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Abstract

This work aims to explore the relevance of new economic theories to improve the common
economic structure of Forest Sector Models and, in particular, its spatial representation of
wood flows. To do that, we rely on modern international trade theories and more especially
on the work of P. Krugman and the New Economic Geography. We then gain interest in the
Economic Geography approach that suggests “geographical space” shapes economic activity.
Assuming that improving the representation of wood flows lies in better representing spatial
features in economic theories, we define three notions that provide a complete comprehen-
sion of what implies “geographical space”, from a geographical perspective: space, place, and
scale. We then derive major economic theories of international trade - those of P. Samuelson,
P. Armington, P. Krugman, and M. J. Melitz - and confront the way they represent spatial
features with those three geographical notions. We find that new economic theories qualita-
tively improve the spatial representation of wood flows. To assess what could be the impact
of changing the economic structure of Forest Sector Models, we build two simple models de-
scribing Armington’s and Krugman’s equilibrium respectively that are explicitly comparable.
Using FAOSTAT data as input, we run the model and test their sensitivity to different key
parameters in Forest Sector Modeling. The preliminary results suggest shifting toward new
economic theories may improve the way we model the forest sector.

Keywords: Forest Economics, Forest Sector Modeling, International Trade Theories, FEconomic
Geography, Spatial Economics

Résumé

Ce travail a pour objectif d’explorer la pertinence des nouvelles théories économiques pour
améliorer la structure économique des modéles de secteur forestier et, en particulier, la ma-
niére dont ils représentent les flux de bois. Pour cela, nous nous appuyons sur les théories
économiques modernes du commerce international, notamment celle développée par P. Krug-
man et I’école de la Nouvelle Economie Géographique. Nous nous intéressons ainsi a I’approche
de ’Economie Géographique, qui suppose que 'espace constitue le substrat de toute activité
économique. Nous définissons ainsi trois notions géographiques - ’espace, le lieux et 1’échelle
- dans 'idée qu’une amélioration des structures théoriques existantes passe par une meilleure
représentation des composantes spatiales. Aprés avoir développé quatre théories majeures du
commerce international nous développons une analyse critique de leur représentation spatiale
sous ’angle des trois notions géographiques. Cette analyse qualitative suggére que les théories
du commerce international récentes présentent une meilleure représentation spatiale des flux
de bois. Afin d’estimer 'impact d’un éventuel changement de structure économique des mo-
déles de secteur forestier, nous construisons deux modéles simples décrivant respectivement la
théorie développée par P. Armington et celle développée par P. Krugman en prenant garde de
les rendre explicitement comparables. En utilisant les données statistiques de la FAO comme
entrées des modéles, nous analysons leur sensibilité a différents paramétres clés de la modélisa-
tion du secteur forestier. Nos résultats suggérent qu’un changement de structure économique
peut améliorer la fagon dont nous modélisons le secteur forestier.

Mots clés : Economie Forestiére, Modélisation du Secteur Forestier, Théorie du commerce
international, Economie Géographique, Economie Spatiale
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The reader will notice that this master thesis opens many doors without especially
completing all the tasks it aimed to achieve. The six months limitation of the thesis
did not permit to run all the experiences we envisioned for the last part, which then
only presents some preliminary results. Furthermore, the pages limitation results in a
missing part about the history of Economic Geography and of the notion of space in
economics.

We recognize that there is more to do and are willing to complete this ongoing work
after the master thesis. However, we also claim that this is not detrimental to the work
we present in the this report, as the main goal of this master thesis was, in fact, to
open up a range of new perspectives on Forest Sector Modeling. Of course, we leave
the reader free to judge for him or herself whether what we present here reaches this
goal or not.






Contents

List of Figures

List of Tables

1 Introduction: From Forest Sector Models to spatial considerations

1.1
1.2
1.3

1.4

2 Space, place and scale: reconsidering economics in light with three key

Contextual elements: wood flows representation in Forest Sector Models
Questioning the relevance of wood flows modeling ¢ la Samuelson

Seeking new theories to improve wood flows modeling in Forest Sector

Models . . . . . .

Research questions and goals of the study . . . . ... ... ... ...

geographical concepts

2.1

2.2 The notion of place as the specificity and uniqueness of a particular location

2.3

3 A conceptual analysis of Forest Sector Models’ economic structure

The notion of space as a physical component . . . . . . ... ... ...

The notion of scale as an organization of the notions of space and place

from the perspective of the three notions of economic geography

3.1

3.2

The spatial equilibrium of Samuelson (1952) . . . . . . ... ... ...

3.1.1 Samuelson’s conceptual framework and main assumptions: the
emergence of spatial problems in international trade theories . .

3.1.2  Analytical description of Samuelson’s theory . . . . . . . .. ..

3.1.3 A critical analysis of how Samuelson’s theory represents spatial
features . . . . . ..

The international trade formulated by Armington (1969): a distinction
by place of production . . . . .. ... ...

3.2.1 Armington’s conceptual framework and main assumptions: no-
tions of variety and independence . . . . . . . ... ... L.

12

13

14
15

26
26

26
27

28

29



Master thesis Valentin MATHIEU

3.3

3.4

3.5

3.2.2  Analytical description of Armington’s theory . . . . . . . .. .. 29

3.2.3 A critical analysis of how Armington’s theory represent spatial
features . . . . .. 31

The core-periphery model of Krugman (1998): the basic model of the

New Economic Geography . . . . . . . . ... .. ... .. ... ... . 32
3.3.1 Krugman’s conceptual framework and main assumptions: increas-

ing returns under monopolistic competition. . . . . . . . .. .. 32
3.3.2 Analytical description of Krugman’s theory . . . . . . . . .. .. 33

3.3.3 A critical analysis of how Krugman’s theory represent spatial fea-
tures . . . .o 36

The international trade formulated by Melitz (2003): including firms with
different productivities . . . . . . . ... oL Lo 37

3.4.1 Melitz’s conceptual framework and main assumptions: heteroge-
neous firms under monopolistic competition . . . . .. ... .. 37

3.4.2 A critical analysis of how Melitz’s theory represent spatial features 37

Taking a step back to look at how international trade theories globally
represent spatial features . . . . . . ... 38

4 Shifting from traditional economic theories to New Economic Geog-
raphy’s theory: towards a better representation of spatial features in

Forest Sector Modelling 44
4.1 Toward comparable versions of Armington’s and Krugman’s models . . 45
4.1.1 Goalandscope . . . . . . . ... 45

4.2

4.1.2 Integrating iceberg transport costs in Armington’s theory to get
closer to Krugman’s theory . . . . . .. ... .. ... . .... 45

4.1.3 Adapting Krugman’s theory to make it comparable with Arming-

ton’s theory . . . . . . .. 47
4.1.4 Drawing a parallel between the two theories that highlights the

change of structure . . . . . . ... ... 49
4.1.5 Additional constrain to the models . . . . . . . ... ... ... 50
A joint calibration of the models based on the FAOSTAT database . . 52



Master thesis

Valentin MATHIEU

4.2.1
4.2.2

Description of the FAOSTAT data and its processing . . . . . .

Calibration of the two models at sub-continental and continental
scales data . . . . . .. L

4.3 Are new international trade theories less sensitive to some parameter
changes? A sensitivity analysis of the two economic structures . . . . .

4.3.1

4.3.2

4.3.3

Assumptions on the sensitivity of both theory and objective of
the experience . . . . . . . ..o L

How to test the sensitivity to the elasticity of substitution, the
transport costs and the number of firms per region . . . . . ..

Preliminary results: models’ sensitivity to the elasticity of substi-
tution . . ..o

4.4 Modeling perspectives . . . . . . ...

4.4.1
4.4.2

4.4.3

444

A need for refining the sensitivity analysis on parameters . . . .

Theories’ sensitivity toward change of spatial scale: a possible
path to multi-scale models . . . . . . .. ... ... .. ... ..

Simulating an agglomeration effect with our simplified Krugman’s
model: toward a dynamic representation of economic activity?

Further improvements . . . . . . . . .. .. ... ... .....

o4

95

95

96

o6
o7
o7

99

60
60

5 Conclusion: some research leads to innovate in Forest Sector Modeling 62

Bibliography

Appendix A Statistical Analysis conducted by Boisseau and Courtonne

(2018)

Appendix B Levins’ considerations in modeling, a compromise between

generality, precision and reality

Appendix C A development of Armington’s theory based on A Theory

63

67

68

of Demand for Products Distinguished by Place of Production (1969) 70

C.1 Reminder: conceptual framework and main assumptions . . . . . . . . .

70



Master thesis Valentin MATHIEU

C.2

Armington’s analytical development assuming a constant elasticity of
substitution in each market . . . . . .. ... .00 71

Appendix D A development of Krugman’s theory based on The Spatial

Economy: Cities, Regions and International Trade (1999) 74
D.1 Reminder: conceptual framework and main assumptions. . . . . . . . . 74
D.2 The Dixit-Stiglitz model of monopolistic competition . . . . . . .. .. 74
D.3 Considering multiple locations and iceberg transport costs . . . . . . . 7
D.3.1 Consumer behaviour . . . . . . ... ... ... L. 7

D.3.2 Producer behaviour . . . . . ... ..o 78

D.3.3 An equation of the nominal wages . . . . . . .. ... ... ... 80

D.4 A simplification thanks to some normalizations . . . . . . . . .. .. .. 80
D.5 The core and periphery model . . . . . . . . ... ... L. 81
Appendix E A development of the income equation 83
Appendix F GAMS codes of Armington’s and Krugman’s theories 86
F.1 GAMS code for Armington’s model . . . . . . . .. ... ... ... .. 86
F.2 GAMS code for Krugman’s model . . . . . . ... ... ... ... ... 91

List of Figures

2.1
2.2
3.1

3.2

3.3

A representation of the concept of space. . . . . . .. ... ... .. .. 21
A representation of the concept of geographical scales.. . . . . . . . .. 23
An illustration of how Samuelson’s framework represents international

trade in a world with three regions. . . . . . . . .. ... ... 30

An illustration of how Armington’s framework represents international
trade in a world with three regions. . . . . . . . .. ... ... ... .. 33

An illustration of how Krugman’s framework represents international
trade in a world with three regions. . . . . . . . . .. .. ... .. ... 38



Master thesis Valentin MATHIEU

3.4 An illustration of how Melitz’s framework represents international trade
in a world with three regions. . . . . . . .. . ... ...

4.1 A representation of the structure of Armington’s and Krugman’s models.
4.2  Sensitivity analysis results on the elasticity of substitution. . . . . . . .

A.1 Heatmap of correlations between FFSM simulations in SitraM data at
different years, considering tonnes or tonnes per kilometers. . . . . . . .

B.1 The Levins’ triangle, an illustration of the compromise a modeler has to
do between reality, precision, and generality in modeling. . . . . . . ..

List of Tables

3.1 A comparison of the main assumptions of international trade theories as
they are explicitly formulated in their original framework. . . . . . . . .

4.2 Two comparable sets of four equations that describe Armington’s and
Krugman’s equilibria. . . . . . . ... ...

39
o1
o8

67

69

41

20






Introduction




Master thesis

Valentin MATHIEU

considerations

1.1 Contextual elements: wood flows

representation in Forest Sector
Models

Forest Sector Models are models that rep-
resent aggregated economic behaviors of
the forest sector agents (Caurla, 2013) i.e.
models that use economic theory to rep-
resent both forestry - the upstream seg-
ment - and forest industries - the down-
stream segment - and their interactions

(Latta et al., 2013).

Their purpose is mainly to forecast
how policies or economic shocks in tim-
ber and wood products markets may im-
pact the forest sector evolution (North-
way et al., 2013; Sjglie et al., 2015). In do-
ing so, we can also define a Forest Sector
Model as a mathematical model, based
on equations, that requires computational
tools to run simulations (Riviere et al.,
2018).

This large definition encompasses a
certain variety of models we mainly dif-
ferentiate through three criteria (Caurla,
2013). First, we can discriminate For-
est Sector Models by the way they rep-
resent temporal dynamics. We can then
consider, on one hand, the “intertempo-
ral models” that assume economic agents
have perfect foresight of the future eco-
nomic environment and simultaneously
optimize their decisions; and, on the other

1
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Introduction: From Forest Sector Models to spatial

hand, “recursive models” that assume eco-
nomic agents have limited foresight or
myopic behaviors. The first category is
often associated with wood supply mod-
els, while the second usually represents
both wood supply and demand. Second,
we can differentiate partial equilibrium
models with general equilibrium models.
Partial equilibrium models only take into
account the forest sector by represent-
ing other economic activities through ex-
ogenous parameters while general equilib-
rium models consider the forest sector in
interaction with other economic sectors.
Third, we can separate them by the ge-
ographical scale they represent. Indeed,
a FSM usually refers to one particular
geographical scale on which it is built:
global, macro-regional, national, regional,
and so forth.

The vast majority of Forest Sector
Models are partial equilibrium models
with a recursive dynamic (Riviere et al.,
2018). At this stage, we choose to refer
to recursive, partial equilibrium models
when talking about FSM. One character-
istics of these models is to be built on the
same spatial price equilibrium theory, de-
veloped by P. Samuelson in 1952 (Cau-
rla, 2013; Latta et al., 2013).! However,
no previous work did question the accu-
racy and reliability of this theory with re-
spect to observed wood flows. Our start-
ing question can therefore be formulated

We develop this theory and the ones that follow in Section 3.
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as: does the economic theory that bases
FSM well represent wood products flows
and their dynamics? We will base our in-
vestigation on the French case of FFSM
(French Forest Sector Model), a model
that belongs to the category of recur-
sive, national, partial equilibrium models
(Caurla, 2012, 2013).

1.2 Questioning the relevance of
wood flows modeling a la Samuel-
son

In 2018, Christophe Boisseau and Jean-
Yves Courtonne from INRIA (the French
national research institute for the digi-
tal science) conducted an unprecedented
comparison between (1) data coming
from the SitraM database and (2) the out-
puts of FFSM.

The SitraM database (French informa-
tion system on freight) provides, among
other things, the distance traveled by
timber and wood products across old 22
French metropolitan regions as well as a
composite index that states the tonnes
of products per kilometer traveled. Bois-
seau and Courtonne processed these data
to obtain flows between French regions.
Figure 1 represents a map of the result-
ing main net flows in metropolitan France
(left, Figure 1.1a) together with the re-
sults of wood flows from FFSM (right,
Figure 1.1b).

The comparison is based on the years
2009 to 2015. Note that the comparison
does not aim so much to compare the ab-

2
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solute values of both sources but rather
to look for possible correlations.

Starting with a visual comparison of
Figures 1.1a and 1.1b we can observe
that the main wood products flows are
quite different between SitraM data and
FFSM simulations both in their initial
point - the production region - and in
their destination point - the consumption
region. More especially, we observe that
FFSM flows gravitate around one main
demand location, which is the region Ile
de France, while SitraM flows are more
sporadic. They do not seem, a priori,
correlated. A statistical analysis corrob-
orates this observation and shows that
the two datasets present very low correla-
tions. A heat map presents the statistical
results of this analysis in Appendix A.

Three main hypotheses can be formu-
lated to explain the gap between SitraM
data and FFSM outputs. First, SitraM
dataset may be biased for different rea-
sons. For instance, the data collection
may have incurred errors and some val-
ues may be inaccurate or wrong, and so
forth. Second, referring to the modeling
considerations of Richard Levins (Levins,
1966), FFSM may not be able to realisti-
cally represent trade flows, scarifying re-
alism to generality and precision.? Third,
the FFSM structure may not well repre-
sent wood products flows as it has not
been initially built for it. While the is-
sue of accuracy and reliability of SitraM
database has already been raised (Cour-
tonne, 2016), we chose to explore the

A detailed description of Levins’ thought about modeling is presented in Appendix B
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15 principaux flux SITRAM (en tonnes)

Figure 1.1a Map representing the 15
main timber and wood products flows, in
Tons, considering SitraM data.

third hypothesis in this master thesis.

