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Freight demand and supply chains 

Freight demand is the result of complex supply chains and 

logistics choices, involving all geographical levels … 
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Freight demand and supply chains 

… and very different transport modes 

Supply chain and logistics: definitions 

• « supply chain management encompasses the planning and 
management of all activities involved in sourcing and 
procurement, conversion, and all logistics management activities 
[…] with channel partners, which can be suppliers, intermediaries, 
third party service providers, and customers » 

• « logistics management is that part of supply chain management 
that plans, implements, and controls the efficient, effective 
forward and reverses flow and storage of goods, services and 
related information between the point of origin and the point of 

consumption in order to meet customers' requirements » 

 

www.cscmp.org 
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 a single supply chain generates heterogeneous freight flows: 

• worldwide/international 

• national/regional 

• urban/last mile 

 freight-related decision making processes are much more 
complex w.r.t. passenger demand 

 a very large study area should be taken into account also for 
simple projects and “local” studies 

 a proper freight demand model should incorporate supply chain 
concepts and be able to model/account for complex macro-
economic feedbacks 

Freight modeling: demand 

 

 data-demanding due to geographical coverage requirements 

 very complex multimodal patterns 

 presence of super-additive and non-additive impedances 

 a large number of factors to be taken into account: 

• type of transport (own account, hiring) 

• freight characteristics (value/weight ratio, perishability) 

• consignment characteristics (volume, frequency) 

• presence of intermodal unit (e.g. container) 

• … 

 

Freight modeling: supply 
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Freight modeling 

• two main types of models: 

– company/operations-oriented, related to optimization and 
planning/management of company-related operations 

– policy-oriented, for system-wide and social planning and governance 

• this presentation: 

– international and national models for planning and governance 

• why mathematical models for planning and governance? 

– condition possible developments for decision-making 

– understanding complex underlying cause-effect relationships 

– missing data in current scenario: 

• unavailability  

• unsatisfactory coverage  

• unfeasible economic and time collection efforts 

Freight modeling 

Planning and governance applications: 

– design and assessment of transportation policies: 

• infrastructures (e.g. new road/rail links, new ports or logistics platforms) 

• regulation (e.g. time windows constraints for pickup/delivery, weight limits for 
lorries) 

• fiscal (e.g. gasoline taxes, subsidies to intermodal transport) 

– assessment of economic impacts of transportation policies: 

• variations in industrial production 

• GDP impacts 

• number of jobs 

• spending effects 

• … 
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Freight supply models 

• Implementation of network supply models: 

– definition of the study area 

– zoning and identification of relevant infrastructures and/or services 

– implementation of the topological model (graph) 

– implementation of the analytical model 

 

• General remarks: 

– slight differences across geographical contexts 

– substantial differences across modes 
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 zoning levels: 

 international level 

• NUTS3 at European level and candidate Countries 

• regions for other Countries 

  national level 

• county/industrial districts 

  regional/urban level 

• municipality/census sections 

 

… but strong dependency on data availability for demand: 

 definition of attraction/emission masses 

 implementation of disaggregation models  

Study area and zoning 
 

Euro-Mediterranean model: 

1508 traffic zones (NUTS3) 

Study area and zoning 
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Consistent with zoning: 

 choice of relevant infrastructures 
• development projects within modeling horizon to be taken into account 
 

Consistent with the analytical cost model: 

 disaggregation by functional class  
• e.g. highways, motorways, national roads, regional roads, local roads 

 identification of relevant physical characteristics  
• e.g. length, deviousness index, slope class 

 

Consistent with the analytical cost model and the demand model: 

 identification of relevant vehicle types  
• e.g. car, light, medium, heavy 

Network models 

Network models 

• no remarkable differences w.r.t. passenger models 

• different modes:  

• time/space continuous: road 

• time/space discrete: rail, sea, inland waterways, air 

• relevant choices: 

• diachronic vs. synchronic approach for time/space discrete modes 

• approach for multimodal integration of monomodal graphs 

• simplified synchronic network models typically followed due to: 

• limited data availability on schedules of freight services, or absence of 
schedule 

• difficulty in surveying desired departure/arrival times 
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Network models: example 

