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The basics

Aim of this chapter:

To introduce increasing returns to scale and product differentiation
To develop a simple framework featuring the empirical evidence: IIT
& specialization
To derive a structural gravity equation and address the role of border
effects

Seminal contributions are:

Lancaster (1980) and Helpman (1981): consumers differ in their ideal
variety of a differentiated good.
Spence (1976) and Dixit and Stiglitz (1977): single representative
consumer demanding many varieties of the differentiated good (love
of variety).
Krugman (1979,1980,1981) based on Dixit and Stiglitz.
Comprehensive treatment by Helpman and Krugman (1985) shows
that these two approaches lead to similar results.
Anderson and van Wincoop (2001) show how properly to derive
gravity equation and solve the border effect puzzle.
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The basics

The original SDSK framework

There are i = 1, . . . ,N product varieties

One firm = one variety

N will be endogenously determined: variety and market structure

Fixed number L of consumers

Each consumer receives utility U from consuming ci of each variety

Budget constraint of representative consumer is w =
∑N

i=1 Pici

Utility function is symmetric over the product varieties: the same
function V (ci ) applies to the consumption of each.

U =
N∑
i=1

V (ci ), v
′ > 0, v ′′ < 0 (1)
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The basics

Consumer chooses consumption ci of each variety to maximize utility in
(1), s.t. budget constraint. f.o.c. are:

v ′(ci ) = λpi , i = 1, . . . ,N (2)

Where λ is the marginal utility of income

How does a price change affect consumption?

Need to totally differentiate the system in (2).

In principle, price change should affect λ.

But assumption of small firm, hence small budget share.

Ignore the impact of one price change on λ and simply calculate:

v ′′dci = dpiλ⇒
dci
dpi

=
λ

v ′′
< 0 (3)
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The basics

From (2) and (3) we obtain the elasticity of demand:

ηi = −dci
dpi

p

ci
= − v ′

civ ′′
> 0 (4)

Importantly, elasticity increases as consumption of variety i decreases.

Production side: one factor, fixed cost of launching a new variety, constant
marginal labour input

Li = α + βyi (5)

Average cost is:
(α + βyi )w

yi

Marginal cost is:
wβ
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The basics

Equilibrium conditions:

Each firm maximizes its own profits

Marginal revenue equal marginal cost

Free entry whenever economic profits are positive

Long-run equilibrium → price equal to average cost

Equilibrium is symmetric (we can drop subscript i)
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The basics

Firm has market power on her variety

Π(yi ) = TR(Yi )− TC (Yi )

TR(Yi ) = p(yi )yi

Marginal revenue depends on demand elasticity

dTR

dyi
= p + yi

(
dpi
dyi

)

MR = p

(
1 +

yi
dyi

dp

p

)
= p

(
1− 1

η

)
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The basics

Profit maximization:

p(1− 1

η
) = wβ ⇔ p

w
= β(

η

η − 1
) (6)

Free entry condition (replacing supply of each good y by the demand for
each good Lc):

p =
(α + βyi )w

yi
⇔ p

w
=

α

Lc
+ β (7)

(6) et (7) are two equations in two unknowns (real wage and quantity
consumed of each variety)
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The basics

c

p/w

(p/w)0

c0
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The basics

Equilibrium number of products (firms) is derived from full employment
conditions under assumption of symmetry.

L =
N∑
i=1

(α + βyi ) = N(α + βLc) (8)

N =
1

(α/L) + βc
(9)
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The basics

We now open the economy.

Identical economies.

Similar to doubling size.

New rationale for trade:

Economies of scale limit variety produced efficiently for a given market
size.
As variety increases, so does elasticity of demand: pro-competitive
effect.
Firms reduce mark up, increase output, go down their average cost
curve.

Diversity decreases but variety increases on each market.
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The basics

c

p/w

(p/w)0

(p/w)1

c0c1
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The basics

In short:

Krugman (1979): “N is assumed to be a large number, although
small relative to the number of potential [varieties]”

Fixed cost limits the number of varieties produced domestically

Free entry.

Demand elasticity is decreasing in the quantity ci consumed of variety
i of good j .

Krugman considers this assumption as “plausible”

This is Marshall’s “second law of demand”

Leads to an increasing elasticity of demand in presence of new entries
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CES monopolistic competition

CES monopolistic competition

Krugman (1980) shifts to CES.

Consider previous setting with:

U =
N∑
i=1

V (ci ) =
N∑
i=1

cγi : 0 < γ < 1

γ measures the substitutability among varieties of a product.

The lowest the γ, the highest the differentiation.
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CES monopolistic competition

Representative consumer maximizes:

U =
N∑
i=1

cγi s.t.
∑
i

pici = w

Rem: γ = σ−1
σ and mark up = 1/gamma

L =
∑
i

cγi + λ

(
w −

∑
i

pici

)
;λ =

γcγ−1
i

pi
; ∀i

w = Npici ⇒ ci =
w

Npi
;U = Ncγi

η =
1

1− γ

pi = γ−1βw
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CES monopolistic competition

Pricing with a constant mark up over the marginal cost.

International trade will no longer provide additional economies of
scale and efficiency gains

Market structure of each economy is constant.

Consumer still benefits from an increased variety however.

Recall that yi is given by the free entry condition:

Πi = piyi − w(α + βyi ) = 0⇔ yi =
α

p/w − β
(10)

Substitute the new value of p in yi

yi =
αγ

β(1− γ)

And substitute this value of yi in N to get:

N =
L(1− γ)

α
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CES monopolistic competition

Krugman (1980): “I should note a peculiar feature of the effects of
trade (...) there is no effect of trade on the scale of production, and
the gains from trade come solely through increased product diversity”.

Proof: consider ξ the “enlargement” factor when opening the
economy (e.g. ξ = 2 with two identical economies)

UE = ξNcE
γ ; cE =

w

ξNp
=

c

ξ
; ξ > 1; 0 < γ < 1

UE = ξN

(
c

ξ

)γ
= ξ1−σNcγ

UE − U = Ncγ
(
ξ1−γ − 1

)
> 0
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CES monopolistic competition

CES generally defined with σ elasticity of substitution.