1.3 Seeking new theories to improve
wood flows modeling in Forest
Sector Models

Those considerations lead us to the fol-
lowing question: can we improve the
way FSM represents wood products flows
without changing their theoretical eco-
nomic structure?

New economic theories of interna-
tional trade have appeared since Samuel-
son’s. Our work mention and will essen-
tially focus on Armington’s (1969), Krug-
man’s (1980), and Melitz’s (2003) theo-
ries.®> In what follows, we will consider
Samuelson’s and Armington’s framework

3
theories, like FFSM.

15 principaux flux FFSM (en tonnes)

Figure 1.1b Map representing the 15
main timber and wood products flows, in
Tons, considering FFSM outputs.

as “early theories of international trade”
while we will refer to Krugman’s and
Melitz’s approaches as “modern theories
of international trade”. Among them, the
theory P. Krugman has developed became
famous after he was awarded the Nobel
Price in 2008 and is known to be the ba-
sis of the New Economic Geography.

This makes a direct mention of the dis-
cipline of Economic Geography. Section
3 will get into an elaborate definition of
this discipline which is, at first glance, not
easy to define (Géneau de Lamarliére and
Staszak, 2000). In particular, we will ex-
plore how Economic Geography capture
the economic world diversity by includ-
ing spatial factors that shape an econ-
omy (Coe et al., 2007) wondering if a bet-
ter spatial representation is crucial to im-

Note that, while FSM do not fall back on Krugman’s and Melitz’s theories, some use Armington’s
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prove the way FSM represent wood flows.

1.4 Research questions and goals of
the study

From what precedes, we start form the as-
sumption that any improvement in FSM
that may not change the fundamental
structure of the models consists in “mi-
nor” improvements and will not improve
the way FSM represents trade flows. Fur-
thermore, we suggest that improving the
economic structure of those models in-
volves to better represent spatial patterns
of an economy in FSM.

Thus, we wonder if a shift from
Samuelson’s spatial equilibrium theory
to modern economic theories of interna-
tional trade may improve FSM represen-
tation of timber and wood products flows

15

by providing a better spatial representa-
tion of economic activities.

To do so, we aim to first clarify the
vague notion of "space”, mentioned as
"geographical space” in what follows, by
precisely defining its three components,
namely: space, place and, scale. Our
work then derives the main economic the-
ories of international trade and provide
critical analysis of their spatial represen-
tation with regard to the three geograph-
ical notions. This will help us put some
perspective on how economic models con-
sider "geographical space” and, conse-
quently, represent trade flows.

In the end, we will condense those
goals and our work in general into the
following question: how can we innovate
in Forest Sector Modeling thanks to the
contributions of Economic Geography?
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2 Space, place and scale: reconsidering economics in
light with three key geographical concepts

It can be said that economists have
historically put spatial aspects aside de-
spite their importance in understanding
economic mechanisms (Thisse and Wal-
liser, 1998). This Section is crucial to
assess where this path led the economic
science in representing spatial features in
international trade.

First and foremost, with regard to the
concept of "space” that we used in the in-
troduction, we can notice that we did not
precisely define what it meant. Even if a
common conception of "geographic space”
was sufficient, it now becomes essential to
bring a clear definition of this notion.

To do so, what follows defines three
key geographical notions to assess spa-
tial features of economic representations:
space, place and scale. We suggest that,
combining together, these three notions
capture almost all the components that
define "geographic space” and that they
constitute a threefold analysis key to as-
sess the conceptual works presented in the
next Section.?

We base our definitions of space, place,
and scale on Fconomic Geography - A
Contemporary Introduction written by
Coe, Yeung, and Kelly in 2007.

4

2.1 The notion of space as a physical
component

In this Subsection we aim to move
from the vague conception of “space” we
have to its most fundamental component:
physical distance and area. By doing so,
this concept reasonably suggests that ev-
ery economic activity takes place “on the
ground”. Even if this proposition seems
obvious, it is quite common to see eco-
nomic processes discussed without con-
sidering how relative distance and loca-
tion may contribute.

On the basis of the work of Coe et al.,
we deconstruct this notion in three inter-
related elements:

a Territoriality and shape.

This element defines a territory by the
contours that create its shape, as maps
do. Inside those boundaries, jurisdiction
on the ground defines a given territory
as well as unevenness, might it be in in-
frastructure, in resources, and so forth.
Figure 2.1a illustrates this concept of ter-
ritoriality and shape.

b Geographical location.

This concept encompasses geographic
coordinates as well as how a location
relates to another. It brings two indi-

Of course, other definitions and decompositions of the concept of "geographic space” may exist
and be as relevant as the ones we provide here.
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cations. First, a geographical location
brings indication about physical proper-
ties that help understand the resource
base of a territory, such as topography,
climate, etc. Second, relative location in
relation to others highlights spatial un-
evenness between locations and, in do-
ing so, informs about the strategic signif-
icance of each location to global geopoli-
tics. Figure 2.1b illustrates this notion of
geographical location.

¢ Flows across space.

This element recognizes the signifi-
cance of connections and relationships of
(1) one given space with the rest of the
world or (2) within one given territory.
Different sorts of flows may be considered:
commercial flows, migrations, informa-
tion flows, etc. Taking account of these
flows gives a better understanding of the
international economic linkages that par-
ticipate to shaping the economic world.
Figure 2.1c gives a representation of this
notion of connectivity.

Figure 2.1d combines Figure 2.1a,
Figure 2.1b and Figure 2.1¢ by superim-
position to illustrate the inter-relation
between these four elements. It clearly
appears how difficult it can be to only
consider physical space in economic pro-
cesses. And even so, this notion alone is
not enough to have a complete definition
of “geographic space”.

19

2.2 The notion of place as the speci-
ficity and uniqueness of a partic-
ular location

In their book, the authors state that
while economics tend to formulate univer-
sal laws that apply equally to all contexts,
geographers go in the opposite direction
and tend to focus on the specificity and
uniqueness of places. Therefore, they im-
plicitly assume that economic processes
may happen differently according to the
context.

But place remains a vague notion and
no clear definition naturally comes to
mind. What is somehow clear is that
place relates to somewhere in particular.
The definition of place may then be the
answer of the following question: what
does shape economic processes at a par-
ticular location?

The answer is threefold. First, eco-
nomic processes fundamentally set up in
a specific economic, environmental, cul-
tural, institutional and political context.
Second, there are also shaped by the flows
and relationships that link a specific place
with the outside and that operate within
that place. Third, they also depend on
the past and present activities that hap-
pened on the place.

We thus hold a precise definition of the
concept: a place is the unique intersection
of all kind of contexts, all various relation-
ships, and all past and present engage-
ments of one specific location. Figure 3.2
illustrates this complex notion.

Thus, the notion of place intends to
capture the richness and the complexity
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Figure 2.1a A representation of the concept of territoriality and shape: each terri-
tory is illustrated with different colors and shape.
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Figure 2.1b A representation of the concept of geographical location: each location
has specific coordinates and characteristics.
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Figure 2.1c A representation of the concept of flows across space: flows of people
(icon “person”), trade flows (icon “box”), and flows of ideas (icon “bulb”) are repre-
sented.

Figure 2.1d A synthesis of the three concepts that shows how difficult it is to si-
multaneously represent the three spatial notions.

Figure 2.1: A representation of the concept of space.

21
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of one location to “take a more compre-
hensive view of the ‘economy’ that the
one based on formal monetary exchange”.

2.3 The notion of scale as an organi-
zation of the notions of space and
place

According to the previous definitions, a
place can take all shapes and sizes. In
other words, there are differently sized
units that may meet the definitions of
space and place. Therefore, we need the
notion of scale to help us organize these
two notions.

We define the notion of scale as the
level or size of the place we consider and
by the inter-connections that exist with
the other levels. This definition reminds
us that economic processes occur at dif-
ferent scales in a different way yet simul-
taneously, and that “one scale in isolation
is inadequate to develop a comprehensive
understanding” of the economy. Figure
2.2 gives an illustration of this notion.

Different typologies of scales exist.

22

We, however, decide to use one that is
close to the work of Coe et al.:

a The global scale which is the scale of
the world, including all countries or re-
gions.

b The macro-regional scale that in-
cludes several countries, like the Euro-
pean Union or North America.

¢ The national scale that coincides
with the scale of a country like the USA
or France.

d The regional scale that proceeds at a
lower level than the national scale e.g. the
Grand-Est region in France or the state of
Wisconsin in the USA.

e The local scale, at a lower level, that
may be, for instance, a subsection of a re-
gion - like the axis Metz-Nancy-Epinal -
or a city like Madison.

We claim that with these three defini-
tions we are well equipped to critically as-
sess how economic theories represent spa-
tial features.
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Figure 2.2: A representation of the concept of geographical scales. We can see that each
scale is nested into another and that inter-connections exist between global, macro-regional,

national, regional, and local scales.
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3 A conceptual analysis of Forest Sector Models’ eco-
nomic structure from the perspective of the three
notions of economic geography

Now that we have well defined the no-
tions of space, place, and scale, we can use
them as an analytical key to assess how
FSM represent spatial features via their
economic structure.

The motivation of this Section is
twofold. First, we aim to present the
principal international trade theories on
which our work focuses on: namely
Samuelson’s, Armington’s, Krugman’s,
and Melitz’s theories.> We explore each
framework detailing its main assump-
tions, its analytical expressions, and its
implications. Table 3.1 summarizes all
theories’” main assumptions in page 41.
Second, we study how each theory rep-
resents space from the perspective of the
three geographical notions that we men-
tioned in Section 2. This conceptual anal-
ysis leads naturally to a comparison of
each theories’ spatial representation.

In what follows, the indexes r and s
refer to regions of the world, while the in-
dexes j and k represent a product in Arm-
ington’s and Krugman’s theories respec-
tively. Mathematical demonstrations of
Armington’s and Krugman’s approaches
are available in Appendices C and D.

5

3.1 The spatial equilibrium of
Samuelson (1952)

In this subsection, we present the the-
ory developed by Samuelson in Spatial
Price Equilibrium and Linear Program-
ming written in 1952. Samuelson’s frame-
work will constitute a point of reference
for the rest of this section.

3.1.1 Samuelson’s conceptual
framework and main as-
sumptions: the emergence of
spatial problems in interna-

tional trade theories

Samuelson’s theory aims to mathemati-
cally formulate the problem of the "com-
munication of two spatially separate mar-
kets" in the context of perfect competi-
tion. In particular, Samuelson’s frame-
work converts this problem into a max-
imization problem. It formulates the
problem as follows:

"|...] we are given at each of two or more
localities a domestic demand and supply
curve for a given product (e.g., wheat) in
terms of its market price at that local-
ity. We are also given constant transport

In what follows, we consider Samuelson’s and Armington’s framework as “early theories of in-

ternational trade” while we refer to Krugman’s and Melitz’s approaches as “modern theories of

international trade”.
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costs (shipping, insurance, duties, etc.)
for carrying one unit of the product be-
tween any two of the specified localities.
What then will be the final competitive
equilibrium of prices in all the markets,
of amounts supplied and demanded at
each place, and of exports and imports?"
(Samuelson, 1952)

3.1.2 Analytical description of
Samuelson’s theory

While Samuelson’s theory mainly uses
graphic resolutions, we aim here to pro-
vide the key intuition behind this frame-
work without multiplying the figures. We
start with a simple two locations case and
then generalize the approach to n regions.

The two locations case

We consider two regions of the world,
region 1 and 2, that support two distinct
markets for a given product, market 1 and
2 respectively. Without any trade, supply
and demand in each market respectively
meet in domestic price p; and ps.

Let’s assume than p; is lower than ps.
Thus, if we now suppose that products
may flow between the two regions, trade
will only flow from region 1, to region 2,
since the pretrade price is lower in region
1. We then do not consider products flows
from region 2 to region 1.

We also assume that when region 1,
ships products to region 2, it occurs a
transport cost of 715 per unit of product

6

shipped. With this specification, flows
only occur if ps — p; exceeds 7y 2.

The same reasoning applies if the do-
mestic price is lower in region 2. Samuel-
son summarizes all the equilibrium con-
ditions as follows:

If p2>p1+1i2,

then non-negative product flows from re-
gion 1, to region 2, noted ¢; 2, may occur
and, at the equilibrium, ¢; > > 0 implies
P2 =p1+ T12.

If po<pi+mandif pp <ps+7o1,

then there is no trade between the two
regions.

If p1>pe+121,

then non-negative product flows from re-
gion 2, to region 1, noted ¢, 1, may occur
and, at the equilibrium, g,; > 0 implies
P1=D2+ 72,1

To formulate what precedes as a max-
imization problem, Samuelson considers
the excess-supply functions of each re-
gion® and their differential. The area un-
der the excess-supply curve of a given re-
gion gives us the social pay-off of this
region, while the area under the differ-
ential between excess-supply curves mea-
sures the combined social pay-off of both
region.

We obtain the equilibrium when the
net excess-supply curve meets the trans-
port costs curve. This coincides with a
maximization of the "net social pay-oft",

Samuelson defines the excess-supply function of a given region r, noted ES,, as the lateral sub-

traction at every price between the demand curve and the supply curve.
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noted NSP, and defined as the sum of all
social pay-off of each region minus trans-
port costs. This equilibrium derives the
corresponding optimal level of exports.

A generalization to N regions

We here consider N regions of the
world. We write the product quantities
shipped from region r, to region s, as
g¢rs and the corresponding transport costs
T,.s. We define the social pay-off of a given
region r, noted S,(¢,), as a function of the
total exports of the region r, noted ¢,; and
as the area under the excess-supply func-
tion. We also express the transport cost
as a function of the quantities shipped
from a region r, to a region s, noted g,
and note it as ¢, 5(¢.s)-

We then derive the net social pay-off
for n regions as:

NSP - i ST(QT‘) - Z Ztr,s(QT,s)

r<s (31)

We also can summarize the previous
conditions as follows:

If _Tr,s S Pr — Ps S Tr,sa

then both inequalities hold only if ¢, , =
0= qs,r-
It ps>pr+ s,

then non-negative product flows from re-
gion r, to region s, noted ¢, s, may occur
and, at the equilibrium, ¢, s > 0 implies
Ds = Dr + Tr,s-

28

3.1.3 A critical analysis of how
Samuelson’s theory repre-
sents spatial features

With regards to space

Samuelson’s framework mainly repre-
sents the notion of territoriality through
two elements. First, by considering sev-
eral regions that trade products. Second,
by analytically adding transport costs
that may partly reflect the physical dis-
tances between regions. However, there
is no mention of heterogeneity within a
given region. In its formulation, the ap-
proach does not take regions’ boundaries
and shape into consideration nor it does
consider geographical location.

With regards to the flows representa-
tion, we notice that the approach consid-
ers flows of undifferentiated products be-
tween regions but not the flows that may
occur within a given region.

With regards to place

With Samuelson’s framework, we only
approach the specificity of a given region
through its domestic demand and sup-
ply and through all resultant variables
(domestic price, excess-supply functions
etc.). By doing so, this theory does not
consider other contexts that shape eco-
nomic activity but only the economic con-
text.

We can assess that the relations be-
tween regions are, in a certain way, spec-
ified: flows have an orientation (from
a given export region to a given im-
port region), and conditions for existence
(flows occur only if the differential be-
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tween domestic prices exceed transport
costs). Again, Samuelson’s framework
does not describe flows that occur within
a region that may bring more specificity
to this region.

With regards to scale

There is no direct mention of scale in
Samuelson’s paper. But, we can assess
that the use of the vague term "localities"
may apply to different spatial scale.

Figure 3.1 illustrates how Samuelson’s
theory represents the world.