ROAD 

SEA IWW 

RAIL 

Network models: example 

mode # links km links # nodes

road 63.109            704.988          50.870            

sea 28.319            n.s. 2.147              

inland waterways 1.041              22.347            966                 

rail 90.259            406.973          83.462            
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 link speeds (free flow) defined for each vehicle type and road type 
class,  and using country-based correction factors 

 travel times: 

• additive running times calculated from (congested) road networks 

• non-additive stopping times calculated on the basis of driving 
regulations 

• other waiting times (e.g. customs) 

 travel costs: 

• time-dependent costs (e.g. drivers, amortization, VTTS) 

• length-dependent additive costs (e.g. parametric toll, fuel, 
manteinance) 

• other non-additive costs (e.g. non parametric toll, customs) 

 travel prices through conversion of travel costs accounting for mark-up 
for hiring 

Analytical cost model: example (road) 

Analytical cost model (cost functions) 

• non-additive/superadditive transport costs: 

– nonlinear fares/tariffs 

– EC 561/2006 on rest/stop times for drivers, simplifying: 

• daily driving period shall not exceed 9 hours, with an exemption 
of twice a week when it can be extended to 10 hours 

• a rest time of 8 hours for each driving period 

• a 45 minutes stop every 4.5 hours of driving 

• 2 drivers can sum their driving times 
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Analytical cost model (cost functions) 

• two paths 1 and 2 

• td driving time, ts rest/stop time 

• regulations are such that: 

 

 

• therefore: 

 

 

• the shortest additive (i.e. net driving time) path is also the shortest total 
time path 

 

 )()(       221121 dsdsdd tttttt 

)(  )( 22221111 dsdtotdsdtot tttttttt 

Analytical models 

For a single mode impedances are super-additive: 

– super-additive impedances can be calculated through post-processing of the 
additive shortest paths, e.g. road transport: 

 

 

 

 

 

 

 

 

… and for multimodal graphs? 

Topologic model

Additive impedances

Functional characteristics

Shortest additive 

time path

Additive cost of 

shortest time path

Calculation of     

non-additive time for     

1 driver/2 drivers

Calculation of     

time-dependent costs 

for 1 driver/2 drivers

Calculation of total time and cost for 

1 driver/2 drivers own account

Total cost of the shortest 

time path for own account

Calculation of total time and cost for 

1 driver/2 drivers hiring

Total cost of the shortest 

time path for hiring
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Super-additivity on multimodal graphs 

Super-additivity on multimodal graphs 

The shortest path on multimodal 

network accounting only for additive 

link travel times is all-road 

(duration=20 h) … 

… but it becomes 36 hours for 1 driver 

and 28 hours for two drivers 

travel times in hours 
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Super-additivity on multimodal graphs 

Therefore, the overall 

shortest path is the 

following (22 hours) 

travel times in hours 

Analytical cost model (cost functions) 

• several supply segments, e.g. for road/sea Ro-Ro transport: 

– 1 driver/2 drivers 

– own account/hiring 

– accompanied/unaccompanied (i.e. tractor+trailer or only trailer) 

– … 
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Analytical models: example 

Sevilla 
Valencia 

Barcelona 

Milan 

Genoa 

lower VTTS for 

trailers alone 

leads to longer 

maritime routes 

Analytical models: example 

lower VTTS for 

trailers alone 

leads to longer 

maritime routes 

Milan 

Trieste 

Ancona 

Bari 

Bar 

Durres 

Tirana 

lower VTTS for 

unaccompanied 

leads to longer 

maritime routes 

the 1 driver/2 

drivers option 

changes the 

maritime route 

Road network

Sea truck+trailer (1 dr)

Sea only trailer

Sea truck+trailer (2 dr)

All road
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Freight demand models 

Freight demand simulation models may follow in principle the 

traditional “four step” structure of the passenger demand models: 

EMISSION/ 

ATTRACTION 

DISTRIBUTION 

Econometric models 

Regression models 

 

Econometric models 

Growth factor models 

Regression models 

MODE 

ROUTE 

Traditional mode choice models 

Mode choice models with logistic attributes 

Logistic models  
freight transport service choice rather than mode choice 

Gravity 

models 

economic 

activity 

models 

 

 