Here γ = σ−1
σ

Note that γ is carrying information about the market structure (the
mark ups) as well as economies of scale.

γ is an inverse proxy of economies of scale.

Proof.

Economies of scale can be expressed as the ratio of the marginal (β−1) to
average (aLi

−1) product of labour.

aLi
−1 =

yi
α + βyi

; yi =
α(σ − 1)

β

Hence:
β−1

aLi−1
=

σ

σ − 1
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CES monopolistic competition

(σ > 1) and σ = η when N is large.

U =
N∑
i=1

c
σ−1
σ

i (11)

Mark-up is constant:
p

βw
=

σ

σ − 1

Profits are now:

py − w(α + βy) = w [(βy/(σ − 1))− α] (12)
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CES monopolistic competition

From (11) we derive the zero-profit equilibrium condition:

y =
α(σ − 1)

β
(13)

There are now only parameters in y .

Output is constant (there are economies of scale but no further
returns to scale associated to trade).

Product variety depends on exporter’s size (L), fixed cost (α) and
(ricardian) comparative advantage (β):

N =
L

α + βy
(14)

No selection accordingly.

But variety increases due to openness.

We will use extensively this functional form below.
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CES monopolistic competition

Opening the economy with 0 transport cost and identical technologies
has the same effects as dL > 0. Hence:

Since all varieties are demanded in both countries

Share of imports in demand is a function of relative sizes of the
countries.

Bilateral trade will be maximised between countries of identical size.

N =
L

α + βy
;N? =

L?

α + βy

M = Y
L?

L + L?
= wL

L?

L + L?

For two identical economies we get

M + M? = 2
wL2

2L
= Y (15)

(Intra-Industry) Trade is maximised among large countries of identical size:
foundation of the gravity equation.
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Inter and Intra industry trade

Inter and Intra industry trade: the argument

The Helpman-Krugman Synthesis

World integrated equilibrium provides good framework for combining
HOV with monopolistic competition.

Reasoning in terms of factor contents rather than in terms of
products.

Hence products can be differentiated as long as varieties of a given
product are produced with the same production function.

Factor content of trade not impacted by cross-hauling of exports and
imports in the same industry.

Can accommodate other market structures than monopolistic
competition.
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Inter and Intra industry trade

Let’s consider a 2x2x2 framework.

HOV assumptions otherwise.

Assume that the market structure of the capitalistic industry (industry
2) is monopolistic.

Industry 1 is producing an homogeneous good.

Assume conditions of EPF are fulfilled.

Assume balanced trade.

The two countries are diversified (produce both a subset of varieties
of differentiated good, plus the homogenous good).

GDP is determined by factor endowment and relative factor prices.

At world level, under free trade, N2 varieties of good 2 are produced.
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Inter and Intra industry trade

How is production of the N2 varieties allocated across countries?

These varieties are all produced with the same (a2L, a2K ) for a given
(w , r).

First, determine how much of resources are contained in free-trade
equilibrium production in each country.

Second, determine the number of varieties produced in each country,
provided that cost is equal for each.

Third, knowing how the production N2 is split across countries and
that consumers buy all N2 in each country, determine trade patterns.

Ultimately, net factor content of trade is determined by net trade in
varieties and one-way trade in homogeneous good.

We do have N2 + 1 goods and only 2 factors, but EPF still holds:
dimensionality issue

Trick: there is complete specialisation of the countries on each of the
N2 varieties since one variety = one firm.
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Inter and Intra industry trade
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Inter and Intra industry trade

Capital intensive country will produce N2
OD
OA varieties.

OD is factor content of capital intensive country’s production of these
varieties.

This country engages OF of resources in production of homogeneous
good.

Labour intensive . . ..

Capital intensive country is specialised in the monopolistic
competition sector.

Still, varieties are also produced in the other country.

Now introduce vector of factor prices, compute GDPs and assume
homogeneous preferences.

Factor content of consumption of varieties in each country is . . ..
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Inter and Intra industry trade
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Inter and Intra industry trade

Net factor content of trade is determined immediately.

It increases with economic distance between trade partners.

Trade in varieties decreases with economic distance.

Balanced trade in varieties has no factor content.

Integration without adjustment costs (yes, but because no selection
effect) between identical countries.

Adjustment cost arises as countries trade in different products (not
varieties).
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Inter and Intra industry trade
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Inter and Intra industry trade

Bottom line is that trade is composed of two-way plus one-way flows.

Intra-Industry Trade (IIT thereafter).

Versus inter-industry Trade.

Brings a (partial) solution to the puzzle of overwhelming importance
of IIT in total trade of advanced economies discovered in the 1960s.
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Inter and Intra industry trade

Inter and Intra industry trade: Empirical evidence

Natural experience: European integration

Common market in the late 50s, more recently Single European
market.

Viner argument: European countries should specialise.

Dreze (1960), Balassa (1966): countries do not specialise:
Intra-Industry Trade (IIT)

Two way trade in horizontally versus vertically differentiated products.
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Inter and Intra industry trade

The original evidence revealed by Bela Balassa:

Trade flows are composed of imports and exports within the same
industry categories;

Balassa proposes an index of trade overlap.

For one industry and one country the index is (we omit the
subscripts):

ba = (x −m)/(x + m) (16)

where x and m are values (quantity shipped × price)

The interpretation of the Balassa index is straightforward: 0 stands
for perfect trade overlap (perfect Intra-Industry Trade).
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Inter and Intra industry trade

Importer
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Inter and Intra industry trade

Grubel & Lloyd (1975) systematize Balassa’s evidence:

They rely on an indicator varying on the range 0 to 1 (total trade -
interindustry)/total trade.

Share of Intra-Industry Trade in total trade.

For one industry and one country it can be computed as (omitting
subscripts again):

gl = 1− |(x −m)|
(x + m)

(17)

Which becomes at the aggregated level for a country:

GLindustries =

∑
industries(x + m)− |

∑
industries(x −m)|∑

industries(x + m)
(18)

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 35 / 114



Inter and Intra industry trade

Three issues raised by the Balassa/GL seminal approach.

(1) Sectoral bias: Is IIT an artefact accordingly? No since it increases
over time, at any aggregation level.