3.2 The international trade formu-
lated by Armington (1969): a dis-
tinction by place of production

We essentially base this Subsection on
Armington’s seminal paper A Theory of
Demand for Products Distinguished by
Place of Production written in 1969. We
aim here to first present a comprehensive
synthesis of his approach through an an-
alytical development before examine its
representation of space.

3.2.1 Armington’s conceptual
framework and main as-
sumptions: notions of vari-

ety and independence

In contrast to Samuelson’s assump-
tions, Armington’s approach assumes
that products are differentiated not only
by their kind but also by their place of

7
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production. Two regions of production
thus produce two varieties of the same
kind of product that are imperfect substi-
tutes in demand. For instance, the theory
considers milk produced in Wisconsin and
French milk as two varieties of the same
product, milk. The theory assumes a con-
stant elasticity of substitution (CES) be-
tween any two varieties competing in any
market.” In doing so, Armington’s theory
relaxes the assumption of perfect compe-
tition.

The theory thus considers each place
of production as the supplier of one va-
riety and as a source of demand for all
other varieties. We also assume the pref-
erences of a region for a variety of one
given kind to be independent of its pur-
chases of varieties of another kind. Thus,
each demand for a particular product rep-
resents an isolated market. Armington’s
approach assumes that the size of one
market is a function of money income and
of the prices of the various products and
affects the demand of a given product.

3.2.2 Analytical description of

Armington’s theory

We adapt Armington’s main equations
from Larch and Yotov (2016), and Allen
and Arkolakis (2016).

Armington uses CES demand function
assumption to derive a quantity index for
a given product j, consumed in region s:

Armington additionally assumes that this elasticity is the same for every market.
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Figure 3.1: An illustration of how Samuelson’s framework represents international trade in

a world with three regions.

Regions do not have clear boundaries nor form. Each region

exports/imports wood products to/from the two other regions and has its own characteristics
in price and in excess-supply function. Wood flows are not differentiated. To simplify, we do

not represent transport costs.
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o

] R

where M, is the Armington’s quantity
index; g;, s the quantity consumed by re-
gion s, of a product j, produced in region
r; and o the constant elasticity of substi-
tution.

M.

]75

Z(Qj,r,s) i :

:[r

We derive from equation (3.2) the
Armington’s price index of a region s, for
a product j, as follows:

=
] (3.3)

= [ Z(pj’r’s) (1 - U)
where p;, s is the delivered price of of a
product j, produced in region r, that is
shipped in a consumption region s.

Gjs

It can thus be shown that the demand
of a consumption region s, for a product
j, produced in region r, has the following
form:

Dirs\

]77‘,8

qjr,s = (G ) X
j7S

Note that in all these equations, re-
gions r and s, can be a country, a group
of countries and so forth, as Armington
suggests in his paper.

M.

]78

(3.4)

3.2.3 A critical analysis of how
Armington’s theory repre-
sent spatial features

With regards to space

Armington’s international trade the-
ory does not represent territoriality: the
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regions considered are somehow homoge-
neous places that do not have any bound-
aries nor shape. Armington’s formulation
does not provide any indication about
their locations and their relative signifi-
cance. It does not include any physical
distances that may incur transport costs.
In a way, Armington’s theory makes no
physical distinction between the regions
considered.

However, the flows between regions
have qualitatively changed. Instead of
considering flows of a product, like in
Samuelson’s framework, we now represent
flows of varieties of one product. Thus,
Armington’s theory brings a more precise
representation of the flows than Samuel-
son’s. On the other hand, the theory does
not represent flows that operate within
the country.

With regards to place

Armington’s approach gets closer to
the specificity of each region by differen-
tiating products by their place of produc-
tion. Thus, one kind of product produced
in a given place somehow becomes a spe-
cific variety of that place.

We can also assert that Armington’s
framework better describes the relation-
ships that link regions between them, for
two reasons. First, as previously men-
tioned, it qualitatively improves the rep-
resentation of flows. Second, using the
quantity and price indexes, Armington’s
equations imply that the variables de-
scribing one region’s state depend on the
other region’s variables (equation (3.4)).

However, another formulation may im-
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prove the representation of these relation-
ships in two ways: first, by relaxing the
independence hypothesis and then con-
sidering the influence one market may
have on another; second by representing
the flows that occur within a given place.

Note that Armington’s theory only
deals with the economic sphere and does
not explicitly mention any other contexts
that shape economic processes, might it
be environmental, political, and so forth.
Moreover, past activities of a given place
have no place in Armington’s framework.

With regards to scale

In his paper, Armington explicitly
mentions the notion of scale, suggesting
that equations (3.4) may apply to a single
country or a group of countries. By ex-
tension, it also applies to macro-regions,
continents, and every scale, we may con-
sider. Unlike Samuelson’s theory, Arm-
ington’s approach clearly includes a rep-
resentation of the notion of scale.

However, we notice that no matter
what scale we consider the theory analyt-
ically describes the economic process by
the same equation. This seems counter-
intuitive, as we have previously suggested
that economic processes occur differently
at different scales. This is because Arm-
ington’s approach assumes that economic
processes are similar at each scale so that
a single equation can encompass them.®

Figure 3.2 illustrates how Armington’s
theory approaches the world.

8

inter-connections that relate each level.

3.3 The core-periphery model of
Krugman (1998): the basic model
of the New Economic Geography

We base this Subsection on The Spatial
Economy: Cities, Regions and Interna-
tional Trade, written by Fujita, Krugman,
and Venables. Even if this book pro-
vides many details about the implications
of Krugman’s theory, we aim here to fo-
cus on the basic approach developed in
its chapters 4 and 5. After the develop-
ment of Krugman’s theory, we will assess
its representation of “geographical space”.

3.3.1 Krugman’s conceptual
framework and main as-
sumptions: increasing re-
turns under monopolistic

competition

Krugman’s theory consists in a spa-
tial framework that assumes monopolis-
tic competition and increasing returns of
scale at the firm level. To do so, Krug-
man’s approach spatializes the Dixit-
Stiglitz model of monopolistic competi-
tion that provides its basis by adding
locations of production and consump-
tion and by including Samuelson’s iceberg
transport costs.

The approach considers two sectors:

1. An agricultural sector under perfect
competition producing a unique and ho-
mogeneous product that can be shipped
without incurring any transport costs.

If economic processes are close from one scale to another, there is also no need to describe the
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Figure 3.2: An illustration of how Armington’s framework represents international trade
in a world with three regions. Regions do not have clear boundaries nor form. Each region
exports/imports wood products to/from the two other regions and has its own characteris-
tics in price, quantities etc. Wood flows are differentiated by regions (we represent product

differentiation by different colors).

2. A manufacturing sector under monop-
olistic competition that provides many
varieties of manufactured products and
that includes increasing return of scale
and iceberg transport costs.

Each consumer purchases agricultural
and manufactured goods. The expendi-
ture share of manufactured products is
constant, noted p.

In contrast with Armington’s ap-
proach, Krugman has built his theory at
the firm level and assumes that products
are differentiated at the firm level. Thus,
each firm produces a variety of a given
product which is an imperfect substitute
of another variety produced by another

33

firm. Using the Dixit-Stiglitz framework
implies CES demand functions, like in
Armington’s.

All manufacturing firms use the same
technology and then have the same kind
of production function. Moreover, the
quantity they produce and the associated
price are the same between all firms that
are in the same region.

3.3.2 Analytical description of
Krugman’s theory
A spatial version of the Dixit-

Stiglitz model of monopolistic com-
petition
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Even if the theory considers two sec-
tors, all the equations that follow refer to
the manufactured sector. When a vari-
able refers to the agricultural sector, it is
noted with a superscript “A”.

We apply the main results of the Dixit-
Stiglitz model of monopolistic competi-
tion (developed in Appendix D) for a fi-
nite set of locations and we add Samuel-
son’s iceberg transport costs.

Iceberg transport costs imply that
when a unit of a product k, is shipped
from a production region r, to a consump-
tion region s, only a fraction of the orig-
inal unit actually arrives: the rest melts
on the way. We note 73, the amount the
product k, dispatched per unit received:
it represents the iceberg transport costs.

Under this assumption, the delivered
price in a region s, of a product k, pro-
duced in region r, noted pg,s, is given
by:

Pkrs = Pkyr X Tkrs (35)

where py, is the selling price of a prod-
uct k, in region r, and 73, s is the iceberg
transport cost incurred while shipping a
product k, from a production region r, to
a consumption region s.

Under those considerations, Krug-
man’s price index takes the following
form:

1—0o

Gk,s = Z Nlc,r X (pk,r X Tk,r,s)l_U]
(3.6)

where G, s is the Krugman’s price index
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of a product k, consumed in region s; Ny,
is the number of companies/number of
varieties of a product k, produced in re-
gion 1; and o is the constant elasticity of
substitution between any two pairs of va-
rieties.

Under the Dixit-Stiglitz framework,
the maximization of the consumer util-
ity implies that the consumption demand
in region s, for a product k, produced in
region r, noted gy, 5, can be written as:

Qrrs = U X Yk’,sx
(P X Thors) 7 X GV (3.7)

where Y}, ¢ is the income of region s gen-
erated by the sales of a product k.

To supply this level of demand for one
region s, a firm in region r, has to ship
Trrs times the amount ¢, , because of
iceberg transport costs. Summing across
all consumption locations, we derive the
total production of a single firm produc-
ing a variety in region r, noted g;’}, as
follows:

=u X ZYk,sx

(pk# X Tkms)_g X Glgs_l X Thr,s (38)

tot
qk,r

All firms in all locations having the
same technology, they involve the same
fixed input F' and marginal input require-
ment c. We assume the only input is la-
bor. Profit maximization thus leads to
the following formulation of the price py,

g

1
Dhr X (1 - —) =X Wy, (3.9)
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where wy,, is the wage rate for manufac-
turing workers that produce a product k,
in region r.

Zero-profit condition then provides the
equilibrium output of every firm, noted
G’

oc—1

g, = F % (3.10)

C

Considering what precedes, we can
thus show that the wage equation is given
by the following expression:

Wg,r = ( >
[ I ZY x ( 1=o (o=1)
* k,s Tk,ns) X Gk s
qk,r s ’
(3.11)
We now define the real wages of work-
ers producing a product k, in region r,
noted wy,,, as the nominal wages deflated
by the cost-of-living index, expressed as
Gl < (p1)(1=#). We obtain the following
formulation:

oc—1

o Xc

Q=

wip = wir X G x ()09 (312)

The core and periphery model

To derive Krugman’s core-periphery
model, we start by adding two normalisa-
tions that we present in Appendix D. We
then assume that the world has LY = p
manufacturing workers producing a prod-
uct k, and LA = 1 — p farmers. We de-
note one region r, share of farmers world
labor force by ¢,, and its share of work-
ers world labor force producing a product
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k, by Ag,. We also assume that farmers
wages are all equal to unit.

Under those assumptions, the Krug-
man’s equilibrium is then defined as the
simultaneous solution of the four follow-
ing equations of:

The income

Yir = WX N XWpr +(1—p) X @ (3.13)

The price index

1
1—0c

Gk,r = [Z )‘k,s X (wk,s X Tk’,T,S)l_U]
(3.14)

The nominal wages

Q=

W = | D Ve X (Thps) ™7 X G
° (3.15)
The real wages
Wiy = Wi X Gy (3.16)

The model can then describes agglom-
eration by assuming that workers are
moving to a region where the real wage is
higher. The dynamics can be expressed
by the following equation:

}\k,r =7 X (wk,r —w) X /\k,r (317)

where v is a constant and w the average
real wage generated by one product k, de-
fined as follows:

Wi = Z )\k,r X W, r (318)
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3.3.3 A critical analysis of how
Krugman’s theory represent
spatial features

With regards to space

Like Armington’s, Krugman interna-
tional trade theory does not explicitly
represent territoriality: the regions con-
sidered do not have explicit boundaries,
nor shape, nor physical heterogeneity.
Even if Fujita et al. (1999) provides some
extensions that include abstract locations
and relative significances, the core theory
previously presented makes no mention of
it.

One great improvement in the rep-
resentation of space is the inclusion of
iceberg transport costs, for two reasons.
First, the notion of transport costs closely
relates to physical distance. Second, “ice-
berg” kind of transport costs is a black box
that may implicitly take physical factors
that impact transportation into consid-
eration: the density of the road system,
rivers to cross, mountains, and so forth.
In doing so, Krugman’s approach implic-
itly differentiates regions.

The flows between regions also quali-
tatively change compare to Armington’s
framework. Instead of considering flows
at the region level, we now represent
flows of varieties produced at the firm
level. Thus, Krugman’s theory defines in-
ternational flows at a finer-grained scale.
Surprisingly, while Krugman’s framework
partially describes the inner structure of a
region through its number of companies,
there is no mention of any intra-region re-
lationships or trade.
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With regards to place

Krugman’s framework brings more
specificity than Armington’s to a given
location by considering its number of
firms. Differentiation by firms of produc-
tion means that regions of the world now
produce a specific set of varieties, which
improves place representation.

In doing so, Krugman’s work offers a
better flows representation but remains
somehow close to Armington’s framework
in two ways. First, it still approaches mu-
tual dependence and influence between
regions through quantity and price in-
dexes. Second, there is still no represen-
tation of the flows that operate within a
region.

Another improvement lies in the inter-
sector relationships. Even if markets un-
der monopolistic competition seem iso-
lated, Krugman’s approach considers two
sectors and then explores the relation-
ships that may exist between them.

Krugman’s theory mainly deals with
the economic sphere but can consider
other contexts that shape economic pro-
cesses through the notion of iceberg trans-
port costs. As previously said, iceberg
transport costs are a black box and thus
may implicitly include other factors that
affect transportation cost. We may think
about, for instance, a difference of cul-
ture, a language barrier, a protectionist
behavior, and so forth.

Moreover, through equation (3.17),
Krugman’s model includes a temporal dy-
namic that depends on the previous state
of a region. Even though it mainly con-
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cerns the evolution of labor force share
in different regions, this substantially im-
proves the representation of space in in-
ternational trade theories.

With regards to scale

We notice that there is no clear defini-
tion of a “region” in Krugman’s work. We
then can imagine a region of the world as
a country, a group of countries, a con-
tinent, etc. We thus comment Krug-
man’s scale representation in the same
way we did for Armington’s approach, as-
sessing that Krugman’s theory implicitly
assumes economic processes are similar at
each scale, which is counter-intuitive with
regard to our geographical approach.

Thus, Krugman’s theory goes further
in space and place representations than
Armington’s framework, notably by us-
ing the “trick” of iceberg transport cost,
as Krugman likes to say. We however
still not reach full representation of the
three complex notions of space, place, and
scale. Figure 3.3 illustrates of how Krug-
man’s theory describes the world.

3.4 The international trade formu-
lated by Melitz (2003): including
firms with different productivities

We aim here to provide the intuition be-
hind the work of Melitz and then will
not derive the analytical expressions of
his theory. What follows is based on The
Impact of Trade on Intra-industry Real-
locations and Aggregate Industry Produc-
tivity, written by Melitz in 2003 and does
not pretend to bring a complete state-
ment of Melitz’s theory.
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3.4.1 Melitz’s conceptual frame-
work and main assumptions:
heterogeneous firms under

monopolistic competition

Melitz also bases his theory on the Dixit-
Stiglitz model of monopolistic competi-
tion. But, instead of assuming that
firms are homogeneous like Krugman’s
approach does, it assumes heterogene-
ity of productivity among firms. More-
over, this theory reproduces many empir-
ical patterns revealed by micro-level stud-
ies like, for instance, the fact that “rel-
atively more productive firms are much
more likely to export” and somehow force
“the least productive firms to exit”.

In other words, Melitz’s approach is
an extension of Krugman’s approach that
gets closer to international trade empiri-
cal observations by relaxing the assump-
tion of homogeneous firms.