Path choice models 



08/09/2015 

16 

– introduction 

– freight supply models 

– freight demand models 

– descriptive models 

– economic activity models 

• Input-Output models 

• Multi-regional Input-Output (MRIO) models 

• Random utility based MRIO models (RUBMRIO) 

• Further extensions 

– limitations and application fields 

– the container revolution and market globalization 

 

 

Gravity models 

singly constrained 

 

Go = f(Production unitso, Production levelo) 

Ad = f(Consumerd, Consumption leveld) 

f(cod) = function inversely proportional to costod e.g. exp[-cod]   

  

in origin                                                          in destination 

supply driven demand driven 

 MNL distribution 

percentages 
 MNL acquisition 

percentages 
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Gravity models 

doubly constrained 

Dod = kokdGoAdf(cod) 

 

 

f(cod) = function inversely proportional to costod  

  

Sd Dod = Go 

So Dod = Ad  

ko = 1/Sd kdAdf(cod)  

kd = 1/So koGof(cod) 

  

Constants can be calculated in a double constrained gravity model through 

an iterative algorithm (given a cost function) 

– introduction 

– freight supply models 

– freight demand models 

– descriptive models 

– economic activity models 

• Input-Output models 

• Multi-regional Input-Output (MRIO) models 

• Random utility based MRIO models (RUBMRIO) 

• Further extensions 

– limitations and application fields 

– the container revolution and market globalization 
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 conceptual framework:  linking products (outputs) with related 

production commodities/services (inputs): 

 

 

 

 

 

 

 

 firstly proposed by Leontief (1939) 

 traditional approach to synthesize a national economy 

 

Input-output models 

+ 100 k$ cars + 5 k$ tyres 

+ 25 k$ engines 

+ 15 k$ chassis 

… 

+ 10 k$ energy 

+ 8 k$ added value 

 

+ 1 k$ rubber 

+ 1 k$ chemical 

… 

+ 0.5 k$ energy 

+ 0.3 k$ added value 

 

 explicit representation of interdependence among different 

sectors of economy 

 the economic structure of production by sector, for a given 

region, can be represented by its input-output table: 

 

Input-output models 

sector j value available in region i 
(input of sector j) 

S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand

sector j value used in region i 
(output of sector j) 

S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand

S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand
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Input-output models 

S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand

Kmn
j be the value of the intermediate demand of the production in sector used in the 

production of sector n in zone j 

Ym
j be the value of the final demand in sector m in zone j (i.e. household consumption + 

stock variation + public expenditures) 

YEST
m

j be the value of the international export in sector m from zone j 

Xm
j be the value of the total production of sector m in zone j 

JEST
m

j be the value of the international import in sector m to zone j 

 definition of variables: 

 
S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand

S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand

 input-output equilibrium assumption (Leontief 1936):  

 

 

 all i-o models available in literature can be derived from this 

equilibrium.  

 

Two possible modelling approaches: 

 demand driven i-o model: production is expressed as a 

function of final demand, international export, production 

technology and trade coefficients. 

 supply driven i-o model: final demand is expressed as a function 

of production etc. 

Input-output models 

Xm
i + JEST

m
i = Sn K

mn
i + Ym

i + YEST
m

i 
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 technical coefficients (represent production organization): 

 

 

 

 ai
mn is the value of sector m needed to produce an unit of sector 

n in zone i 

 

The input-output equilibrium equation becomes: 

 

 
 

 

Input-output models 

 
n
i

mn
imn

i
X

K
a 

Xm
i + JEST

m
i = Sn K

mn
i + Ym

i + YEST
m

i 

Xm
i + JEST

m
i = Sn X

n
i a

mn
i + Ym

i + YEST
m

i 

Input-output models 

Matrix of the technical coefficients A (3232) 

 

  REGION A REGION B REGION C 

  Sector 1 Sector 2 Sector 1 Sector 2 Sector 1 Sector 2 

Sector 1 11
Aa  

12
Aa  0 0 0 0 

REGION A 
Sector 2 21

Aa  
22
Aa  0 0 0 0 

Sector 1 0 0 11
Ba  

12
Ba  0 0 

REGION B 
Sector 2 0 0 21

Ba  
22
Ba  0 0 

Sector 1 0 0 0 0 11
Ca  

12
Ca  

REGION C 
Sector 2 0 0 0 0 21

Ca  
22
Ca  

 

