, increasing world capitalK. The �rst consequence

is that number of �rms in the world increases proportionally because one �rm requires 1 unit of K. This invites

each consumer to spread her budget over a larger range of varieties, thereby each consumption (size of a purchase)

decreases. However, the impact on prices can be two-fold. When the inverse demand elasticity is an increasing

function (increasing RLV, r′ > 0), then this decrease consumption pushes this elasticity down. It means that

the demand elasticity (equal to the elasticity of substitution) goes up. Stronger substitution means stronger

competition among varieties, smaller markup and prices. The same logic under decreasing RLV (r′ < 0) makes

prices increasing in spite of more �rms.2 Similar response to capital increase works oppositely in Home and

Foreign when the capital share s of Home increases. Naturally, in r′u > 0 case prices pHH and pFH in Home

decrease but the capital share of Foreign decreases, so prices pHF and pFF in it go up.

2Analogously, as everybody knows from IO theory, a downward shift of the demand curve can induce positive or negative price

e�ect depending on elasticity, the same remains true in monopolistic competition.
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Probably, such price e�ects could explain (manufacturing) price di�erentials between the developed countries

and less developed countries when capital was less mobile than nowadays (it remains immobile in our model).

More actual interpretation is �human capital� or skilled workers supply as the meaning of K parameter. Then

our price e�ects can be pronounced as follows. The developed countries should have cheaper high-tech goods

than less developed countries. Again, such tendency is not necessarilry observed in reality. The reason is,

probably, the noticeable di�erentials in wages between North and South, the di�erentials assumed out from our

model by our wage-equalizing hypotheses, still dominating in the literature.

3.2 Dumping, relative factor prices, trade �ows and Home-market e�ect

Now we study the dumping e�ect. We say that country i's �rm uses dumping in trade when its domestic price

exceeds its export price divided by trade coe�cient

p(xii) >
p(xij)

τ
.

Proposition 5. There exists such critical value ŝ ∈ (0.5, 1] of capital share s of Home, such that governs two

possible price orderings, yielding two di�erent dumping e�ects:

(i) under small asymmetry, i.e., s < ŝ, (implying xFF > xHH > xHF > xFH), increasing RLV yields

dumping pricing practiced by each country:

p(xFF ) > p(xHH) >
p(xHF )

τ
>
p(xFH)

τ
,

whereas decreasing RLV anti-competitive yields reverse-dumping used by each country:

p(xFF ) < p(xHH) <
p(xHF )

τ
<
p(xFH)

τ
;

(ii) under big asymmetry, i.e., s > ŝ, (implying xFF > xHF > xHH > xFH), increasing RLV yields dumping

used by smaller country and reverse-dumping used by bigger country:

p(xFF ) >
p(xHF )

τ
> p(xHH) >

p(xFH)

τ
,

whereas decreasing RLV yields dumping used by bigger country and reverse-dumping used by smaller country:

p(xFF ) <
p(xHF )

τ
< p(xHH) <

p(xFH)

τ
.

(Proof see in Appendix C).
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Hence, when countries are not too dissimilar, �rms adopt the same pricing behavior as they do in the case

of identical countries. However, once H and F become su�ciently dissimilar, both domestic and foreign �rms

choose opposite pricing behavior. The choice between dumping or reverse dumping depends on the nature of

preferences, while the di�erence in size explains why �rms located in the bigger and smaller countries may adopt

similar or di�erent pricing behaviors.

To sum up, the pricing pattern chosen by �rms critically depends on consumers' preferences in a way that

vastly di�ers from what we know from the CES-case which exhibits no market segmentation policies.

Our next goal is to study the impact of di�erence in capital among countries, in the spirit of Hecksher-

Ohlin topics, but under monopolistic competition instead of perfectly substitutable goods. To separate this e�ect

from impacts from heterogeneity in population per se, we consider the same populations in both countries:

sK + saL = (1− s)K + (1− sa)L,

the share of capital being larger in Home country s > 1
2 . Further we use term �larger country� implying country

H that has bigger share of capital.

