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@ Course overview

© Standard model: the textbook version revisited
© Paths of development

@ FPE and WIE

© Basic dimensionality issues
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Course overview

Course overview

@ The standard model (role of comparative advantage; limits — if any —
to FPE) / HOVR

Monopolistic competition with homogenous firms

New economic geography

Multinational firms

Trade and jobs

Heterogenous firms and trade: facts / models / extensions
(comp.adv, R & D, trade in inputs)

Trade liberalization and firm efficiency

Trade and quality

| teach the 4 first sessions, Maria Bas the remaining ones.
Office hours by appointment: lionel.fontagne@univ-parisl.fr
Slides on personal site: http://lionel-fontagne.eu — Page
“Teaching”
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Standard model: the textbook version revisited

Standard model: the textbook version revisited
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Standard model: the textbook version revisited

Motivation

The standard versus contemporary versions of the HO model

@ Well known model: Heckscher-Ohlin: classical PPC framework for
comp. adv.

Traditional presentation shapes many reasonings but 2x2x2 misses the
point

Trade in goods, not in factors

FPE conditions to be seriously addressed

Dimensionality issues

Trade in intermediates

"Missing trade"

Dual approach and FPE set

Bottom line: HOV with differences in technology, incomplete FPE
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Standard model: the textbook version revisited

We start with the two-good, two-factor model
Forms the basis of the Heckscher-Ohlin model

Start with one country

Treating world prices as given

Later on introduce second country

Nice properties vanish when dimensionality increases
GDP function and duality to be introduced

FPE is a key issue (see policy implications)
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Standard model: the textbook version revisited

The textbook version

Assumptions

@ Country produces two goods with the production functions:

Yi = f;'(Lia Kf)ai: 172

Production functions assumed to be increasing, concave, and
homogeneous of degree one in the inputs L; and K;

< Constant returns to scale in the production of each good

This restrictive assumption will be relaxed later on

Labour and capital fully mobile between the two industries: long run
point of view

@ Amount of factors employed in each industry constrained by factor
endowments
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Standard model: the textbook version revisited

Start with the factor endowment constraint:

Li+L<L (1)
Ki+ K, <K

Maximizing the amount of good 2:

y2 = h(L, K2)

Subject to a given amount of good 1:

y1 = fi(L1, K1)

The resource constraints in (1) gives us:

Y2 = h(y17 L7 K)
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Standard model: the textbook version revisited

The corresponding production possibilities set S is convex. What does it
mean? Consider two production sets y, and y,

Ya = (YI,aa )/27a)

Yo = (Y1,b)Y2,b)

Then any linear combination of the two
Aa+ (1= A)ys

isalsoin Sfor0 <A <1
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Standard model: the textbook version revisited

Y,

ya:(yl,al y2,a)

Yo=10 Yo,0)

Y1
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Standard model: the textbook version revisited

In order to determine where the economy produces on the PPF, additional
assumptions are needed:

@ Perfect competition in the product and factor markets
@ Product prices given exogenously

@ Prices established on world markets (small country assumption)
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GDP function

Definition

Under assumption of perfect competition, amounts produced in each
industry will maximize GDP for the economy

< industry outputs of the competitive economy will be chosen to
maximize GDP

G(p1, p2, L, K) = max piy1 + pay2
s.t. yo» = h(y1, L, K)
Substitute the constraint into the objective function and write it as

choosing y; to maximize:

pP1yi + P2h()/1a La K)
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Standard model: the textbook version revisited

p1 Oh Jy»
p1+ p2(0h/0y1) p o~ oy

@ Production equilibrium where relative price of good 1 = slope of PPF

@ Any change in the world price will lead to a change in the allocation
of resources in the economy for a given factor endowment.

@ Useful property of the GDP function: Derivative of the GDP function
with respect to prices equals the outputs of the economy. Proof
below.
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Standard model: the textbook version revisited

Derivative of the GDP function with respect to prices equals the
outputs of the economy

Proof.
Let’s differentiate GDP function

G(p1, p2, L, K) = maxpiy1 + p2y2
with respect to the price of good /, to get

oG dy1 dy»
9 _ o 9y 4
opi yit <,D1 opi TP aPi) )

Terms in parentheses sum to zero due to enveloppe theorem: when one
differentiates a function that has been maximized (such as GDP) with respect to
an exogenous variable (such as p;), then one can ignore the changes in the
endogenous variables (y; and y») in this derivative: only first order effects count)

L]
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Standard model: the textbook version revisited

Derivative of the GDP function with respect to prices: implications

@ Exogenous prices (world market) and comparison with domestic price:
signal for specialization.

