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a b s t r a c t 

In the model of agricultural land use and rent of Von Thunen (1826), manufacturing decentralization is 

viewed as the refining (or “distilling”) of an agricultural commodity near the cultivation site, which sub- 

stitutes for its transport to an industrial mill located in the Town. As Friedrich List (1841) added, this 

substitution is economically feasible only if the savings in transport cost following from in site refining 

cover the increase in fixed costs associated with a second industrial plant. We update this approach aim- 

ing to rationalize some stylized trends of manufacture relocation nowadays, which are jointly labeled as 

“deindustrialization”. 
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. Introduction 

With sharp variations across countries, the average degree of 

ndustrialization in Europe, as measured by the share of manufac- 

uring value added in GDP, seems to have been increasing moder- 

tely since the beginning of the century, a trend that accords with 

he picture drawn by Rodrik (2016) for the main regions of the 

orld economy. 1 

It has been widely admitted for some time that the variation 

n industrialization rates across countries and regions can be ac- 

ounted for – although not exclusively - by two major causal fac- 

ors (see, among others, Spilimbergo, 1998 ). The first main deter- 

inant is the general trend of transport and communication costs 

o fall. Until recently, the improvement of transportation has been 

atched by a similar trend of trade costs, namely ad valorem tar- 

ffs and other non-tariff barriers to trade. Although some change to 

n opposite course of action has been taking place recently, there 

s no reason to believe that a sharp and general reversal of the 

rend to free trade will occur in the future. The second major cause 

f regional asymmetries in industrialization lies in the fast growth 
∗ Corresponding author. 

E-mail addresses: ppontes@iseg.ulisboa.pt (J.P. Pontes), armando.pires@snf.no 

A.J.G. Pires). 
1 This picture would be much different if the share of manufacturing in overall 

mployment would be used instead. 

d

e

ttps://doi.org/10.1016/j.strueco.2021.10.010 

954-349X/© 2021 Elsevier B.V. All rights reserved. 
n productivity in manufacturing, mainly associated with the au- 

omation of increasingly complex tasks. 2 Such gains in industrial 

fficiency clearly outpace the progress found in non-manufacturing 

ctivities. 

Some have established a causal link between these factors and 

he geographical variation in industrialization through the interna- 

ional trade theory based on the Ricardian comparative advantage , 

hich assumes zero factor mobility between countries or regions 

nd complete international mobility of products. For instance, 

odrik (2016) explains the intensity of manufacturing growth in a 

ountry by the change in relative unit production costs of manu- 

acturing and non-manufacturing activities, using the world mean 

volution of relative costs as a benchmark. 

Other approaches based on the comparative advantage concept 

se instead the Hecskher-Ohlin framework, which is founded on 

ifferences in relative factor abundance across countries. Accord- 

ng to this view, the fall in trade costs gives birth to comparative 

dvantages that were previously hidden. Labor intensive manufac- 

uring operations are moved to low wage countries, or, by con- 

rast, automated industrial processes return to core, capital abun- 

ant countries. 
2 Other important factors for regional asymmetries are increasing returns, prefer- 

nces, agglomeration economies, or first nature advantages ( Krugman, 1993 ). 
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3 Exogenous factors where lengthily discussed by Krugman (1993) under the la- 

bel of first nature advantages. Besides political factors, this can include natural re- 

sources, natural infrastructures (such as as navigable rivers and access to the sea), 
We depart from the comparative advantage approach, given that 

e deal with the spatial differences in manufacturing develop- 

ent using the economic geography model of Von Thünen (1826) . 

he crucial difference between the latter model and the Ri- 

ardian comparative advantage lies in two opposite assumptions 

 Samuelson, 1983 ; Venables and Limão, 2002 ). Although produc- 

ion still requires an immobile factor (namely, land), other factors 

uch as labor are freely mobile. Indeed, the theory explains the 

quilibrium location of labor. By contrast, it is presupposed that 

ommodities bear positive transport costs, which are product spe- 

ific. 

Is Von Thünen (1826) ’s’s economic geography adequate to ra- 

ionalize the recent changes in the spatial distribution of manu- 

acturing across the European countries? Several issues should be 

andled. At least since Harris (1954) , it is generally agreed that 

he “market” for a given manufacturer is made by a set of centers, 

hose relative importance (if they are similar in size) depends in- 

ersely on how far away they are placed from the industrialist. The 

ssumption of a single and given center of activity, which is fun- 

amental in the Thünian framework, seems at odds with reality. 

owever, as Fujita (2012) noted, the withdrawal of the assumption 

f a single market center renders the model non-competitive and 

equires that is set in terms of monopolistic competition and an in- 

reasing returns technology. Fujita and Krugman (1995) performed 

his task at the price of a rising complexity analysis and the re- 

oval of the equivalence between market equilibrium of locations 

nd the social optimum. As such, an equivalence is crucial for our 

nalysis, we will keep ourselves within the Thünian boundaries of 

 single center of activity. 

