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• Freight transport activities

Background (1)
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• Key factors influencing the complexity 

of freight mode choice decisions

– Characteristics of freight

– Characteristics of firms

• Supply chains linking all vendors, 

service providers and customers
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Background (2)

• Supply chain relationships

OEM

OEM

OEM

OEM

OEM

Hierarchical Structure Network StructureFull vertical 
integration

Arm’s length 
relationship
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3PLPs

logistical

services
logistical
services

logistical

services

Carriers

Freight Forwarders

Shippers/ 

Manufacturers
Retailers/

Customers
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Correlation

Background (3)

• Supply chain operations
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Motivation

Existing modelling approaches

• Ignore the influence of supply chain and 

logistics concepts

• Rely on conceptual and methodological 

approaches developed in the passenger 

sector

– Conventional logit models
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Models

µ2≥≥≥≥1.0µ1≥≥≥≥1.0

α1 α2

Car    Bus     Rail

µ2≥≥≥≥1.0µ1=1.0

Car    Bus     Rail

Car    Bus     Rail

Multinomial logit (MNL)
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• Generalised Extreme Value (GEV)

Nested logit (NL)

Cross-nested logit (CNL)
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Data Description (1)

• 2004 French shipper survey (ECHO)
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Data Description (2)

Leg of journey

(telephone)

Operator
(telephone)

Shipment
(face-to-face)

Establishment 

characteristics
Pre-interview

(postal mail)

Establishment
(face-to-face)

Shipment characteristics 
(3 shipments per establishment)

Reconstitution of organisational 

and physical chains

10,462
shipments

2,935
shippers

9,738
chains
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Data Description (3)

• Level-of-service attributes

• 4 alternative land transport modes

• 542 shippers (38 business sectors)

• 1,095 shipments (1,080 completed chains)

• Variables relating to shipper, shipment 

and flow characteristics

– For-hire road

– Combined road-rail

– Travel time (hour)

– Own account road

– Rail

– Transport cost (%)

– Delay (%)
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Analysis and Results

• Supply chain variables

– Unobserved correlation amongst different modes

– Degree of closeness (e.g. type of contract)

• Supply chain structures

– Unobserved correlation along two choice dimensions: 
transport mode and supply chain

OEM
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Attributes

0.42360.4210Adjusted ρ2

-430.52-433.41Final LL

76Estm. Parameters

0.28000.2456Cost-time trade-off

fixed1.0µ2

2.091.9410µ1

-1.29-0.0062-1.33-0.0078Delay (%)

-4.41-0.0154-3.95-0.0182Time (hr)

-9.12-0.0550-11.93-0.0741Cost (%)

2.730.58332.290.6501Combined

3.491.58532.941.5880Rail

-1.81-0.1722-3.67-0.3528For-hire road

t-testValuet-testValue

RO   RH    CB    RLRO   RH    CB   RL

CNLMNL

µ2µ1

α=0.5Basic specification

- CNL leads to an 
improvement in terms 
of model fit over MNL

- There is a significant 
amount of correlation 
amongst alternatives

- MNL underestimates 
the value of cost-time 
trade-off
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Supply Chain Variables
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Supply Chain Variables

Detailed specification

- 20 additional explanatory variables are all statistically 
significant

- There is no statistical difference in model fit between 
MNL and CNL

- Unobservable correlation now becomes observable

13/23
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Level-of-service attributes

Shipper characteristics

Attributes

-3.32-4.2758-5.74-4.3809Zone type of parking; specific to freight RH

-1.76-0.5567-1.94-0.5700Access to domestic parking areaRH

-3.29-1.6905-3.78-1.7199Transport organised by providersCB

2.260.61393.100.6308Transport organised by shippersRO

2.220.31242.640.3199Contract type 

(long-term=2, equal=1, occasionally=0)

RH,RL,CB

1.981.26432.221.2857Use of warehouseRL, CB

3.140.04974.330.0508No. of own truck; ≥ 3.5 tonsRO

2.894.29113.134.3639Combined used in the last 12 monthsCB

2.380.00182.930.0018Annual tonnage shippedRH,RL,CB

-1.00-0.0066-0.98-0.0066Delay (%)

-3.25-0.0197-3.32-0.0200Time (hour)

