
Lei da gravidade

"Todos os objetos no Universo atraem 

todos os outros objetos com uma força

direcionada ao longo da linha que passa 

pelos centros dos dois objetos, e que é 

proporcional ao produto das suas 

massas e inversamente proporcional ao 

quadrado da separação entre os dois 

objetos.“ (Newton)

http://pt.wikipedia.org/wiki/Universo
http://pt.wikipedia.org/wiki/For%C3%A7a
http://pt.wikipedia.org/wiki/Propor%C3%A7%C3%A3o
http://pt.wikipedia.org/wiki/Quadrado


Modelo gravitacional



Modelo gravitacional-versão 

inicial







Modelo gravitacional: Objetivos

• Introdução de fatores de inserção teórica

complicada

• Estimar o efeito de criação de comércio e 
o potencial de comércio

• Estimar a centralidade 
espacial/económica



Aplicação de um modelo de 

gravitacional às trocas do 

Magrebe com a UE
Ana Lúcia Luís

Aplicação 1: ex. de análise da 

criação e “desvio de comércio”
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• Analisar, através de um modelo 

gravitacional, se o comércio euro-

magrebino foi prejudicado pelos acordos 

de associação da UE com os Países da 

Europa Central e Oriental (PECO)
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Objetivo desta análise empírica :



Análise Empírica

Dados:

• 15 países membros da UE (Suécia,

Áustria e Finlândia incluídos).

• 2 países magrebinos: Marrocos e Tunísia.

• 5 PECOs: Bulgária, ex-Checoslováquia,

Hungria, Polónia e Roménia.

• Anos: 1992 e 1997
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Pretende-se analisar se ocorreu:

• criação de comércio no comércio
dos PECO com a UE.

• desvio de comércio da UE do
Magrebe para os PECO.
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Análise Empírica

O modelo escolhido (logaritmizado) foi:

Xij=α0+ α1DISTij+ α2PIBi+ α3PIBj+ 

α4PIBpci+ α5PIBpcj+ α6EUR+ α7Xm-EU+ 

α8Xp-EU+ α9Mm-EU+ α10Mp-EU+Ԑij
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Análise Empírica – variáveis standard

Xij representa o valor das exportações totais

do país i para o país j.

DISTij representa a distância em Km entre

as capitais dos países i e j.

PIBi, PIBj, PIBpci e PIBpcj representam

respetivamente os PIB e os PIB per capita

dos países i e j.
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Análise Empírica – variáveis dummy

EUR= 1 se os países i e j pertencem ambos à UE;

= 0 noutros casos.

Xm-EU= 1 se o país exportador i é um país magrebino
e se o país importador j é um país pertencente à UE;

= 0 noutros casos.

Mm-EU= 1 se o país importador j é um país
magrebino e se o país exportador i é um país
pertencente à UE;

= 0 noutros casos.
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Análise Empírica – variáveis dummy

Xp-EU= 1 se o país exportador i é um país
pertencente aos PECO e o país importador j é
um país pertencente à UE;

= 0 noutros casos.

Mp-EU = 1 se o país importador j pertence aos
PECO e se o país i exportador pertence à UE;

= 0 noutros casos.
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Análise Empírica – variáveis dummy

• Os coeficientes p-EU deverão aumentar em
valor absoluto (caso sejam positivos) se, de
facto, o comércio UE/PECO se estiver a
reforçar, ao passo que se os acordos
europeus estiverem a prejudicar o comércio
mediterrânico num sentido que evidencie
desvio de comércio, os coeficientes m-EU
deverão diminuir, se forem positivos.
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Esta expansão do comércio engloba quer a

criação quer o desvio de comércio, já que

não distingue se o aumento das trocas com

países parceiros provém da substituição da

produção interna ou da redução das

importações de terceiros (Balassa designou-

a por criação bruta de comércio).
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Limitação do método de captar criação de 

comércio



Estimações do Modelo Gravitacional 1992-

1997
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1992 1997

Constante -19,95**
-5,65

-15,37**
-4,53

Distância ij -0,87**
-8,90

-0,89**
-9,74

PIBi 0,82**
18,39

0,85**
20,81

PIBj 0,96**
19,34

0,91**
20,82

PIBpci 0,90**
3,40

0,36
1,38

PIBpcj 0,11
0,45

0,52E-02

0,02

EUR 3,62**
4,95

4,10**
7,22

Xm-EU 2,62**
5,09

2,94**
6,45

Xp-EU 2,31**
4,79

3,14*
7,11

Mm-EU 1,95**
3,78

2,94**
6,12

Mp-EU 1,56**
3,08

3,16**
6,73

R2 0,86 0,87

Estatística –F 266,278 278,602



Resultados da Análise Empírica

O aumento do coeficiente Xp-EU (de 2,31
para 3,14) traduz uma dinâmica de criação
de comércio na EU após a entrada em vigor
dos acordos europeus.