The value exported from Home country eH equals

eH = sK((1− s)K + (1− sa)L)pHFxHF (8)

and export from Foreign country eF is

eF = (1− s)K(sK + saL)pFHxFH (9)

Agricultural sector serving as a dumper, these two need not be equal and we can �nd who is the main exporter

in manufacturing. Studying expressions (8)-(9) and (6)-(7) for value exported and interest we get

Proposition 6. The country with relative advantage in capital (Home) has bigger value of export in manufac-

turing and its capital price is bigger, i.e.

eH > eF ,

πH > πF .

Proof is in Appendix D.

This e�ect could be understanding as some e�ect with �avor of Home market e�ect.
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Since population being decomposed into workers and capitalists, we seek some disproportional e�ect in the

following �monetary� form. We use the value added in manufacturing (M i, i = H, M) as the mesure of the

industry size.

Proposition 7. The trade equilibrium displays: 1) the country with advantage in capital (Home) has dispropor-

tionally lower added value per �rm

MH

NH
<
MF

NF
,

where MH is added volue in manufacturing in Home, MF is added volue in manufacturing in Foreign;

2) �rm's output located in Home is less than �rm output in Foreign under assumptions u′′′(x) > 0andru′′(x) <

3, i.e.

qH < qF ,

where yH is �rm output in Home, yF is �rm output in in Foreign,

3) total trade value increases with trade liberalization.

(proof in Appendix E).

4 Conclusion

Thus, for a two-factor two-sector closed monopolistically competitive economy we have found that under in-

creasing RLV (decreasing elasticity of substitution) - the equilibrium price decreases with capital supply, under

decreasing RLV the e�ect is opposite. Moreover, under su�ciently big population, interest rate decreases with

capital supply.

These basic tendencies display in two-countries two-factor trade model through several important regularities:

- comparative statics in both factors supply, production and transport costs shows, among other things, that

under increasing (decreasing) RLV equilibrium prices of domestic and imported varieties decrease (increase)

with the share of the country's capital;

- dumping and reverse-dumping may occur, and such patterns of pricing behavior depend both of the

countries' capital advantage and elasticity of substitution, CES case being the borderline between the opposite

e�ects;

- when populations are equal: 1) the country better endowed with capital is a net exporter of manufacturing

15



goods, has lower value added per �rm, bigger capital price, smaller size of �rm located in this country; 2) total

trade value increases with trade liberalization.

These �ndings suggest agglomeration e�ects in a similar model of economic geography with mobile capital.
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5 Appendix.

5.1 Appendix A.

The producer's program of producer i is

(L+K)V ′(

ˆ N

0
u(xj)dj)u

′(xi)xi − (L+K)cxi − πi → max
xi

.

First order condition of producer's program:

17



(L+K)V ′(

ˆ N

0
u(xj)dj)(u

′′(xi)xi + u′(xi))− (L+K)c = 0⇔

⇔ V ′(

ˆ N

0
u(xj)dj)(u

′′(xi)xi + u′(xi)) = c⇔

⇔ V ′(

ˆ N

0
u(xj)dj)u

′(xi)

(
u′′(xi)xi
u′(xi)

+ 1

)
= c⇔

⇔ p(xi) (1− ru(x)) = c⇔ p(xi) =
c

1− ru(x)
.

Second order condition of producer's program:

(L+K)V ′(

ˆ N

0
u(xj)dj)(u

′′(xi) + u′′′(xi)xi + u′′(xi)) < 0⇔

⇔ u′′(xi)

(
2 +

u′′′(xi)xi
u′′(xi)

)
< 0⇔ (2− ru′(x)) > 0⇔ ru′(x) < 2

5.2 Appendix B.

Proof of Proposition 2. In equilibrium solutions of consumer's and producer's program is equal. Than

V ′
[
sKu(xHH) + (1− s)Ku(xFH)

]
u′(xHH) =

c

1− ru(xHH)

V ′
[
sKu(xHH) + (1− s)Ku(xFH)

]
u′(xFH) =

cτ

1− ru(xFH)

V ′
[
sKu(xHF ) + (1− s)Ku(xFF )

]
u′(xFF ) =

c

1− ru(xFF )

V ′
[
sKu(xHF ) + (1− s)Ku(xFF )

]
u′(xHF ) =

cτ

1− ru(xHF )

Dividing equations mutually we get system described in Proposition A:

u′(xHH)

u′(xFH)
=

1

τ
· 1− ru(xFH)

1− ru(xHH)
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V ′
[
sKu(xHH) + (1− s)Ku(xFH)