@ Changes in prices: drive changes in factor allocation.

@ Changes in domestic factor allocation will impact factor markets if
goods are produced with different factor intensity for a given vector of
factor prices.

@ In a 2(factors)x2(goods) settings with fixed factor endowment,
"natural friends" and "enemies" are easily spotted (Ethier, 1974).

@ In a 2X3 settings, more difficult. Problems of dimensionality.
Weakening the main theorems.
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Duality

Modern (standard) theory of trade is relying on duality.

e Woodland A.D. (1977), A Dual Approach to Equilibrium in the
Production Sector in International Trade Theory, Canadian Journal of
Economics, 10: 50-68

e Mussa M. (1979), The Two-Sector Model in Terms of its Dual,
Journal of International Economics, 9(4): 513-526

e Dixit A., Norman V. (1980), Theory of International Trade.
Cambridge University Press

@ Helpman E., Krugman P. (1985), Market Structure and Foreign
Trade, Cambridge: MIT Press.
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Standard model: the textbook version revisited

Unit cost functions are dual to the production functions f;(L;, K;)
c¢i(w, r) is the minimum cost to produce one unit of output /
ci(w, r) = min{wl; + rKi|fi(L;, K;) > 1} (5)
We can now minimise cost in (5) to obtain optimal unit factor inputs
ci(w, r) = waj (w,r) + raj(w, r)
We will remind that our optimal a depend on the vector of factor prices
and simply write:

ci(w, r) = waj + rajx

@ Question: do the a's depend on (L, K)?
@ Notice: No joint production.
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Standard model: the textbook version revisited

Derivative of the unit cost function with respect to factor prices
equals unit factor demand

Proof.
Differentiate the unit cost function

ci(w, r) = waj + raix

with respect to w to obtain:

6C,' o 83,-L 83,-K
6w_a'L+<W8W+r8W> (6)

The terms in parentheses sum to zero (envelop theorem again). Hence derivative
of unit costs with respect to wage equals a;;: labour needed for one unit of

production of good i. Same for ajx. L]
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Standard model: the textbook version revisited

Equilibrium conditions

Zero profit equilibrium condition for the 2 x 2 economy is:
p1 = ci(w,r) (7)
p2 = ca(w, )

Full employment condition for the 2 x 2 economy is:

{Ll—i—Lg:L
Ki+ Ko =K

Substitute the optimal a to obtain:

{ auyi+auy, =1L (8)
aikyr +aky: = K
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Standard model: the textbook version revisited

3 fundamental questions in (classical) international economics:

@ What is the solution for factor prices? Is this solution sensitive to
changes in factor endowments?

@ How do factor prices change when goods prices change? (effects of
shocks or trade policy on income distribution)

© How do outputs change with factor endowments? (growth,
technological change).
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Factor prices

@ What is the solution for factor prices?

o (7) and (8) are 4 equations in 4 unknowns
e p1, p2, K, L are exogenous
e w, r, y1, y» are endogenous

@ The zero profit conditions do not depend on y;. Why?

@ Are we sure that the vector of output comprises only positive
components?

@ Is the general equilibrium solution unique? Can we associate a unique
vector of factor income to a given vector of goods prices?

@ HO tells us about the structure of production and factor rewards for
an economy that faces world prices p for a given factor endowment.
But what about changes in factor endowment? Do they impact the
structure of production? The factor prices?
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Standard model: the textbook version revisited

(wir)

T e T

(LK) (P1,P,) (a,,ak)

3
(8) l ® (8)

(Y1,Y2)
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Standard model: the textbook version revisited

(wir)
Factor price l
i?ffznsitivity I 0 )
(LK) (P1,P,) (a,,ax)

8) 1(3) ®)

(Y1,Y2)
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Standard model: the textbook version revisited

If (w, r) does not depend on (L, K) then:
e We can solve for (w, r) in (7)
@ Substitute the corresponding a into (8) to obtain (y1,y2) under
endowment constraint
If (w, r) does depend on (L, K) then:
@ There are multiple solutions for (w, r) from the zero profit conditions