3.4.2 A critical analysis of how
Melitz’s theory represent
spatial features

Melitz’s representation of the notions
space, place and scale is close to Krug-
man’s. However, by differentiating firms
by their productivity Melitz’s approach
induces that while some productive firms
will enter the export market, some least
productive firms will produce only for the
domestic market.

In doing so, Melitz better represents
the inner flows of a region, qualitatively
improves the overall representation of
flows, and brings more regioanl speci-
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. Companies with the same productivity

D Characteristics of a region /_\ Wood flows

Figure 3.3: An illustration of how Krugman’s framework represents international trade in a
world with three regions. Regions do not have clear boundaries nor form. Each region has its
own characteristics in price, quantities etc. Among those characteristics: a specific number of
firms which have the same technology and productivity. Thus, firms that belong to the same
region have the same characteristics in price, quantities etc. Wood flows are differentiated by
firm (we represent product differentiation by different colors). Each firms of a given region
exports wood products to the two other regions. To simplify, we do not represent transport

costs.

ficity. Melitz’s model also includes tem-
poral dynamics, as Krugman’s does.

It thus goes further than Krugman’s
framework in the representation of “ge-
ographical space”. Figure 3.4 represents
Melitz’s vision of the world.

3.5 Taking a step back to look at how
international trade theories glob-
ally represent spatial features

Putting what precedes into perspective,
we can assert that international trade
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theories have substantially improved the
way they represent “geographical space”
in economics. In particular, and from the
assessment of how each theory represents
its different components - namely space,
place and scale - we can distinguish three
main improvements

First, economists built modern inter-
national trade theories at a finer scale
than early ones. This leads to a better
specification of locations and an improved
qualitative representation of flows. Sec-
ond, they have included physical distance
through the notion of transport costs, as
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. Companies with different productivity

D Characteristics of a region /_\ Wood flows

Figure 3.4: An illustration of how Melitz’s framework represents international trade in a
world with three regions. Regions do not have clear boundaries nor form. Each region has its
own characteristics in price, quantities etc. Among those characteristics: a specific number of
firms which have different technology. Firms that belong to the same region have the same
environment but different productivity. Wood flows are differentiated by firm (we represent
product differentiation by different colors). The most productive firms of a given region will
export wood products to the two other regions, forcing the less productive firms to exit the
export market. To simplify, we do not represent transport costs.

well as, yet implicitly, potential factors
that may impact those costs, might it be
physical factors or not. Third, as early as
Samuelson’s trade theory, they allow for
considering different scales, but through a
way that does not satisfies our conception
of scale.

However, despite all the improvements
we noted from the early theory of Samuel-
son to the New Economic Geography of
Krugman, we still identify an incomplete
representation of “geographical space” in
economic theories. Why economic theo-
ries do seem to somehow neglect spatial
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representation?

A reason is that even if “geographical
space” has been considered crucial by the
founding fathers of economic theories, in-
cluding spatial features in the existing
theoretical frameworks is analytically dif-
ficult and lead to some methodological
problems (Thisse and Walliser, 1998).

Another explanation lies in the dual
nature of Economic Geography. Every
discipline that aims to bridge two distinct
disciplines, as Economic Geography does
with economics and geography, may have
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a particular penchant for one side or the
other. This duality can lead to different
approaches. When Géneau de Lamarliére
and Staszak attend to define what is Eco-
nomic Geography in Principes de géogra-
phie économique, they propose two defi-
nitions of the discipline.

The first one relates to the “economic
side” of Economic Geography and em-
phasizes the inter-relation that exists be-
tween the behavior of the rational eco-
nomic agent, Homo economicus, and “ge-
ographical space”.  This conception of
Economic Geography mainly focuses on
the spatial consequences economic agents

may induce and how “geographical space”

affects their behavior in return. This con-
ception forms the basis of the New Eco-
nomic Geography developed by P. Krug-
man.

The second one falls within the “ge-
ographical side” of Economy Geography.
This approach aims to study an economy
and focuses on, for instance, resources al-
location, production localizations, the di-
rection of trade flows, and so forth. To
do so, it uses economics, but also history,
sociology, ethnology and then considers a
diversity of factors to explain economic
processes. The notions we defined in the
previous Section come from this concep-
tion of Economic Geography.”

This reason, in addition to explain the
gap we have observed, indicates that Eco-
nomic Geography encompasses a large
spectrum of various methods, almost all
gravitating around one goal: including
spatial consideration in studying eco-
nomic processes.

In that respect, it is interesting to see that the French language makes a difference between

“la géographie économique” (Economic Geography) and “I’économie géographique” (“Geographic
Economics”) depending on the approach considered, while the English language uses Economic

Geography alone.
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4 Shifting from traditional economic theories to New

Economic Geography’s theory:

towards a better

representation of spatial features in Forest Sector

Modelling

The previous Section of this report ex-
plored new theories of international trade
to better represent spatial aspects in
modeling economic processes. In partic-
ular, we showed that a shift from former
economic theories - in particular, those
that P. Samuelson and P. Armington for-
mulated in 1952 and 1969 respectively -
to more modern economic theories could
improve the way FSM represents wood
flows.

This Section therefore assumes that
changing the core economic frameworks
of FSM could help the modeler in miti-
gating, even perhaps overcoming, actual
caveats that (s)he encounters. Besides, if
it doesn’t improve the models that much
in that way, replacing the economic struc-
ture of FSM may open new perspectives
for modeling the forest sector and more
especially the wood trade.

To test those assumptions, we choose
to focus on Armington’s and Krugman’s
theories. There are two good reasons
for doing so. First, a “classic” interna-
tional trade theory like Armington’s and

10

a “modern” one like Krugman’s well com-
pare. Indeed, they are built on simi-
lar structures that make the comparison
more tractable and intelligible.!  Sec-
ond, we previously showed that Krug-
man’s theory brought a substantial the-
oretical improvement, while Armington’s
framework is somehow an enhancement of
Samuelson’s theory, and Melitz’s frame-
work a refinement of Krugman’s theory.

The comparison will mainly rely on
two GAMS codes (complete codes in
GAMS language are provided in Ap-
pendix F) that compute simplified ver-
sions of Armington’s and Krugman’s
equilibria using the same set of data and
a similar set of parameters. These codes
have been inspired by the seminal pa-
per or Rutherford and Balistreri that
adapts P. Armington’s, P. Krugman’s and
M. Melitz’s theories in a general equilib-
rium model (Balistreri and Rutherford,
2013)).1

The frameworks of Samuelson’s and Melitz’s theories are so different that it would be hard to

clearly identify what difference in the structure would make one theory react differently than the

other.
11

The equations essentially derive from sub-sections 3.2 and 3.3 and are detailed in next Subsection

4.1 with the calibration of the model and a quick description of the data used for the computation.
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4.1 Toward comparable versions of
Armington’s and Krugman’s
models

4.1.1 Goal and scope

Our aim is to use the computational tool
to project the effects of a change in the
economic structure on the models’ out-
puts. Since the theories introduced in
sub-sections 3.2 and 3.3 do not directly
compare, our objective is to adapt and
slightly reformulate both of the theories
in order to conduct a relevant compari-
Son.

In this way, we first need to incorpo-
rate Samuelson iceberg costs in Arming-
ton’s theory and to define explicitly an
income equation. Then, we may read-
ily draw a parallel between both theories’
equations after a few manipulations and
adjustments of Krugman’s equations. In
the end, we would be able to unambigu-
ously read the change of structure inside
the final sets of equations.

To exemplify our work, we will cali-
brate the model using real data from the
publicly available FAOSTAT database.!?
The next Subsection is devoted to those
practical aspects.

12
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4.1.2 Integrating iceberg trans-
port costs in Armington’s
theory to get closer to Krug-

man’s theory

Krugman’s theory significantly differs
from Armington’s by integrating iceberg
transport costs. Since this assumption is
likely to affect the equilibrium outcome
of a theory, we want to include it in Arm-
ington’s model to disentangle the effects
of a change in structure from the effects
of integrating iceberg costs per se.

We thus formulate a new version of
Armington’s theory that also assumes ice-
berg transport costs a la Samuelson. To
do so, we stick to the definition of this
type of transport cost we have formulated
in Subsection 3.3: when one unit of a
product, j, is shipped from a region, r, to
another region, s, a part of it is “melting
on the way” so that only 1/7;, ¢ unit of
this product actually arrives in the con-
sumption region, s. In other words, if the
consumption region s, is about to receive
one unit of a product j, produced in re-
gion 1, then region r, should send 7;,
units of this product to region s: it is the
quantity of product dispatched per unit
received (we suppose 7,5 > 1).

We can analytically formulate this def-
inition as follows:

Pk,r.s = Pk X Tk,r,s (41)

where p;, s is the price at the consump-
tion region, s, of a product, j, produced
in region, 1; p;, is the selling price of a

FAOSTAT data are available on www.fao.org/faostat/en/#data
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product j, produced in the region r; and
T, rs the iceberg transport costs of deliv-
ering a product j, produced in region r, to
the consumption region s.

Analytically incorporating the iceberg
transport costs assumption to Arming-
ton’s previous set of equations is actually
quite straightforward if we use equation

(4.1).

Armington’s price index formula-
tion with iceberg transport costs

We naturally use equation (4.1) in
the classic CES consumer price index ex-
pressed in equation (3.3). This leads to
the following Armington’s price index for-
mulation that analytically reveals the ice-
berg transport costs:

1
1—-0o

Gje= Z(pj’r X Tjps) 179

T

(4.2)

where G 5 is the price index of a product
j, in region s, and o the constant elastic-
ity of substitution between any two pairs
of products.

Armington’s quantity index formu-
lation

Adding the assumption of iceberg
transport costs in Armington’s theory
change the quantity index equation since
only 1/7;, s unit of the quantities shipped
from the production regions r, to the con-
sumption region s, noted ¢;,s. We then
have the following formulation:

o—1
o Q',r,s 7
-z ()

T

M.

7,8

] o (4.3)
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where M;, is the quantity index for a
product j, in consumption region s.

An intuitive formulation of the in-
come for Armington’s theory

We can define the income as (1) the
sum of the revenues in a region - that is
to say, the sum of the sales to all other
region times the selling price - or (2) the
total expenditure - that is to say, the sum
of the amount purchased in every region
times the purchase price. Following the
zero-profit assumption, these two formu-
lations are strictly equivalent: a region
should spend all its revenues in purchas-
ing other products, and one region spends
the exact amount it earns.

We choose to formulate the income of
a region s, as its money expenditure, sim-
ilarly to Armington (Armington, 1969)
but this time with the assumption of ice-
berg transport costs using equation (4.1):

Y},s = Z Qjr.s X (pj,r X Tj,r,s) (44)

where Y ; is the income of the region s.

An equation of Armington’s quan-
tity flows between regions that inte-
grates iceberg transport costs

We integrate iceberg transport costs
into equation (3.4) of the demand of a
consumption region s, for a product j,
produced in region r, in two steps. First,
we use equation (4.1) to decompose the
price p;,s. Second, according to iceberg
transport costs definition, a region r, has
to ship 7, , times the amount needed to
supply the demand of a region s, for a
product j. The link between interregional
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quantity flows and iceberg transport costs
then becomes explicit:

— 0
Pjr X Tjrs
qurvs = ( G >< Mj’s X Tj,r,s
j7s
(4.5)

With this set of four equations, we
fully describe Armington’s equilibrium
with the iceberg transport costs assump-
tion.

4.1.3 Adapting Krugman’s theory
to make it comparable with
Armington’s theory

Now that we have integrated the iceberg
transport costs into Armington’s equa-
tions we need to adapt Krugman’s equa-
tions that are depicted in Subsection 3.3.
This consists in two modifications. First,
as we consider only one sector, we will
omit the agricultural sector by assuming
that p equals unity. Second, we need
to write down an equation for the Krug-
man’s quantity index, and to use an in-
come equation that is closer to the one
we have for Armington’s set of equations.

Krugman’s price index formulation

We do not need to adjust the price in-
dex formulated in Subsection 3.3, and will
keep defining it as follows:

Grs = | D Ny X (Dhy X Thps) 77
T

13

price actually is a “regional price.”

where G is the price index of a product
k, at location s; Nj, the number of com-
panies or number of varieties in a region
r; pi,r the firm price of one of these va-
rieties; 75, s the iceberg transport costs
incurred for shipping a good k, from re-
gion r, to consumption region s; and o the
constant elasticity of substitution.

Krugman’s quantity index formula-
tion

We then need to formulate an equation
for the quantity index of a consumption
region s. The Dixit-Stiglitz model, on
which Krugman’s theory is built, assumes
CES formulations for the quantities index
of consumption. This assumption is also
shared by Armington’s theory.

Following this, we define this index as a
combination of all amount of goods con-
sumed by region s, from every other re-
gion and more precisely from all compa-
nies from every other region, according to
the framework defined by Krugman. We
also remind that only a fraction 1/7y ¢ of
the amount of good k, produced by a firm
in region r, and shipped to consumption
region s, noted qgms, actually arrives. By
analogy with the way Krugman’s price in-
dex is defined, and knowing that the elas-
ticity of substitution between every pairs
of any product is constant, we then can
fully express the quantity index of a re-
gion s, as follows:

Remember that this price is common to every firm that are located in region r, so that the firm
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where M, s is the quantity index..

Adapting Krugman’s income equa-
tion

Looking at the income equation that
derives from Krugman’s theory - formu-
lated in Subsection 3.3 - the link with
Armington’s income equation (4.4) is not
so clear. To draw an unambiguous par-
allel between the two sets of equations,
we aim here to adapt Krugman’s income
equation.

Remember that there are mainly two
ways to define the income of a region: (1)
on the supply side, as the total revenues
of one region; (2) on the demand side, as
the total expenditures of one region. If we
look at equation (3.13), we can see that
Krugman has used the supply side defini-
tion of the income, formulated as the total
production cost - that is to say, the labor
force used by all the companies of the re-
gion times the wages. This is analytically
equivalent to total revenues a region gets
from the sales of its production.

We propose a new expression of the
Krugman’s income we draw from Arm-
ington’s income equation 4.4, using the
demand side definition. The income at
a location s, is then the total amount of
firms production sold at every other loca-
tion times its price:

14

}/;c,s = Z(q;];r’s X Nk,r) X (pk,r X Tk,r,s)
(4.8)

where Y}, ¢ is the income, or total expen-
diture, of region s.

Krugman’s inter-regional quantity
flows equation

This last equation derives from the
intermediate equation (3.7) described in
Subsection 3.3. To keep our two sets of
equation comparable, we do not need to
use the total firm production equation
(3.8) that is central in Krugman’s frame-
work.

We slightly adapt equation (3.7) of the
consumption demand in a region s, for a
product k, produced in region r, by for-
mulating the income as the product of the
quantity index and the price index. Ac-
cording to the definition of iceberg trans-
port costs, a firm in region r, has to send
Tkrs times this amount to supply con-
sumption demand in region s, for a prod-
uct k. That property leads to an expres-
sion of the inter-regional firm flows that
is quite similar to the Armington’s one:

Iy -0

foo (P TR ) X

Qkﬂn,s - Gk k,s k,r,s
,8

(4.9)

Knowing that every firms of a region,
r, are producing the same quantity q,’;m,
it is straightforward to express the total
quantity flows shipped from a production
region r, to a consumption region s, of a

A short demonstration of all forms the income equation can take and their equivalence is developed

in Annex X, only using some definitions and the assumption of zero-profit.
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product k, by multiplying by the number
of firms in region r:

_ f
qk,r,s - Nk,r X kas

f — 0

pk’f‘ X Tk’7-75

= Npp x| ——5—— X My
Gk,s

(4.10)

These equations are consistent to spec-
ify the Krugman’s equilibrium and to
compare the two theories. However, two
additional equations are required if we
want to observe any pattern of agglom-
eration in our model.