]
u′(xHH) =

c

1− ru(xHH)

u′(xFF )

u′(xHF )
=

1

τ
· 1− ru(xHF )

1− ru(xFF )

V ′
[
sKu(xHF ) + (1− s)Ku(xFF )

]
u′(xFF ) =

c

1− ru(xFF )

Proof of Proposition 3 and 4. Rewrite equation

u′(xHH)

u′(xFH)
=

1

τ
· 1− ru(xFH)

1− ru(xHH)

as follow

u′(xHH)(1− ru(xHH))

u′(xFH)(1− ru(xFH))
=

1

τ

Left part of equation is ratio of marginal income: u′(x)(1 − ru(x)) = u′(x) + xu′′(x) = (xu′(x))′ = (xp)′.

Well-known that marginal income decreases with output. Right part of equation less then one ( 1τ < 1). Then in

home country individual consumption of local varieties bigger than individual consumption of foreign varieties

(xHH > xFH). The same condition for foreign country gives xFF > xHF .

Let assume following functions:

1. Function y(x, τ) de�ned from equation

u′(x)

u′(y(x, τ))
=

1

τ
· 1− ru(y(x, τ))

1− ru(x)
;

where x = xHH , y = xFH or x = xFF , y = xHF .

2. Function G(x, s, K, τ) de�ned as

G(x, s, K, τ) = V ′(sKu(x) + (1− s)Ku(y(x, τ)))u′(x)(1− ru(x)).

we study the behavior y as function of x. First we di�erentiated function ru(x) w.r.t. x:

r′u(x) =

(
−xu

′′(x)

u′(x)

)′
= −(u′′(x) + xu′′′(x))u′(x)− x(u′′(x))2

(u′(x))2
=
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= −(u′′(x) + xu′′′(x))u′(x)− x(u′′(x))2

(u′(x))2
= −xu

′′(x)

xu′(x)
− xu′′′(x)u′′(x)x

u′′(x)u′(x)x
+

1

x

(
xu′′(x)

u′(x)

)2

=

=
ru(x)

x
− ru(x)ru′(x)

x
+
r2u(x)

x
=
ru(x)

x
(1 + ru(x)− ru′(x))

Now we di�erentiated function y w.r.t. x:

u′′(x)(1− ru(x))− u′(x)r′u(x) =
1

τ
· (u′′(y)(1− ru(y))− u′(y)r′u(y))

∂y

∂x

u′(x)

(
xu′′(x)

xu′(x)
(1− ru(x))− r′u(x)

)
=

1

τ
· u′(y)(

yu′′(y)

yu′(y)
(1− ru(y))− r′u(y))

∂y

∂x

u′(x)ru(x)

x
(1− ru(x) + 1 + ru(x)− ru′(x)) =

1

τ
· u
′(y)ru(y)

y
(1− ru(y) + 1 + ru(y)− ru′(y))

∂y

∂x

u′(x)ru(x)

x
(2− ru′(x)) =

1

τ
· u
′(y)ru(y)

y
(2− ru′(y))

∂y

∂x

∂y

∂x
= τ · u

′(x)ru(x)(2− ru′(x))y

u′(y)ru(y)(2− ru′(y))x
= τ · u

′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))
> 0

We found positive dependence between consumptions of local varieties and foreign varieties in each country.

The behavior y w.r.t. transport cost describes by derivative ∂y
∂τ :

u′(x)(1− ru(x)) = (u′′(y)(1− ru(y))− u′(y)r′u(y))
∂y

∂τ

u′(x)(1− ru(x)) = (u′′(y)(1− ru(y))− u′(y)
ru(y)

y
(1 + ru(y)− ru′(y)))

∂y

∂τ

u′(x)(1− ru(x)) =
u′(y)

y
(−ru(y)(1− ru(y))− ru(y)(1 + ru(y)− ru′(y)))

∂y

∂τ

u′(x)(1− ru(x)) =
u′(y)

y
(−ru(y) + (ru(y))2 − ru(y)− (ru(y))2 + ru(y)ru′(y)))

∂y

∂τ
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u′(x)(1− ru(x)) =
u′(y)

y
(−2ru(y) + ru(y)ru′(y)))

∂y

∂τ

u′(x)(1− ru(x)) =
u′(y)ru(y)

y
(ru′(y)− 2)

