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ABSTRACT: This paper conducts an empirical investigation on the temporal stability of parameters of freight demand models in the short-
medium term. The analyses are based on seven national freight origin-destination samples conducted by the Colombian government during
the years 1999 to 2005. The paper studies the stability of the parameters of freight generation and freight distribution. Typical formulations
of these models were calibrated using the cross-sectional data corresponding to each year. Then, to identify time-dependent effects, the
resulting parameters were regressed as a function of a time index. The results indicate the presence of statistically significant time-dependent
effects on all freight generation models (production and attraction), as well as on the freight distribution model estimated with loaded
vehicle trips. In contrast, the parameters of the freight distribution models based on commodity flows were found to be stable overtime.
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RESUMEN: Este articulo presenta una investigacion empirica sobre la estabilidad de pardmetros en los modelos de demanda
de transporte de carga en periodos cortos de tiempo. El analisis es realizado con base en 7 encuestas origen-destino a vehiculos
de carga efectuadas por el Ministerio de Transporte durante los afios 1999 al 2005. El articulo estudia la estabilidad en el tiempo
de los parametros en los modelos de generacion y distribucion de carga, calibrandolos con secciones transversales de datos
correspondientes a cada afio y haciendo regresiones a los parametros resultantes como funcion del tiempo para identificar el
efecto de la dependencia del mismo en los modelos. Los resultados indican que todos los modelos de generacion de carga son
dependientes del tiempo asi como los modelos de distribucion de carga basados en camiones cargados. En contraste, se encontro
que los parametros de los modelos de distribucion de carga basados en toneladas transportadas son estables en el tiempo.

PALABRAS CLAVE: Estabilidad de pardmetros, modelos de generacion de carga, modelos de distribucidn de carga

1. INTRODUCTION [1], as a model that is not stable over time is likely to

produce inaccurate predictions [2].
Analytical transportation planning relies on the use

of demand and supply (network) models to predict
future conditions and the impact of different projects
and programs on the transportation system. In most
cases, the models used in these activities are calibrated
using cross-sectional data from a calibration (base)
year. Once the models have been successfully
calibrated, their independent variables are forecasted
for different scenarios, and used as an input to freight
demand models to obtain estimates of future demand.
Parameter stability is important because evidence of it
provides a direct indication of the validity of a model

In the overwhelming majority of cases, temporal
parameter stability is implicitly invoked by assuming
that the models’ parameters do not change over time.
The practical reasons are obvious as, more often than
not, there are no data to study how the parameters
evolve over time. This is not to say that there are
no concerns about assuming parameter stability, as
there are many indications that this assumption is
problematic. First, since in most cases cross sectional
data are used for model development and calibration,
should the economic conditions be such that they
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impact the freight flows captured in the data, the
parameters of the models will be affected as well. Once
economic conditions change, the freight flows and the
parameters of the corresponding models are bound to
change as well. Second, the ever changing nature of
the world economy means that the economic linkages
between different economic sectors are constantly
being created, transformed, and sometimes eliminated.
In this context, emerging economic sectors are likely
to lead to freight flows not necessarily captured—and
in some cases not even dreamed of—by the data
collection efforts used for calibration purposes. For
instance, the globalization of the world economy has
led to major increases in the volumes and the distances
atwhich freight is transported. As a result, it is unlikely
that freight models calibrated with data collected in the
1980s could have captured, and much less predicted,
the freight flow patterns produced by globalization.
Third, there is the role played by political and social
drives. Events such as the collapse of the Soviet Union
produced major changes in the patterns of commerce
in Europe. Societal trends, such as the increasing
level of awareness of environmental concerns, are
inducing companies to change their distribution and
delivery patterns, out of a desire to be perceived
as a responsible corporate citizen that cares for the
environment. In many instances, companies have
implemented changes in their distribution patterns
that, although are more sustainable in the long term,
are more costly. As in the previous case, the net effect
is to change the geographical patterns of freight flows
and their relation to transportation costs, which impact
the parameters of freight demand models that capture
the sensitivity to transportation costs.

The key implication of all of this is that the assumption
of temporal parameter stability—which is at the heart
of transportation demand modeling research and
practice—is not likely to hold. Surprisingly enough,
not much research has been reported in the literature
concerning the subject of parameter stability, and even
less in the area of freight demand. As a reflection of this,
the literature review only produced a handful of papers.