-4.33-0.0694-11.74-0.0709Cost (%)

-0.98-1.5709-0.99-1.5979Combined road-rail constant

2.111.68402.001.7140Rail constant

1.611.17581.831.2059For-hire road constant

t-testValuet-testValue

CNLMNL
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Shipment & flow characteristics

Attributes

0.54640.5478Adjusted ρ2

-317.25-317.25Final LL

2726Estimated Parameters

0.28390.2821Cost-time trade-off

fixed1.0µ2

0.101.0356µ1

2.312.34492.392.3871RFID or electronic labelsCB

2.640.86313.070.8830RFID or electronic labelsRH

2.823.95223.194.0222Shipment is a part of journeyCB

-2.52-0.6432-2.85-0.6565Shipment is a part of journeyRH

1.880.04491.900.0455Weight of shipmentRL, CB

-2.68-1.0994-3.03-1.1214Bulky productsRO

-2.75-3.5893-2.70-3.6384Fragile productsRL, CB

-3.27-1.4653-3.68-1.4942Fragile productsRH

-2.19-0.0021-2.81-0.0022DistanceRO

-2.16-2.0138-2.17-2.0395Time of departureCB

-3.30-1.1553-5.38-1.1818Time of departureRO

t-testValuet-testValue

CNLMNL
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Analysis and Results

• Supply chain variables

– Unobserved correlation amongst different modes

– Degree of closeness (e.g. type of contract)

• Supply chain structures

– Unobserved correlation along two choice dimensions: 
transport mode and supply chain

OEM
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Shippers using
Own account road 
(ShpRO)

Directly contacted 
Operators (DOp)

Large freight 
forwarders (Lff)

Chaining Operators (COp)
17/23

Supply Chain Structures
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ShpRO RH CB RL

DOpCOp Lff DOpCOp LffDOpCOp Lff

Transport 

modes

Supply 

chains

ShpRO DOp COp Lff

RH CB RL RH CB RL RH CB RL

Supply 

chains

Transport 

modes

DOpRH DOpCB DOpRL COpRH COpCB COpRL LffRH LffCB LffRL

ShpRO RHDOp COp Lff CB RL

Supply

chains 

Transport 

modes

All α = 0.5

Supply Chain Structures
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0.53380.53090.5328Adjusted ρ2

-700.56-702.04-704.10Final LL

262924
Estimated

Parameters

0.24200.22710.2515
Cost-time

trade-off

fixed1.00.031.095RL

3.472.9431.521.837CB

fixed1.04.261.014RH

fixed1.0fixed1.0Lff

fixed1.00.181.128COp

2.6511.3821.995.301DOp

fixed1.0fixed1.0ShpRO

t-testValuet-testValue

CNL 

Re-estimated
CNL

MNL

Structural

Parameters

(µµµµ)

- Both NL models do not 
statistically outperform the 
MNL model

- Correlations exist amongst 
alternatives within the nests 
of Directly Contacted 
Operators chain and 
Combined road-rail mode

- CNL provides the best 
model fit

- MNL overestimates the 
value of cost-time trade-off 

Supply Chain Structures
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Choice elasticities

- Shippers with complicated supply chains are more 
sensitive to time than shippers with simple chains

- For-hire road:
more competitive to the other modes in the same chain 
than the same mode in the other chains

- Rail and Combined road-rail:
more competitive to the same modes in the other chains 
than the other modes in the same chain

20/23

Supply Chain Structures
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Conclusions (1)

• Apart from cost and time, logistical and supply chain 

attributes are also the major determinants of demand

• Unobserved correlation amongst mode and/or supply 

chain alternatives must be properly taken into account

• The study offers greater insight into shippers’ choice 

behaviour with respect to modes and supply chains

• Failure to properly account for these observed and 

unobserved supply chain influences leads to

– Degraded explanatory power of freight demand models

– Increased risks of misinterpreted results and violated 

policy implications
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Conclusions (2)

• Future work

– Interdependent choice process amongst agents 

– Models accounting for inter-alternative correlation and 

inter-agent taste heterogeneity simultaneously

Carriers

Freight Forwarders

3PLPs

logistical

services
logistical
services

logistical

services

Shippers/ 

Manufacturers
Retailers/

Customers

Correlation
Taste
heterogeneity
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