Krugman’s additional equations to
observe an agglomeration pattern'®

To model economic agglomeration, we
first need to make the firm price an
endogenous variable of our model. As
shown in Subsection 3.3, the initial for-
mulation Krugman’s theory is already
considering the firm price as endogenous
and formulates it through equation (3.9)
as:

plo=cx wp, x — (4.11)
’ g

where c is the marginal cost of production
and wy, the nominal wage of region r.

We also need to introduce the regional
wages, which are the driving force of
agglomeration, according to Krugman.
This new variable can directly derive from
previous Subsection 3.3, equation (3.11):
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Q=

1
[_f XY Yo X (Thms) 77 X (Gro)” ™!

Qeq s

(1.12)

where ng is the equilibrium output of any
active firm defined by equation (3.10).

4.1.4 Drawing a parallel between
the two theories that high-
lights the change of structure

The two sets of equations are summarized
in Table 4.2.

This table clearly highlights that
Krugman’s theory is an Armington’s the-
ory at a finer-grained scale, the scale of
the firm. We can directly read the change
of structure in the equations: all Krug-
man’s equations use firm-level variables
and are weighted by the number of firms.

In other words, Krugman’s approach
considers regions of the world as an ag-
gregation of firms that have similar prop-
erties like production costs, prices, etc.
This is quite convenient for our compar-
ison analysis with Armington’s formula-
tion of international trade. In this way,
we can use the same region-agglomerate
variables to carry out our comparison
and have a full comprehension of how we
model the change of economic structure.

We do not present any results on agglomeration patterns in the present report since the study of
economic agglomeration is still at its premises.
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Variable

Armington’s formulation

Krugman’s formulation

Price index G. 4 Gis = [, (0jr X Tjns) 17 ] = (4.2)

1

Gk,s = [Z, Nk‘,r X (pir X Tk,'r,s) (-9 :| e (46)

Quantity index M.

7 -l e
= 2o () T e

Income Y.

Yise =22 Qs X (Djir X Tjrs) (4.4)

Yk‘,s = Zr(qu:,r.s X Nkm) X (Pk,r X Tkﬂ',s) (48)

) —c ! ) -7
Intef-l”egional flows Qs | Qs = (%) X A/[]s‘ X Thkyr,s (45) ks = Nk.r X <pk‘7i<ﬂms> X ]\/Ik,,s X Tkrs (410)
) s ) ) : )

Gr,s

Table 4.2: Two comparable sets of four equations that describe Armington’s and Krugman’s

equilibria.

4.1.5 Additional constrain to the
models

While we have fully specified Armington’s
and Krugman’s equilibria in what pre-
cedes, it appears that our models may col-
lapse'® when we slightly change the value
of a given parameter.

It is hard to analytically explain this
response. We have assumed the mod-
els collapse because we did not constrain
them enough and that too many degrees
of freedom may lead to collapsing. As this
problem does not allow us to use the out-
puts of the models for comparison, and as
we want them to keep the same orders of
magnitude than the real data, we choose

16

put on variables.
17

to fix the quantity index variable value,
M., to its initial value, M7,

The reason we choose this variable is
for its place in the models’ structure. As
we can see on Table 4.2 and on Figure
4.1 that illustrates the links between vari-
ables and parameters, the quantity in-
dex only affects the quantities shipped be-
tween regions and depends on these same
quantities and on the three parameters on
which we focus our analysis. By fixing
its value, we thus make sure the quanti-
ties shipped between two regions and then
the all system will not collapse and that
a sensitivity analysis on the different pa-
rameters is still possible.

By collapsing, we mean that all the outputs of our model tend to 0 or to the lower boundaries we

Even if we fix the quantity index value, some collapses may happen when variables reach their

lower boundary. This occurs for "extreme" parameters values and does not compromise our

analysis.
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Armington’s model structure Krugman’s model structure

o Pr.r o
"
2
. 4]',3 Mk,s
G, price index of a given good in region s Y income of region s iceberg transport cost of shipping a given good

. . ) i i Tors produced in region r, to consumption region s
quantity of a given good shipped from P., selling price of a given good produced in region r

IS region r, to region s ¢ elasticity of substitution x — y the variable x influences the variable y

M_| quantity index in region s (fixed) N,\,V,. number of companies in region r par-—* z a parameter influences a variable z

Figure 4.1: A representation of the structure of Armington’s and Krugman’s models. By
looking at the links between variables and parameters, we can see the role of the quantity
index as a pivotal variable. First, it only connects with the quantities shipped between regions
and then will not "freeze” all variables when fixed. Second, as this variable directly links with
the elasticity of substitution, the iceberg transport costs and the number of companies in the
case of Krugman’s model, fixing it will let the system being sensitive to those parameters.
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4.2 A joint calibration of the models
based on the FAOSTAT database

We aim to work on a concrete case.
Thus, we use data from the publicly avail-
able database of the FAO named FAO-
STAT: http://www.fao.org/faostat/
en/#data. We describe this database and
how we process it in what follows.

For the sake of clarity in the compari-
son, we also try to compute very close cal-
ibrations for both models. The details of
those calibration methods follow the de-
scription of the FAOSTAT data.

4.2.1 Description of the FAOSTAT
data and its processing

The FAOSTAT database gathers a huge
data amount with regards to different do-
mains, might it be the global population,
environmental indicators, or even infor-
mation about a particular sector. With
regards to the forest sector, the database
contains two main domains: Forestry

Production and Trade; and Forestry
Trade Flows.

These two domains will provide data
for all countries and territories in the
world - when available - on roundwood,
primary wood, and paper products and
for each year from at least 1997 to
2017.'® Forestry Production and Trade
"contains data on the production and
trade" in those products and provides
five elements: the Production Quantity,
the Export Values and Quantities and

18 Last check in August 2019.
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the Import Values and Quantities; while
Forestry Trade Flows “contains data on
the bilateral trade flows” and only gives
four elements: Export and Import Values
and Quantities.

To compute both models, we need to
know the amount of wood, for one spe-
cific item, that is shipped from one re-
gion to another for all regions considered.
We also need the quantities self-consumed
by a region. To do so, we use the Ex-
port and Import Values and Quantities
elements from Forestry Trade Flows, that
is meant to describe bilateral trade flows.
We collect the Production Quantity ele-
ment from the domain Forestry Produc-
tion and Trade.

Although we could have based our
study on other products that are common
between the two domains, we choose to
only focus on one joint item - the indus-
trial roundwood from the year 2017 - for
two reasons. First, considering different
wood products would have complicated
our comparison, as every wood product is
somehow linked to another by an input-
output relation. Including several prod-
ucts requires estimating input-output co-
efficients and brings an unnecessary com-
plexity to the models. Second, consid-
ering only one wood product is already
enough for our analysis since we do not
aim to study the sensibility of the theo-
ries with regards to the number of prod-
ucts considered.

While the data is collected at a na-
tional scale, the FAO has aggregated na-
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tional data at a sub-continental or at a
continental scale. We can then use from
the same database national-scale, sub-
continental-scale, and continental-data as
input for our models.’

At each scale we produce a matrix of
international flows from elements of the
two domains. Export regions - indexed i
- are placed in rows and import regions -
indexed j - in columns. Each matrix field
contains the export quantity of industrial
roundwood shipped from export region, i,
to import region, j. We then create a sec-
ond matrix based on the first one. In this
new matrix, we add to first diagonal val-
ues the self-consumption quantity of the
region, given by the following expression:

AC; = PROD; = Y "EXP;; (4.13)
J

where AC; is the self-consumption quan-
tity of the export region i; PROD; is
the production quantity of the export re-
gion i; and EXPF;; the export quantity
shipped from export region i, to import
region j.

We also build third matrix, that fills
the fields with the export value from ex-
port region i, to import region j. Note
that these export values do not consider
the self-consumption of a given region and
only refer to export quantities.

When processing FAOSTAT data, it
is important to take some precautions.
First, FAO data make a distinction be-
tween different regions of China and con-
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siders China, Hong-Kong, Macao, Taiwan
and China mainland, to be precise. We
recommend to only select China when
building the matrix. Second, we have
also noticed, when using sub-continental
and continental data, that the FAO made
some adjustments when aggregating the
national-level data. Sadly, the FAO does
not detail the adjustment methods used.
We then decide to get rid of the adjust-
ment field (named “Others (adjustment)”)
to keep an unambiguously way to agglom-
erate national data at sub-continental
and continental levels (the continental-
level data being a sum of sub-continental-
level data, being itself a sum of national-
level data). This is still consistent with
our goal to compare the two theories since
we aim not to describe perfectly the “true”
international wood flows but to have ini-
tial values that are close to reality.

Even with those precautions, some in-
consistencies may still come out. It ap-
pears that in some case the total export
quantities are greater than the total pro-
duction of the country, even if we take the
imports into consideration. In this case,
we assume that the Production Quan-
tity declared by the region is inaccurate
and decide to adjust it so that the self-
consumption is equal to zero.

In what precedes, only continental-data will be used to produce preliminary results. However, we

consider to use other scales for future experiences.
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4.2.2 Calibration of the two mod-
els at sub-continental and
continental scales data

The calibrations methods are similar for
the two models. The only difference lies
in additional parameters that Krugman’s
theory requires. Note that what follows
only applies for the sub-continental and
the continental scale.

We assume FAOSTAT data represent
an equilibrium and use them as bench-
mark values for the calibration. We de-
note all initial values that a particular
variable takes by adding a superscript “0”.

First, we use the matrix of export
and self-consumption quantities previ-
ously defined as the benchmark value of
the quantity of a product j or k, shipped
from the export region r, to consumption
region s, noted q?ns; and we use the sec-
ond matrix of the export values to cali-
brate the corresponding price p?r’s. Thus
q°,, is the self-consumption benchmark
value, and the price at a particular loca-
tion 1.2°

First, we use the matrix of ex-
port quantities previously defined as the
benchmark value of the quantity of a
product j or k, shipped from the export
region 1, to consumption region s, noted

20

identical between the two models
21

identical between the two models
22

qv?ns; and we use the second matrix of the
corresponding export values - noted U_Oms
to calibrate the delivered price of a given
good shipped from production region r,
to consumption region s, noted pgm.

Secondly, in order to calibrate the sell-
ing price of a given product in region
r, noted pqr, for Armington’s and Krug-
man’s models?!, we assume that there are
no iceberg transport costs when goods are
shipped inside a given region i.e. 7.,, =
1. Using the previous calibration of p?,
and equation (4.1), the selling price of a
given good in region r, is simply the ra-
tio between the export value and the ex-
port quantity in region r, that is to say:
v°,,./qu°,.. Note that this calibration of
the selling price is only possible at the
sub-continental and continental scales, as
the first diagonal of the two matrix con-
sidered is not empty.??

Combining the calibrations of p?, , and
pgr, we directly derive of the iceberg
transport costs of a given product shipped
from region r, to region s, noted 7., 5, from
equation (4.1):

0
_ p‘,T,S

. (4.14)

T'T'S

ELE)

Additional parameters have to be
added to calibrate Krugman’s model,

Note that Krugman’s approach defines firm-level price by region so that the price calibration is
Note that Krugman’s approach defines firm-level price by region so that the price calibration is

Indeed, as the sub-continental and continental scales are aggregations of countries, the first diago-

nal contains values different that may differ from 0. Indeed, some European countries may export
products to other European countries. It then appears that "Europe is exporting to Europe", for
instance. This property helps us calibrating the price
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among them: the initial number of com-
panies of a region, r - N,Sm - and the
marginal cost of production - ¢. We ar-
bitrarily fix the number of companies of
a given region and change these numbers
during some experiences.?®> The marginal
cost value is defined as a unit.

Krugman’s model uses a firm-level
quantity variable that requires calibration
as well. To do so, we use equations (4.9)
and (4.10) that lead us to the firm-level
quantity benchmark value:

0
0 qk,r,s

ks WOJ (415)

Lastly, all other variables benchmark
values are given by previous equations:
the quantity index benchmark value, M?,,
is given by equations (4.3) and (4.7); the
price index benchmark value, G?S, derives
from equations (4.2) and (4.6); the initial
income, Y,g, is defined by equations (4.4)
and (4.8); and the wages initial values,
wy,., follow equation (4.12).
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4.3 Are new international trade theo-
ries less sensitive to some param-
eter changes? A sensitivity analy-
sis of the two economic structures

4.3.1 Assumptions on the sensitiv-
ity of both theory and objec-
tive of the experience

We here want to test the following as-
sumption:

Krugman’s theory is less sensitive to
some key parameters of Forest Sector
Models that are, today, difficult to pre-
cisely estimate. These parameters en-
compass the elasticity of substitution; the
transport costs and the number of firms
per region. Moving from an economic
structure ¢ la Armington to a framework
a la Krugman could thus make those
models less sensitive regarding these pa-
rameters.

Note that, if the elasticity of substi-
tution and the transport costs?* may be
quite difficult to estimate, the number of
firms may be in some cases well informed
according to the region considered. Even
though, we still want to assess the sensi-
tivity of Krugman’s model to this param-
eter as it remains complicated to get this
information in some location of the world
and as we may argue that the sensitivity

The number of companies in a given region may also change during the computation, especially if

we make endogenous the agglomeration phenomenon. However, we do not present such agglom-

eration pattern in the present report.
24

By transport costs, we mean the total cost of a transaction, not only due by the physical distance

but also due to cultural differences, language barriers, etc. Furthermore, this conception has led P.
Krugman to consider Samuelson iceberg transport costs that are quite convenient to analytically

write such transport costs.
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of Krugman’s theory to this parameter is
itself interesting. We, of course, do not
consider a sensitivity analysis of this last
parameter for Armington’s theory.

4.3.2 How to test the sensitivity to
the elasticity of substitution,
the transport costs and the
number of firms per region

To test the previous assumption, we com-
pute the Armington’s and Krugman’s
equilibria for different parameters values,
ceteris paribus, and compare the values of
the following output variables: the price
and quantity indexes of each region; the
income of each region; and the trade flows
between regions.

We conduct the sensitivity analysis
to the elasticity of substitution and the
transport costs parameters for the two
models as follows:

1. Regarding the elasticity of substi-
tution, we collect the output values of
the two models by varying the elasticity
of substitution from 1.2 to 6, by 0.2 steps,
all other parameters being equal (we fix
the number of companies to 10 for every
region in Krugman’s model).

2. Regarding the transport costs, we
decrease/increase the transport cost by
10%, 20%, 30%... 100% and collect the
output values for comparison.

3. The sensitivity analysis to the num-
ber of firms will concern only Krug-
man’s model. We first change the number
of companies keeping it the same for all
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regions. We run our model for three dif-
ferent number of firms: 10, 50 and 100;
for different values of elasticity of substi-
tution: 2, 4, and 6. We then look into the
impact an increase of this number in only
one region may have and thus repeat the
experience but this time by changing the
number of firms in only one region.

4.3.3 Preliminary results: models’
sensitivity to the elasticity of
substitution

We here only present some preliminary
results for the sensitivity analysis on the
elasticity of substitution for aggregate
variables, namely: the price index, the
quantity index, and the regional income.
Figure 4.2 presents those results.

We can first notice that all curves for
all variables have the same trend, which
confirms that our two models have similar
structures and are explicitly comparable.

With regards to the regional price in-
dex (Figure 4.2a and Figure 4.2b), we can
see that, for the two theories, this vari-
able reaches a threshold when the elas-
ticity of substitution is increasing. We
observe that this threshold is, for each
continent, lower in the Krugman’s model.
When looking at the inflection point of
the logistic curve, we also note the sec-
ond derivative changes its algebraic sign
for higher values of ¢ in the case of Krug-
man’s model. Moreover, the maximum
slope observed in both case for all con-
tinents is always higher in Armington’s
model. For those reasons, we can assert
that Krugman’s price index is less sensi-



Master thesis

Valentin MATHIEU

tive to the elasticity of substitution than
Armington’s.