@ We need to make use also from the full-employment conditions to
determine general equilibrium
What are the conditions of uniqueness and what happens when these are
not fulfilled?
These are the questions addressed when one looks for FPE (Factor Price
Equalization)
Core of the modern standard theory of trade: world integrated equilibrium
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Standard model: the textbook version revisited

Using (w, r), we know how to compute the vector of output compatible
with full employment

The first question of classical theory is how changes in world prices impact
factor returns:

— How (w, r) is impacted by a shock on (p1, p2)

The third big question of classical theory — what is the impact of a shock
on factor endowment on equilibrium outputs — is the other face of the
same coin.

Let's start with impact of goods prices on factor prices.
The 2 x 2 x 2 is a useful simplified framework to address this issue.
Still, conclusions are conditional to this dimensionality level.
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Standard model: the textbook version revisited

Comparative statics on the zero-profits conditions (7)
Totally differentiating these conditions, we obtain:

dp; = aj dw + ajkdr

=

doi _ waw dw | raw dr iy (9)
Pi r

¢ w Cji
Equation (9) is obtained by noting that p; = ci(w, r)
Let’'s now express variables in terms of percentage changes, such as
w=dInw = dw/w , as well as cost shares 6
wai

0; = , etc.
Ci
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Standard model: the textbook version revisited

(9)@,5/:9,1@—}-9,';(?,/':1,2

We can now write our problem in matrix form
p1 b1 O1k w
- ~ 10
<P2> (92L 92K><r> (10)
Assumption on rank of K;/L; needed. Assume industry 1 labour intensive:

0] = 01,02k — b1kb21 > 0 (11)

Assume relative price of good 1 increases p = p1 — p» > 0:

_ Oakpr — bhkp2 _
W o= 2KPL kP2 (12)
10l
~ _ Oupp—tpr
= =" 2P e p
10l
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Standard model: the textbook version revisited

We get:
w>pL>p
And workers can afford more of both goods: real wage has increased

Reciprocally, return to capital has decreased in real terms unambiguously:

~ ~

wW>pr>p>T (13)

Theorem

Stolper-Samuelson (1941) [Jones, 1965]

An increase in the relative price of a good will [more than proportionally]
increase the real return to the factor used intensively in that good, and
[more than proportionally] reduce the real return to the other factor.
[Hence a change in the product price has a magnified effect on the factor
prices|
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Standard model: the textbook version revisited

This can now be illustrated.

The iso-cost curve for industry 1 shifts proportionally to the increase in p;
How to be sure that the wage has increased in percentage terms by more
than the relative price of good 1?7

Unit-cost functions are homogeneous of degree one in factor prices.
Hence, moving along the ray through A increases p, w and r in the same
proportion.

The equilibrium wage increases by more, so the percentage increase in the
wage exceeds that of the product price.
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Standard model: the textbook version revisited

"
/'
dp, >0
Mo koD 0,
o o B Py= (W)
| -
i P = (W)
WO > Wl W
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Standard model: the textbook version revisited

Using (w, r), we know how to compute the vector of output compatible
with full employment

We also know how (w, r) is impacted by a shock on (p1, p2)

Similarly, we will ask now what is the impact of a shock on factor
endowment on equilibrium outputs (the 3rd question of the classical trade
theory).
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Standard model: the textbook version revisited

Changes in endowments

@ How do industry outputs adjust to changes in factor endowments?

@ To answer this, we hold the product prices fixed and totally
differentiate the full-employment conditions (8).

@ Notice that the unit input coefficients do not change, despite the fact
that they are functions of the factor prices (w, r), because p does not
change.

ayrdyr + appdy, = dL (14)
aikdyr + axkdy, = dK

Define A the fraction of e.g. labour employed in industry i: \; = (L;/L)
and use Jone's algebra as above. (14) <

Auyi+ Xy =
MKYL+ Aok =
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Standard model: the textbook version revisited

We can now write our problem in matrix form

L AL Azt ) < Iz )
Y = e 15
< K ) ( Ak A2k y2 (15)
Where the sign of |A\| must be calculated recalling that the shares sum to
unity for each factor

Al = ALdok — A dik = A — Ak (16)