For the most part, the papers found have focused on
transferability issues ([1], [3], [4]). However, during
the 1980s a body of literature emerged with empirical
evidence about the stability (or in most cases, lack of it)
of parameters of disaggregate travel demand models,
across space, cultures, and time [2]. In reference [4] the
author used a multinomial Logit mode choice model
to examine the validity of model specification, and the

temporal stability of its parameters. The author found
that the specific variables remain stable over the short run
period, and that the parameters used are appropriate for
immediate and short term forecasting. Other papers have
made indirect mention of parameter stability issues [5].

The main objective of this paper is to contribute to the
study of parameter stability of freight demand models
via a systematic study of seven national freight origin-
destination (OD) matrices collected by the Republic of
Colombia’s Ministry of Transportation during the 1999
to 2005 time period. Since efforts were made to obtain
older OD data but were not successful, the emphasis
of the paper is on short-medium term changes as
this is what is permitted by the data available. In the
future, once additional data sets come in line, it will be
entirely possible to re-examine the analyses made here
with the perspective that provides the long term.

The main focus is on the various aspects concerning
freight demand at the aggregate level. This includes
generation and distribution. The OD data are used
to estimate basic cross-sectional demand models for
each of the various years for which data are available.
The parameters from the cross-sectional models were
regressed as a function of a time index to determine
the statistical significance of the time dependent effect.

This paper has five sections in addition to this
introduction. Section 2 provides the reader with a brief
description of the data used in the paper. Sections 3,
4, and 5 offer discussions on the results of parameter
stability analyses of freight generation and distribution
respectively. Finally, Section 6 is a summary of the
key findings from the research.

2. DESCRIPTIONS OF THE DATA

The Freight Origin—Destination Survey (FODS) is
a data collection program initiated by Colombia’s
Ministry of Transportation about 20 years ago.
Initially, the FODS was conducted by the National
Institute of Transport (Instituto del Transporte,
INTRA) and, more recently, by the National Roads
Institute (Instituto Nacional de Vias, INVIAS). The
FODS is conducted at about 70 survey stations where
interviews are made to collect data about origins and
destinations, commaodity type, vehicles used for such
activity, and type of container used, among others.

The FODS provides a comprehensive picture of
national freight flows in Colombia, and is the only
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available source of data for the highway modes that
carry about 70% of the tonnage of freight transported,
which is about the same mode split reported by the
Commodity Flow Survey (CFS) in the United States.
However, while the CFS is a shipper-based survey, the
FODS is roadside survey that targets the carriers. The
FODS is a sizable data collection program with more
than 130,000 surveys every year. It provides useful
information for freight transportation planning, though
it has not been fully exploited for research purposes.

The data are collected for five consecutive days in a
representative week of the year, between 6:00 AM and
6:00 PM. The target population includes all trucks with
a capacity larger or equal to two metric tons, which
pass the screenlines survey within the survey time. To
avoid double counting, a ticket is given to drivers who
have been interviewed so that they are not subsequently
interviewed at another station along the trip. It is assumed
that the maximum error is one that is typical of field
measurement: by the omission of any vehicle that is not
counted (less than 1%), or by the influence of flow at night
(less than 5%) that was not respondent in the variation
of the overall results. However, the authors do not have
enough information to estimate the error.

At the finest level of geographic detail, the survey data
are geocoded at the municipal level, which leads to OD
matrices with 1,100 x 1,100 cells. The analyses in this
paper are based on an aggregation of 36 zones because
in this format the coverage is more complete (electronic
versions of the original files at a finer level of detail have
only been found for four years). The zoning system used
includes 32 internal zones (departments) and 4 external
zones (Ecuador, Venezuela, Peru, and Panama). The
total highway length used in the model is 27,469 Km.
The zoning system and the corresponding highway
network are shown in Figure 1 [7].

3. FREIGHT GENERATION

Freight generation is concerned with the estimation
of the amount of freight produced and attracted by
either individual establishments or zones. As in almost
all other components of freight demand models, the
amount of publications discussing freight generation is
small. It suffices to say that only four out of the 1,500
pages of the ITE’s Trip Generation Manual deal with
freight [6]. The generation of freight is a complex
topic. Part of its complexity stems from the fact that it
is determined by the internal practices and operational
procedures of the establishment that produces/attracts
the freight. A restaurant with limited storage capacity,
for instance, is bound to attract more delivery trips
than a restaurant with a larger storage space in equality
of conditions, simply because of the more frequent
deliveries required by the constrained storage space.
Adding to the complexity, freight could be measured in
multiple ways (e.g., weight, vehicle-trips, deliveries);
and studied at the zonal or the establishment level.
Regarding the level of aggregation, there seems to
be consensus that establishment-level models have a
better chance of capturing the underlying dynamics of
the process, though the data are costlier to collect. The
paper focuses on zone-level models, which is typical
of national freight demand modeling projects.