Another factor behind the choice of the Von Thünen (1826) ’s 

ramework, with its emphasis on transport costs of the commodi- 

ies, is the increasing awareness that it is a useful tool to analyze 

conomic development in backward countries and regions. Gravi- 

ational models show that trade flows decrease dramatically with 

ransport costs, so that the elasticity might reach 2, i.e. a ten per- 

entage point increase in transport costs typically reduces trade 

olumes by about 20 percent ( Eaton and Kortum, 2002 ; Limão and 

enables, 2001 ). According to Storeygard (2016) , this harmful in- 

uence accounts for the fact that in Sub-Saharan African countries 

here the capital city is also the major seaport, the economic size 

nd growth of secondary cities is explained by the transport costs 

o the primate city. Natural factors of access to trade, such as a 

oastal location, appear to be a more important cause of economic 

ensity than the availability of fertile land in developing countries 

Henderson et Al., 2018). 

Manufacturing activity seems to be rather concentrated in ma- 

or urban areas in developing countries, a pattern that is reminis- 

ent of Von Thünen (1826) ’s “Isolated State” in the beginning of 

he nineteenth century. Nowadays, manufacturing activity in Eu- 

ope is much more decentralized. There are two ways to deal with 

his apparent contradiction between Von Thünen (1826) ’s theory 

nd the reality of contemporary industrial Europe. 

The first kind of approach consists in integrating both ap- 

roaches (i.e. “comparative advantage” and “geographical barriers”

o trade) within the description of a spatial economy. This path 

f analysis may consist in generating a “hybrid” theory of loca- 

ion and trade, as Eaton and Kortum (2002) and Venables and 

imão (2002) did, but we can object that the most basic assump- 

ions of Von Thünen and Ricardo-Hecksher-Ohlin are utterly op- 

osed. An alternative option is to assign the two theories to differ- 

nt geographical scales, as we find in Cosar and Fajgelbaum (2016) . 

hile Von Thünen (1826) ’s theory would explain the internal ge- 

graphy of a large country, such as India or China, which is spa- 

ially organized around a small set of transport hubs (like sea- 

orts), the “comparative advantage” framework could account for 
a

t

568 
he nature of trade flows across these “international gates”. The 

atter research line seems to be more solid than the former. 

Our approach builds on the analysis on industrial relocation 

ade by Von Thünen (1826) in the chapter on “Distilling”. There 

e deals with the productive location of a cereal, such as wheat. In 

n initial stage, this crop is raised and then carried as a raw ma- 

erial to the Town. Here it is refined (or “distilled”) by means of a 

xed equipment into alcohol as a final output. The author assumes 

hat in the beginning there are “restrictive regulations” that con- 

train the distilling activity to be concentrated in the Town. Under 

his constraint, the cultivation of wheat must take place not too far 

way from the activity center, since wheat is heavy and difficult to 

ransport. 

However, if it happens that, in a second stage, the administra- 

ive constraints on the distilling location are removed, then a de- 

entralized refining machine can be installed aside the wheat field. 

ince alcohol has a much lower weight per unit of value than the 

aw cereal, the raising of this kind of crop becomes profitable in 

reas that are much more distant from the Town than before. 

Hence, Von Thünen (1826) ’s model includes both a theory of 

ndustrialization of peripheral areas, which were formerly purely 

grarian, and the “deindustrialization” of the Town and its suburbs, 

hich lose a considerable share of its initial manufacturing output. 

However, the insight by the great German economist does not 

ontain yet an economic model of manufacturing decentralization, 

ince it completely depends on a switch of political regulations 

n manufacturing activities. By reading carefully Mills (1970 , 1972 , 

hapter 5), who attempted to formalize Von Thünen (1826) ’s in- 

ight, we can understand why it is so. Concerning this issue, an 

mportant assumption is that both primary production and man- 

facturing take place under constant returns to scale and a fixed 

roportions technology. In what concerns primary factors of pro- 

uction, the proportions between land and other factors, such as 

abor, are fixed. This assumption allows us to reduce all the costs 

ncurred by the producers simply into transport costs. Hence, if 

anufacturing is weight losing, the relocation of industrial plants 

o outer areas is always profitable, and we need to resort to ex- 

genous factors, such as “political restrictions”, in order explain its 

iming. 3 

In this context, List (1841) offered a crucial insight by stress- 

ng that manufacturing should be regarded as an increasing returns 

ctivity, which contrasts with the mostly constant returns to scale 

ature of agriculture. To set up a second decentralized industrial 

lant, an additional fixed cost must be borne. Such a fixed out- 

ay should be covered by the decrease in aggregate transport costs 

aused by the industrial investment. 

With this change, the economy still operates under perfect 

ompetition because farmers use jointly the refining equipment, so 

hat economies of scale are external to each individual producer. 

ist (1841) assumes that the second refining machine is provided 

ollectively by the landowners, who use for that purpose the pro- 

eeds of the rise in total land rent that derives from the industrial 

nvestment. In a competitive economy where all factors of produc- 

ion are in fixed proportions with land, the variation in total land 

ent is coincident with the decrease in aggregate transport costs. 

ence, when the installation of a decentralized refining machine 

s profitable from the landowners’ private viewpoint, it is also so- 

ially optimal as it minimizes total production and transport costs. 