Technical coefficients can be arranged in matrix form: 

Final vectorial notation for the input-output model (imports and 

exports omitted): 

X=AX+Y  X=(I  A)-1Y 

Application: 

∆Y  Xnew=(I  A)-1(Y+ ∆Y) 

example: 2 sectors, zone «A» 
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Multi-regional input-output models 

 In order to incorporate effectively transport costs, a spatial 

dimension should be added to the i-o approach 

 

 

 the Multi-Regional Input-Output (MRIO) models are the 

mathematical kernel of such approaches 

 

Key issues: 

 incorporating transport related variables into MRIO models 

 looking for long-term economic feedbacks 

 convincing theoretical specification vs. data requirements and 

practical applicability 
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Multi-regional input-output models 

Ym 

Xm 
Xm 

Xm 

Xm 

The consequences of sectorial interdependency: 

A 

B E 

C D 

X= production 

Y= consumption 

m= a final product (e.g. cars) 

Multi-regional input-output models 

Ym 

Xm 
Xm 

Xm 

Xm 

The consequences of sectorial interdependency: 

A 

B E 

C D 

X= production 

Y= consumption 

m= a final product (e.g. cars) 

+ 100 k$ 

+ 20 k$ 

 

+ 10 k$ 

 

+ 40 k$ 

 

+ 10 k$ 

+ 10 k$ 
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Multi-regional input-output models 

Xn 

Xn 

Xn 

Xn 

Xm 

The consequences of sectorial interdependency: 

A 

B E 

C D 

X= production 

Y= consumption 

m= a final product (e.g. cars) – n= an intermediate input (e.g.  engines) 

+ 10 k$ 

+ 2 k$ 

+ 2 k$ 

+ 2 k$ 

+ 1 k$ 

+ 1 k$ 

Multi-regional input-output models 

Xk 

Xk 

Xk 

Xk 

Xn 

The consequences of sectorial interdependency: 

A 

B E 

C D 

X= production 

Y= consumption 

n= an intermediate input (e.g.  engines) – k= a raw material (e.g. steel) 

+ 2 k$ 

+ 0.6 k$ 

+ 0.3 k$ 

+ 0.2 k$ + 0.1 k$ 

+ 0.3 k$ 
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Multi-regional input-output models 

The consequences of sectorial interdependency: 

DYm 

DXn, DXk, DXj, … 

DXm 
X= production 

Y= consumption 

A 

B E 

C D 

Multi-regional input-output models 

Kmn
j be the value of the intermediate demand of the production in sector used in the 

production of sector n in zone j 

Ym
j be the value of the final demand in sector m in zone j (i.e. household consumption + 

stock variation + public expenditures) 

YREG
m

j be the value of the exports in sector m from zone j towards other zones in the study 

area 

YEST
m

j be the value of the international export in sector m from zone j 

Xm
j be the value of the total production of sector m in zone j 

JREG
m

j be the value of the import in sector m to zone j from other zones in the study area 

JEST
m

j be the value of the international import in sector m to zone j 

 definition of variables: 

 

S1 S2 S3 S4

S1 … … … … … … …

S2 … … … … … … …

S3 … K 32
i … … Y 2

i Y REG
2

i Y EST
2

i

S4 … … … … … … …

Added value … … … …

… X 2
i … …

Regional import … J REG
2

i … …

International import … J EST
2

i … …

Regional 

export

International 

export

Sectors of production

Value of production

Sectors of production
Region i Final demand
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 trade coefficients: acquisition percentages from all supplying zones 

 tmij is the fraction of production of sector m used in zone j and coming 

from zone i 

 

Multi-regional input-output models 

tm
ej + Si t

m
ij= 1  

 multi-regional input-output equilibrium assumption: 

 

 Xm
i + JREG

m
i + JEST

m
i = Sn K

mn
i + Ym

i + YREG
m

i + YEST
m

i 

Multi-regional input-output models 

Vector of sectorial production X (321) 
 

Sector 1 1
AX  

REGION A 
Sector 2 2

AX  

Sector 1 1
BX  

REGION B 
Sector 2 2

BX  

Sector 1 1
CX  

REGION C 
Sector 2 2

CX  

 