(2) Geographical bias: Need to work with bilateral data, as IIT can
result from two opposite unbalanced trade flows, with two trade
partners (IIT then associated with classical determinants of trade
such as comparative advantage). → Compute GL at bilateral and
product level and agreggate afterwards.

(3) Balassa is just about trade (im)balance and trade types (H/V) are
not addressed.
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Inter and Intra industry trade

Geographical bias: multilateral versus bilateral
analysis
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Inter and Intra industry trade

Trade overlap or trade types?

(1) “Product”: Detailed classification to be preferred: 5,000 to
10,000 headings.

(2) Product “similarity”: even inside such a detailed heading products
may differ by their quality/market positioning.

Products whose unit values are close are considered as “similar”.
Empirically, close means that XUV and MUV differ by less than 15
(25) percent.

Trade overlap:

FF: trade in an item is considered to be“two-way” when the value of
the minority flow represents at least 10 percent of the majority flow.
GHM: usual GL computation within H or V
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Inter and Intra industry trade

Total trade broken down into different categories according to
similarity in unit values and trade overlap.

Two-way trade in similar products (IITH)
Two-way trade in vertically differentiated products (IITV)
One-way trade

Original SDSK framework assumes IITH
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Inter and Intra industry trade

Figure: Summary: the FF method
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Inter and Intra industry trade

Bottom line:

Use bilateral and disaggregated data 6 or 8 digit.

Aggregate IIT shares observed at the level of elementary trade flows.

Differentiate between horizontally and vertically differentiated products:

Compute unit values of reciprocal elementary trade flows.

Define thresholds.

Disentangle the two trade types.

Two methods for computing IIT indexes:

Greenaway Hine and Milner GLH+GLV=GL.

Trade types Fontagné-Freudenberg.

Pro and cons of the two methods.

Results highly correlated (graph).
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Inter and Intra industry trade

Comparison of the Grubel & Lloyd indicator and the share
of two-way in all trade
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Inter and Intra industry trade

Stylised facts:

Intra-EU trade characterised by increasing share of IIT in vertically
differentiated products.

Countries do specialise on goods of different qualities within
industries.

How quality is produced: Research and Development, advertising
expenditures, skilled labour.

New determinants of specialisation within industries.

Rem: the Krugman-type IIT represents a limited share of IIT.

This might be specific to Europe.

To be confronted with evidence on world trade patterns.

Trade patterns very different for countries at different development
levels.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 43 / 114



Inter and Intra industry trade

One-way trade

Two-way trade
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Inter and Intra industry trade

Stylised facts (cont):

Increasing share of IIT in intra-EU trade flows observed after
accession.

Repeated evidence of trade integration leading to IIT.

Determinants of IIT suggested by descriptive statistics: size,
difference in size, income, geographical distance.

In line with conclusions of the New Trade Theory.

Still, might also be the outcome of a specialisation of countries
among varieties.

At the world level, increase in IIT stopped in the early 2000s by
emergence of new competitors.

Composition effect: emerging countries do trade on an inter-industry
basis.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 45 / 114



Inter and Intra industry trade

Top total IIT shares ( in %) Top total IIT values (USD million)

Germany France 86.20 United States Canada  130,041

Netherlands Belgium and Luxembourg 85.01 United States Mexico  68,111

France Belgium and Luxembourg 80.42 Germany France  49,110

France United Kingdom 77.08 Italy Germany  31,337

Germany Switzerland 76.99 Netherlands Germany  31,163

Germany Belgium and Luxembourg 76.83 United States Japan  28,442

Austria Germany 76.63 Belgium and Luxembourg France  28,390

France Spain 76.55 Italy France  27,530

Germany Netherlands 76.01 Belgium and Luxembourg Germany  27,421

Canada United States of America 73.55 United Kingdom Germany  24,251

Year 2000, HS6 data, Source: Fontagné & Freudenberg
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Inter and Intra industry trade

Inter and Intra industry trade: A simple model

We now use the most simple framework of a GE with 2 industries in
monopolistic competition allowing for intra and inter-industry trade.

Krugman (1981)

2 industries (1, 2) each producing a horizontally differentiated good:
varieties i

2 countries (foreign with * )

Nesting of the two levels of utility: “sub-utility” attached to the
consumption of the different varieties of a given good utility attached
to the consumption of the two goods.

Nesting of CES sub-utility functions with Cobb Douglas aggregation.
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Inter and Intra industry trade

Within each industry, varieties are:
perfect substitutes from the supply perspective
imperfect substitutes for consumers.

On the supply side, labour is specific to each industry (immobile).

Each country has a potentially different (exogenous) allocation of
labour across sectors:

L1 + L2 = L; L1
∗ + L2

∗ = L∗

Hence wage will be different in the two industries in a given country.

Production functions are the ones used previously, with now a
subscript indicating the industry j .

Industries differ only by the quantity of their specific factor: fixed and
marginal costs are identical.

Let’s normalise labour stock to 2

Let’s define variable d (versus 1− d) indicating the distribution of
labour among the two industries.
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Inter and Intra industry trade

U = log

(∑
i

ci1
γ

)1/γ

+ log

(∑
i

ci2
γ

)1/γ

aLij =
α + βyij

yij
; Lj =

∑
i

aLij

L = 2 =
∑
j

Lj

0 < d ≤ 1∑
i

Li1 = L1 = 2− d ;
∑
i

Li2 = L2 = d
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Inter and Intra industry trade

Firm size:
yi =

αγ

β(1− γ)

Market structure:

Nj =
Lj(1− γ)

α

Sectoral specialisation:

N1 = (2− d)(1− γ)/α

N2 = d(1− γ)/α

Pricing:
pij = γ−1βwj
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Inter and Intra industry trade

Firms are of the same size in the two industries.

Since the two industries account for the same share in overall
demand, and in absence of pure profit, relative return to the factor is
simply determined by its relative allocation in the industries:

w1L1 = w2L2 ⇒
w1

w2
=

L2

L1
=

d

2− d

Two variables are important: the relative endowment in specific factor
d and the substitutability γ between varieties of the same good.

For d = 1 there is no specialisation of the specific factor and the
relative wage is equal to 1.