Our analysis confirms the main result of the “new economic ge- 

graphy” approach by Krugman (see Krugman, 1991 ; Fujita et al., 
rable land, physical landscape (e.g. Absence of natural obstacles as mountains, 

emperature, rainfall, and so on. 
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999 ; Gaspar, 2021 ) that the decentralization of any increasing re- 

urns activity such as manufacturing is related with high transport 

osts, but it adds a crucial insight. In our framework, industrial de- 

entralization follows both from high overall transport costs and 

rom a change in their internal structure, where transport costs 

f manufacturing output become significantly lower in relation to 

he costs of moving primary goods (agricultural products or la- 

or). Concerning this point, Helpman (1998) developed an eco- 

omic geography model that involves two complementary goods, 

amely housing services and a differentiated manufactured prod- 

ct, where agglomeration might emerge for high transport costs 

f final goods. However, this model is cast under stricter assump- 

ions than ours since it features a two-region economy and the up- 

tream, land-using commodity is assumed to be non-tradable. 

A caveat should be done about how suitable it is to apply 

on Thünen (1826) ’s theory to modern times, since it was de- 

eloped in the context of a very different economy and soci- 

ty. We believe that, while a part of an old economist’s work is 

ndoubtedly context-specific, some abstract concepts relating to 

he operation of a general market economy may be transposed 

ver time. This explains why theoretical concepts put forward by 

on Thünen’s contemporary economists, such as Ricardo (1821) or 

ugustin Cournot (1838) , still belong the core of modern economic 

heory. Furthermore, this paper builds not only on Von Thünen’s 

ork but rather on a whole strand of nineteenth century German 

conomists, starting with the author of The Isolated State but in- 

luding also List (1841) and Launhardt (1885) , who all emphasized 

he increase in the transportability of output in relation to the in- 

ut as a crucial element of every industrialization process. 

In what follows, in section 2, we summarize some stylized facts 

f contemporary trends of manufacturing relocation, which the 

odel in this paper purports to explain fully. In section 3, the for- 

al model is presented in detail. Section 4 discusses the results 

nd indicates likely paths for additional examination. 

. Stylized facts about geographical patterns of 

ndustrialization 

We can outline three main stylized facts concerning the spatial 

istribution of manufacturing and its evolution in time. 

Firstly, manufacturing seems to be much more spatially concen- 

rated in developing countries than in developed countries. In the 

ormer, industrial plants agglomerate around main coastal cities, 

hich are also often major seaports, while they are notoriously 

bsent from hinterland cities. This is particularly evident in some 

ub-Saharan African countries (see Storeygard, 2016 ), but this may 

lso appear (although not so clearly) in large developing countries 

uch as China and India (see Cosar and Fajgelbaum, 2016 ). By con- 

rast, in Europe, manufacturing activity spills over a wider subset 

f secondary cities (see Henderson et al., 2018 ). 

Secondly, in what concerns the European Union (see 

ontes, 2019 ), industrialization seems to be concentrated in 

egions, which are neither too close nor too remote to the Euro- 

ean core, thus exhibiting an intermediate degree of centrality (or 

ccessibility) within the EU. This observation is reinforced by the 

act that a relative manufacturing surge appears to be stronger in 

he states that were admitted more recently to the EU, with most 

f the elder member states clearly remining behind the former 

nes. 

A third stylized fact (see Pontes, 2019 ) concerns the location of 

ifferent industries across European countries. While in the “old”

uropean countries a positive correlation between the industrial- 

zation rate and an initial specialization in high-tech sectors is self- 

vident, such a connection cannot be found across “new” European 

ountries. 
569 
. A formal model of industrial decentralization 

.1. Concentration of manufacturing in a Town (period 0) 

The economy is made up by a half line [ 0 , ∞ ) . There is a Town

n point r = 0 . The density of land available for productive activity 

n each r > 0 is one unit. 

In period 0, a large group of competitive farmers produce a 

xed amount of x̄ units of an agricultural good, which is labelled 

s “commodity 1 ′′ , using a fixed proportions technology. For sim- 

licity, we will assume that one unit of output is produced with 

ne unit of land as the single input. This is a closed economy with 

 fixed number x̄ of primary producers whose border lies at a dis- 

ance r̄ = x̄ from the Town. 

The producers deliver the agricultural good in the Town, which 

erforms two distinct economic functions. The agricultural raw 

aterial is transformed into a final consumer good. For that pur- 

ose, the farmers use jointly a “machine”, which implies only a 

xed cost F , without any operating costs, and it is assumed to de- 

reciate fully during the current period. We further assume that 

he landowners provide the “machine” collectively. The landown- 

rs use the proceeds of total land rent for that purpose. 

The Town also works as an export terminal of the manufactured 

ood. Farmers sell the processed goods at the competitive price p

nd these products are then exported. 

While carrying the consumer good to the Town, the farmers 

ear a unit transport cost t 1 . 

Following Von Thünen (1826) , a market equilibrium arises if 

and is allocated to the producer that bids the highest rent in each 

ocation. This means that the productive area is given by ( 0 , ̄r ) , the

uter limit being set as r̄ = x̄ . The land rent in each location equals

he bid rent and is, 

 0 ( r ) = p − t 1 r (1) 

The competitive price of the product when it is delivered by 

armers in the Town is endogenously determined by the condition 

hat the market land rent at the outer limit of the productive area 

s zero. 