Matrix of the technical coefficients A (3232) 

 

  REGION A REGION B REGION C 

  Sector 1 Sector 2 Sector 1 Sector 2 Sector 1 Sector 2 

Sector 1 11
Aa  

12
Aa  0 0 0 0 

REGION A 
Sector 2 21

Aa  
22
Aa  0 0 0 0 

Sector 1 0 0 11
Ba  

12
Ba  0 0 

REGION B 
Sector 2 0 0 21

Ba  
22
Ba  0 0 

Sector 1 0 0 0 0 11
Ca  

12
Ca  

REGION C 
Sector 2 0 0 0 0 21

Ca  
22
Ca  

 

Matrix of exchange or trade  coefficients T (3232) 

 
  REGION A REGION B REGION C 

  Sector 1 Sector 2 Sector 1 Sector 2 Sector 1 Sector 2 

Sector 1 1
AAt  0 1

ABt  0 1
ACt  0 

REGION A 
Sector 2 0 2

AAt  0 2
ABt  0 2

ACt  

Sector 1 1
BAt  0 1

BBt  0 1
BCt  0 

REGION B 
Sector 2 0 2

BAt  0 2
BBt  0 2

BCt  

Sector 1 1
CAt  0 1

CBt  0 1
CCt  0 

REGION C 
Sector 2 0 2

CAt  0 2
CBt  0 2

CCt  

 

Matrix structures: 
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Multi-regional input-output models 

Vectorial notation: 

 

 

 

 X production vector (# sectors ∙ # zones) 

 T trade coefficients matrix (# sectors ∙ # zones) ∙ (# sectors ∙  

# zones) 

 A technical coefficients matrix (# sectors ∙ # sectors) ∙ (# 

zones ∙ # zones) 

 Y final demand vector (# sectors ∙ # zones) 

 YEST vector of exports outside the study area (# sectors ∙ # 

zones) 

 

 

 

X = TAX + T (Y+ YEST) 

Multi-regional input-output models 

Solving for X, the functional form of the MRIO model is: 

 

 

 

 

and therefore the data needed for estimation/application are: 

– vectors of: 

• international exports (YEXT) 

•  final demand (Y) 

– matrices of:  

• technical coefficients (A)  

• trade coefficients (T) 

X=(I-TA)-1[T(Y+YEXT)] 

X =TAX + T(Y+YEXT)       X(I-TA) = [T(Y+YEXT)] 
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Multi-regional input-output models 

Nm
ij is the monetary trade of sector m between zones i and j (value of 

the production of sector m produced in i and consumed in j) 

The matrix N of trades can be then derived as:  

 

 

 

where Dg() indicates the diagonalization operator. 

 

based on observed value/weight conversion coefficients by sector and 
by o-d pair, a freight matrix Dm

od in quantity can be derived  

the same value/weight coefficients may be used in forecasting freight 
demand 

 

Nm
ij = tm

ij  n aj
mn  Xn

j + tm
ij  Ym

j 

 

N = T A Dg(X) + T Dg(Y)                                  

MRIO model: implementation 

 trade coefficients can be estimated from a trade matrix in value 
observed for the current scenario: 

• trade coefficient from other zones 

 

 

• trade coefficient from abroad 

 

 
 

• internal trade coefficient 

 

 


n
m

i
mn
i

m
ESTim

ei
YK

J
t

 1

 




n
m
j

mn
j

m
REGi

m
ESTim

ii
YK

JJ
t

 


h

m

ei

m

hi

m

jim

ji
NN

N
t

from observed N matrix 

from i-o tables 
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– freight supply models 

– freight demand models 

– descriptive models 

– economic activity models 

• Input-Output models 

• Multi-regional Input-Output (MRIO) models 

• Random utility based MRIO models (RUBMRIO) 

• Further extensions 

– limitations and application fields 

– the container revolution and market globalization 

 

 

Random utility based MRIO models (RUBMRIO) 

 trade coefficient tm
ij   percentage of sector m products acquired 

from zone i and used in zone j for whatever use. 