For low values of d , domestic economy is specialised in industry 1 and
L1 will receive a high relative return.

The lowest the γ, the more differentiated are the products and the
less important are the economies of scale.
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Inter and Intra industry trade

Openness to trade:

Zero transport cost

Same technology in the two countries

Symmetric economies (“mirror image” assumption): countries only
differ in the allocation of labour across industries.

Home advantaged in industry 1

Notion of “economic distance”

When the economic distance is maximal d → 0 and home fully
specializes in 1
When the economic distance is zero d = 1 and home equally
specializes in 1 and 2
d is an inverse proxy of the economic distance.

In order to determine trade flows, one has to keep in mind that the
consumer splits her income in two equal parts and then among the Nj

varieties.
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Inter and Intra industry trade

Sectoral specialization is determined by assumption od symmetric
countries:

N1 = (2− d)(1− γ)/α = N2
∗

N2 = d(1− γ)/α = N1
∗

Domestic imports of varieties of good 1:

M1 =
Y

2

d(1− γ)/α

[(2− d)(1− γ) + d(1− γ)/α]
= Y

d

4
= X1

∗

M2 = Y
(2− d)

4
= X2

∗

Thus:

M2
∗ = Y

d

4
= X2

M1
∗ = Y

(2− d)

4
= X1
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Inter and Intra industry trade

Trade is balanced.

Bilateral trade sums to Y (related to gravity).

The latter result does not depend on d : specific to this model.
Here economic distance does not impact the volume of trade.
IIT (as measured by the GL ratio) is inversely related to economic
distance.

Notice that GL = d .

When the two economies are not specialized (d = 1, labour force is
equally distributed in the two activities in the two economies): trade
is 100% intra-industry.

When labour force is quite exclusively employed in industry 1 in the
domestic economy (d → 0) and in industry 2 in Foreign, trade is
purely inter-industry and GL→ 0.
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Inter and Intra industry trade

Gains on the supply side:

IIT, without additional economies of scale
Inter-industry specialization but 1 factor only and no Ricardian
productivity difference

Gains on the demand side:

Mark ups are constant
Gains accruing to the economy are limited to variety.

Distributive effects:

Two types of workers.
Need to tackle the change in their real income.
Solper Samuelson effects
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Inter and Intra industry trade

2 goods

2 industries where workers can be employed.

This leads to 4 cases.

Let’s define wkj , the real return, in numeraire j , of factor L employed
in industry k

Numeraire

1 2
Industry of 1 w11 w12

employment 2 w21 w22
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Inter and Intra industry trade

Each consumer will demand a quantity cij of each variety i of each
good j :

cij =
w

2Np

Leading to utility:

U =
2∑

j=1

log

[
Nj

(
w

2Njpj

)γ]1/γ

= −2log2 +
2∑

j=1

(
log

w

pj
+

1− γ
γ

logNj

)
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Inter and Intra industry trade

We will now calculate the utility of workers employed in one industry

Taking into account their real income.

This is done first in autarky and then under free trade.

One specific factor will gain in variety and lose in real terms

The other factor will gain in nominal and real terms.

Meaning that a Stolper-Samuelson loss must be compensated by a
variety gain.
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Inter and Intra industry trade

Autarkic utility levels of workers employed in the two industries are:

U1 = −2log2 +
2∑

j=1

(
logw1j +

1− γ
γ

logNj

)

U2 = −2log2 +
2∑

j=1

(
logw2j +

1− γ
γ

logNj

)
First term in brackets is Stolper-Samuelson, second term is about
variety

For Home, the abundant factor is L1.

Hence, L2 is hurt by the Stolper-Samuelson effect.

We now concentrate on L2.
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Inter and Intra industry trade

Change in utility for L2 is:

U2E−U2 =
2∑

j=1

(
logw2jE +

1− γ
γ

logNjE

)
−

2∑
j=1

(
logw2j +

1− γ
γ

logNj

)
Real wage of L2 in terms of numeraire 2 is not affected. Thus, we can
simplify the former expression:

U2E − U2 = log
w21E

w21
+

2∑
j=1

(
1− γ
γ

log
NjE

Nj

)
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Inter and Intra industry trade

The change in w2 is inversely proportional to the initial distribution of
income (w2/w1).

And we know that:
w1

w2
=

d

2− d

Thus the Stolper-Samuelson effect is:

log
w21E

w21
= log

d

2− d

For d = 1 the loss is log1 = 0.

Hence when the economic distance between the two trade partners is
zero (countries are identical), there is only intra-industry trade and
the Stolper-Samuelson effect vanishes.

For d = 1 the two factors gain (in variety).

What about other values of d : is there compensation between SS and
variety?
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Inter and Intra industry trade

Let’s concentrate on the gain in variety.

Under free trade the two sets of variety (Home, Foreign) are available
to the consumer. Hence:

2∑
j=1

(
1− γ
γ

log
NjE

Nj

)
=

1− γ
γ

(
log

2

2− d
+ log

2

d

)
Summing Stolper-Samuelson and Krugman effects, and rearranging
the terms, we get:

U2E − U2 = 2

(
1− γ
γ

)
log2 +

2γ − 1

γ
logd − 1

γ
log (2− d)
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Inter and Intra industry trade

We now consider all cases where d < 1 in order to have a Stolper
Samuelson effect.

For 0 < γ < 1 the first term is always > 0.

Regarding the third term, as long as d < 1 we have:

log(2− d) > 0⇒ −1

γ
log(2− d) < 0

In order to have the second term > 0 we need to have γ < 1/2

Lastly for γ < 1/2 the first term is compensating the third one.

Hence, γ < 1/2 is a sufficient condition to have the scarce factor not
losing.
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Inter and Intra industry trade

The former result is easily interpreted:

Differentiation is high if γ is low.
Gain in variety will be large enough to compensate for the Stolper
Samuelson loss.

But what about situations where 1 > γ > 1/2 ?

d → 1⇒ (U2E − U2)→ 2

(
1− γ
γ

log2 > 0

)
d → 0⇒ (U2E − U2)→ −∞

∂ (U2E − U2)

∂d
> 0;

∂ (U2E − U2)

∂γ
< 0

There exists accordingly a threshold d0 such as the scarce factor
always gains to trade.