Nota: esta expansão do comércio engloba
quer a criação quer o desvio de comércio (à
Viner)
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Resultados da Análise Empírica

O aumento do coeficiente de Xp-Eu não
corresponde à diminuição do coeficiente de
Xm-EU que também aumenta, ainda que para
valores inferiores (de 2,62 para 2,94)

não se confirma a hipótese de um
desvio de comércio por parte da EU do
Magrebe para os PECO.
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Resultados da Análise Empírica

Relativamente aos coeficientes das
importações, Mm-EU e Mp-EU, os dois
coeficientes aumentam em ambos os anos,
mas os acréscimos verificados para os
PECO (de 1,56 para 3,16) são, mais uma
vez, superiores aos verificados para o
Magrebe (de 1,95 para 2,94).
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• Confirma-se criação de comércio (“bruta”) tanto
dos PECO como do Magrebe com a UE.

• A criação de comércio é superior no Centro e
Leste da Europa.

• A análise feita não permite identificar se se deve à
redução das importações de países terceiros ou a
uma criação de comércio “líquida”.
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Resultados da Análise Empírica



Aplicação 2 
Estimação do potencial de comércio

“Trade in the enlarged European Union: a 

new approach on trade potential”

Foreign trade flows involving EU25 members in 2002

Gravity model estimated with Pseudo-Maximum 

Likelihood Estimator) 



Groups of EU countries in the analysis 

(see “specific group-pair dummies)

• CEEC- Central and Eastern European 

countries

• CC- Cohesion countries

• UE11-remaining EU countries





Independent variables (cont.)



Independent variables (concl)



Results for the estimation of the gravity model

Foreign trade flows involving EU25 members in 2002 were 
positively influenced by:

• The exporter´s and importer´s GDP

• Import´s population

• Common language

• The commodity composition of trade

• Common euro currency

• German bias

• Lagged reciprocal flow.



And negatively influenced by:

• The distance

• The exporting country´s population

• The exporting country being landlocked



“Group pair dummy”-

interpretation of the coefficient
• Group-pair dummy: a negative (positive) 

coefficient  for EU11-CC means that on average 

exports from countries in EU11 to countries in 

CC are smaller (higher) than exports of 

countries in the base group.

Exports from countries in EU11 to 

countries in CC have potential for growth



Results for “group-pair 

dummies”

– Positive for CC-EU11; CC-CEEC; CEEC-

CEEC

– Negative for CEEC-CC



Trade potential at the country level 

(to groups of countries)
• We calculate the ratio between fitted exports and 

observed exports

• A ratio >1 : the country has not been able to export to its 
full capacity, compared to the average behaviour of the 
EU25 countries           potential to expand trade

• A ratio <1: the country has exausted its current export 
capacities





Leitura com intervalos de 

confiança
• A existência (ou não) de “trade potential” é 

validada se o valor mínimo (low) e máximo 

(upp)  do intervalo de confiança 

confirmarem a  leitura da coluna TP



Aplicação 3: Market potential 

Purpose: to encapsulate the real spatial economy

Indices: two broad types: 

a group that measures the degree of concentration 
(agglomeration) of economic activity in a location unit;

a  group comprising accessibility and peripherality
(identical to low accessibility) indices, aiming to 
describe a particular location taking into account 
“opportunities, activities or assets in other areas and 
the area itself” (Wegener et al., 2002).



Market potential index 

It is based on a gravity model to estimate “economic”/ 
“market” potential. 

• In its traditional formulation, the potential for economic 
activity of a location is a function both of its proximity to other 
economic centers and of their economic size or "mass“ 
(Keeble, 1982,1988). Potential is thus interpreted as a 
measure of interactions with the regions making up the 
system. 

• Later, Frost and Spence (1995) added the role of self-
potential, i.e. the effect of size and the level of economic 
activity of a location on its own peripherality index. 



Frost & Spence (1992) added the

role of “self potential “ 
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Keeble, Owens, Thompson (1982) e  Keeble, Offord, Walker (1988)



Spatial Centrality: an approach 

with sectoral linkages

Nuno Crespo, M. Paula 

Fontoura and Nádia Simões



Purpose

• To build a measure to evaluate the degree of centrality 
(advantage) of a sector located in a region considering   

-internal and external components; 

-economic and geographic aspects. 

• The hypothesis is that the spatial centrality of a sector varies:

- positively with geographic proximity to firms in the same 
economic sector (horizontal agglomeration) and in other 
sectors connected by vertical linkages (vertical 
agglomeration) 

-negatively with inter-regional distance. 



Channels through which a firm may benefit from 

linkages with firms closely located 

• Intra-industry agglomeration: 
demonstration/imitation, labor mobility and 
competition. 

• Inter-industry agglomeration:Vertical relationships 
that firms establish with suppliers (backward 
linkages) or customers of intermediate inputs 
produced by them (forward linkages).

The two effects will be considered both in the region of 
location of the sector under analysis and in the other 
regions related to it. 



An index with a  double reading 

It allows to identify:

• The sectors in which the region has a 
higher/lower degree of centrality

• The regions with a greater degree of 
centrality in this sector. 

To illustrate the method, we include an example for the Portuguese 
economy at the county level (275 regional units).  



The index



First term: horizontal internal component

It measures the degree of over-representation of  sector j in the region i
(i.e., compared with the even distribution by all regions of that economic 
activity).