With regards to the quantity index
(Figure 4.2c and Figure 4.2d), we also ob-
serve that, in each case, curves reach
a threshold when o is increasing. This
threshold is higher for all continents in
Krugman’s framework, which means the
magnitude of change due to a variation
of ¢ is lower than in Armington’s case
as the quantity index is decreasing when
the elasticity of substitution is increas-
ing. The initial slopes of the quantity
index curves are also higher in the case
of Armington’s model and the curves be-
come "flat" for lower values of o than with
Krugman’s model. That also suggests a
lower sensitivity to the elasticity of substi-
tution in the case of Krugman’s quantity
index.

Regional income curves are quite sim-
ilar (Figure 4.2e and Figure 4.2f). The
major difference relies on the higher in-
comes, those of ASTA and EU continents,
which present lower levels in the case of
Krugman’s theory. It then appears than
Krugman’s framework makes the higher
levels of income less sensitive to o.

Those preliminary results confirm our
initial intuition that Krugman’s theory
would be less sensitive to parameters than
Armington’s and would then, in a certain
way, improve the way we model the for-
est sector. However, we need more re-
sults, especially on the wood flows levels
between regions, to conclude. For the mo-
ment, these results mostly verify there is
no computational problem in the model
we previously built.

o7

4.4 Modeling perspectives

The previous subsection ended with pre-
liminary results that suggest there is a
need for continuing our modeling work.
This section aims to present complemen-
tary experiences we are willing to conduct
in the future. Beyond these experiences,
we are aware that we need a deeper analy-
sis of the results - especially on the quan-
tities shipped from one region to another
- to reach our goals.

4.4.1 A need for refining the sensi-
tivity analysis on parameters

In addition to the preliminary results pre-
sented in the previous section, we need to
run more experiences to fully assess the
specific sensitivity of each international
trade theory. More especially, we need to
analyze the sensitivity of each model to
iceberg transport cost values and the sen-
sitivity of Krugman’s model to the num-
ber of companies.

We also do not aim to only focus on
sensitivity analysis ceteris paribus - like
we did for the sensitivity analysis on
sigma for instance - but want to test the
sensitivity of the models on one parame-
ter changing the values of others, like we
aimed to do for the model’s sensitivity to
the number of companies.

Using different scales as input may also
indirectly reveal in part the models’ sen-
sitivity toward change of scale.
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sitivity to the elasticity of substitution.

——afR

Regional income

—a—asiA

—eeu

14 18 22 26 3 34 38 42 46 5 54 58
Elasticity of substitution

Figure 4.2e Armington’s regional income
sensitivity to the elasticity of substitution.

Figure 4.2f Krugman’s regional income sen-
sitivity to the elasticity of substitution.
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models by shifting to Krugman’s theory.
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4.4.2 Theories’ sensitivity toward
change of spatial scale: a
possible path to multi-scale

models

Usually, a FSM is built to answer ques-
tions at a specific spatial scale, could it
be global, macro-regional, national, re-
gional, or even local. Therefore, chang-
ing the scale one model has been devel-
oped for may result in wicked results. For
instance, a model that initially considers
national and regional scales would not not
be able to run at a global scale or describe
a local economic phenomenon. Not being
able to consider other spatial scales does
not disqualify it to answer the question.
But what this property tells us is that,
in some ways, the spatial scale will highly
contribute to shaping the validity domain
of a model.

Nevertheless, we can think of a multi-
scale model that can overcome this bias
by generating consistent outputs for dif-
ferent spatial scales.

This implies that such a model would
generate outputs consistent for every
scale: outputs at a sub-scale that, when
aggregated to an upper scale, would be
close to those we obtain at the upper
scale. For instance, this kind of model
would equally use national data or conti-
nental data, and the outputs generated at
the continental scale would be very close,
after proper agglomeration, to the aggre-
gated national scale outputs.

We are aware that modeling the for-
est sector at a particular scale captures,
in a way, economic processes that belong
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to this scale. It may even be reasonably
expected that economic processes occur
differently depending on the spatial scale
considered and that the full economic
ecosystem results in a complex combinai-
son of each of them. Building a multi-
scale model would then mean that, what-
ever the spatial scale consider, the algo-
rithm could bridge the gap between the
different scales and consider all of them
in computing the equilibrium.

It would probably be unlikely to say
that a change in the economic structure of
present FSM would lead to a multi-scale
model. However, in doing so, we can still
expect to improve sensitivity to changes
of spatial scales. We again suppose that
Krugman’s theory would bring a better
resilience to changes of scales than Arm-
ington’s theory, as the first observation of
this Subsection has already suggested.

Using FAOSTAT database appears
to be quite convenient for testing
this assumption: continental and sub-
continental scales are built on the na-
tional data collect of the FAO through a
data agglomeration process. That means
we can easily link one scale to another
by simply aggregating the national scale
data into sub-continental or continental
scale data.

Each model would compute each set
of data: continental, sub-continental and
national data sets. For each scale of
data used as input we collect the out-
puts. Then we aggregate the national
scale outputs at the continental level and
we do the same for the sub-continental
scale outputs. The aggregation proto-



col is the same that the one used by the
FAOQ: it consists in regrouping countries
in the corresponding continent and sub-
continents in the corresponding continent
too.

4.4.3 Simulating an agglomeration
effect with our simplified
Krugman’s model: toward
a dynamic representation of

economic activity?

We also want to use equations (4.11) and
(4.12) into Krugman’s model to simulate
agglomeration patterns. Using these two
equations, it would be possible to update
the number of companies per region after
the economic equilibrium is reached. A

recursive loop would then allow to repre-
sent an economic dynamic across regions
and to test if economic agglomeration de-
picted by Krugman will lead to more "re-
alistic” models.

4.4.4 Further improvements

Finally, we want to improve our work in
three ways. First, we want to make the
selling price of a given region endogenous
in our models. Second, we want to de-
velop a simple method to calibrate the
number of companies per region based
on real data. Third, we want to include
Krugman’s framework in FFSM to derive
our analysis on a more developed model
than the ones presented in this section.
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5 Conclusion: some research leads to innovate in For-

est Sector Modeling

Through the development of interna-
tional trade theories and their compar-
ison thanks to computational tools, we
conceptually showed that changing the
economic structure of FSM may substan-
tially improve the way we model wood
flows. But instead of settling for this re-
sult, our work intended to explain why we
came to this conclusion by getting back to
economic fundamentals.

This led us to the key notion of “geo-
graphical space” that attracted the found-
ing fathers of economics but that has re-
mained neglected by economics. Geo-
graphical perspective helped us link the
qualitative improvements modern theo-
ries brought in representing trade flows
with their better consideration of spatial
features. Nevertheless, our study also
shows that including space in the actual
economic framework incurs an accumu-
lation of conceptual and technical issues
and still seems at its premises.

The reader of this report should keep
in mind that what precedes remains
highly conceptual and that other interest-
ing findings may lie in a deeper theoretical
analysis. Indeed, our work does not pre-
tend to be exhaustive and economic the-
ories we did not consider may bring more
material and sharp our analysis. Going
beyond the economic structure of FSM
may also be fertile: FSM’ structures in-
clude other modules that may play a role
in representing “geographical space”, like
land-use modules that certainly bring fur-
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ther spatial considerations.

Furthermore, modeling the forest sec-
tor does not, of course, rely on theory but
also on the available data and its pro-
cessing, and on the statistical methods
used to match the theoretical structure
with those data. This threefold motiva-
tion reminds us that we essentially fo-
cused our work on one side of the tri-
angle: the theory. In this respect, that
may in part explain why including mod-
ern and sophisticated economic theories
in FSM actual framework face some stick-
ing points. If it is difficult, yet manage-
able, to get a good proxy of the number
of companies for each region considered,
it seems intractable to differentiate them
by their productivity like Melitz’s theory
does. This perspective invites us to ex-
plore the two other sides of the triangle
we did not consider here.

At this stage, I remind what Joseph
Buongiorno, a pioneer in Forest Sector
Modeling, shared with me once. He
thought we generally rely too much on
economic theory while modeling the for-
est sector. Thus, it may be the time
to change the economic paradigm on
which we build our models. At the
time of supercomputers that can solve
intractable analytical problems, of ad-
vanced mathematics that base complex-
ity theory, and advanced Geographic In-
formation System (GIS), modeling spatial
features might not be as unmanageable as
economists may think.



Master thesis Valentin MATHIEU

Bibliography

Treb Allen and Costas Arkolakis. Elements of advanced international trade. Graduate
Trade Notes, 2016.

Paul S Armington. A Theory of Demand for Products Distinguished by Place of Pro-
duction. International Monetary Fund Staff Papers, 16(1):159-178, March 1969.

Edward J Balistreri and Thomas F Rutherford. Computing General Equilibrium The-
ories of Monopolistic Competition and Heterogeneous Firms. In Peter B Dixon and
Dale W Jorgenson, editors, Handbook of Computable General Equilibrium Modeling,
pages 1513-1570. Elsevier, 2013.

Sylvain Caurla. Modélisation de la filiere forét-bois francgaise - Evaluation des im-
pacts des politiques climatiques. PhD thesis, AgroParisTech, Laboratoire d’Economie
Forestiere, January 2012.

Sylvain Caurla. Une typologie et une histoire des modéles économiques de secteur
forestier. Revue Forestiére Francaise, 65:163-181, September 2013.

Neil M Coe, Henry W. C. Yeung, and Philip F Kelly. Economic Geography : A Con-
temporary Introduction. Blackwell Publishing, January 2007.

Jean-Yves Courtonne. FEnvironmental assessment of territories through supply chain
analysis: biophysical accounting for deliberative decision-aiding. PhD thesis, Univer-
sité Grenoble Alpes, June 2016.

Masahisa Fujita, Paul Krugman, and Anthony J Venables. The Spatial Economy:
Cities, Regions, and International Trade. The MIT Press, 1999.

Isabelle Géneau de Lamarliére and Jean-Francois Staszak. Principes de géographie
économique. Editions Bréal, 2000.

Mario Larch and Yoto V Yotov. General equilibrium trade policy analysis with struc-
tural gravity. CESifo Working Paper Series, 2016/08:1-87, July 2016.

Gregory S Latta, Hanne K Sjglie, and Birger Solberg. A review of recent developments
and applications of partial equilibrium models of the forest sector. Journal of Forest
Economics, 19(4):350-360, December 2013.

Richard Levins. The Strategy of Model Building in Population Biology. American
Scientist, 54(4):421-431, December 1966.

Marc J Melitz. The Impact of Trade on Intra-Industry Reallocations and Aggregate
Industry Productivity . Econometrica, 71(6):1695-1725, November 2003.

63



Master thesis Valentin MATHIEU

Steven Northway, Gary Q Bull, and John D Nelson. Forest Sector Partial Equilibrium
Models: Processing Components. Forest Science, 59(2):151-156, April 2013.

Miguel Riviere, Sylvain Caurla, et al. Integrating non-timber objectives into bio-
economic models of the forest sector: a review of recent innovations and current
shortcomings. Technical report, Bureau d’Economie Théorique et Appliquée, UDS,
Strasbourg, 2018.

Paul A Samuelson. Spatial Price Equilibrium and Linear Programming. The American
Economic Review, 42(3):283-303, June 1952.

Hanne K Sjglie, Greg S Latta, Erik Trgmborg, Torjus F Bolkesjg, and Birger Solberg.
An assessment of forest sector modeling approaches: conceptual differences and quan-

titative comparison. Scandinavian Journal of Forest Research, 30(1):60-72, January
2015.

Jacques-Frangois Thisse and Bernard Walliser. Is space a neglected topic in mainstream
economics? Recherches Ecnomiques de Louvain, 64(1):11-22, January 1998.

64






Appendices



Master thesis Valentin MATHIEU

Appendix A Statistical Analysis conducted by Bois-
seau and Courtonne (2018)

Figure A.1 shows one result of Boisseau and Courtonne’s statistical work. We can see
correlations between FFSM outputs en SitraM data are low, no matter what year is
considered and no matter whether we consider tonnes or tonnes per kilometer trav-
eled. This support the first observation made in the introduction by comparing FFSM
simulations main wood flows in France with SitraM data main wood flows.
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Figure A.1: Heatmap of correlations between FFSM simulations in SitraM data at different
years, considering tonnes or tonnes per kilometers.
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Appendix B Levins’ considerations in modeling, a com-
promise between generality, precision and
reality

We aim here to develop the modeling considerations of Richard Levins, also known as
the “Levins’ triangle” represented in Figure B.1 (Levins, 1966) and to apply them to
Forest Sector Models. Even if Levins’ work explicitly refers to the field of biology, his
thoughts on modeling remain general and can apply to other fields, like economics.

Levins’ thinking relies on a reasonable statement: might it be biological or economic,
we study a complex system that is impossible to completely describe by a brute ap-
proach, for three reasons. First, because of missing data that may prevent us from
estimating the several parameters we need. Second, because those complex systems
lead to intractable analytical problems.?® Third, the results would be as complex as the
system to study and would have no meaning for us. Thus, it is then crucial “to simplify
the models in a way that preserves the essential features of the problem.”

Doing so requires simplifications that keep us from working with “manageable models
which maximize generality, realism, and precision.” Therefore, a modeler may consider
different strategies:

2

1. Sacrifice generality to realism and precision. Those are the "empirical models,
that reduce the number of parameters to those relevant to a particular case and
provide accurate predictions.

b2

2. Sacrifice realism to generality and precision. Those are the “analytical models
which rely on general equations that are quite unrealistic but still bring precise
results. Modelers using this kind of model expect that a small deviation from
reality results in small deviation in the simulations.

3. Sacrifice precision to generality and realism. Those are more fundamental models
we call “mechanistic models.” They bring qualitative results and do not specify
the mathematical form of an equation.

From Levins’ typology and what we describes in the introduction, we suggest Forest
Sector Models mostly belong to the “analytical models” category. Thus, they somehow
fundamentally sacrifice realism to generality and precision. This calls for getting back

25 This may not be as valid as when Levins wrote his ideas since computer science has progressed

and can now solve problems considered intractable at that time.
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Reality

Precision Generality

Analytical models

Figure B.1: The Levins’ triangle, an illustration of the compromise a modeler has to do
between reality, precision, and generality in modeling.

to modeling fundamentals in economics and to explore if FSM’ are able to represent
trade flows and their dynamics.
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Appendix C A development of Armington’s theory
based on A Theory of Demand for Prod-
ucts Daistinguished by Place of Pro-
duction (1969)

We adapt Armington’s main equations from Larch and Yotov (2016), and Allen and
Arkolakis (2016).

In what follows, the indexes r, s and t represent regions of the world. The index j,
refers to a given product.

C.1 Reminder: conceptual framework and main assumptions

We assume that products are differentiated not only by their kind but also by their
place of production. Two regions of production thus produce two varieties of the same
kind of product that are imperfect substitutes in demand.

Each place of production is considered as the supplier of one variety but also as a
source of demand for all other varieties. The preferences of a region for a variety of one
given kind are assumed to be independent of its purchases of varieties of another kind.
Each demand for a particular product thus represents an isolated market.

Given this assumptions of independence, Armington’s theory defines a quantity index
for the consumption of the product j, in region s, noted M;, as a function of all the
quantities of a product j, produced in region r, consumed by the region s, noted g;, s:

Mjs = ¢; (qjrs) (C.1)

It also defines a price index of a product j, in a consumption region s, noted G 5, as a
function of the delivered prices associated with a product j, shipped from its production
region 1, to the consumption region s, noted p;, ;.

Armington adds the condition that the demand for M;; “must be the same as the
value of ¢; implied by all demands for products in the j market”. This conditions
implies that:

0p;
8Qj,r,s

Gj,s = Djrs (02)
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To ensure that G, respects the condition of independence with regard to M; s, we
assume that ¢; is a linear and homogeneous function.

C.2 Armington’s analytical development assuming a constant elasticity of sub-
stitution in each market

The theory uses a constant elasticity of substitution (CES) demand function to express
the Armington’s quantity index analytical expression for a given product j, consumed
in region s:

MJ}S = ¢j (Qj,r,s> = [Z(Qjﬂ’,s) 0771 ] - (C3>

T

where o the constant elasticity of substitution.