And this threshold is increasing in γ.
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Inter and Intra industry trade

)( 22 UU E 

d
d0

d  > 0
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Inter and Intra industry trade

)1( d

0.50 1

MUTUAL INTEREST

CONFLICT

ECONOMIC DISTANCE

DIFFERENTIATION
(1‐ )
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Inter and Intra industry trade

Summary:

In order to have the two factors gaining to trade, a lesser differentiation of
the products will have to be compensated by a more limited economic
distance.
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Gravity

Change in notations:

In the following:

Country i is the exporter

Country j is the importer

Product is noted k

At some point we will replace representative consumer by overall
consumption (will be notified)
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Gravity

The rationale of gravity

Gravity rules in all cases to date.

Leamer and Levinsohn (1995) argue that the gravity equation is one
of the most stable relationship in economics.

The bad news: develop a new proxy for trade costs and use a really
big dataset; success is not guaranteed, but you’re likely to find
significance and likely to find a good ”theory” for it.

The good news is that we know why it works: most trade models
require gravity to work.

Let’s give examples: France X, 2000 - France M, 2000 - Trade within
the USA - 1997
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Gravity
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Gravity
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Gravity
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Gravity

ln(Tij/PIBiPIBj)

ln(distance)
4 6 8

-20

-18

-16

-14

-12

ε = −0.95,  R2 = 0.57
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Gravity

Two important constraints in gravity equations.
1 Budget allocation for the importer.
2 Market-clearing for the exporter.

How these two constraints have been addressed depend of the trade
model.

Budget allocation

Let i be the exporter and j be the importer (or destination).

Let X j represent the total ”pie” to be allocated to competitors in
market j .

Let Πij be the share of the pie allocated to country i .

Then as an accounting identity we have:

X ij = ΠijX j , (19)

where
∑

i Πij = 1 and
∑

i X
ij = X j .

In trade models X j is total expenditure by the importing country.
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Gravity

Budget allocation (cont.)

Critical step: show that Πij can be expressed in the following
multiplicatively separable form:

Πij =
Aiφij

Φj
. (20)

Ai represents ”capabilities” of exporter i .

0 ≤ φij ≤ 1 represents the accessability of the destination market to
that particular exporter.

Φj measures the set of opportunities of consumers in j or,
equivalently, the degree of competition in that market.

Most specific trade models yield such form.
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Gravity

Consequently, bilateral trade has a multiplicative form:

X ij = GS iM jφij . (21)

G is just a constant:

”Gravitational constant” in analogies with physics.
Does not depend on i or j .
But varies over time → extent of ”globalization”.

S i comprises everything that is exporter-specific.

M j encompasses all importer-specific factors,

At this point G = 1, M j = X j/Φj and S i = Ai .

With market-clearing, S i will depend on Ai and also on all the φij and
M j .
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Gravity

Market-clearing-1

A second accounting identity holds that the sum of i ’s exports to all
destinations—including i—equals the total value of i ’s production,
denoted as Q i .

Q i =
∑
j

X ij = Ai
∑
j

φijX j

Φj
. (22)

As with X j , Q i can be measured at the sectoral level.

If B i is i ’s trade balance (or net exports), Q i ≡ X i + B i . At the
sectoral level we need to allow for B i 6= 0. However, at the world
level, we must have

Q ≡
∑
i

Q i =
∑
j

(X j + B j) = X +
∑
j

B j = X + 0.
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Gravity

Market-clearing-2

With data on both X j and Q i , market-clearing tells us something
about Ai . To see this,

Define s j = X j/X = X j/Q as country j ’s share of world expenditure
(and production).

Define the following market potential (or access) term:

Φ∗i =
∑
h

φihsh

Φh
. (23)

Market clearing, can be re-expressed as Q i = AiQΦ∗i , at the sectoral
level and implies:

Ai =
Qi

QΦ∗i
. (24)

Since it is based entirely on adding-up conditions, this should be valid
under any trade model.
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Gravity

Market-clearing-3

For a country to produce a lot (high Q i ), if remote from world
markets (low Φ∗i ), it must have good capabilities (high Ai ).

A country’s share of world output is a function of good capabilities
and good geography: s i = AiΦ∗i

At the aggregate level, B i = 0 and Q i = X i = Y i

Substituting s i = X i/X = Y i/Y into Ai = s i/Φ∗i ,

and then Ai into
equation (20) and then Πi into equation (19) we get:

X ij =
1

Y︸︷︷︸
G

Y i

Φ∗i︸︷︷︸
S i

Y j

Φj︸︷︷︸
M j

φij . (25)

Which is the proper formulation of our initial gravity equation.
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Gravity

Market-clearing-3

For a country to produce a lot (high Q i ), if remote from world
markets (low Φ∗i ), it must have good capabilities (high Ai ).

A country’s share of world output is a function of good capabilities
and good geography: s i = AiΦ∗i

At the aggregate level, B i = 0 and Q i = X i = Y i

Substituting s i = X i/X = Y i/Y into Ai = s i/Φ∗i , and then Ai into
equation (20) and then Πi into equation (19) we get:

X ij =
1

Y︸︷︷︸
G

Y i

Φ∗i︸︷︷︸
S i

Y j

Φj︸︷︷︸
M j

φij . (25)

Which is the proper formulation of our initial gravity equation.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 79 / 114



Gravity

Literature reached this final formulation only step by step.

Xij =
1

Y︸︷︷︸
Gravitationalconstant

×

Yi

Φ∗i︸︷︷︸
Sizeofexporter/marketaccess

×

Yj

Φj︸︷︷︸
Sizeofmarket/degreecompetition

×

φij︸︷︷︸
accessabilityofmarket

Helpman is the first step.
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Gravity

Monopolistic competition model: countries completely specialised in
different product varieties.

Trade in these product varieties is referred to as IIT.

Notice that complete specialisation and IIT does not occur in the HO
model as long as EPF is verified.
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Gravity

Common feature of the monopolistic competition model and the HO
model with a continuum of goods:

Both have many more goods than factors
Allows for complete specialisation in different product varieties across
countries.
In this case,trade patterns can be described by a gravity equation.