 0 ( ̄r ) = 0 

Taking in account expression (1), we notice clearly that the 

ompetitive price of the agricultural commodity at the Town is de- 

ermined by the marginal transport cost, i.e. by the transport cost 

orne by the farmer placed at the outer limit of the farming area. 

p = t 1 ̄r = t 1 ̄x (2) 

Under these conditions, total market land rent is 

 R 0 = 

∫ x̄ 
0 ( p − t 1 r ) dr = 

 p ̄x − ∫ x̄ 
0 t 1 rdr 

 p ̄x − t 1 ̄x 
2 

2 

(3) 

While the first term in (3) stands for total revenues of farm- 

ng activity, the second term represents its total transport costs in 

eriod 0, which are, 

 

0 = 

∫ x̄ 

0 

t 1 rdr = 

t 1 ̄x 
2 

2 

(4) 

If we substitute p from (2) into (3), the total land rent becomes 

 R 0 = 

t 1 ̄x 
2 

2 

(5) 

Since the industrial plant sited in the Town is funded by the set 

f landowners, this spatial economy is feasible only if total land 
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Fig. 1. Optimal location of a single factory. 
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ent covers the “machine” fixed cost. From (5), we have the condi- 

ion, 

 R 0 = 

t 1 ̄x 
2 

2 
> F or 

 1 > 2 

(
F 
x̄ 2 

) (6) 

Condition (6) means that transport costs of the farming product 

hould be sufficiently high and the economy must attain a mini- 

um size in order to break even. 

Up to now we have stated without proof that if a single factory 

reaks even, it will locate optimally at the Town in point r = 0 . 

However, we can further assess the optimal locations of both 

he factory and the farmers over a line ( −∞ , ∞ ) , with an export 

erminal of the finished product sited at the origin. Let t 2 be the 

nit transport cost of the final consumer good, where we assume 

hat t 1 > t 2 > 0 . We define δ ≡ t 1 −t 2 
t 1 

as the “refining rate” of the 

ndustrial process which measures the gain in transportability of 

he manufactured output relative to the input. 

Then, we can prove the following proposition. 

roposition 1. . Let us assume that the Von Thünen (1826) ’s econ- 

my is displayed over a line, i.e., the set ( −∞ , ∞ ) . If an indus-

rial machine is set up in such an economy and the refining rate 

exceeds 1 
2 , then the equilibrium pattern of productive locations 

s unique and consists in the location of the factory at the Town 

nd the placement of farmers along a connected interval centered 

round the origin of the line [ −x̄ , ̄x ] . 

Proof . Given the welfare properties of the model, we will as- 

ess the pattern of equilibrium locations by finding out the spatial 

onfiguration that minimizes aggregate transport costs. 

Since they are self-evident, we will assume without proof the 

ollowing assertions. 

1. In an aggregate transport cost-minimizing arrangement, the 

arming area should be connected, without "holes" (vacant land). 

2. In an aggregate transport cost-minimizing pattern, the loca- 

ions of both the Town and the factory should be interior points to 

he farming area. 

We plot the Von Thünen (1826) ’s economy in Fig. 1 . Each place

utside the Town is labeled by a distance to the origin and by a 

ign. We name as 
� 

r the industrial unit place and by r̄ the left-hand 

ide boundary of the farming area. We presuppose without loss of 

enerality that the factory is placed on the right-hand side of the 

own, so that 
� 

r > 0 . Since in Fig. 1 there is no ambiguity, each

oint will be labeled by a positive number corresponding to a dis- 

ance to the origin. 

We now write the aggregate transport cost function in relation 

o two arguments, 
� 

r and r̄ , which includes both the total trans- 

ort cost of the raw a material at a rate t 1 , T C 1 ( ̄r , 
� 

r ) , and the total

ransport cost of the finished product at the rate t 2 , T C 2 ( 
� 

r ) . Thus,

e have 

 C 

(
r̄ , 

� 

r 

)
= T C 1 

(
r̄ , 

� 

r 

)
+ T C 2 

(
� 

r 

)
(7) 
570 
Thus meaning 

 C 1 = t 1 

{ ∫ r̄ 

0 
( ̄r − r ) dr + 

∫ � 
r 

0 

(
� 

r − r 

)
d r + 

∫ 2 ̄x −r̄ 

� 
r 

[ ( 2 ̄x − r̄ ) − r ] d r 

} 

 C 2 = t 2 

(
2 ̄x 

� 

r 

)
(8)

Hence, the aggregate transport cost is, 

 C 

(
r̄ , 

� 

r 

)
= t 1 

{ ∫ r̄ 
0 ( ̄r − r ) dr + 

∫ � r 

0 

(
� 

r − r 

)
d r + 

∫ 2 ̄x −r̄ 
� 
r 

[ ( 2 ̄x − r̄ ) − r ] d r 

} 

+ 

 t 2 

(
2 ̄x 

� 

r 

)
(9) 

The optimal spatial pattern of the productive activity minimizes 

unction (9) in relation to r̄ and 

� 

r , subject to the constraints 

0 ≤ r̄ ≤ 2 ̄x 

 ≤ � 

r ≤ 2 ̄x − r̄ (10) 

The first partial derivatives of (9) are, 

∂T C 

∂ ̄r 
= 

∂T C 1 
∂ ̄r 

= t 1 

[ 
� 

r + 2 ( ̄r − x̄ ) 