Usually the potential model quantifies the variable “mass” with the absolute value of the variable 
used for the evaluation of the economic dimension of the regions. We prefer to consider instead 
the proportion of that variable. 

We divide by intra-regional distance in order to incorporate the geographic 
dimension of the region and the fact that the economic over-representation 
of the sector varies negatively with the dimension of the region. 

- The higher the ratio , the greater the effect of intra-sectoral agglomeration-. 



Second term: horizontal external component

• It measures the degree of over-

representation of a sector  in the 

remaining regions (forming part of the 

system of regional relations under 

analysis), assuming that the importance of 

this effect varies inversely with the 

distance between the regions. 



Third term: backward internal component

(proximity to suppliers)

It measures the degree (per spatial unit) 

of over-representation of suppliers of the 

sector  in the region  (backward linkages) 

weighted by the importance of these 

suppliers to the sector. 



Fourth term: backward external component 

(proximity to suppliers)

It comes to a similar analysis of the third 

but in the remaining regions.

The geographic effect is the “distance 

decay”, as in the second term. 



Fifth term: forward internal component 

(proximity to buyers)

It measures (per spatial unit) the degree 

of over-representation of buyers of the 

sector in the region  (forward linkages) 

weighted by the importance of these 

buyers to the sector. 



Sixth term: forward external component

( proximity to buyers)

This term comes to a similar analysis of 

the fifth term but in the remaining regions. 

The geographic effect is the “distance 

decay”, as in the second term. 



Empirical example

• Statistical information for the Portuguese economy (excluding Madeira and Azores) in 2006

• Level of the county (concelho). Portugal is divided into 275 counties (with an average area of 
323.79Km2). 

• As for sectors, we considered the manufacturing industry sectors at 2 digit level (23 sectors)

• The dimension of a sector in each region is evaluated by the proportion of that sector located in each 
county, measured in terms of employment. 

• We consider inter and intra-regional distances between all counties – 75350 bilateral distances and 275 
internal distances . 

-Inter-regional distances – are obtained in kilometers (km). 

- Intra-regional distances are linked to the area of the region, by considering the formula of Keeble et 
al. (1982, 1988) and Brülhart (2001).

Employment data is from Ministry of Employment while distances are obtained from the program 
ROUTE 66. 

There was the purpose of comparing these data with a later year. That turned out not to be done because in the meanwhile the NACE 
nomenclature used in this study (revision 2) has been modified and it is not possible to convert one into the other.



Presentation of results

• Given the vast number of counties analyzed, we selected those 
corresponding to the capital of the district (Continental Portugal is 
also divided into 18 districts). 

• For reason of parsimony, we show the index for two sectors 
(disaggregating by county) and for one county (disaggregating by 
sector).

• The sectors: those with the highest values in terms of the total level 
of centrality (i.e., the sum of the several components of the centrality 
index) –, namely wearing apparel, dressing and dyeing of fur (sector 
18) and machinery and equipment n.e.c. (sector 29)

• The county: the one with the highest (total) level of centrality in the 
country-Porto



Centrality by components in Porto

• Selecting the two sectors with the highest levels of 
centrality in Porto – office machinery and 
computers (30), and radio, television and 
communication equipment (32) –, in both cases 
the major component has to do with the 
characteristics of the region where the sector is 
located (respectively the economic size of the 
region and proximity to buyers). 

• This result is consistent with the fact that Porto is 
the second most prosperous region of the country. 





Centrality by components in sector 18 (wearing 

apparel, dressing and dyeing of fur)

• The county with the highest centrality level for this sector is Braga . 

• Only three counties (Viana do Castelo and Porto in addition to Braga), all 
located close to each other, reveal good conditions in terms of centrality in 
this sector, as the sum of the several components is negative for the 
remaining counties. 

• Focusing on the contribution of each term of the centrality index with 
positive sign in Braga, by decreasing order stands out the proximity to 
suppliers in the region in which the sector is located (3) and in the nearby 
regions (4), followed by the economic dimension of the nearby regions (2) 
and of the region in which the sector is located (1); proximity to customers in 
the county (5) comes at the end of the ranking. 

• Curiously enough, the qualitative results are very similar for the two other 
counties (Porto and Viana do Castelo), confirming the importance of 
proximity to suppliers and to similar activity as relevant factors of 
location in the case of this sector.





Centrality by components in sector 29 

(machinery and equipment n.e.c)

• Considering the county with the highest level of centrality in this 
sector (Porto), the results highlight, by decreasing order, the internal 
proximity to buyers (5), the internal proximity to suppliers (3), the 
external proximity to suppliers (4) and buyers (6), and lastly, the 
external and internal economic components (2 and 1, respectively). 

• Thus, the most important factors have all an inter-sectoral type, 
both backward and forward. These results are in accordance 
with the inherent characteristics of these sectors. 

• Turning now to the 2nd county in terms of the total value of the index, 
Lisboa, we observe that now stand out, in descending order, the 
economic dimension of the nearby regions (2) and of the region 
itself (1), followed by internal proximity to buyers (5), which is in line 
with the particular attractiveness conditions of a region that hosts the 
nation's capital. 