We then can derivate this expression by the quantity shipped from a given production
region:

oM. , 0 o-1 o1 o o—1 - o1 7
= (Z(qj,r,s) 7 > = o—1 X o X(q_j,r,s) o X (Z(Qj,r,s) 7 )

jrs  Ojrs

(C.4)
that leads to the following expression:
1
OMjs _ (MJ?S ) ' (C.5)
an,r,s qjr,s
We can then write:
1
an,s/an,r,s _ (Qj,t,s> 7 _ pj,r,s (06)
an,s/an,t,s Qj,r,s pj,t,s

This yields to the following relation between shipped quantities and associated prices:

pk,r,s 7
Gjt,s = Qjrs X <—) (C7)

Pkit,s
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We then use equation (C.7) in equation (C.3) and comes to the following result:

o—1 %
My = Qs X [Z (p]_> ] (C.8)
¢ pj,t,s

that can also be expressed as:

o—1 %
qjr,s = Mj,s X [Z (M> ] (09)

¢ pj,t,s

Combining equation (C.5), equation (C.1) and equation (3.3), we then can express
the price index as:

1 1
Gjs = Djrs X (Qj,r,s)" X (Mj,S) “ (C.10)

Using the formulation of M; s given by equation (C.8), we then derive the Arming-
ton’s price index of a consumption region s, for a product j, as follows:

1

o—1]|1-0c
1 -2 2 : Pjrs
Gj7s :pj,T,S X (qj7r7's>g X qj,r(,js X [ <p] > ] (C'l]')
t Jit,8

1

o—1|1-0
= Gjs = Djns ¥ [Z (p—“ﬁ) ] (C.12)

¢ pj,t,s

= G, = [Z(pj,r,s) (1‘”)] - (C.13)

T

We then turn around equation (C.12):

o o—1 ail
Pjrs z : Pjrs
< Gj75 ) [ t (pj,t,s) ] ( )

Combining equation (C.14) with equation (C.9) thus gives us the demand of a con-
sumption region s, for a product j, produced in region r:
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Pjrs -
Qjrs = ( ) X M (C.15)
/ Gjs /

Note that in all these equations, regions r, s and t, can be a country, a group of
countries and so forth, as Armington suggests in his paper.
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Appendix D A development of Krugman’s theory based
on The Spatial Economy: Cities, Re-
gions and International Trade (1999)

In what follows, the indexes r, and s represent regions of the world. Indexes i, j and k,
refer to a given product.

D.1 Reminder: conceptual framework and main assumptions

Krugman’s theory intends to develop a spatial framework assuming monopolistic com-
petition and increasing returns of scale at the firm level. To do so, Krugman’s approach
spatializes the Dixit-Stiglitz model of monopolistic competition that provides its basis
by adding locations of production and consumption and by including Samuelson’s ice-
berg transport costs between them.

The approach considers two sectors:
1. An agricultural sector under perfect competition that produces a unique and
homogeneous product that can be shipped without incurring any transport costs.

2. A manufacturing sector under monopolistic competition that provides many va-
rieties of manufactured products and that includes increasing return of scale and
iceberg transport costs.

Each consumer purchases agricultural and manufactured goods.

All manufacturing firms use the same technology and then have the same kind of
production function. Moreover, the quantity they produce and the associated price are
the same between all firms that are in the same region.

D.2 The Dixit-Stiglitz model of monopolistic competition

We first consider economic activity without referring to any location. We also assume
that there is a large number of manufactured products so that we can represent the
products range as continuous.

The utility function of a consumer is given by the following Cobb-Douglas function:
U= MH'x A=F (D.1)
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where M is the composite index of consumption of manufactured products; A is the
composite index of consumption of the agricultural good; and  is the constant expen-
diture share over manufactured products.

Referring to the Dixit-Stiglitz framework, we define the quantity index of manufac-
tured products over a continuous range of varieties by the following constant elasticity
of substitution (CES) function:?®

M = Uon m(i) e di] & (D.2)

where m(i) is the consumption of one variety of manufactured product; n is the number
of available varieties; and ¢ is the constant elasticity of substitution.

The budget constraint is given by the following formulation of the income, Y:
Y =Axpt +/ p(i) x m(i) di (D.3)
0

where p? and p(i) are respectively the price of the agricultural good and the price of a
given variety of manufactured products i.

To maximize its utility subject to budget constraint, the consumer first tries to
minimize the cost of attaining M:

g _
-1

min /Onp(z') xm(i)di st. M= Uonm(z')“al dr (D.4)

To solve this minimisation problem, we use the Lagrangian method:

L:/Onp(z')xm(i)di—)\x [/Onm(z')tldz'—M;] (D.5)

= a%) = p(i) — A x 2 ; L m(i)"z =0 (D.6)
o pli)xao \77 N pG)xao 77
= m(i) = <m> and m(j) = <m> (D.7)

26 We slightly adapt the formulation from the one Krugman provides in his initial work.
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- To-05) D9
= (o) = mij) < (221 (D.9)

Including this previous expression in the initial constraint we obtain:

= [T 7 0= )7 (PD) i) pti) [ ot

p(i)
(D.10)
= o) = —PIT oy (D.11)
Ly pliy = di == |
We then have:
m(j) x p(j) = p(j)' "7 x U"p@‘)ll—” = <M (D.12)
= /0 “m(j) x plj) dj = /0 ") dj [f"p(z')llodqo‘il «M  (D13)

noting that: ["p(j)*~7dj = [, p(i)' =7 di, we then derive the following expression:

/On m(j) x p(j) dj = Uonp(j)l—” dj} s (D.14)

The first order condition finally leads to:

m(i) = {T%} Y (D.15)

The maximization problem of the consumer then consists in choosing M and A so
that:
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maxr U = M" x A*™F st. Y=GxM+p*xA (D.16)

We again use the Lagrangian method:

L=M'x A" —Ax (GxM+p*x A-Y) (D.17)
oL MH=1 % Al=w
= ST =X M X AT AX G =0 = A= 1 GX (D.18)
oL _ A
éa—A:(l—u)xM“xA“—)\xp =0 (D.19)
which yields to the following consumer demand functions:
For agriculture:
Y
A=1-p)x — (D.20)
p
For manufactures: v
M = — D.21
pX s (D.21)
which implies that:
m(i) =puxY xp(i)7 x G°* (D.22)

D.3 Considering multiple locations and iceberg transport costs
D.3.1 Consumer behaviour
We now apply the previous results of the Dixit-Stiglitz model of monopolistic competi-

tion to a finite set of locations and add Samuelson’s iceberg transport costs.

Iceberg transport costs imply that when a unit of a product k, is shipped from a
production region r, to a consumption region s, only a fraction of the original unit
actually arrives: the rest melts on the way. We note 73, , the amount the product k,
dispatched per unit received: it represents the iceberg transport costs.

Under this assumption, the delivered price in a region s, of a product k, produced in
region r, noted py s, is given by:

Pk,rs = Pkr X Tkr,s (D23>
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where py, , is the selling price of a product k, in region r and 7y, 5 is the iceberg transport
cost incurred while shipping a product k, from a production region r, to a consumption
region s.

Under those considerations, Krugman’s price index takes the following form:

1—0o

Gk,s = Z Nk,r X (pk,r X Tk,r,s)lia (D24)

where Gy, 5 is the Krugman’s price index of a product k, consumed in region s; N, is
the number of companies/number of varieties of a product k, produced in region r; and
o is the constant elasticity of substitution between any two pairs of varieties.

Under the Dixit-Stiglitz framework, the maximization of the consumer utility implies
that the consumption demand in region s, for a product k, produced in region r, noted
ks, can be written as:

Qs = M X Yk,s X (pk,r X Tk,r,S)_U X Gk(;_l) (D25>

where Y}, 5 is the income of region s generated by the sales of a product k.

To supply this level of demand for one region s, a firm in region r, has to ship
Tk,rs times the amount g, because of iceberg transport costs. Summing across all

consumption locations, we derive the total production of a single firm producing a

variety in region r, noted i, as follows:

q,’;"ﬁ = X ZY’“S X (Pry X Thrs) ¢ X G,:;l X Thr.s (D.26)

D.3.2 Producer behaviour

All firms in all locations having the same technology, they involve the same fixed input
F and marginal input requirement c. We assume the only input is labor.

We can then express the labor input in region r, noted [ ,, required to produce a

quantity ¢;% of a product k, as:

g =F+cxqf) (D.27)

As labor is the only input for production, the profit of a firm generated by the sales
of a product k, produced in region r, noted 7y, is given by:
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Ty = Dy X qzof,s—wkr (F+c><qt0t) (D.28)

where wy,, is the wage rate for manufacturing workers that produce a product k, in
region T.

Profit maximization implies that:

tot tot

aﬂ-k r tot qk \T,8 Qi r.s
: :qors pk,r_éxwkr xc=0 D.29
Pir kar 8 Pk.r apk,r ( )

qliot
= Gt k” (P — Wiy X €) =0 (D.30)
noting that:
tot

qk'rs o [ X ZYkzs pkr -0 (Tk,r,s)_a % Gkas—l % Tews | = —0 v 1 % qliois
8pk’ T apk’ r ’ pk,‘,’l" sy
(D.31)

we easily derives the following formulation of the price py

g

1
Prr X (1 - —) = ¢ X Wk, (D.32)

Giving this pricing rule, the profits now has the following formulation:

tot

qkrs C—F:|
oc—1

Ty = Wk, X |: (D33>

We assume free entry and exit of firms. That leads to a zero-profit condition that
provides the following equilibrium results:

the equilibrium output of every firm, noted g; ,:

o—1

g, = F x (D.34)

C

and the equilibrium labor input, noted [ ,:
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lir=F+cxXgq,=Fxo (D.35)

Therefore, if Ly, is the total number of manufacturing workers that produce a prod-
uct k, in region r, we can then define the number of firms producing a product k, in
region r as:

Liy _ Lis
Ny = 720 = -

— D.3
’ l,’;r Fxo (D-36)

D.3.3 An equation of the nominal wages

Thus, the zero-profit condition implies that firms produce g; .. We note that the firm
equilibrium output, g; ., also follows equation (D.26):

= u X ZYks pkr X Tkrs) X Gkg’s_l X Tkr,s (D37>

We can then turn around this equation to express the firm price py, as follows:

(Thrs) 77 % GV (D.38)

(pk r =

Using equation (D.32), we directly derive the wage equation:

oxc) | G,

1 N
Wy = (U ) [ (Thors) 77 x GL77Y (D.39)

S

We now define the real wages of workers producing a product k, in region r, noted wy .,
as the nominal wages deflated by the cost-of-living index, expressed as G," x (pA)1=+.
We obtain the following formulation:

Wg,r = Wiy X Gk/f,,, X (Pf)(lfu) (D40)

D.4 A simplification thanks to some normalizations

1

We choose units such as: ¢ = % and F = g
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It then follows that:
From equation (D.32): py, = wy,

From equation (D.34) and (D.35): ¢, =1, = p

Lk,r
M

From equation (D.36): Ny, =

Using those normalizations, the price index and wage equations now have the fol-
lowing expression:

1 =
Gk,r = [_ X ZLk,s X (wk,s X Tk,r,s)la] (D41)

Wg,r = (D42)

ZYk’S X (Tkms)lia X Gk?sil
s

D.5 The core and periphery model

To derive Krugman’s core-periphery model, we now assume that the world has L) =
manufacturing workers producing a product k, and L* = 1 — u farmers. We denote one
region r, share of farmers world labor force by ¢,, and its share of workers world labor
force producing a product k, by A;,. We also assume that farmers wages are all equal
to unit.

Under those assumptions, the Krugman’s equilibrium is then defined as the simul-
taneous solution of the four following equations of:

The income

Ykﬂn = u X Akﬂ” X Wi r + (1 — u) X ¢r (D43)

The price index

1—0o

Gk,r = [Z )\k,s X (wk,s X Tk,r,s)lg] (D44)

The nominal wages

q =

(D.45)

Wik r =

Zy;c,s X (Tk,’r,s)l_a X Gki‘S_l
s
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The real wages
Wy = Wgyp X Gk;u (D46)
The model can then describes agglomeration by assuming that workers are moving to

a region where the real wage is higher. The dynamics can be expressed by the following
equation:

).\]w« =79 X (wm — w) X )‘kﬂ” (D47)

where v is a constant and @ the average real wage generated by one product k, defined
as follows:

WE = Z )\k,r X W, r (D48)
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Appendix E A development of the income equation

We can define the income as (1) the sum of the revenues in a region - that is to say, the
sum of the sales to all other region times the selling price - or (2) the total expenditure -
that is to say, the sum of the amount purchased in every region times the purchase price.
Following the zero-profit assumption, these two formulations are strictly equivalent: a
region should spend all its revenues in purchasing other products, and one region spends
the exact amount it earns.

In Subsection 4.1 we choose to formulate the income of a region s, as its money ex-
penditure, similarly to Armington (Armington, 1969), for Armington’s and Krugman’s
theories. That leads to the following expression of the income:

For Armington: Y, =Y qjrs X (Djr X Tjrs) (4.4)
For Krugman: Y, = Zr(q{;m X Nir) X Py X Thrs) (4.8)

where Y ; is the regional income; g;, s and q,’;r’s the quantity of a good j or k, shipped
from region r, to region s, respectively for Armington’s theory and Krugman’s approach;
Ny » the regional number of companies in Krugman’s framework; p. . the regional price
of a good produced in region r; and tau.,, the iceberg transport costs of shipping a
product j or k, from region r, to region s.

We may think of another formulation, expressing Y. ; as the product of the quantity
index and the price index of the region, s. This would be analytically correct and
equivalent to the formulation we choose. Indeed, remember that:

pj,r,s -7
qjrs = < ) X M',s (El)
J Gj,s J

and that:

1

Gis = [Z(pj,r,s) “"’] B (E.2)

r

where Mj ; is the quantity index of a product j, in region s and G is the price index
of a product j, in region s.

Using equations (E.1) and (E.2) in equation (4.4) we have:
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ZQ_]T‘S p]T’XT]T’s)
= Z(pj’r X Tj’r,s)l—a X (G]”S)o’ X Mj75

= (GLS)U X Mj,s X Z<pj’r X ijr’s)lfo- (E3)

According to equation (E.2), we notice that Y (pj, X 7j.,.5)' 77 = (G,s)* 7. We then
have the following equation:

qurs pjr X T]rs) Mj,s X Gj,s (E4)

A quite similar demonstration lead to the same result with Krugman’s framework.
We can then express the income as the product of the two indexes. However, equations
(4.4) and (4.8) seem more convenient to visualize the change of structure between the
two sets of equations and the place of iceberg transport costs.