] 
∂T C 

∂ 
� 

r 
= t 1 

[ 
r̄ + 2 

(
� 

r − x̄ 

)] 
+ 2 t 2 ̄x (11) 

The Hessian matrix of function (9) is, 
 

 

 

∂ 2 T C 

∂ ̄r 2 
∂ 2 T C 

∂ ̄r ∂ 
� 

r 
∂ 2 T C 

∂ 
� 

r ∂ ̄r 

∂ 2 T C 

∂ 
� 

r 
2 

⎤ 

⎥ ⎦ 

= 

[
2 t 1 t 1 
t 1 2 t 1 

]
(12) 

hich is clearly positive definite. Hence, function (9)is a strictly 

onvex function. Consequently, the necessary conditions of a lo- 

al minimum subject to constraints (10), the so-called Kuhn-Tucker 

onditions, are also necessary and sufficient conditions of a unique 

inimum. 

We check now whether the point whose coordinates are r̄ = 

¯ and 

� 

r = 0 meets the first order conditions. Since r̄ = x̄ is an inte- 

ior point, the Kuhn-Tucker condition is just ∂T C 
∂ ̄r 

( ̄r , 
� 

r ) = 0 . By con- 

rast, 
� 

r = 0 is a boundary point, so that the first order condition is 
∂T C 
∂ ̂ r 

( ̄r , 
� 

r ) ≤ 0 . 

It is clear that the conditions, 

∂T C 

∂ ̄r 
= t 1 

[ 
� 

r + 2 ( ̄r − x̄ ) 

] 
= 0 

∂T C 

∂ 
� 

r 
= t 1 

[ 
r̄ + 2 

(
� 

r − x̄ 

)] 
+ 2 t 2 ̄x ≤ 0 

re met by the point ( ̄r , 
� 

r ) = ( ̄x , 0 ) if and only if, 

¯
 ( 2 t 2 − t 1 ) ≤ 0 ⇔ δ ≥ 1 

2 

(13) 

here δ ≡ t 1 −t 2 
t 1 

is the degree of weight loss during transformation, 

.e. the relatively gain in product lightness and ease to be moved. 

.E.D. 
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The proposition ensures that if a machine is provided and the 

ndustrial process is enough weight losing, then the equilibrium 

ocations of both farmers and the factory will be symmetrical in 

elation to the Town. 

This result supports our assumption of a space made up by a 

alf-line, where both the Town and a single factory stand at the 

rigin. This assumption will be made in the remaining part of this 

aper. 

.2. The spread of manufacturing outside the Town (period 1) 

We assume that the fixed cost F related with the setting up of a 

ingle factory in time 0 is in fact a sunk cost. Hence, it is presup-

osed that the industrial plant that was installed in the Town in 

he beginning remains operating there when the economy passes 

o the following stage. 

According to Von Thünen (1826) , List (1841) and Mills (1970 ; 

972 , chapter 5), we now introduce the possibility of an industrial 

ransformation of the agricultural output at a distance from the 

own. As before, one unit of the farming good 1 is transformed 

nto a manufactured good (named now as “product 2 ′′ ), by using a 

iece of fixed equipment, which is assumed to occupy an infinites- 

mally small amount of land. 

We continue to assume that the manufacturing process implies 

nly the fixed cost F of the machine and it consists in a “refining”

f a raw material, which loses a significant amount of weight dur- 

ng its transformation. Consequently, the unit transport costs of the 

wo products satisfy the inequality t 1 > t 2 > 0 and the “machine”

hould be viewed as a “milling” or “distilling” plant. 

We model this economy as a decentralized Von Thünen (1826) ’ 

ystem, where each competitive farmer chooses between two al- 

ernative activities namely, 

• “Activity 1 ′′ , that consists in producing one unit of an agricul- 

tural raw material with one unit of land and delivering it di- 

rectly in the Town at r = 0 , where it is refined and exported at

the competitive price p. 
• “Activity 2 ′′ , that consists in raising one unit of an agricultural 

raw material, delivering it at the “machine” location at ˆ r > 0 to 

be refined and finally carried into the Town. 

Given the competitive nature of this spatial economy, there is 

n equivalence between the land allocation following from the de- 

entralized decisions of farmers and landowners and the spatial ar- 

angement that maximizes total land rent. It is well known that in 

 Von Thünen (1826) economy, each productive lot is assigned to 

he activity that can bid the highest rent, so that the market land 

ent curve is just the upper envelope of the two bid rent curves by 

ctivities 1 and 2. 

Since rent is maximized in each lot, the overall geographical 

attern also maximizes total land rent, which is the difference be- 

ween total revenues earned and total costs borne by the produc- 

rs. From the assumption that the total output of the commodity 

old in the market center x̄ is exogenously given, it follows that 

he competitive spatial pattern of production should minimize to- 

al costs. As land is assumed the single primary factor of produc- 

ion, we only need to take in consideration the transport costs. 

onsequently, we can be sure that the interactions among farm- 

rs in the land market determine a spatial configuration that min- 

mizes aggregate transport costs. 

