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— introduction

— freight supply models
— freight demand models
— towards NEG models

— the container revolution and freight modelling challenges
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Freight demand is the result of complex supply chains, involving
all geographical levels ...
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* two main types of models:

— private oriented, related to optimization and planning/management of
company-related operations)

— public oriented, for system-wide and social planning and governance
 why mathematical models for planning and governance?

— forecasts and DSS

— missing data in current scenario:

* unavailability
* unsatisfactory coverage

* unfeasible economic and time collection efforts

* this presentation:

— international and national models for planning and governance
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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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* planning and management of freight systems requires
implementation of multimodal freight supply models

* achallenging task, especially in large geographical areas, because
of three issues not properly addressed by existing literature:

— presence of non-additive transport costs, e.g. EU regulation on
rest/stop times for road drivers or non-additive fares/tariffs for rail

and sea modes

— multiple freight segments (e.g. for road/sea Ro-Ro transport: 1
driver/2 drivers, own account/hiring, accompanied/unaccompanied
and so on)

— not straightforward multimodal integration of single modes
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Euro-Mediterranean model: 2 -
1508 traffic zones (NUTS3) ..,--f"; §
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* non-additive 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

— superadditivity holds for monomodal networks (time and/or
time-proportional cost impedances):

tga <tig = taltga) <tsp(typ)
ttotA — tdA + tsA (tdA) < ttotB — 1:dB + tsB (tdB)

— ... but it does not hold for multimodal networks! —
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destination travel times in hours

origin
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destination

(O 1

4 The shortest path on
multimodal network
accounting only for additive
link travel times is all-road

\_ (duration=20 h) ... )

Super-additivity on multimodal graphs

travel times in hours

2
1
- " CJ
origin
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destination

(O 1

travel times in hours

[

... but it leads to additional 16 hours of
rest time (1 driver) or 8 hours (2 drivers),
for a total of 36 hours.
Therefore, the overall shortest path is the
\_ following (22 hours) ... ) ' origin

S




ONVERSTA ST Super-additivity on multimodal graphs

NAPOLI FEDERICOII

* superadditivity does not hold on multimodal networks:

— need for “virtual” networks with macro-links representing overall
connections between centroids and intermodal terminals

* need for calculating LOS related to specific mode sequences:

road macrolinks

Cloned ports
(landside)

Centroids
Ports
(seaside)
Cloned ports
(seaside)
Centroids

|_Tv_| (landside)
||

Ports

mode transfer links
sea macrolinks

>
centroids .‘

terminals

“cloned” terminals

wool

ROAD SEA ROAD
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* 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)

o), | ——
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Freight demand simulation models may follow in principle the
traditional “four step” structure of the passenger demand models:

Econometric models -
Growth factor models
EMISSION/  —"" Regression models
ATTRACTION Gravi economic
ra(;ntly — activity
DISTRIBUTION MOgER 1 models
~* Econometric models
Regression models ]
MODE » Traditional mode choice models
» Mode choice models with logistic attributes
, Logistic models
freight transport service choice rather than mode choice
ROUTE ——

Path choice models

v
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singly constrained

in origin in destination
Dod = G0 Ad f (COd) I:)od = Ad GO f (COd)
Z Ad f (Cod‘) ZGO' f (Co‘d)
d’ )
=~ MNL distribution =~ MNL acquisition
percentages percentages
supply driven demand driven

G, = f(Production units,, Production level,)
A4 = f(Consumerq, Consumption levely)

f(coq) = function inversely proportional to costq e.g. exp[-0¢4]
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doubly constrained

Doq = ko'kd°Go°Ad°f((:od)
ko= 1724 kqAgf(cod) 3 Do = G,

kg = 1/22, ko Go-f(Cog) > Dy =A,

f(coq) = function inversely proportional to cost 4

U

Constants can be calculated in a double constrained gravity model through
an iterative algorithm (given a cost function)
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MRIO models

« 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:

L Sectors of production i Regional International

Region 7 P g S S S Final demand export ;

! 2 3 4 por expor

Sectors of production >

Sy | i .. K*, Y?, Y aee” Yesr”