∂y

∂τ

u′(x)(1− ru(x)) = u′′(y)(2− ru′(y))
∂y

∂τ

∂y

∂τ
=

u′(x)(1− ru(x))

u′′(y)(2− ru′(y))
< 0

Now we turn to study functionG(x, s, K, τ). Easy �nd that argument of function V ′(sKu(x)+(1− s)Ku(y(x, τ)))

strictly increases with individual consumption of local varietes x, share of capital in country s, total endowment

of capital K and strictly decreases with transport cost τ . Then function V ′(sKu(x) + (1− s)Ku(y(x, τ)))

strictly decreases with x, s, K and stricktly increases with τ . As we found before u′(x)(1 − ru(x)) strictly

decreases with x. Consequently function G(x, s, K, τ) strictly decreases with s, x and K and strictly increases

with τ . Since function G(x, s, K, τ) strictly monotone with x there is at most one solution of equation

G(x, s, K, τ) = c

Moreover, de�nition x of this equation strictly decreases with s, c and K and strictly increases with τ .

So, we �nd out that: (i) consumption of local varieties (xHH , xFF ) decreases with s, c and K and strictly

increases with τ ; (ii) consumption of export varieties (xFH , xHF ) decreases with s, c, K and τ .

The de�nition of equation

G(x, 1− s, K, τ) = c.

is individual consumption of varieties in Foreign. Since function G(x, s, K, τ) strictly decreases with s, x

and K and strictly increases with τ consumption of local varieties less in country with bigger share of capital

(xFF > xHH). The same reasons brings us to expression xHF > xFH . Consequently there are only two types of

sorting individual consumptions:

xFF > xHF > xHH > xFH

xFF > xHH > xHF > xFH ,
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QED.

5.3 Appendix C.

Proof of proposition 5. (i) Consider the sorting of individual consumption

xFF > xHH > xHF > xFH

In case pro-competitive behavior if x > y then

p(x) =
c

1− ru(x)
>

c

1− ru(y)
= p(y)

So,

c

1− ru(xFF )
>

c

1− ru(xHH)
>

c

1− ru(xHF )
>

c

1− ru(xFH)

Consequently,

p(xFF ) > p(xHH) >
p(xHF )

τ
>
p(xFH)

τ

In case anti-competitive behavior if x > y then

p(x) =
c

1− ru(x)
<

c

1− ru(y)
= p(y)

So,

c

1− ru(xFF )
<

c

1− ru(xHH)
<

c

1− ru(xHF )
<

c

1− ru(xFH)

Consequently,

p(xFF ) < p(xHH) <
p(xHF )

τ
<
p(xFH)

τ

Proof of second piont of Proposition is the same, QED.

5.4 Appendix D.

Proof of proposition 6. Since the country size is equals total export valume for home eH and foreign eF

country are
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eH = sK((1− s)K + (1− sa)L)pHFxHF

eF = (1− s)K(sK + saL)pFHxFH

Consider function v(x) = px. We study monotonicity of this function:

∂v(x)

∂x
=

∂

∂x
(px) =

∂

∂x

(
cx

1− ru(x)

)
= c

1− ru(x) + xr′u(x)

(1− ru(x))2
= c

1− ru(x) + ru(x)(1 + ru(x)− ru′(x))

(1− ru(x))2
=

= c
1 + r2u(x)− ru(x)ru′(x)

(1− ru(x))2
> c

1 + r2u(x)− 2ru(x)

(1− ru(x))2
= c

(1− ru(x))2

(1− ru(x))2
= c > 0

We found that total country export strictly increases with x. Since we have xHF > xFH total export of

home country bigger than total export of foreign country:

eH > eF

Capital prices in home πH and foreign πF countries are

πH = (sK + saL)((pHH − c)xHH + (pHF − cτ)xHF )

πF = (sK + saL)((pFF − c)xFF + (pFH − cτ)xFH)

πH − πF = (sK + saL)((pHH − c)xHH + (pHF − cτ)xHF − (pFF − c)xFF − (pFH − cτ)xFH) =

= (sK + saL)

(
xHHru(xHH)

1− ru(xHH)
− τ x

FHru(xFH)

1− ru(xFH)
−
(
xFF ru(xFF )

1− ru(xFF )
− τ x

HF ru(xHF )

1− ru(xHF )

))
Consider function z(x) = xru(x)

1−ru(x) − τ
y(x,τ)ru(y(x,τ))
1−ru(y(x,τ)) .