The issue of industrialization of a former agrarian economy 

aises two successive questions. First, will the landowners find 

rofitable to install a second refining machine located in the coun- 

ryside? Second, if they decide to carry out the industrial invest- 

ent, where will the manufacturing plant be located? As usual, 

e will try to answer these questions backwardly, starting with 

he latter one. 
571 
.2.1. The optimal location of the industrial plant 

The landowners will select a location for the refining machine 

o maximize total land rent, i.e., the difference between aggregate 

evenue and transport cost. 

Aggregate revenue does not change with industrial investment 

nd, according to (2), it remains equal to 

p ̄x = t 1 ̄x 
2 (14) 

Hence, the optimal location for an industrial plant from the 

andowners’ viewpoint minimizes the aggregate transport cost (see 

ig. 2 ). 

Let ˆ r ∈ ( 0 , ̄r ) be the refining machine location. Then, the aggre- 

ate transport cost under industrialization, in period 1, is 

 

1 = C 1 1 + C 1 2 (15) 

here C 1 1 and C 2 2 stand for the aggregate transport costs of the raw 

aterial 1 and the refined (manufactured) good 2, respectively. The 

ptimal site for the industrial from the viewpoint of landowners 

aximizes total land rent and this amounts to minimize aggregate 

ransport costs. 

Besides points r̄ and ̂ r in Fig. 1 , we have a third point ˜ r which 

tands for the location of the farmer who is indifferent between 

ctivities 1 and 2, i.e. between delivering directly the raw material 

o the Town or carrying it to the decentralized machine in order 

o be transformed and finally brought into the Town. Point ˜ r solves 

he equation, 

 1 ̃  r = t 1 
(

ˆ r − ˜ r 
)

+ t 2 ̂  r (16) 

Hence, producers in ( 0 , ̃  r ) decide to deliver the farming output 

traight into the Town, whereas farmers in ( ̃ r , ̂  r ) minimize trans- 

ort costs by carrying it first to the “machine” and then into the 

own. Clearly, producers located to the right of ˆ r reach a minimum 

ransport cost by first refining the agricultural output. The solution 

f Eq. (16) is, 

˜ 
 = 

ˆ r 

(
t 1 + t 2 

2 t 1 

)
(17) 

Since by assumption t 2 < t 1 , then ( 
t 1 + t 2 

2 t 1 
) in expression (17) is 

maller than 1 so that ˜ r < ̂  r as it is depicted in Fig. 2 . 

Bearing in mind Fig. 2 , the total transport cost of the raw ma- 

erial 1, C 1 1 is 

 

1 
1 = 

∫ ˜ r 

0 

t 1 rd r + 

∫ ˆ r 

˜ r 

t 1 
(

ˆ r − r 
)
d r + 

∫ r̄ 

ˆ r 

t 1 
(
r − ˆ r 

)
d r (18) 

The total transport cost of product 2, C 1 2 , concerns the units of 

he agricultural commodity that are raised by farmers in the re- 

ion ( ̃ r , ̄r ) , at the rate of one unit of output per unit of land. These

nits are first refined in point ˆ r and then they are dispatched to 

he Town to be sold there. The total transport cost of the manufac- 

ured good 2 is 

 

1 
2 = t 2 ̂  r 

∫ r̄ 

˜ r 

dr (19) 

By summing C 1 
1 

from expression (18) and C 1 
2 

, from (19), we can 

rite the aggregate transport cost as follows. 

 

1 = C 1 1 + C 1 2 = 

 

[ ∫ ˜ r 
0 t 1 rd r + 

∫ ˆ r 
˜ r t 1 

(
ˆ r − r 

)
d r + 

∫ r̄ 
ˆ r t 1 

(
r − ˆ r 

)
d r 

] 
+ t 2 ̂  r 

∫ r̄ 
˜ r dr 

(20) 

The aggregate transport cost in (20) is a function of three vari- 

bles, namely ˜ r , ̂  r and r̄ (recall Fig. 2 ). However, if we perform the 

ubstitutions r̄ = x̄ and ˜ r = ̂  r ( 
t 1 + t 2 

2 t 1 
) , from (17), it becomes a func- 

ion of the location of the second refining unit only, which we can 

hus name as C 1 ( ̂ r ) and it is given by the expression, 

 

1 
(

ˆ r 
)

= 

x̄ 2 t 1 
2 

− x̄ ̂ r ( t 1 − t 2 ) + 

ˆ r 2 

4 t 
( t 1 − t 2 ) ( 3 t 1 + t 2 ) 
1 
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Fig. 2. Spatial economy with two refining machines. 
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If we introduce the “refining rate” δ ≡ t 1 −t 2 
t 1 

in C 1 ( ̂ r ) , the aggre- 

ate transport cost can be written in terms of δand t 1 . 

 

1 
(

ˆ r 
)

= 

t 1 
2 

[
x̄ 2 − 2 ̂

 r ̄x δ + 

ˆ r 2 δ

2 

( 4 − δ) 

]
(21) 

The second derivative of the aggregate transport cost function 

an be computed to yield, 

d 2 C 1 
(

ˆ r 
)

d ̂ r 2 
= 

t 1 δ

2 

( 4 − δ) (22) 

Since by assumption 0 < δ < 1 , C 1 ( ̂ r ) is a strictly convex func-

ion whose minimum is defined by the first order condition of 

 local minimum. By computing the first derivative of C 1 ( ̂ r ) and 

quating to zero, the aggregate transport cost minimizing location 

or the decentralized plant is given by, 

ˆ 
 

∗ = 

2 ̄x 

4 − δ
(23) 

Three comments are motivated by (23). 