Gravity equation:

Bilateral trade between two countries is directly proportional to the
product of their GDP’s.
Larger countries will tend to trade more with each other
Countries that are more similar in their relative sizes will also trade
more.
Empirical regularity observed for IIT.
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Gravity

Trade types in bilateral intra-EU12 trade, 1996
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The area of the bubbles represents the relative importance of total bilateral trade in total intra-EU trade, ranging from some 10%
(France-Germany) to about 0.02% (Greece-Portugal, Greece-Ireland and Portugal-Ireland).
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Gravity

Gravity equation originally used as an empirical regularity.

Took long before precise role of frictions and prices are fully
understood.

The Helpman (1987) theorem has been derived in a frictionless
framework

Corresponds to a gravity equation, under the assumption of free trade
and zero transport cost, so that all countries have identical prices.

Later we will loosen this assumption and allow for differing prices due
to trade barriers between countries.

Key assumptions:

Demand is identical and homothetic across countries.
Countries are completely specialised in different varieties.

Thus it follows that a good produced in any country is sent to all
other countries in proportion to the purchasing country’s GDPs: first
application of the theoretical foundations identified above.
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Gravity

Consider a multicountry framework where i , j = 1, . . . ,C denotes
countries, and k = 1, . . . ,N denotes products.

Consider any variety of a good counts as a distinct product.

Let y ik denote country i ’s production of good k .

Since prices are the same across all countries (frictionless world),
normalise them to unity, so y ik actually measures the value of
production of good k by country i .

GDP in country i is:

Y i =
N∑

k=1

y ik

World GDP is:

Y =
C∑
i=1

Y i
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Gravity

s j is share of destination market j in world expenditure and since
trade in balanced also in world GDP

Identical and homothetic preferences lead to the following bilateral
exports:

X ij
k = s jy ik (26)

Total bilateral exports are:

X ij =
∑
k

X ij
k = s j

∑
k

y ik = s jY i =
Y jY i

Y
= X ji (27)

To be compared with:

X ij =
1

Y

Y i

Φ∗i
Y j

Φj
φij

Finally, bilateral trade between i and j sums to:

X ij + X ji =
2

Y
Y iY j (28)
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Gravity

Equation (27) can be transformed in:

X ij + X ji = 2s i s jY (29)

Re-express this by considering size of the two countries relative to
each other (define a region A of the world economy comprising these
two countries).

The share of country i in A’s GDP is s iA.

The share of region A in world GDP is sA.

(28) can be re-written as:

X ij + X ji

Y A
= 2s iAs jAsA

We can square the sum of the shares s i(j)A (that sum to unity) and
obtain:

X ij + X ji

Y A
= [1− (s iA)2 − (s jA)2]sA
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Gravity

Theorem

Helpman (1987)

If countries are completely specialised in their outputs, tastes are identical
and homothetic, and there is free trade worldwide, then the volume of
trade among countries in region A relative to their GDP is:

sA[1−
∑
i∈A

(s iA)2] (30)

The dispersion index is maximised for countries of the same size (1/N).
Conversely, as any country has a share approaching unity, the index
approaches zero.
The volume of trade relative to GDP is proportional to the similarity index.

Helpman E. (1987), Imperfect Competition and International Trade: Evidence from Fourteen Industrial Countries, Journal of the

Japanese and International Economies, 1: 62-81.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 88 / 114



Gravity

Let’s define the region A as any pair of countries.

Let’s define the dispersion index in that region at time t:

∆ij
t = 1− [Y i

t /(Y i
t + Y j

t )]2 − [Y j
t /(Y i

t + Y j
t )]2

Then (29) can be estimated in logs as:

ln[(X ij
t + X ji

t )/(Y i
t + Y j

t )] = αij + γ ln(s it + s jt ) + β ln(∆ij
t ) (31)

Where αij is a country-pair fixed effect.

According to Helpman’s theorem β should be close to unity.

Debaere (2002) estimates this equation on panel of OECD and
non-OECD countries over the period 1970-1989.

Debaere estimates this equation by including/excluding the term
(s it + s jt ): will be captured by fixed effect if this share is constant over
time.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 89 / 114



Gravity

Dep. var.: Country pairs value of (Trade/GDP)

OLS OECD IV OECD OLS NOECD IV NOECD

Constant s i

Dispersion 0.55 2.10 -0.14 1.54
(0.04) (0.34) (0.20) (0.71)

R2 0.43 0.39 0.12 0.13

Time varying s i

Dispersion 0.89 3.52 0.40 2.10
(0.06) (0.24) (0.24) (0.73)

s i + s j 0.47 2.76 0.99 4.39
(0.06) (0.26) (0.10) (1.18)

R2 0.45 0.43 0.14 0.14
N 1820 1820 1320 1320

Nominal GDP

IV: Population as instrumental variable for GDP
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Border effects

The Helpman’s theorem applies to a frictionless world.

Not surprisingly prediction is hardly supported by the data.

Conversely, research on “border effects” has focused on the impact of
trade barriers.

Starting point: right benchmark for bilateral trade flows between two
countries is not average bilateral trade within a sample but internal
trade.

The magnitude of the tariff equivalents of border effects initially
estimated has stimulated research addressing the proper formulation
of the gravity equation.

The bottom line is that prices must be explicitly taken into account in
gravity equations.
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Border effects

McCallum (1995) compares trade between Canadian provinces and
between these provinces and US states.

McCallum used 1988 data. Replicated by Feenstra with 1993 data.

Anderson and van Wincoop (2001) fixed the problem and proposed a
solution systematically used since then.

McCallum estimates the following equation:

ln(X ij + X ji ) = α + β1 lnY i + β2 lnY j + γδij + ρ ln d ij + εij (32)

δ = 1 if i and j are two Canadian provinces.

McCallum’s dataset did not comprise trade between US states.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 92 / 114



Border effects

Dep. var.: Value of exports for Province/State Pairs

(1) (2) (3)
data 1988 1993 1993
lnY i 1.21 1.22 1.13

(0.03) (0.04) (0.02)
lnY j 1.06 0.98 0.97

(0.03) (0.03) (0.02)
ln d ij -1.42 -1.35 -1.11

(0.06) (0.07) (0.03)
Canada 3.09 2.80 2.75

(0.13) (0.12) (0.11)
US 0.40

(0.05)
.
.