Recall we assumed industry 1 to be labour intensive
Thus A1 > Ak and |A] >0

Assume L > 0, and K=0 by sake of simplicity. We get:
~ A2

K o~ o~
= ——— [ >1>0 17
N (ML — k) (17)
- —A1K
Yo = L<0
Al
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Standard model: the textbook version revisited

Theorem

Rybczynski (1955)
An increase in a factor endowment will increase output of the industry
using it intensively, and decrease the output of the other industry

Very similar to the Stolper-Samuelson theorem

Reason for this is the principle of naturel friends/enemies uncovered by
Ethier (1974) — linked to dimensionality

— Natural friend of labour is good 1 under our assumptions

— Natural enemy of labour is good 2

— Natural friend of capital is good 2

— Natural enemy of capital is good 1

Question: why is it that output of one industry necessarily declines?
Trick: capital/labour ratio remains constant as long as (w, r) unchanged
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Standard model: the textbook version revisited

Rybczynski line joins up all points where the slopes of the PPFs are equal,
as endowment in one factor increases.

Can be plotted for dL > 0 in the output space.

This is a straight line since its slope is the negative of the ratio of

capital /output ratio, which is fixed for fixed factor prices.

Totally differentiating (8) for capital gives:

0 = aikdyr + axkdy2 = % = 2K (18)
Y1 2K

At some point the R-line hits the horizontal axis: at this point the
economy becomes fully specialized in good 1.
For further increases in L the R-line moves right along the y; axis.
This case where there is no longer diversification corresponds to vectors of
endowment outside the diversification cone.
In this case, factor prices will be determined by the marginal products of
labour and capital in good 1.
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Standard model: the textbook version revisited

\Zi

R-line for dL

Y1
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Standard model: the textbook version revisited

Discussion:

@ R = the impact of factor accumulation excluding changes in relative
prices

@ Small economy facing exogenous world prices

@ Since prices of goods are constant, prices of factors are constant. And
so do unit factor inputs. Industries’ factor intensities not affected

@ An increase in the stock of one factor can only be absorbed, under
full employment, by the increase in the production of the good
intensive in this factor

@ But to do so, a given quantity of the other factor is needed in the
expanding sector

@ Hence the reduced output in the other sector in order to free resources
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Standard model: the textbook version revisited

Growth also related to technical progress.
Less input to get the same amount of output.

Technical progress may be neutral or biased.

Hicks neutral: progress leaves industries’ factor intensities unchanged,
under constant relative factor prices.

@ Biased: may be Intensive Factor Using (increases the relative intensity
in the factor already relatively intensively used in the sector). Or
reciprocally Intensive Factor Saving.

Bottom line:

@ A neutral technical progress will translate into biased growth if it takes
place in only one industry.

o Growth will be biased towards the industry where the technical progress
takes place.
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Standard model: the textbook version revisited

@ A neutral technical progress in one industry will:

e Increase the output of the industry where this technical progress takes
place

e Decrease the output of the other industry

o Increase the relative price of the factor intensively employed in the
industry where technical progress takes place

o Decrease the relative intensity in this factor in both industries

@ This is the Findlay-Grubert theorem
@ Biased technical progress:

o Intensive Factor Saving: reinforces the previous predictions
o Intensive Factor Using: invalidates the theorem

@ Let's start with the assumption of Hicks-neutral tech progress
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Standard model: the textbook version revisited

Technical progress in industry 1 (step 1)

K KoL,
z
K, /L
Y 1'=1
B
c
< .

0 Y Z
Technical progress reduces the cost of producing good 1 at constant prices
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Standard model: the textbook version revisited

Technical progress in industry 1 (step 2)
K K,/L,

Y K,/L,

—
|
0 Y -z oo
Factor prices must change to restore full employment equilibrium: w/r increases.
New equilibrium in industry 1 and 2.
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Paths of development

Paths of development
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Paths of development

@ The overall message of the HO theory is about “paths of
specialization”.

@ Leamer (1987) uses a cross sectional sample of 38 countries.

@ Three-dimensional factor space projected on a two dimensional space.

@ In the two dimensional space, endowments vectors are represented by
a point in a triangle. When a country moves towards a corner of the
triangle, its relative endowment in the corresponding factor is
increasing.

@ The barycentre of the triangle is the average endowment of the world
economy in the three factors.

