Determinants of Capacity Utilization in Road
Freight Transportation

=
—
|

i

Megersa Abate
PhD student
DTU

\\\\”//// I
TECTRI FEHRL

i



Motivation

« Importance of trucking

= trucking ensures delivery of goods between most economic
sectors

o flexible mode

« Environmental impacts of trucking

= Significant source of emission
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Motivation

- Load factor and empty running are the two main indicators of
capacity utilization

« Generally there are 2 explanation for capacity utilization differential
between carriers

= Cost differential
- Government regulation
- Information technology capability of trucks

= Traffic composition

- Prevalence of bulk goods travelling over long distance (increased
TKM)
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Utilization of the available capacity (%)
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Empty Running ( %)
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Motivation

« To improve environmetal performance In
trucking we have 3 alternatives

= Technological improvments, e.g. Improved fuel efficiency

= Modal split in favour of rail and maritime

= Improve efficiency within the trucking industry ( focus of this
paper )
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Motivation

» Objective of this paper

s To examine underlying determinants of capacity
utilization

- Can truck, carrier and haul characteristics explain
CU differential between carriers ?
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Outline of presentation

« Econometric framework

e Data

e Results and conclusions
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Econometric Framework

« Joint estimation of empty running and the load factor

= The load factor is given by the following equation:

Y, =B, X, +U, @

= where X1 is a vector of explanatory variables and ul is a residual term. Y1 is the load factor,
whose observability is conditional on the following market access equation:

Y,=1ifeX+, >0 Y,=0otherswise (29
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Econometric framework

« The following assumptions are made for estimation
(Wooldridge, 2000 p. 562):

o

(X,,Y,) are always observed, but Y, is observed only wheny, = 1;

u]

(u,,v,) are independent of X, with zero mean (X, is exogenous in the
population)

u]

u, ~ Normal (0,1) andv, ~ Normal (0,1)

u]

E (u,]v,) = v, (residuals may be correlated; e.g. bivariate normality).
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Econometric framework

« main hypotheses

= Trip distance (+),

= carrier type ( + for for-hire carriers ),

= truck carrying capacity (?)

= Truck’s age and trips to net importing regions are used as exclusion restrictions
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Data

« Danish heavy trucks trip diary (>= 6 tonnes ), quarterly
data for 2006 & 07

= Each trip, including empty trips, is recorded as a separate trip

= We use 18218 trips made by about 1000 trucks between 15 regions
iInside Denmark.
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The load factor is given by the following equation:
Y, =B,X, +U, ()

where X, Is a vector of explanatory variables and u, Is a residual term. Y, is the load
factor, whose observability is conditional on the following market access equation:

Y,=1ifoX+, >0 Y,=0otherswise (9
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Table 1 : Descriptive Statistics

Variables Obs Means S. Dev. Min Max
Load factor (%)
Whole sample 18218 36.02 36.13 0 2.46
Loaded trips 12655 51.84 32.5 0.0024 246
Rigid truck 5196 40.01 42 0 246
Semi-trailer truc 4359 44.23 41.63 0 144
Articulated Truck 8663 29.44 27 0 125
Trip distance (km)
Whole sample 18218 120.12 99.74 1 599
Loaded trips 12655 135.85 108.41 1 599
Empty trips 5563 84.31 63.2 1 416
Rigid truck 5196 93.31 93.44 1 583
Semi-trailer truc 4359 113.2 88.77 1 576
Articulated Truck 8663 139.66 104.31 2 599
Truck maximum legal carrying capacity (tons)
Whole sample 18218 28.18 13.04 2.45 52.8
Rigid truck 5196 11.43 421 245 215
Semi-trailer truc 4359 30.53 5.24 8.6 49.15
Articulated Truck 8663 37.05 9.13 11.7 52.8
Age (years )
Whole sample 18218 3.76 3.5 0 22
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Table 2: Distribution of Categorical Variables

Variables Share (%)
Carrier type
For-hire 85.75
Own-account 14.25
Trip type
Loaded 69.48
Empty 30.52
Fully Loaded* 0.05
Truck type
Rigid 28.52
Semi-trailer 23.93
Articulated 47.55
Voluminous Cargo** 5.54
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Table 3 : List of variables used in the empirical analysis