This chapter focuses on the temporal stability of parameters
related to freight generation (i.e., production and
attraction). The analyses use department-level estimates
of Gross Domestic Product (GDP) and population as
the independent variables that explain production and
attraction of freight. Although other independent variables
could be used, focusing on these two is important because
they are frequently used to explain freight demand. The
GDP and population were obtained from Colombia’s
Department of National Statistics [8].

Figure 1. Zoning System and Highway Network (Colombia)
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3.1 Freight production

The data used to study the relationship between freight
production and GDP spans seven years (1999-2005).
There are good reasons to use GDP, or any other
indicator of economic output, as the freight flows
are nothing more than the physical representation of
the trade patterns captured in these indicators. Two
different sets of econometric models are estimated.
The first one consists of models with GDP as the only
independent variable, while the second set of models
considers the effect of local ports.

To start, it is convenient to take a look at the
relationship between the total tons produced by
different zones and their GDP.

Figure 2 shows the results for 1999 and 2005. The
figure shows that in general, both GPD and freight
production track each other fairly well, and that over
time more cargo is being transported for the same
level of GDP.
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Figure 2 also shows a number of spikes in freight
production that correspond to ports. Jurisdictions in
which a port is located have been marked with an asterisk.

Using econometric modeling could help gain insight into
the nature of the relationship between total freight and
GDP. The first model estimated follows equation (1):

F. = ,GDP (1)
Where: F. is the production function in tons; and GDP

is the Gross Domestic Product of each department in
millions of Colombian pesos (about US$1,600).

The second model is a power function (equation 2),
which has the advantage that the exponent is the
elasticity of production with respect to GDP. The
model was originally estimated with an intercept,
which was later removed because it was not significant.
The results for the different cross sections are shown
in Table 1.
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Figure 2. Tons Produced vs. GDP (1999 and 2005)
Table 1. Parameters of Freight Production Models
Linear Model Power Model
Parameter Adjusted Parameter Adjusted
Year B1 t R Bl t R F
1999 0.8764 | 862 | 0.70 7430 09886 | 87.11 0.96 7588.17
2000 0.8126 | 900| 0.71 80.90 0.9854 | 93.69 0.96 8777.31
2001 10765 | 919| o072 84.57 1.0095 |103.31 0.96 10673.98
2002 0.8493 | 852 | 0469 72.54 0.9970 | 96.64 0.96 9339.40
2003 0.9088 | 701 0.61 49.14 1.0092 | 94.71 0.96 8970.16
2004 10054 | 703| 061 4938 10185 [102.77| 096 10562.45
2005 12575 | 792| 066 62.80 1.0227 [130.53| 096 17038.50
Time
dependent ? Yes Yes
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Fo = ﬂoGDPﬂl )
Table 1 shows that the parameter S, in the linear
model varies between 0.81 and 1.26, indicating that
on average one million of Colombian Pesos of GDP
(about US$1,600) are needed to produce a ton of
freight. The results also show that the parameter f,
in the linear model increases overtime, and, in
2005is 1.4

times the parameter in 1999. The power function is
apparently more stable in the parameter (elasticity)
though the reader should keep in mind that a change
in the parameter of 4% can represent a change in the
estimates of more than 50%. As shown in the table, the
parameters were found to be statistically significant
and time-dependent.

An alternative model takes into account the additional
freight produced by a port. This was accomplished
with the introduction of a binary variable (Port) into
the model. The zones with ports dedicated to oil or
coal exports were not included in the analyses because
they typically use either pipelines or rail to transport
the cargo, and do not produce general cargo. The
formulations are shown in equation (3) for the linear
model, and in equations (4) and (5) for the power
model, and the results can be seen in Table 2.

It is important to note that in the linear model the
parameter A, in 2005 is 1.4 times the parameter in
1999, while the combined parameter (4 + 42 Port)
for zones with a port, in 2005 is 1.6 times that cor-
responding to 1999. This clearly suggests that in the
linear model the freight generation in port zones is
growing more rapidly than in the rest of the country.