 

 

 trade coefficients can be modelled as a function of level of service 
attributes, representing generalized transport cost between zones 

 

 

 explicit representation of the influence of transport system on 
freight production and distribution and therefore on the 
economic structure of each region 
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Random utility based MRIO models (RUBMRIO) 

 trade coefficients can be modeled explicitly as a function of: 

• transportation level of service attributes 

• selling prices 

• … 

 

acquisition zone i is a compound alternative composed of the 
aggregation of a number EDm

i of elementary origins for sector m  

a Nested Logit model may be used to model tm
ij 

 

 

various possible feedbacks: 

• short term: trade coefficients elastic to transport LOS only  

• long term: also significant macroeconomic feedbacks 
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The RUBMRIO model: short term 
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The RUBMRIO model: long term 

 
MRIO model 

final demand by 
sector and country 
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average transport costs 
for all modes LOS mode choice 

model 

MRIO model: modelled feedbacks 

 

Example with two zones (A,B) and only one traded product 



08/09/2015 

31 

impact of transport changes in a MRIO model 

 

– introduction 

– freight supply models 

– freight demand models 

– descriptive models 

– economic activity models 

• Input-Output models 

• Multi-regional Input-Output (MRIO) models 

• Random utility based MRIO models (RUBMRIO) 

• Further extensions 

– limitations and application fields 

– the container revolution and market globalization 
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Towards the NEG paradygm 

 
• job market and migration 

• cross-level of salaries 

• final demand 

• production costs of 

intermediate and final inputs 

• … 

• currency exchange 

• availability of raw materials 

• … 

Towards the NEG paradygm 

 

Input Output  

(Leontief) 

New Economic Geography 
(Krugman)  

 

http://www.vmapas.com/Immagine_Satellitare_Mondo_Occidentale.jpg/maps-it.html?map_viewMap=1
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Towards the NEG paradygm 

 

Towards the NEG paradygm 
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SCGE models 

• Spatial computable general equilibrium (SCGE) models: 

• a general equilibrium (GE) in the market system is achieved when the 
demands of buyers match the supplies of sellers at prevailing prices in 
every market simultaneously 

• a computable GE (CGE) model is a system of equations describing the 
behaviour of the economic agents, the structure of the markets and the 
institutions, and the links between them 

• a SCGE model adds spatiality to a CGE model 

 

• State of the practice: 

• huge data requirements and very complex model estimation-implementation 

• level of detail not useful for obtaining sufficiently disaggregated models for 
strict transport purposes 

• few operational implementations (e.g. REMI Inc) 

 

 

– introduction 

– freight supply models 

– freight demand models 

– descriptive models 

– economic activity models 

• Input-Output models 

• Multi-regional Input-Output (MRIO) models 

• Random utility based MRIO models (RUBMRIO) 

• Further extensions 

– limitations and application fields 

– the container revolution and market globalization 
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Summary 

MODEL 
Data availability 

and ease of 
implementation 

Applications 

Detailed O-D 
freight flows 

forecasts 

effects on GDP 
and supply 

chains 

Complex long 
term economic 

feedbacks 

Gravity models 

MRIO models 
 

RUBMRIO 
models 

NEG models 

– introduction 

– freight supply models 

– freight demand models 

– descriptive models 

– economic activity models 

• Multi-regional Input-Output (MRIO) models 

• Random utility based MRIO models (RUBMRIO) 

• Further extensions 

– limitations and application fields 

– the container revolution and market globalization 
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Freight demand and supply chains 

… and the “container revolution” made the world smaller and 

has allowed worldwide supply chains: 

Examples of supply chains 
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Examples of supply chains 

Examples of supply chains 



08/09/2015 

38 

Impacts of containerization 
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Analysis of costs on different trade lanes 
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Economie di scala generate da navi portacontainer 
sulle tre principali rotte continentali Est-Ovest

Rotta Europa-Far East
lunghezza pari a ca. 18.500 km

Rotta Trans-Pacif ica
lunghezza pari a ca. 12.900 km

Rotta Trans-Atlantica
lunghezza pari a ca. 6.450 km

Fonte: elaborazioni LOGICA su dati di K. Cullinane, M. Khanna, 2000; W. Coyle, W. Hall, N. Ballenger, 2001; interviste a 
Compagnie dei Lavoratori Portuali italiane, 2010

Variazione costi: -58%

Variazione costi: -54%

Variazione costi: -45%

Scale economies on the three main trade lanes 
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