We can also consider the income as the total revenues of one region (the "supply-side
definition" of the income). In the case of Krugman’s theory, that leads to the following
expression:

Yk,s = Z(Q;J;S,r X Nk,s) X (pk,s X Tk,s,r) (E5)

r

Now, remember from Subsection 3.3 that:

q]ti‘oz Zkar kST‘ (E6>

Using this previous equation and the zero-profit condition at the firm level®”,

have:

we

27 This condition implies that the selling price of a firm is equal to its production cost which is, in

Krugman’s framework, the cost of labor. Appendix D provides a decomposition and development
of this cost (see "Producer behavior").
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Yk,s = Z(QIJ;SW X Nk,s) X (pk,s X Tk,s,r)

r
_ E f
- Nk,s X pk,s X qk,s,r X Tk,s,?‘)
T

tot
= Nis X Prs X Qs

= Nigs X (F+cx qffﬁ) X wgs (E.7)

By extending the zero-profit condition to the regional level, income definitions on
the supply side and on the demand size are analytically equivalent.
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Appendix ' GAMS codes of Armington’s and Krug-
man’s theories
F.1 GAMS code for Armington’s model

$Title Armington Trade Equilibrium from A Theory of Demand for Products
Distinguished by Place of Production

*Valentin MATHIEU, AgroParisTech / INRA (valentin.mathieu@inra. fr).
x August 2019

xCopy past the good list of regions during the Setup

xList of continents

+*AFR,AME, ASTA |EU,OCE

xList of sub—continents
xAUSNZ, CARI,CAMER, CASIA , EAFRI, EASIA ,EEURO, MELA, MAFRI,
NAFRI,NAMER,NEURO, POLY,SAMER, SEASIA , SAFRI, SASIA ,SEURO, WAFRI, WASIA ,WEURO

Set
r countries or regions /AFR,AME, ASIA |EU,OCE/
j goods /IR /;
Alias (r,s);
Parameters
sig elasticity of substitution /3/,
vO(j,r,s) benchmark value of quantities of a product j

shipped from region r to region s,

qv0(j,r,s) benchmark quantities of a product j
shipped from region r to region s without autoconsumption ,

pO(j,r,s) benchmark delivered price of a product j
shipped from region r to region s,

q0(j ,r,s) benchmark quantities of a product j
shipped from region r to region s with autoconsumption
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GO(j,r) benchmark price index in region r,

MO(j,r) benchmark quantity composite index of the

consumption of a product j in region r,

YO(j,r) benchmark total spending of region r

or regional income,

tau(j,r,s) iceberg transport cost factor

xs===Import Data from Spreadsheet=—=

xBuild gdxxrw instruction file
$onecho > importQ. txt

x*Choose the type of Dataset you want to import

xPay attention to the cells imported if you modify the xlsx file

x*For Continents

xIR

par=q0 rng=Matrix Q IR!A10:G15 Rdim=2 Cdim=1
set=r rng=Matrix Q IR!B11:B15 Rdim=1 Cdim=0
set=s rng=Matrix Q IR!C10:G10 Rdim=0 Cdim=1

x*For Sub—Continents

xIR

xpar=vx(0 rng=Matrix Q IR!A26:W47 Rdim=2 Cdim=1
xset=r rng=Matrix Q IR!B27:B47 Rdim=1 Cdim=0
xset=s rng=Matrix Q IR!C26:W26 Rdim=0 Cdim=1
$offecho

$onecho > importV.txt

x*Choose the type of Dataset you want to import

xPay attention to the cells imported if you modify the xlsx file

xFor Continents
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IR

par=v0 rng=Matrix V IR!A10:G15 Rdim=2 Cdim=1
set=r rng=Matrix V_IR!B11:B15 Rdim=1 Cdim=0
set=s rng=Matrix V_ IR!C10:G10 Rdim=0 Cdim=1

*For Sub—Continents

IR

xpar=v0 rng=Matrix V IR!A26:W47 Rdim=2 Cdim=1
xset=r rng=Matrix V_ IR!B27:B47 Rdim=1 Cdim=0
xset=s rng=Matrix V_ IR!C26:W26 Rdim=0 Cdim=1

$offecho
$onecho > importQV.txt

x*Choose the type of Dataset you want to import
xPay attention to the cells imported if you modify the xlsx file

xFor Continents

IR

par=qv0 rng=Matrix Q IR!A1:G6 Rdim=2 Cdim=1
set=r rng=Matrix Q IR!B2:B6 Rdim=1 Cdim=0
set=s rng=Matrix Q IR!C1:Gl Rdim=0 Cdim=1

xFor Sub—Continents

IR

xpar=qv0 rng=Matrix Q IR!A1:W47 Rdim=2 Cdim=1
xset=r rng=Matrix Q IR!B2:B22 Rdim=1 Cdim=0
xset=s rng=Matrix Q IR!C1:Wl Rdim=0 Cdim=1

$offecho

xChoose the good way to import the file : in GAMSStudio files |,
just have to change the file s name

$call gdxxrw.exe C:\ Users\vlmathieu\Documents\GAMSStudio\
Armington Krugman Models\Data'\ Continents.xlsx @importQ. txt
$gdxin Continents.gdx

$load qO0
$gdxin
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$call gdxxrw.exe C:\ Users\vlmathieu\Documents\GAMSStudio\
Armington Krugman Models\Data'\ Continents.xlsx @importV. txt
$gdxin Continents.gdx

$load vO
$gdxin

$call gdxxrw.exe C:\ Users\vlmathieu\Documents\GAMSStudio\
Armington Krugman Models\Data'\ Continents.xlsx @importQV. txt
$gdxin Continents.gdx

$load qvO
$gdxin

p0(j,r,s) = vO(j,r,s)/qv0(j,r,s);
tau(j,r,s) = p0(j,r,s) / pO(j,r,r);

xSensitivity analysis on tau
tau(j,r,s) = 1x(p0(j,r,s) / pO(j,r,r));
tau(j,r,r) = 1;

GO(j,s) = sum(r, (pO(j,r,r)*xtau(j,r,s))**x(1—-sig))**(1/(1—-sig));
MO(j,s) = sum(r, (q0(j,r,s)/tau(j,r,s))**((sig—1)/sig))xx(sig/(sig —1));
YO(j,s) = sum(r, qO0(j,r,s)*(p0(j,r,r)*xtau(j,r,s)));

DISPLAY v0, qv0, qO0, p0O, GO, MO, YO, tau;

xs===FEquation System=—=x

Positive Variables
q(j,r,s) Quantity of a good j shipped from region r
to region s,

G(j,r) Price index of a good j in region r,

M(j,r) Composite index of the consumption of a good j
in region 1,
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Y(j,r) Total spending of region r — or
total income in region r

Y

Parameter
p(j,r) Price of a product j in region r;
Equations
PI(j,s) Price index of product j in region s,
QI(j,s) Quantity index of product j in region s,
QS(j,r,s) Quantity shipped of j from region r

to region s,
INCOME(j , 1) Income or total spending of region r

?

PI(j,s)..
sum(r, (p(j,r)xtau(j,r,s))*x(l—sig))**x(1/(1—sig)) —
G(j,s) —e= 0;

QL(j,s)

QS(j,r,s)..
(p(j,r)*tau(j,r,s)/G(j,s))**(—sig)*M(j,s)*tau(j,r,s) —
q(j,r,s) =e= 0;

INCOME(j ,s) ..
sum(r, q(j,r,s)*(p(j,r)xtau(j,r,s))) —
Y(j,s) =e= 0;

model A 1 /PI.G, QI.M, QS.q, INCOME.Y/;

xSet the level values and check for benchmark consistency

G.1(j,r) = GO(j,r);
q.l(j,I‘,S) :qo(.] r S);
Y.1(j,r) = YO0(j,r);
p(j,r) = p0(j,r,r);

x*Fix the quantity index level to its initial value
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M. fx(j,r) = MO(j,r);
x*Set some boundaries
G.lo(j,r) = le—6;
q.lo(j,r,s) = le—6;
Y.lo(j,r) le —6;

Solve A 1 using MCP;

DISPLAY G.1, M.1, p, q.1, Y.1, tau;

xs=—=Result Export in a Excel file=—=
execute unload "test.gdx" G.1, M.1, q.1l, Y.1, p, tau;
execute ’gdxxrw.exe test.gdx o=test.xlsx var=G.l rng=Glal

var=M.1 rng=M!al par=p rng=pl!al var=q.l rng=qlal
var=Y.l rng=Y!al par=tau rng=taulal’

F.2 GAMS code for Krugman’s model

$Title Krugman Trade Equilibrium from The Spatial Economy: Cities ,
Regions, and International Trade

«*Valentin MATHIEU, AgroParisTech / INRA (valentin.mathieu@inra. fr).
xJuly 2019

xCopy past the good list of regions during the Set

*List of continents

*AFR,AME, ASIA EU,OCE
xList of sub—continents

*AUSNZ, CARI,CAMER, CASIA , EAFRI, EASTA ,EEURO,MELA, MAFRI, NAFRI,
NAMER,NEURO, POLY,SAMER, SEASIA , SAFRI, SASIA ,SEURO, WAFRI, WASIA 'WEURO
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Set
r countries or regions /AFR,AME, ASIA |EU,OCE/
k goods JIR /;
Alias (r,s);
Parameters
sig elasticity of substitution /3/,
vO(k,r,s) benchmark value of quantities of a product k

shipped from region r to region s,

qv0(k,r,s) benchmark quantities of a product k
shipped from region r to region s without autoconsumption ,

pfO(k,r,s) benchmark delivered price of a product k
shipped from region r to region s,

q0(k,r,s) benchmark quantity of product k
shipped from region r to region s with autoconsumption ,

qfo(k,r,s) benchmark quantity of a variety of the good k
shipped from a firm in region r to region s with autoconsumption,
GO(k,r) benchmark price index in r,

MO(k, 1) benchmark quantity composite index of
the consumption of a product k in region r,

YO(k,r) benchmark total spending of region r
or regional income,

NO(k,r) benchmark number of firms
producing product k in region r,

tau (k,r,s) iceberg transport cost factor

?
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+=—=Calibration=—=x

Table NO(k,r) initial number of companies

AFR AME ASTA EU OCE

IR 10.000 10.000 50.000 10.000 10.000

*NO(k,r) = 50;
xs===Import Data from Spreadsheet=—=

x*Build gdxxrw instruction file
$onecho > importQ.txt

x*Choose the type of Dataset you want to import
xPay attention to the cells imported if you modify the xlsx file

xFor Continents

xIR

par=q0 rng=Matrix Q IR!A10:G15 Rdim=2 Cdim=1
set=r rng=Matrix Q IR!B11:B15 Rdim=1 Cdim=0
set=s rng=Matrix Q IR!C10:G10 Rdim=0 Cdim=1

x*For Sub—Continents

xIR

xpar=vx0 rng=Matrix Q IR!A26:W47 Rdim=2 Cdim=1
xset=r rng=Matrix Q IR!B27:B47 Rdim=1 Cdim=0
xset=s rng=Matrix Q IR!C26:W26 Rdim=0 Cdim=1

$offecho
$onecho > importV.txt

x*Choose the type of Dataset you want to import
xPay attention to the cells imported if you modify the xlsx file

*For Continents
*IR
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par=v0 rng=Matrix_V_ITR!A10:G15 Rdim=2 Cdim=1
set=r rng=Matrix V_ IR!B11:B15 Rdim=1 Cdim=0
set=s rng=Matrix V_ IR!C10:G10 Rdim=0 Cdim=1

*For Sub—Continents

IR

xpar=v0 rng=Matrix V IR!A26:W47 Rdim=2 Cdim=1
xset=r rng=Matrix V IR!B27:B47 Rdim=1 Cdim=0
xset=s rng=Matrix V IR!C26:W26 Rdim=0 Cdim=1

$offecho
$onecho > importQV.txt

x*Choose the type of Dataset you want to import
xPay attention to the cells imported if you modify the xlsx file

x*For Continents

xIR

par=qv0 rng=Matrix Q IR!A1:G6 Rdim=2 Cdim=1
set=r rng=Matrix Q IR!B2:B6 Rdim=1 Cdim=0
set=s rng=Matrix Q IR!C1:Gl1 Rdim=0 Cdim=1

xFor Sub—Continents

xIR

xpar=qv0 rng=Matrix Q IR!A1:W47 Rdim=2 Cdim=1
xset=r rng=Matrix Q IR!B2:B22 Rdim=1 Cdim=0
xset=s rng=Matrix Q IR!C1:Wl Rdim=0 Cdim=1

$offecho

xChoose the good way to import the file : in GAMSStudio files |,
just have to change the file s name

$call gdxxrw.exe C:\ Users\vlmathieu\Documents\GAMSStudio\
Armington Krugman Models\Data'\ Continents.xlsx @importQ. txt
$gdxin Continents.gdx

$load qO
$gdxin

$call gdxxrw.exe C:\ Users\vlmathieu\Documents\GAMSStudio\
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Armington Krugman Models\Data\Continents.xlsx @importV. txt
$gdxin Continents.gdx

$load vO0
$gdxin

$call gdxxrw.exe C:\ Users\vlmathieu\Documents\GAMSStudio\
Armington Krugman Models\Data'\Continents.xlsx QimportQV. txt
$gdxin Continents.gdx

$load qvO0

$gdxin

Gf0 (k1 ,5) = q0(k,1,5)/NO(k, 1 );
pf0(k,r,s) = vO(k,r,s)/qv0(k,r,s);
tau(k,r,s) = pfO(k,r,s)/pfO(k,r,r);

xSensitivity analysis on tau
tau(k,r,s) = 1x(pfO(k,r,s)/pfO(k,r,r));
tau(k,r,r) = 1;

GO(k,s) = sum(r, NO(k,r)*(pfO(k,r,r)«xtau(k,r,s))**x(1—sig))**x(1/(1—sig));
MO(k,s) = sum(r, NO(k,r)*(qfO(k,r,s)*x((sig—1)/sig)))*x*(sig/(sig—1));
YO(k,s) = sum(r, (qO0(k,r,s)*NO(k,r))*(pfO(k,r,r)xtau(k,r,s)));

DISPLAY v0, qv0, qO0, qf0o, pfOo, GO, MO, YO, NO, tau;

s=—=Kquation System=—=x

Positive Variables

qf (k,r,s) Quantity of a variety of a good k shipped
from a firm in region r to region s,
q(k,r,s) Quantity of a good k shipped from region r
to region s,
G(k,r) Composite price index of a good k in region r,
M(k,r) Composite index of the consumption of a good k

in region r,
Y(k,r) Total spending of region r — or total income
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in region r

I

Parameters
pf(k,r) Firm price of a product k in region r,
N(k,r) Number of firms producing k in region r;
Equations
PI(k,s) Price index of product k in region s,
QI(k,s) Quantity index of product k in region s,
QfS(k,r,s) Quantity shipped of k from region r to
region s,

INCOME(k, 1) Income or total spending of region r

?

PI(k,s)..
sum(r, N(k,r)*(pf(k,r)xtau(k,r,s))xx(1—sig))
wr(1/(1-sig)) ~
G(k,s) =e= 0;

Ql(k,s)..
sum(r, N(k,r)x((qf(k,r,s)/tau(k,r,s))**x((sig—1)/sig)))
*x(sig/(sig—1)) —
M(k,s) =e= 0;

QfS(k,r,s)..
(pf(k,r)xtau(k,r,s)/G(k,s))*x(—sig)*M(k,s)xtau(k,r,s) —
qf (k,r,s) =e= 0;

INCOME(k,s ) ..
sum(r, (qf(k,r,s)«N(k,r))*(pf(k,r)xtau(k,r,s))) —
Y(k,s) =e= 0;

model K 1 /PI.G, QI.M, QfS.qf, INCOME.Y/;

xSet the level values and check for benchmark consistency

G.1(k,r) =  GO(k,r);
qf . 1(k,r,s) =  qf0(k,r,s);
Y. 1(k,r) = YO(k,r);
pf(k,r) =  pfO(k,r,r);
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N(k)r) = NO(k,r);

x*Fix the quantity index level to its initial value
M. fx (k,r) MO(k,r);

*Set some boundaries

G.lo(k,r) le —6;
qf .lo(k,r,s) le—6;
Y.lo(k,r) = le—6;

Solve K 1 using MCP;
q.l(k,r,s)=qf.1(k,r,s)*N(k,r);

DISPLAY G.1, M.1, pf, qf.1, q.1, Y.1, tau;

x===Result Export in a Excel file===x
execute unload "test.gdx" G.1, M.1, pf, qf.1, q.1, Y.1, tau;
execute ’gdxxrw.exe test.gdx o=test.xlsx var=G.l rng=Glal

var=M.1 rng=M!al var=pf rng=pflal var=qf.l rng=qf!al
var=q.l rng=ql!al var=Y.l rng=Y'!al par=tau rng=taulal’
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