....................................................... S i e s O e s oo
Added value| : .. .
Value of production| : ... X°; .
Regional import| I . 7’ production usage (output)
International import| : ... Jesr’s

v

production mix (input)
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The consequences of sectorial interdependency:

C

X= production
Y= consumption

m= a final product (e.g. cars)
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The consequences of sectorial interdependency:

C

X= production
Y= consumption

m= a final product (e.g. cars)
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The consequences of sectorial interdependency:

C O}
X= production

Y= consumption

m= a final product (e.g. cars) — n= an intermediate input (e.g. engines)
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The consequences of sectorial interdependency:

* () E
A

)

C

X= production
Y= consumption

n= an intermediate input (e.g. engines) — k= a raw material (e.g. steel)
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The consequences of sectorial interdependency:

X= production

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

X=TAX+ T(Y+Ygr) —  X(-TA)=[T(Y+Y gy )]

-

X=(I-TA)T(Y+Y eyl

and therefore the data needed for estimation/application are:

— vectors of:

* international exports (Ygyr)
* final demand (Y)

— matrices of:
 technical coefficients (A)

* trade coefficients (T)
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@ trade coefficient t™; — percentage of sector m products acquired
from zone i and used in zone j for whatever use.

U

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

4

@ 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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< trade coefficients can be modeled explicitly as a function of:
* transportation level of service attributes

* selling prices

n o OPV/0")
tij = m/om
D PV 16m)
@ acquisition zone i is a compound alternative composed of the
aggregation of a number ED™, of elementary origins for sector m

@ a Nested Logit model may be used to model t”;
o _ exp[(V;" /0" +sf™)16"]
D) expl(V /0™ +sf") 10" ]
k

< various possible feedbacks:

* short term: trade coefficients elastic to transport LOS only

* long term: also significant macroeconomic feedbacks
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MRIO MODEL

TRANSPORT MODEL

final demand by

sector and country
\ J

The RUBMRIO model: short term

technical
coefficients

MRIO model

trade
coefficients
in value

freight matrix in
value

GDP and
macroeconomic

trade

coefficients

variables

base reference
matrix in quantity

freight
supply

model

value/quantity

selling
mOdel prices

transformation

freight matrix in
quantity

mode choice

other
attributes

model

average transport costs
for all modes

[

freight matrix in quantity
by mode

]
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— final demand by coetfrf?cc::nts )
sector and countr
m : - Y MRIO model in value J selling
8 :—---> technical A rices
s | coefficients | 7 P
O : S5 ard [freight matrix in trad model
— an raae
o ! ) ]( value
= b~ macroeconomic coefficients selling
variables model prices
base reference value/ quant.ity
matrix in quantity transformation
-
UDJ other
o) freight matrix in attributes
= quantity
E freigh
@) reight mode choice average transport costs
% supply del for all modes
pza model Juetel
<
x
|_

freight matrix in quantity
by mode
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Macroeconomic impacts generated by change in transport costs are
very difficult to predict:

® countries with economic competitive advantages may benefit more
from a decrease of transport costs (and vice versa), being able to
increase their export

® competitive advantages may depend on different factors (availability of
raw materials, developed technologies, low labor cost etc.) which are
implicitly accounted for in the technical coefficients

® atout court decrease of transport costs impacts differently on
Countries depending on their geographical position within the study
area, i.e. of their initial accessibility with respect to the other Countries



ONIVERSTR et STUD MRIO model: modelled feedbacks

NAPOLI FEDERICOI|

Direct proportionality

Inverse proportionality

Production Production
costB cost A

Transport cost Transport cost
fromAto B + fromBto A +
customs Customs
barriers barriers

Gu'r:l_sun'lp Import Import Gun_sump
-en from A fromB tion
inB in A
Production Production
in B in A

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

Inverse proportionality

Transport cost
fromAto B +
customs
bharriers

tion

from A

Import
from A
Production Production
inB inA
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« job market and migration
e cross-level of salaries
* final demand

« production costs of
Intermediate and final inputs

¢ €

« currency exchange
 availability of raw materials

NValtlue
T ®.A79.63
11,426 .60
9.611.01
e 7,189.65
’ 6.550.22
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New Economic Geography
(Krugman)