∂z

∂x
=

(ru(x) + xr′u(x))(1− ru(x)) + r′u(x)xru(x)

(1− ru(x))2
− τ (ru(y) + yr′u(y))(1− ru(y)) + r′u(y)yru(y)

(1− ru(y))2
∂y

∂x
=
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=
ru(x)− r2u(x) + xr′u(x)

(1− ru(x))2
− τ ru(y)− r2u(y) + xr′u(y)

(1− ru(y))2
∂y

∂x
=

=
ru(x)− r2u(x) + ru(x)(1 + ru(x)− ru′(x))

(1− ru(x))2
− τ ru(y)− r2u(y) + ru(y)(1 + ru(y)− ru′(y))

(1− ru(y))2
∂y

∂x
=

= ru(x)
2− ru′(x)

(1− ru(x))2
− τru(y)

2− ru′(y)

(1− ru(y))2
∂y

∂x
= ru(x)

2− ru′(x)

(1− ru(x))2
− τ2ru(y)

2− ru′(y)

(1− ru(y))2
· u
′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))
=

= ru(x)
2− ru′(x)

(1− ru(x))2
− τ2ru(y)

u′′(x)(2− ru′(x))

u′′(y)(1− ru(y))2
=

2− ru′(x)

(1− ru(x))2

(
ru(x)− τ2 ru(y)u′′(x)(1− ru(x))2

u′′(y)(1− ru(y))2

)
=

=
2− ru′(x)

(1− ru(x))2

(
ru(x)− τ2 ru(y)u′′(x)

u′′(y)

(
u′(y)

τu′(x)

)2
)

=
2− ru′(x)

(1− ru(x))2

(
ru(x)− ru(y)u′′(x)(u′(y))2

u′′(y)(u′(x))2

)
=

=
2− ru′(x)

(1− ru(x))2

(
ru(x)− yru(y)ru(x)u′(y)

xru(y)u′(x)

)
=

2− ru′(x)

(1− ru(x))2
ru(x)

(
1− yu′(y)

xu′(x)

)
< 0

Since function z(x) strictly decreasing and xFF > xHH we have

πH − πF = (sK + saL)(z(xHH)− z(xFF )) > 0⇒ πH > πF ,

QED.

5.5 Appendix E.

Proof of Proposition 7. If added volue (MH) in manufacturing divided by number of �rms in Home (bigger

endowment with capital country) less then ratio in Foreign (MF ) following equation should take place:

MH

NH
<
MF

NF

MH = sK
[
xHHc(sK + saL) + τxHF c((1− s)K + (1− sa)L) + πH

]
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MH

NH
=
sK
[
xHHc(sK + saL) + τxHF c((1− s)K + (1− sa)L) + πH

]
sK

= (sK + saL)c(xHH + τxHF ) + πH =

= /use zero− profit condition/ = (sK + saL)
[
pHHxHH + pHFxHF

]
=

= (sK + saL)

[
cxHH

1− ru(xHH)
+

cxHF

1− ru(xHF )

]
= (sK + saL)c

[
xHH

1− ru(xHH)
+

xHF

1− ru(xHF )

]

MF

NF
= (sK + saL)c

[
xFF

1− ru(xFF )
+

xFH

1− ru(xFH)

]

MH

NH
− MF

NF
= (sK + saL)c

[
xHH

1− ru(xHH)
+

xHF

1− ru(xHF )

]
− (sK + saL)c

[
xFF

1− ru(xFF )
+

xFH

1− ru(xFH)

]

= (sK + saL)c

[
xHH

1− ru(xHH)
− xFH

1− ru(xFH)
−
(

xFF

1− ru(xFF )
− xHF

1− ru(xHF )

)]
Let t1(x) = x

1−ru(x) + y(x,τ)
1−ru(y(x,τ)) . We diferentiated w.r.t. x:

∂t1(x)

∂x
=

1− ru(x) + xr′u(x)

(1− ru(x))2
+

1− ru(y(x, τ)) + yr′u(y(x, τ))

(1− ru(y(x, τ)))2
∂y

∂x
=

=
1− ru(x) + ru(x)(1 + ru(x)− ru′(x))