@ Leamer E. (1987) Paths of Development in the Three-Factor, n-Good General
Equilibrium Model, The Journal of Political Economy, 95(5).
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Paths of development

T

L
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Paths of development

T

K/T=$13,000/ha

¥
K/L=$12,000
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Paths of development
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Paths of development

When a country moves in the factor space, its specialization is
changing accordingly.

We can derive the Rybczynski derivatives, indicating how the output
vectors will be impacted by a change in relative endowments as a
country is growing.

Since not all products will be produced in every “region” of the factor
space, it will turn out that not all countries are fully diversified. Hence
different countries might belong to different cones of diversification.

Non-uniqueness of factor prices.

FPE within cones but not across cones.

When a country is catching up, it is changing of cone.

Very complex. Hence need of a simple econometric approach.

Leamer uses a 2 factors version of the model to illustrate the paths.
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Paths of development

In a triangle of diversification (diversification cone in a 2X2X2 setting)
outputs are linear functions of factor endowments: Labour productivity in
industries is a quadratic function of the capital intensity. Output of
industry i is:
Yi=Bo+ BkK + BiL (19)
with K and L the factor endowments
If one assumes a quadratic relationship for a better empirical fit, and
dividing by L, one gets:
Yi/L = Bo+ Bu(K/L) + B2(K/L)? (20)
The K/L ratio corresponding to the “revealed” efficient technology of
production (the relative endowment for which this productivity is
maximised) is given by:
K/L=—p1/(252) (21)
We get:
e USD 21,900 per cap in apparel
e USD 29,800 per cap in textile

@ USD 48,300 per cap in machinery
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Paths of development

@ When a country is developing, it climbs the specialization ladder and
specializes in industries with a larger —31/(252)
e Example of Korea (next slide): Alvarez & Fuentes (2006)
e Following a path of development towards more capital intensive goods.
e Typical of a resource scarce country accumulating human capital.
e A very different pattern arises for agricultural intensive countries.
o Consequence of paths of development: countries at different level of
development may not produce de same bundle of goods.

@ Question for next section: are countries diversified?

@ Alvarez, Roberto, and Rodrigo Fuentes. Paths of development, specialization, and
natural resources abundance. Documentos de Trabajo, Banco Central de Chile,
383 (2006): 1
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Paths of development
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FPE and WIE

Factor price equalisation and the world integrated
equilibrium
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FPE and World Integrated Equilibrium

Lemma

So long as (i) factor intensity reversals (FIR) do not occur

and (i) both goods are produced

then each price vector (pi1, p2) corresponds to unique factor prices (w, r)

<Factor Price Insensitivity

Key result: factor endowments (K, L) do not matter for the determination
of (w,r)
Contrasts with a two-factor / single-good economy with diminishing
marginal product of factors where:

@ A country with a lower (K/L) would have lower wages

e As w = pfy and fi; < 0 implies %—”L’ < 0.
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FPE and WIE

For a subset of factor endowments, countries will be diversified

Cone defined as the space spanned by the two optimal vectors (a1, a1x)
and (ay1, axk) for a given (w,r)

Lemma

As long as their vector of factor endowment belongs to the same cone of
diversification, free trade in goods between two countries will lead to FPE.

Cone of diversification: define vectors of optimal input for a given vector
of factor prices

Vector of input is unit input x output, e.g. (211, az1)y1

Sum of vectors of input = factor endowment
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FPE and WIE
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FPE and WIE

The full employment condition (8) can be written in matrix form
aiL asy (L
(o ) (i )= (6)
For any endowment (L, K) there will be a unique vector of output (y1, y»)

such that (a1, a1x) and (a1, a1k ) multiplied by these outputs sum to the
endowment.

A unique convex linear combination of factor inputs guarantees full
employment
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FPE and WIE

(L, K)

(a1, )

ya(ayLs agx)

(a1, a1x) L
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FPE and WIE

In absence of FIR, diversification of economies is the condition for FPE.

If both countries have an endowment factor within the (same) cone of
diversification, FPE will occur
because factor endowments will not affect factor returns.

Theorem

Suppose that two countries are engaged in free trade,

having identical technologies but different factor endowments.
If both countries are diversified and no FIR occurs,

then the factor prices (w,r) are equalised across these countries
(Samuelson, 1949)
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World Integrated Equilibrium

Introduced by Dixit and Norman (1980) and Helpman and Krugman
(1985).

consider the lowest dimensionality: 2 x 2 x 2 model

Initially, suppose that labor and capital are free to move between the two
countries until their factor prices are equalised.