Border effect Canada 22 16.4 15.7
Border effect US 1.5

Border effect average 4.8
R2 0.81 0.76 0.85
N 683 679 1511M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 93 / 114



Border effects

Comparison with border effects estimated for US states trading with
Canadian provinces suggests that there is a misspecification.

Prices missing.

Anderson (1979) first derived a gravity equation with prices.

Bergstrand (1985) also derived a gravity equation from a GE model
with prices.

The main issue is how to introduce prices in the estimated equation.
Three possibilities:

Prices indexes (Bergstrand, 1985)
Estimated border effects (Anderson and van Wincoop, 2001)
Fixed effects (Harrigan, 1976; Hummels, 1999; Redding and Venables,
2000)

Need to derive again our monopolistic equation of trade, by taking
into account frictions
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Border effects

Introduce transport costs, tariffs and other frictions (language,
culture, regulations, . . .).

Prices are no longer equalised across countries.

Recall that one variety is produced by one firm (hence one country)
only: hence export of a variety to a destination equals expenditure on
this variety in this destination.

Change notations: we do not consider a representative consumer
purchasing c of good k but consider total expenditure in destination
country j on this variety exported by i : c ijk
This is also the quantity shipped by i to j of product k .

There are C countries indexed by i producing each N i varieties under
monopolistic competition.

Using CES formulation, utility of country j is:

U j =
C∑
i=1

N i∑
k=1

(c ijk )(σ−1)/σ (33)
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Border effects

We now introduce prices.

All firms of i sell at same price in j : homogeneous firms.

Prices charged in j are CIF.

Products k are exported FOB from i .

Hence we must write:
pijk = pij = T ijpi

Since all varieties k shipped by i to j are sold the same price c ijk = c ij

T ii = 1 and T ij ≥ 1: iceberg cost, Samuelson (1952).

Utility is accordingly:

U j =
C∑
i=1

N i (c ij)(σ−1)/σ (34)
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Border effects

The aggregate budget constraint in destination country j is:

Y j =
C∑
i=1

N ipijc ij (35)

Maximising (34) s.t. (35) we get:

c ij =
Y j

P j
(
pij

P j
)−σ (36)

Where P j refers to country j ’s overall price index

This is the demand in j, c ij , for each product k exported by i

P j is defined as:

P j = [
C∑
i=1

N i (pij)1−σ]1/(1−σ) (37)
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Border effects

To obtain a gravity equation we must now sum over all individual
exporters:

X ij ≡ N ipijc ij

And from (36):

X ij = N iY j(
pij

P j
)1−σ (38)

Remind that N i is not observable but related to Y i since:

Y i = N ipiy i
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Border effects

Hence the gravity equation (33) can also be written as:

X ij = Y iY j(
pij

P j
)1−σ(y ipi )−1 (39)

We can now make use of pij = piT ij to obtain:

X ij = Y iY j(T ij)1−σ(P j)σ−1(pi )−σ(y i )−1 (40)

This is the gravity equation to be estimated.
To be compared with:

X ij =
1

Y

Y i

Φ∗i
Y j

Φj
φij

Y i and Y j are the GDPs (aggregate exports), or production and
expenditure at sectoral level.
(T ij) is the transport cost (can also include tariffs) and other
determinants of the difference between CIF and FOB prices.
P j is the overall price index in j .
pi is the price of the exporting country.
y i = (σ − 1)αβ−1 is a constant that cannot be observed.

M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 99 / 114



Border effects

Transport costs can be approximated by distance (time invariant).

Tariffs.

As for prices, first possibility is to use aggregate price indices
(Bergstrand, 1985,1989), namely GDP deflators.

In order to come back to Helpman’s theorem Y iY j must be further
decomposed:

We now define s i as the share of countries i and j GDPs relative to
their sum.
Hence s i ≡ Y i/(Y i + Y j)
And Y iY j = s i s j(Y i + Y j)2

Lastly notice that s i s j = ∆ij/2 is accordingly (half) the Helpman’s
dispersion index.
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Border effects

Finally the proper formulation of the Helpman’s gravity equation
becomes:

X ij = (Y i + Y j)2(∆ij/2)(T ij)1−σ(P j)σ−1(pi )−σ(y i )−1

Can be estimated in logs.

Baier and bergstrand (2001) estimate a similar equation for 16 OECD
countries.

They consider the average 1958-1960 versus the average 1986-88 and
take the first differences.

They measure transport costs using the International Financial
Statistics (time varying difference CIF-FOB).

The unobservable and constant y i disappears in first differences.
They find that:

2/3 of the observed growth in trade is explained by the growth in GDP;
1/4 . . . by the reductions in tariffs;
1/12 . . . by the reductions in transport costs
Changes in relative sizes did not play a significant role (indeed, we are
considering OECD countries only).
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Unobservable Prices and Fixed Effects

Unobservable Prices and Fixed Effects
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Unobservable Prices and Fixed Effects

There are many disadvantages in using the actual aggregate prices:

GDP prices comprise the prices of non traded goods and services.
Sectoral price indexes are not systematically available on a comparable
basis.
Price indexes are dependent on the base year.
Price indexes have no ”dimension” and do not inform us on price levels

So one may adopt a different strategy and consider that prices are not
observable.

In this case, two approaches are possible:

Estimate the price effects
Replace the price effects with bilateral fixed effects
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Unobservable Prices and Fixed Effects

We start by modeling the cif prices pij as differing from the fob prices
pi due to distance d ij and other factors τ ij :

lnT ij = τ ij + ρlnd ij + εij (41)

d ij and τ ij are either observed (in this case for instance τ will include
bilateral applied tariffs), or estimated.

Estimating τ ij provides an indirect evidence on protection. Here,
estimating the two factors will help sorting out the issue of prices.

