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An Explorative Approach to Freight Trip 
Attraction in an Industrial Urban Area  

This chapter presents a freight trip attraction (FTA) model estimated in a Norwegian context. The 
novelty of this research is the explanatory approach taken in a European context by estimating 
the FTA model on an industrial urban area, which functions as a freight hub but not as a city 
center. The model’s functional form is investigated, providing reasons to believe in a nonlinear 
relationship between freight trips and employment. An extended version of the model, including 
establishment and shipment characteristics, shows that information other than establishment 
size and industry type might be relevant when explaining freight trip attraction. The model is 
estimated using data from 271 establishments in Groruddalen (an urban area in Oslo). 

14.1. Introduction 

Many cities suffer from inefficient management of urban freight transport. 
Consequently, freight pickup and delivery becomes tedious and time-consuming, 
leaving urban areas more congested than necessary. One reason for inefficient 
management is a general lack of understanding of freight activities in cities. 
Compared with personal transport, there is little knowledge about the supply and 
demand of freight transport and how heavy vehicle drivers’ route choices affect road 
occupancy [BAS 09, HOL 11, BEN 16]. However, increased knowledge can be 
gained to solve these issues. For instance, a broader understanding of the underlying 
causes for demand and supply of freight transport can support estimates of freight 
traffic to and from establishments. Such information, also referred to as freight trip 
generation, is key to planning transportation systems [SÁN 16b]. Knowing the cause 
of transport (freight trip generation) and hence urban congestion can assist decision 
makers and transport planners when identifying and evaluating urban policy  
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[HOL 16]. The relevance of freight trip generation is also found with respect to 
transport models. González-Feliu et al. [GON 14] categorized transport models into 
four groups according to their applied methodological framework. Common to these 
groups is that all include calculation of freight trip generation in one way or another. 

Despite the usefulness of freight trip generation in public planning and  
policy-making, there is, to the author’s knowledge, limited knowledge about freight 
trip generation both in a Norwegian, and to some extent, a European context. The 
majority of freight trip generation models are estimated on data from the US  
[HOL 11, LAW 12, HOL 13, JAL 15, SÁN 16b, HOL 17]. These models are mostly 
estimated on relatively small areas or city centers in large cities, taking on an 
explorative approach. The applicability of US models to European cities is however 
uncertain [ADJ 16]. European freight trip generation models are less exploratory in 
terms of explicative variables and estimated for either a large city employer  
[ADJ 16], city center or city [ALH 14] (Portugal), [GON 14] (France), [GON 16] 
(France), [SÁN 16a] (Gothenburg), or national samples of establishments [IDI 02] 
(Netherlands), [REI 89] (Norway). Hence, there seems to be a research gap of 
models taking an in-depth approach to explicative variables affecting freight trip 
generation in a European context as well as freight trip generation models for  
non-negligible but small urban areas that are not city centers. 

Based on the identified gaps in the literature, the contribution of this chapter is 
threefold. The first is an explanatory modeling approach for a European context. The 
existing literature shows that most models treat freight trips either as a constant per 
establishment or a linear function of explanatory variables, particularly business 
size. However, although freight production might be approximately linear to 
business size, there are several reasons why the number of freight trips to and from 
the establishment is not. For instance, increased business size and freight demand 
might result in larger shipment size or a change in transport mode [HOL 11]. Hence, 
the model functional form is explored. 

In addition, the impact of extending the model with establishment and shipment 
characteristics are investigated. For freight trip generation models to be relevant for 
public policy planning, publicly available or easily retrieved policy-oriented 
explanatory variables are often used. However, this approach excludes how freight 
trip generation is affected by internal decisions. For instance, pre-arranged transport 
agreements or the flexibility to make daily changes in deliveries might affect freight 
trip generation. The second contribution is an analysis of FTG in a non-negligible 
industrial urban area, which functions as a freight hub but not as a city center. Third, 
as the analysis is done on the establishment data conducted in Groruddalen, an urban 
area in the Norwegian capital Oslo, a contribution to freight trip generation 
modeling in Norway is provided. 
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The rest of this chapter is organized as follows: the second section provides 
background literature and places this contribution among existing FTG models. The 
third section presents the data collection and corresponding data set. The estimation 
results, including a discussion of freight trip generation models’ functional form, are 
presented in the fourth section, and followed by a suggested extension of the model. 
The final section sums up the chapter and concludes. 