Similarly, the parameter #: of the power model in
2005 is 1.035 times the parameter in 1999, while
the parameter (4 +/7.Port) in 2005 is 1.025 times
the parameter corresponding to 1999. Although this
seems to indicate that the parameters of the power
function are more stable, in reality this is not the
case as a small change in an exponent would lead
to a major change in the dependent variable. The
results show that in the linear model, the parameter
of GDP is more stable than the one for Port(GDP).
The same trend is observed in the power model. In
almost all cases, however, the time index variable
was found to be statistically significant (|t-value| >
1.96) as an explanatory variable of the change of
value of the parameters over time.

3.2 Attraction Models

In this subsection, the relation between total tons
attracted by the different zones and their corresponding
populations is studied. The data are shown in Figure 3
for 1999 and 2005. As in the case of freight production,
the data show that the amount of freight attracted
by the population centers has increased over time.
As shown, while the city of Bogota attracted about

F. = (B, + B,Port)(GDP) = 3,(GDP)+ s,Port(GDP)  (3)
The power model is:

F. = 3,GDP/A*/zMr (4)
In(F,) = 5, + (B, + p,Port) In(GDP) (5)

13 million tonsin 1999, in 2005 this
increased

to

more

than

Table 2. Parameters of Freight Production Models Including Ports

20 million tons.

Linear Model Power Model
Parameter Parameter i Parameter Parameter| .
Year Bl t1 B2 t2 |Adj.R°| F B1 tl p2 t2 | Adj. R F
1999 0.6630 11.33 1.1793 | 8.57| 0.89 | 173.58] 09793 | 8354 | 0.0593 | 2.00 0.96 | 4217.25
2000 0.6272 12.12 1.0641 8.58| 0.89 |186.21] 09780 | 88.26 | 0.0472 1.69 0.96 | 4689.45
2001 08385 | 11.76| 13363 | 791| 0.89 |170.05] 1.0019 | 9858 | 0.0487 | 190 | 096 | 5854.46
2002 0.6543 | 1063 | 1.1517 | 7.70| 0.88 | 144.18] 09891 | 9188 | 00503 | 1.85| 096 | 509230
2003 0.6541 8.57 1.5402 | 8.21| 0.86 | 118.61] 1.0015 | 8937 | 00487 | 1.73 0.96 | 4816.31
2004 0.7237 8.82 17238 | 849| 0.86 |[125.82] 1.0104 | 98.40 | 0.0508 1.97 0.96 | 5846.18
2005 09308 | 1252 20384 | 1098 091 |230.71] 1.0148 | 13052 00501 | 2.56 | 0.96 [10276.94
Time
dependent ? Yes Yes Yes Yes
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Figure 3. Tons attracted vs

As in the previous case, econometric modeling was
undertaken using the cross-sections for each year. The
linear model used is shown as in equation (6), and the
corresponding power function in equation (7). The

17
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F, = 4,POP (6)

Where F is the production function in tons, and POP is
the Population of each zone in number of inhabitants:

statistical results are summarized in Table 3.

F,=POP”

Table 3. Parameters of Freight Attraction Models

Linear Model Power Model
Parameter Adjusted Parameter Adjusted
Year 1 t R’ T Bl t R’ I
1999 2.0948 | 17.60 (.88 310.54 1.0297 123.57 0.96 15270.55
2000 1.9332 | 21.70 0.91 470.20 1.0253 136.01 0.96 18499,24
2001 2.6449 | 20,00 0.90 4(31.94 1.0442 129.61 0.96 16798.12
2002 2.089%8 | 20.10 0.90 404,30 1.0331 95.21 0.96 9064.24
2003 2.491 15.50 0.86 240.27 1.0377 96.09 0.96 9232.67
2004 2.9191 | 16.10 0.87 260,23 1.0499 110.22 0.96 1214%.76
2005 34782 | 17.60 0.88 310.74 1.0670 113.39 0.96 12857.68
Time
dependent ? Yes Yes

()

The parameters of the linear models vary between
1.93 and 3.48 with an average of about 2.50 which
indicates that during this time period, one individual
attracts about 2.5 tons of freight per year. This value
is still small compared with developed countries like
the United States, where the value is 38 tons per capita
in all modes, and 26 tons in highways (69%) in 2002

[9]. Both models (linear and power) also show that
the amount of cargo attracted by the population is
increasing over time. An alternative model takes into
account the additional freight attracted by a port. The
linear model used is shown in equation (8) and the
corresponding power function in equation (9). The
statistical results are summarized in Table 4.