(Leontier)
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Wage level
inB

Towards the NEG paradygm

Direct proportionality

Inverse proportionality
Production Production
costB costA

Transportcost
fromAtoB +
customs
barriers

Selling Selling
price price
inA inB

Wage level
Acquisi Acquisi inA

tion tion
cost cost
from A fromB

co::i:mp — —— Consump
from A from B tion

Workt - Production Production Work .
requ;s in inB in A requestin
A
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Direct proportionality

Inverse proportionality

Production Production

Congestion + Congstion +
real estate Transport cost Transport cost real estate
prices from A to B + from B to A + prices
in B customs Customs in A
harriers barriers

Wage level Wage level
in B Acquisi Acquisi inA

tion tion

Residents from A from B Residents
inB in A
Consump

Migration tion Migration
from A to B in B in A from B to A
Work
o Production Production Work
- in B in A requ:st in
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... and the “container revolution” made the world smaller and
has allowed worldwide supply chains:

THE

APRIL 26, 1956: <F=-

of the world’s first
containership.

: How the Shipping Container
Made the World Smaller and the
World Economy Bigger

- b | The deck of the Ideal X AT~ W 4
i o £ at Port Newark = \ -~ /
2 5§ preparing for the % < 2
2 @ A S historical sailing ‘f‘ LR 2
. LN >3
1Y 2 X
2.
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Personal Computer

e
Mexico: - \w o

o\
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Fair trade

Sainsbury’s 4 Tanzania:
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Prawns
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CONTAINER

REGULAR NETWORK OF

SERVICES FOR GENERAL
CARGO FLOWS REGULAR LINER
U :> SERVICES

ORGANIZATIONAL SCE'&%QI\CI)[;MSECSOPE 1
AND TECNOLOGICAL
INNOVATIONS
REDUCTION OF VESSEL CONCENTRATION | *
LOADING/UNLOADING TIMES OF FREIGHT FLOWS

g> INTEN(S)I;/E USE j] NETWORK OF

TRANSSHIPMENT ' REGULARLINER

SERVICES
‘V'
REDUCTION OF TOTAL HIGHER ACCESSIBILITY
TRANSPORT FOR LOW-DEMAND O-D

TIMES/COSTS PAIRS
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- Scale economies on the three main trade lanes
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(&) |
<« Variazione costi:-58% ==®= Rotta Europa-Far East
© 7.000 \ l | lunghezza pari a ca. 18.500 km
© 6.000 .. . .
<t : Variazione costi: -54% == Rotta Trans-Pacifica
| | lunghezza pari a ca. 12.900 km
5 5000 LY | .
> Variazione costi: -45% Rotta Trans-Atlantica
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Applications
Data availability
MODEL and ease of Detailed O-D effects on GDP Complex long
implementation freight flows and supply term economic
forecasts chains feedbacks

Gravity models

MRIO models @
RUBMRIO

models @ @
NEG models @
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Thank you!

The port and maritime sector: key developments and challenges
Antwerp, May 11-12, 2015

: S l G 2 World Conference on Transport Research Society
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Study area:

— 21 EU Countries

— 2005 base year for model estimation
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Type of data source:
« input-output tables (for X, Ygq, Y, A)
« import/export trade flows in value (for T)

Two examples of application of the proposed system of models:

® Scenario 1: 10% increase in road costs, e.g. coming either
from an increase of oil price or from a reduction of public
subsidies for lorries

® Scenario 2: 20% reduction of maritime fares, so as to mimic a
policy of public subsidies towards motorways of the sea
within the European Union
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tons/km?/year generated by NUTS3 zone in the base scenario

generated tons
million tons/km2fyear
less than 685
85 - 156
156 - 250
250 - 380
380 - 560
560 - 510
I 910 - 2500
I more than 2500
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Applications: results

tons/km?/year generated by NUTS3 zone in the scenario 2

4

generated tons
delta millien tons/km2/year
<10

-10to -5
Stod
0to b
5to 10
10 to 20
20 to 40
= 40