(1− ru(x))2
+

1− ru(y) + ru(y)(1 + ru(y)− ru′(y))

(1− ru(y))2
∂y

∂x
=

=
1 + r2u(x)− ru(x)ru′(x)

(1− ru(x))2
+

1 + r2u(y)− ru(y)ru′(y)

(1− ru(y))2
∂y

∂x
=

=
1− 2ru(x) + r2u(x) + 2ru(x)− ru(x)ru′(x)

(1− ru(x))2
+

1− 2ru(y) + r2u(y) + 2ru(y)− ru(y)ru′(y)

(1− ru(y))2
∂y

∂x
=

=
(1− ru(x))2 + ru(x)(2− ru′(x))

(1− ru(x))2
+

(1− ru(y))2 + ru(y)(2− ru′(y))

(1− ru(y))2
∂y

∂x
> 0,

Since 2 > ru′(x) and ∂y
∂x > 0.

So, we use xHH < xFF and get t1(x
HH) < t1(x

FF ) as far as function t1(x) is strictly increase. It brings us
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to following inequation

MH

NH
− MF

NF
= (sK + saL)c

[
t1(x

HH)− t1(xFF )
]
< 0⇒ MH

NH
<
MF

NF

Finally

MH

NH
<
MF

NF
.

Firm's output in Home:

qH = xHH(sK + saL) + τxHF ((1− s)K + (1− sa)L) = (sK + saL)(xHH + τxHF ).

qF = (sK + saL)
(
xFF + τxFH

)
.

qH − qF = (sK + saL)
(
xHH − τxFH −

(
xFF − τxHF

))
.

Let t2(x) = x− τy(x, τ). We diferentiated w.r.t. x:

∂t2(x)

∂x
= 1− τ ∂y

∂x
= 1− τ · u

′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))
= 1− u′(y)(1− ru(y))

u′(x)(1− ru(x))
· u
′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))
=

= 1−
u′(y)(1 + yu′′(y)

u′(y) )

u′(x)(1 + xu′′(x)
u′(x) )

·u
′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))
= 1− (u′(y) + yu′′(y))

(u′(x) + xu′′(x))
·u
′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))
= 1− (yu′(y))′

(xu′(x))′
·u
′′(x)(2− ru′(x))

u′′(y)(2− ru′(y))

Since x > y we have (yu′(y))′ > (xu′(x))′. Consider function u′′(x)(2− ru′(x)), it increases when

(u′′(x)(2− ru′(x)))′ = u′′′(x)(3− ru′′(x)) > 0

So, under assumptions u′′′(x) > 0 and ru′′(x) < 3 we get

∂t2(x)

∂x
< 0.

It brings us to follows
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qH − qF = (sK + saL)
(
xHH − τxFH −

(
xFF − τxHF

))
= (sK + saL)(t2(x

HH)− t2(xFF )) < 0⇔ qH < qF ,

since xHH < xFF .

It nothing but �rm's output in Home less then in Foreign.

Total trade value is

T = xHF pHF ((1− s)K + (1− sa)L) + xFHpFH(sK + saL) = (sK + saL)(xHF pHF + xFHpFH) =

= (sK + saL)

(
xHF

1− ru(xHF )
+

xFH

1− ru(xFH)

)

∂T

∂τ
= (sK + saL)

(
1− ru(xHF ) + xHF r′u(xHF )

(1− ru(xHF ))2
∂xHF

∂τ
+

1− ru(xFH) + xFHr′u(xFH)

(1− ru(xFH))2
∂xFH

∂τ

)
=

= (sK + saL)

(
1 + r2u(xHF )− ru(xHF )ru′(x

HF )

(1− ru(xHF ))2
∂xHF

∂τ
+

1 + r2u(xFH)− ru(xFH)ru′(x
FH))

(1− ru(xFH))2
∂xFH

∂τ

)
=

= (sK+saL)

(
(1− ru(xHF ))2 + ru(xHF )(2− ru′(xHF ))

(1− ru(xHF ))2
∂xHF

∂τ
+

(1− ru(xFH))2 + ru(xFH)(2− ru′(xFH))

(1− ru(xFH))2
∂xFH

∂τ

)
< 0,

Since 2 > ru′(x), ru(x) > 0 and ∂xij

∂τ < 0,

QED.
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