Table 4. Parameters of Freight Attraction Models Including Ports

Linear Model Power Model
Parameter Parameter Adjusted Parameter Parameter Adjusted
Year Bl tl B2 12 R Bl tl B2 2 R’ F
1999 1.8856 |18.33| 0.9946 | 4.43 0.91 272.44) 1.0235 (117.21] 0.0392 | 1.78 0.96 |8252.48
2000 1.7859 [22.25] 0.7048 | 4.01 0.93 374.72] 1.0199 [128.42] 0.0339 | 1.69 0.96 [9888.59
2001 2.3947 |22.63| 1.2059 | 5.19 0.93 [407.49] 1.0364 |128.57| 0.0498 | 2.45 0.96 [9958.64
2002 1.8858 |23.63| 0.9894 | 5.63 0.93 [447.78] 1.0263 | 88.72| 0.0431 | 1.48 096 [4731.94
2003 21719 |17.95] 1.5565 | 5.83 0.92 [283.63] 1.0269 | 95.66| 0.0686 | 2.53 0.96 [5545.33
2004 2.5913 |17.29] 1.6072 | 4.84 0.91 250.07| 1.0394 |112.76| 0.0666 | 2.86 0.96 |7698.04
2005 3.1324 |18.70[ 1.7041 | 4.58 0.92 [281.00] 1.0601 |107.55| 0.0445 | 1.79 0.96 |6952.84
Time
dependent ? Yes Yes Yes Yes
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F, = 5,(POP)+ j,Port(POP) (8)
FA — ,Bo POP,H1+ﬁ2P0rt (9)

The analyses in this section clearly indicate that,
regardless of the formulation used during estimation,
the parameters of freight attraction and production
have increased over time. The statistical models
that express the parameter values as a function of
the time index indicate that, in almost all cases, the
parameters are time-dependent. As an illustration, the
parameters of the linear model of freight production
increased 40% between 1999 and 2005, while the
parameter of the linear model of freight attraction
increased 73% in the same time period. In essence,
these results indicate that, over time, more freight is
being produced and attracted by a unit of GDP and
population, respectively.

4. FREIGHT DISTRIBUTION

The second group of models to be studied is the one
that focuses on the estimation of freight distribution
patterns. This is probably one of the processes in which
freight demand modeling is the weakest, as it is the one
where the mismatch between model assumptions and
reality is the largest. Although the reasons are many
and cannot be fully enumerated here, it is important
to discuss the key ones.

The bulk of freight demand modeling applications relies
on the use of distribution models originally designed
for passenger demand modeling. The main focus of
these models, e.g., gravity, is on explaining the flows
between an origin i and a destination j as a function
of the attributes of i and j, and the corresponding
travel impedance. This approach is acceptable in

passenger transportation as, in most cases, it could
be argued that these assumptions are appropriate.
However, in freight transportation—where long tours
are the norm and not the exception—this assumption
could be problematic. In Denver, for instance, the
number of stops per tour is 5.6 [10]. As result of the
multiplicity of individual trips in a long tour, the
physical origins and destinations of the individual trips
in the tour are likely to be very different than the sites
that mark production and consumption relationships.
When this happens, the assumption made by most
distribution models, i.e., that the individual trips
could be explained by the attributes of i and j, breaks
down and the use of traditional distribution models is
called into question. This is likely to be the case of
urban freight. However, there are cases in which the
mismatch between production-consumption (PC) and
origin-destinations (OD) is less critical. One of such
case is intercity freight transportation in developing
countries like Colombia. In these cases, the number of
long tours is much less than in urban freight. This leads
to a situation in which using trip-based distribution
models is a reasonable decision.

In this section, a set of doubly-constrained gravity
models are estimated for both commodity flows in
tons, and loaded trips in vehicle units. These models
account only for the loaded trips in the network. The
models were estimated for six years (2000-2005)
using a doubly constrained gravity model. Distance
was used as the impedance variable because costs
were not available for all the years. The distances
were obtained based on the current road network in
the country. Three different impedance functions were
used: power, exponential, and gamma. The gamma
function did not converge in all cases. The values of
the parameters found are shown in Table 5.