Remind that our gravity equation is:

X ij = N iY j(
piT ij

P j
)1−σ

Substituting the value of T ij in this expression leads to an expression
making it difficult to directly estimate the parameters. This is where
our market clearing conditions will help.
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Unobservable Prices and Fixed Effects

Let’s start with the market clearing condition at the level of the firm.
In presence of transport costs we have fob sales = cif expenditures on
its products (piy i =

∑C
j=1 p

ijc ij), such as:

y i =
C∑
j=1

c ijT ij (42)

Instead of using this market clearing condition to solve for the
unknown prices, Anderson and van Wincoop (2001) use an implicit
solution.

Remind that:

Y i = N ipiy i (43)

Y =
C∑
j=1

Y j

s i = Y i/Y
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Unobservable Prices and Fixed Effects

The implicit solution to (42) for individual prices is:

p̃i ≡ (s i/N i )1/(1−σ)/P̃ i (44)

Multiplying the previous equation by T ij gives p̃ij .

Substituting p̃ij into the j ’s overall price index (equation 37) gives:

(P̃ j)1−σ =
C∑
i=1

s i (T ij/P̃ i )1−σ (45)

We can now transform the market clearing equation (42) as follows,
making use of the expression of demand in (36) and of pij = T ijpi

Y i = N ipiy i = N i
C∑
j=1

c ijpij = N i
C∑
j=1

(piT ij/P j)1−σY j (46)
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Unobservable Prices and Fixed Effects

We now substitute the implicit price p̃i given by (44) in the last
expression of (46) to obtain:

Y i = s i
C∑
j=1

(T ij/P̃ i P̃ j)1−σY j (47)

Provided that T ij = T ji we can sum this over i and get the following
expression leading to an overall implicit price index for i which is
identical to the one of j in (45):

Y =
C∑
j=1

(T ij/P̃ i P̃ j)1−σY j
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Unobservable Prices and Fixed Effects

The last step consists in introducing the implicit price p̃i given by

(44) in our gravity equation (38): X ij = N iY j(p
ij

P j )1−σ

We get a gravity equation whereby the unobservable N are no longer
present:

X ij =
1

Y

Y i

(P̃ i )1−σ

Y j

(P̃ j)1−σ
(T ij)1−σ (48)

This is precisely our initial gravity equation, in the CES case:

X ij =
1

Y

Y i

Φ∗i
Y j

Φj
φij

The terms P̃ are two indexes of multilateral resistance.
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Unobservable Prices and Fixed Effects

The term in Y is just a constant that can be dropped in cross-section.

The coefficients in the terms Y i and Y j can be constrained so that
the dependent variable is X ij/Y iY j .

Then we can factor in the expression for the difference between cif
and fob prices in (41) lnT ij = τ ij + ρ ln d ij + εij and take the logs:

ln(X ij/Y iY j) = ρ(1− σ) ln d ij + (1− σ)τ ij

+ ln(P̃ i )σ−1 + ln(P̃ j)σ−1 (49)

+ (1− σ)εij
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Unobservable Prices and Fixed Effects

Anderson and van Wincoop use this equation to estimate the border
effects between Canada and the US.

They do not use the term (1− σ)τ ijn but a variable δij equal to 0 for
Canada-US trade and 1 otherwise.

The estimated equation is now:

ln(X ij/Y iY j) = α ln d ij + γ(1− δij)
+ ln(P̃ i )σ−1 + ln(P̃ j)σ−1 (50)

+ (1− σ)εij

The coefficient on the indicator of cross border trade (1− δij) is -1.65
in column 4 of next Table (column 3 reproduces previous result).
Column (5) is the FE strategy.

e1.65 = 5.5

Border effect average (e2.75e0.40)(1/2) = 4.8

Now we must explain how the 2.6 and 10.5 (average = 5.2) are
calculated and what a border effect equal to 5.5 means.
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Unobservable Prices and Fixed Effects

Dep. var.: Value of exports for Province/State Pairs

(3) (4) (5)
data 1993 1993 1993
lnY i 1.13 1 1

(0.02)
lnY j 0.97 1 1

(0.02)
ln d ij -1.11 -0.79 -1.25

(0.03) (0.03) (0.04)
Canada 2.75

0.11
US 0.40

0.05
Border -1.65 -1.55

. (0.08) (0.06)
Border effect Canada 15.7 10.5

Border effect US 1.5 2.6
Border effect average 4.8 5.2 4.7

R2 0.85 n.a. 0.66
N 1511 1511 1511M1 - Trade - Session 3 Monopolistic Competition with Homogeneous Firms October 11, 2020 111 / 114



Unobservable Prices and Fixed Effects

Is -1.65 quantitatively important? We have the following
transformation:

(1− σ)τ ij = γ(1− δij)

⇒ τ ij =
γ(1− δij)
(1− σ)

⇒ eτ
ij

= e [γ(1−δij )/(1−σ)]

with δij = 0 for cross-border trade.

Hence a σ equal to 5 would lead to a tariff equivalent of 51%
(eτ = 1.51)

Another means of measuring the border effect is to make use of the
multilateral resistance terms.

First compute the multilateral resistance term (P
i
)σ−1 in the absence

of border effect (τ set to 0).
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Unobservable Prices and Fixed Effects

Then compute X ij in presence and in absence of border effects:

X ij

X
ij

= [e γ̂(1−δij )]
(P̃ i )σ−1(P̃ j)σ−1

(P
i
)σ−1(P

j
)σ−1

(51)

X ii

X
ii = 4.3 when considering intra-Canadian trade

X ij

X
ij = 0.41 for cross-border trade

Intra-Canadian trade is 4.3 times larger and cross-border trade is 0.41
times smaller. Hence Intra-canadian trade is 4.3/0.41 = 10.5 times
higher due to border effect

Border effect 2.6 obtained in the same way for the US
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Unobservable Prices and Fixed Effects

We can alternatively use country fixed effects to control for
unobservable prices.

We replace the prices by two dummies: C i and C j , and estimate:

ln(X ij/Y iY j) = α ln d ij + γ(1− δij)
+ β1C

i + β2C
j (52)

+ (1− σ)εij

We obtain γ̂ = −1.55

The border effect (e1.55 = 4.7) in column (5) of previous table is
accordingly consistent with the average of the two estimated border
effects in Column (4).
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