Category Variables Description

Dependent Variables LF The load factor of a truck during a loaded trip
Binary dummy variable equals 1if LF >0 and 0
Loaded otherwise
Independent Variables  Carrier Characteristics

Binary dummy variable equal t1 if a truck is owned
For-hire by a for-hire carrier

Truck Characteristics
Age Age of a truck
Capacity Maximum legal carrying capacity

Haul Characteristics
Distance Distance between origin and destination of a trip

Set of binary dummy variables showing the
Commodity commodity class of the transported cargo

Binary dummy equal 1 if a trucks goes toward a net
Trip to net importing region importing region
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Results

- Highlights

- expected results

- trucks owned by for-hire carriers exhibit better utilization
- trucks have better load factor and have less empty running

- mixed resuts
- carrying capacity — may be non-linear

unexpected
- negative rho (correlation between error terms)
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[1] [2] [3] [4]

Variables Coefti. t-stat Coefti. t-stat Coeffi. t-stat Coeffi. t-stat

The load factor equation
Constant 0.555 27.85 0.589 8.33 0.593 8.44 0.654 9.25
|For-hire 0.048 5.60 0.076 9.86 0.077 10.07 0.081 10.65 |
Own-account Reference
Distance 0.0002 3.80 0.0003 8.46 0.0004 9.05 0.0004 9.33
Capacity -0.004 17.17 -0.006 -28.30 -0.006 -28.60 -0.012 1371 | corr(u, v,)
Voluminous cargo -0.107 -11.5 -0.1038 -11.16
Capacity squared 0.0001 7.25
|Rho 0.049 0.61 -0.183 -2.59 -0.182 -2.62 -0.176 -2.48
Comodity dummies yes yes yes

The market access equation
Constant 0.108 2.72 0.099 2.54 0.100 2.57 0.059 1.13
For-hire 0.016 0.57 0.015 0.51 0.015 0.50 0.012 0.42
Own-account reference
Distance 0.004 32.0 0.004 32.27 0.0001 32.3 0.004 32.10
Capacity -0.0034 -4.09 -0.003 -4.08 0.0008 -4.09 0.0007 0.21 Exclusion
Capacity squared -0.0001 -1.21 rest
Truck age -0.011 -3.51 -0.009 -3.21 0.003 -3.26 -0.010 -3.26
/

Trip to Net-import 0.157 7.58 0.156 7.58 0.021 7.56 0.157 7.57
Log L -14129 -12265 -12198 -12142

Observation: the market access equation N = 18218, the load factor equation N =12657
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Results

- The negative sign for rho may appear anomalous since most studies based on
sample selection models get a positive sign for it. A negative correlation is not
uncommon in the literature, and we give the following three explanations.

- there is no prior reason to expect a positive relationship between the two error terms (Ermisch
and Wright, 1994)

- Second, the fact that we restrict our sample to intercity trips may introduce selectivity problem.

- Third, a more plausible explanation for the negative correlation is related to carriers'
expectations. For a truck in a backhaul trip it is usually difficult to get a return load. A carrier
may, therefore, choose to carry a small load (implying lower load factor) instead of running
empty if freight rates cover market access costs (implying less empty running).
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o i AL RS Transportation 19



Results

- Potential specificaiton problems
- Correlation between trips (trips can be part of a trip chain or tour)
- Simultinunity bias
- Panel data
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Conclusions

- In this study, we have analyzed the underlying determinants of two aspects
of capacity utilization, empty running and the load factor

- The results indicate that the main explanatory variables have the expected
signs and statistically significant effects.

- Trip distance is shown to have a positive effect both on the load factor and the probability of
market access.

- Though being a for-hire carrier does not appear to have a significant effect on the market
access decision, it has a positive and significant effect on the load factor. So increase the
share of for hire-operators ?

- Truck size, captured by the maximum allowable carrying capacity, appears to have a negative
effect both on the load factor and market access. A significant and positive coefficient for its
squared term shows that the effect of carrying capacity is non-linear; as such for larger trucks
the market access probability and the load factor are higher. This result adds an interesting
insight into the current debate over whether to increase the maximum legal carrying capacity
of trucks in Europe.
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