• The optimal distance of the second industrial machine from the 

Town increases with size of the productive area r̄ = x̄ . 
• While this distance does not hinge upon the absolute level of 

transport costs it is critically related with their internal struc- 

ture δ, so that the manufacturing unit is the more decentral- 

ized the higher the relative weight loss that takes place under 

industrial transformation. 
• Since 0 < δ < 1 , the optimal location of the second factory be-

longs necessarily to the region ( r̄ 2 , 
2 ̄r 
3 ) . Hence, it has an inter- 

mediate level of accessibility in relation to the Town. This stems 

from the fact that it should be central relative to the whole set 

of producers of its intermediate input. 

.2.2. Is industrialization economically feasible? 

The landowners will collectively provide a “refining factory” to 

e sited in point ˆ r ∗ = 

2 ̄x 
4 −δ

if the ensuing increase in total land rent 

T R covers the fixed cost of installing a second manufacturing 

quipment. As we have argued above, �T R is just the difference 

etween the aggregate transport costs with one and with two in- 

ustrial units. 

T R 

(
ˆ r 
)

= C 0 − C 1 
(

ˆ r 
)

(24) 

In the expression of �T R , while the aggregate transport cost 

ith a single industrial plant is given by (4), this variable with two 

anufacturing units is expressed by (21). 

The increase in total land rent following from the investment 

n a second industrial plant depends on the precise location of this 

lant. We can obtain the maximum value of �T R by substituting in 

24) the optimal point of space where to place the second refining 

lant, i.e. ˆ r ∗ as given by (23). The maximal rise in total land rent 

s, 

ax 
ˆ r 

�T R = 

x̄ 2 t 1 δ

4 − δ
(25) 
572 
Then, it is straightforward to write the condition of economic 

easibility of the investment in second refining unit by the set of 

andowners. The associated maximal rise in total land rent should 

over the additional fixed cost, i.e. 

ax 
ˆ r 

�T R = 

x̄ 2 t 1 δ

4 − δ
> F 

Or equivalently 

 1 > 

(
4 − δ

δ

)(
F 

x̄ 2 

)
(26) 

We recall from (6) that the condition of economic feasibility of 

he investment in a single factory is, 

 1 > 2 

(
F 

x̄ 2 

)
By comparing both economic feasibility conditions, we find out 

hat in either case industrial investment is eased by a high overall 

ransport cost level (as measured by t 1 )in relation to the impor- 

ance of scale economies (expressed by the ratio F 
x̄ 2 

), which in turn 

aries inversely to the size of economy. 

In addition, inequality (26) means that manufacturing decen- 

ralization is facilitated by a high δ, i.e. by a strong gain in output 

ransportability relative to the input during the industrial transfor- 

ation. 

We also notice that condition (26) is more restrictive that the 

elated inequality for a single plant, as 4 −δ
δ

> 2 for 0 < δ < 1 . 

Proposition 2 summarizes the results obtained so far. 

roposition 2. . If the refining rate is high enough ( δ ≥ 1 
2 ) , then,

he structural change of the economy can be described as 

• If t 1 < 2( F 
x̄ 2 

) , the economy is not viable since no manufacturing 

activity can break even. 
• If 2( F 

x̄ 2 
) < t 1 < ( 4 −δ

δ
)( F 

x̄ 2 
) , the economy becomes viable, with a

single refining plant located at the Town, in the context of a 

“monocentric” industrial structure. 
• If t 1 > ( 4 −δ

δ
)( F 

x̄ 2 
) , a second industrial plant is set up and located

at a distance 2 x 
4 −δ

from the Town, in the context of a “duocen- 

tric” industrial structure. 

.3. Graphical representation 

It was noted above that, in this Von Thünen (1826) ’s economy, 

ach farmer chooses between two alternative activities. Either to 

eliver a raw product into Town, to be refined there and then ex- 

orted (“activity 1 ′′ ). Or to carry the farming commodity to a fac- 

ory located in the countryside and then dispatch the refined and 

lighter” output to Town to be exported (“activity 2 ′′ ). 
The bid rent curves of the two activities Y 1 (r) and Y 2 (r) are as 

ollows. 

 1 ( r ) = p − t 1 r 0 < r ≤ r̄ (27) 

And 

 2 ( r ) = 

{[
p − ( t 1 + t 2 ) ̂ r 

]
+ t 1 r 0 < r ≤ ˆ r [

p + ( t 1 − t 2 ) ̂ r 
]

− t 1 r ˆ r < r ≤ r̄ 
(28) 
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Fig. 3. Land rent curves under decentralized manufacturing. 
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The market land rent curve is as usual the upper envelope of 

he two bid rent curves. In each point r it is given by 

 1 ( r ) = max { Y 1 ( r ) , Y 2 ( r ) } (29) 

We plot the bid rent curves and the market rent in Fig. 3 . 