Then all that matters for factor prices are the world endowments of labor
and capital (L + Lx, K + Kx).
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FPE and WIE

Shares of countries in world GDP (normalised to OO%) depend on relative
factor endowment and relative factor prices

If identical relative endowment, then depend only on relative size

Distribution of world income based on endowments and factor returns
only, since perfect competition on all markets: no rents to be shared

Same framework can be used as long as imperfect competition does not
lead to rents (e.g. monopolistic competition)
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FPE and WIE
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FPE and WIE

Take world endowments as given and find equilibrium prices for goods and
factors
Knowing (w, r) determine a; and ak for each industry

Using these, construct the diversification cone for home
Since factor prices are the same across countries, then the diversification
cone is also the same for foreign

Multiply each a; and akx by world demand in each industry
We obtain the total labour and capital content of world demand
= world endowment

The amounts of labor and capital choosing to reside at home (abroad) are
measured relative to the origin O(Ox)
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FPE and WIE

Now we ask whether we can achieve exactly the same world production
and equilibrium prices as in this integrated equilibrium, but without labour
and capital mobility.

Suppose allocation of L and K, such as point B

Suppose good 2 capital intensive.

Then countries will produce the same amount of each good as in the
integrated equilibrium.

A convex linear combination of the two technologies (a;, ax) will lead to a
positive output for y; and y» in each country

The two countries will be diversified
They will have the same factor returns: FPE

Trade in goods perfect substitute to trade in factors
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FPE and WIE
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FPE and WIE

But not all endowments will ensure FPE

Endowments outside the parallelogram will not lead to FPE
Allocation such as B’ in next graph

In this case Foreign will be fully specialised in good 2 and produce O*B’ of
it.

And y» must be negative for Home.

Both countries cannot produce with the same technologies and the same
(w, r) in this case.
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FPE and WIE

FPE set

Sub-sample of factor endowments for which FPE holds
For a given (w,r)

Too different countries (in terms of factor endowment)
Or too similar traded products (in terms of factor content)
Will be an obstacle to FPE

This is a problem of embodied factor content that will become clearer in
next section

Implication for North-South differences in wages. ..
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Basic dimensionality issues

Basic dimensionality issues
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Basic dimensionality issues

Indeterminacy of trade patterns

Goal of HOS model: to predict the pattern of trade in goods between two
countries with identical technologies

Based on their differences in factor endowments.
How to derive a higher dimensionality prediction?

Need a multi-good, multi-factor extension of Heckscher-Ohlin model.
Instead of predicting patterns in individual goods.

“Weak" version of the HO theorem: Vanek (1968). Further developed by
Leamer (1980), Bowen, Leamer and Sveikauskas (1987), Trefler (1993,
1995), Davis and Weinstein (2001a)
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Basic dimensionality issues

@ Simultaneous discovery of Melvin (1968) and Vanek (1968).

@ Redefines the HO theory in terms of factor contents instead of
products.

e Paves the way for empirical (in)validation of the FPT.
@ Starting point of the Helpman and Krugman (1985) synthesis
between FPT and imperfect competition.
e James R. Melvin (1968), Production and Trade with Two Factors and
Three Goods, The American Economic Review, 58(5): 1249-1268
o Vanek, Jaroslav (1968), The Factor Proportions Theory: The N-Factor
Case, Kyklos, 21: 749-56.
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The issue identified by Melvin (1968)

@ In general equilibrium situations where the number of goods exceeds
the number of factors of production

@ Start with 2 factors and 3 goods:

e There will be an infinite number of production configurations
consistent with any price ratio that allows the production of all goods
(meaning diversification).

o When trade is introduced this indeterminacy in production will lead to
indeterminacy in trade patterns.

e There are an infinite number of trade patterns and countries’
specialization, each of which, under the assumption of no transport
costs, is equally likely.

@ Such situation can, however, be reconciled with the HO model by
observing that for any trade bundle, the proportions of capital and
labor used by each of the three industries are constant.

@ In other words, trade should be thought of as an exchange of
productive capacity: a trade of one bundle of capital and labor for
another
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