Table 5. Parameters of the Impedance Functions (Distance)

Year Loaded Trips Vehicles Commodity Flows
Power (b) Exponential (c) Power (b) Exponential (c)
2000 1.9121 0.0027523 1.2748 0.0016345
2001 1.6444 0.0023046 1.0550 0.0012418
2002 1.5916 0.0022399 0.9977 0.0011591
2003 1.7623 0.0024242 1.2032 0.0014859
2004 1.6317 0.0022692 1.0879 0.0013287
2005 1.5286 0.0019833 0.9535 0.0009933
Time
dependent ? Yes Yes No No




Dyna 166, 2011 19

Table 5 shows that, in general, the parameters of the
models estimated using the commodity flows are lower
than those from vehicle-trip models. As shown, the
value of the parameters of the power function varies
between 1.53 (2005) and 1.91 (2000) in the case of the
loaded vehicle trips model; and varies between 0.95
(in 2005) and 1.27 (2000) in the case of commodity
flows model. In the case of the exponential function,
the parameters vary between 0.0020 (2005) and 0.0028
(2000) in the loaded vehicle trips model, and between
0.0010 (2005) and 0.0016 (2000) in the case of the
commodity flows model.

The results show that the parameters of the impedance
functions decline over time. It is worthy to note that
since the analyses used distance as the impedance
variable, the changes in the parameters are solely
the product of changes in the demand (observations
indicate no major change in congestion during the
period of analysis). These results have a direct impact
in terms of prediction capability as a model calibrated
with data from the year 2000 will produce very
different forecasts than a model calibrated in 2005, as
the impedance effect did not remain constant.

However, the statistical tests of time dependence
indicate a split situation. As shown, while the
parameters of the models estimated using loaded
vehicle trips were found to be time-dependent, the
ones estimated with commodity flows were not. This
obviously suggests a decoupling between vehicle-trips
and commodity flows, which makes perfect sense
because the commodity flows reflect the production-
consumption patterns, while the vehicle trips are
a reflection of the logistical decisions made by the
freight carriers. Since the production-consumption
patterns are much slower in changing than vehicle-
trips, it should not be a surprised that one is stable
while the other is not. The decrease in the value of
the parameter indicates that travel impedance is less
importance than before. To a certain extent, this result
is not surprising as it is well known that economic
globalization has led to increases in both the amount
of freight transported, and the corresponding distance.

5. CONCLUSIONS
This paper presents empirical research on the temporal

stability of the parameters of freight demand models
in the short-medium term. The analyses are based

on seven national freight origin-destination samples
conducted by the Colombian government during the
years 1999 to 2005. The paper presents a study of the
stability of the parameters of freight generation and
freight distribution models. Typical formulations of
these models were calibrated using the cross-sectional
data corresponding to each year. Then, to identify
time-dependent effects, the resulting parameters were
regressed as a function of a time index. The results
indicate the presence of statistically significant time-
dependent effects on all freight generation models
(production and attraction), as well as on the freight
distribution model estimated with loaded vehicle trips.
In contrast, the parameters of the freight distribution
models based on commodity flows were found to be
stable over time. The reason may be related to the
fact that the commodity flows reflect production-
consumption patterns that are much slower to change
over time than vehicle trips that are the result of short
term logistic decisions on the part of the carriers.

The results indicate that the amount of cargo produced
by a unit of GPD, and the amount of cargo attracted
by a unit of population have increased over time.
This seems to indicate a lowering of the unit value of
the cargo transported in Colombia, and an increase
in the amount of goods consumed by the citizenry.
The decrease in the value of the parameters of the
vehicle-trip distribution models indicates that travel
impedance is less important than before. In contrast,
the commodity flow distribution models were found
to have stable parameters. This suggests that the
difference is due to a change in the logistical patterns
of the freight industry, as opposed to a change in the
underlying demand. Faced with increasing customer
demands, freight carriers are frequently pushed to
provide faster service with lower payloads at longer
distances. Such changes could explain the finding
concerning the vehicle-trip distribution models.

Taken together, this research has provided a mixed bag
of evidence concerning the validity of the parameter
stability assumption. As discussed in the paper, the
assumption was rejected in half of the cases (freight
generation and vehicle-trip distribution models), and
found to hold in the commodity flow distribution
models. Such a result is befitting for such a complex
and important topic as it leads to the obvious
conclusion that still more research is needed to reach
solid conclusions.
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