Fig. 3 shows that producers that are close to the Town, such 

hat 0 < r < ̃  r , deliver the raw product in the Town to be processed

nd exported. Producers beyond point ˜ r carry first the raw material 

o the factory in location ˆ r to be refined and then they transport it 

o the export terminal in r = 0 . 

The market rent curve is continuous, but it is not monotonic. 

tarting from the Town, it first decreases and then increases to- 

ards the factory location. It becomes again decreasing for loca- 

ions beyond ˆ r . The setting up of a decentralized manufacturing 

nit increases the land rent around it and such a rise helps to pay

or the investment cost. 

.4. Comparison with an economy where “labor” is an intermediate 

ood 

In the line of Mills (1972, chapter 5) , chapter 5), Ogawa and Fu-

ita (1980) and Fujita and Ogawa (1982) , this model might also de- 

cribe the decentralization of a factory that transforms labor into 

 final consumer good. Instead of being regarded as “farmers”, up- 

tream producers are now rather viewed as “households” which 

roduce the commodity “labor” by using residential land in a fixed 

roportion. “Labor” works in this context as an intermediate good, 

hich is sold to manufacturers. 

Unit transport costs t 1 and t 2 stand within this framework for the 

ommuting cost borne by a worker and for the manufactured good 

reight cost, respectively. The industrial transformation is “weight- 

osing” in this context, i.e., inequality t 2 < t 1 holds, because the 

obility of products usually far exceeds the workers’ ability to 

ove in space. 

The geographical pattern depicted in Fig. 2 means that individ- 

als who live in the surroundings of the Town, in 0 < r < ̃  r , com-

ute there and find jobs in urban factories or at an export ter- 

inal. By contrast, individuals who live beyond point ˜ r find more 
573 
rofitable to commute to the decentralized factory in ˆ r . Then, a 

ow of products from the factory in the countryside to the urban 

xport terminal substitutes for much more expensive commuting 

ows. 

A special case arises whenever t 2 ≈ 0 or δ ≈ 1 . In this situation, 

ather than appearing as a plant, location ˆ r might be viewed in al- 

ernative as the site of a “secondary Town”, endowed with its own 

xport terminal. Workers commute to the nearest export terminal, 

ither in r = 0 or ̂ r , and help to produce a consumer good, which is

hen sold abroad from either urban center. 

. Concluding remarks 

The model presented in this paper accounts for the main con- 

emporary trends of manufacturing relocation. 

Firstly, as inequality shows, economic development as mea- 

ured by an increase in aggregate product x̄ is directly associated 

ith the decentralization of manufacturing. Factories are usually 

ore agglomerated in developing countries than in industrialized 

conomies. 

Secondly, in the context of the so-called “deindustrialization”, 

anufacturing plants tend to leave the regions that surround main 

rban centers. However, they usually refrain to settle in places that 

re “remote”, i.e., that stay at a too long distance from the main 

enters of activity. Instead, relocating plants tend to prefer areas 

ndowed with an intermediate level of accessibility relative to ma- 

or metropolitan areas. By doing this choice, they make a compro- 

ise between two opposing forces. On the one hand, by staying at 

ome distance from the Town, they make the refining, weight los- 

ng industrial process profitable, thus allowing the associated fixed 

osts of plant to be covered. On the other hand, they may not fa- 

or too remote locations, since each unit of product (either as a 

aw material or a manufactured good) must eventually be carried 

o the export terminal sited in the Town. 

Finally, our paper helps to rationalize Krugman (2009) ’s claim 

hat comparative advantage based on relative factor abundance 

eems to have an increasing role for explaining the nature of in- 

ernational trade, by comparison with factors such as increasing 
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eturns to scale in relation to market size. Since trade liberaliza- 

ion falls mainly on manufactured goods, which form the bulk of 

rade, rather than on primary inputs, it works as if it raises the 

refining rate” (parameter δ in our Proposition 2). Thus it creates a 

trong incentive for the setting up of a second factory away from 

he Town, whose location is driven by cost advantages consisting 

n the abundance of primary inputs, raw materials and labor. 

Were trade costs of industrial products to rise, then parameter 

would fall, thus bringing about a centralization of manufactur- 

ng. The second factory would then become attracted to the market 

enter and it could in the limit even merge with the incumbent ur- 

an plant. In this case, economies of scale would gain importance 

s a driving force of plant location. 

Our inquiry has the disadvantage that it handles the decrease 

n output weight in relation to the input for given fixed amounts of 

ach good . This was done for simplicity and it follows framework 

ut forward by Von Thünen (1826) and Mills (1970 ; 1972 , chapter 

). 

Nevertheless, as List (1841) , Launhardt (1885) and Dos Santos 

erreira and Thisse (1996) noticed, the decentralization of manu- 

acturing not only reduces the output transport cost in relation to 

he input for fixed quantities of both goods, but it also expands sig- 

ificantly the demand addressed to the producers. Since the trans- 

ormed product becomes lighter and easier to move, it is no longer 

ounded to be sold near the production site and can be exported 

t a larger scale. 

The inclusion of the demand enhancing effect of industrial de- 

entralization is left for future research. For that purpose, the Von 

hünen (1826) ’s economy should contain demand by consumers 

n the context of a general equilibrium model in the line of ap- 

roaches such as those by Samuelson (1983) and Nerlove and 

adka (1991) . 
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