14.2. Background 

The most frequently used FTG model in the reviewed literature seems to be a 
linear regression model estimated by ordinary least squares (OLS) with business size 
as the only explanatory variable. This approach often results in a FTG that is either 
constant per establishment or a linear function of business size, with or without a 
constant term. Business size is mostly represented by the establishment’s number of 
employees [LAW 12, HOL 11, GON 14], building area [TAD 94] or a combination 
[REI 89, IDI 02] of both. Separate models are generally estimated for different 
industries or land use groups, resulting in different model specifications for different 
categories. Although such models are common in the field, Holguín-Veras et al. 
[HOL 13] pointed out that FTG models presented in the literature often have too low 
explanatory power (in general). In addition, a few studies have tested the significance 
of the independent variable but not the validity of its functional form [HOL 11]. 

Perhaps as a response, recent literature on the field shows a development within 
FTG modeling, including the introduction of new explanatory variables, nonlinear 
transformation of variables and nonlinear models. For instance, there has been a 
change in the way that land use and industry classification is included in the models: 
instead of estimating one FTG model per category, binary variables are included to 
control for the impact of different industries, land use classification and 
geographical areas [HOL 13, ALH 14, JAL 15, SÁN 16a].  

Other variables, like supply chain variables [ALH 14], interaction terms  
[JAL 15] and location variables [SÁN 16b], are introduced. Alho and Silva  
[ALH 14] found non-normality between FTG and the independent variables for the 
number of deliveries per week, number of employees, number of suppliers, 
establishment area and warehouse area resulting in a transformation of variables. 
Sánchez-Díaz et al. [SÁN 16b] also found nonlinearity in both the dependent and 
independent variables, and that for the extreme skewness case, logarithmic variable 
transformation is most suitable. 

Holguín-Veras et al. [HOL 17] used a power function to control for nonlinearity 
which, when taking its logarithm, equals a model where both dependent and 
independent variables are logarithmic. Nonlinearity is also introduced in the models 
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itself through binary logic models and discrete-continuous models [JAL 15,  
SÁN 16a]. Other recent contributions to the research field are the introduction of 
freight intermediaries (firms that both attract and produce freight trips) [JAL 15], 
challenges related to aggregation levels, including how constant FTG models are not 
necessarily suitable when estimating FTG models on aggregated categories  
[GON 16] and how to control for spatial interaction between establishments  
[SÁN 16b]. 

With respect to Norwegian models of freight trip generation, only one study has 
been located. The work by Reinsborg et al. [REI 89] is a part of the Norwegian 
national guidelines on traffic calculations and it presented three ways to calculate 
trip generation. The first method relies on a constant, experience-based relationship 
between vehicle trips and activity per employee or per 100m2 floor area. A 
distinction is made between the manufacturing, retail and office industry groups. 
The second method is a linear regression model similar to those in the literature. The 
third method is like the first, but parameter size differs with the explanatory 
variables. The authors present recommended values for commercial areas using the 
first method and data from a national survey conducted by the National Public Road 
Administration (NPRA) prior to 1989. However, the numbers include both 
commuting and commercial trips by establishment employees and visiting 
customers as well as freight trips. They are also generic, providing no clear 
distinction between freight trip generation in urban and non-urban areas. Hence, the 
numbers are not comparable with estimates in the literature. Using the second and 
third method, recommended values are provided for residential areas only. Although 
these methods are from 1989, they are still included in the public guidelines by the 
NPRA. This also underlines the need for updated estimates. 

14.3. Data from establishments in Groruddalen 

The data used in this analysis is collected by an establishment survey in 
Groruddalen. Groruddalen is a broad valley in the eastern part of Oslo, Norway, and 
it covers four of Oslo’s boroughs and a wide area of commercial and private  
activity including industries, offices, retails, private housing, schools, commercial 
premises and warehouses. Approximately 140,000 people reside in the valley  
[TVE 16]. In addition, Groruddalen houses the national railway terminal, Alnabru, 
and it is served by several motorways and highways. Groruddalen is an area of 
interest because it suffers from severe road congestion resulting from high 
commercial and private activity. This has advocated a need for the Norwegian 
Public Roads Administration (NPRA) to clarify the future highway system in the 
area. Hence, the data collection was conducted through collaboration with the 
NPRA. 
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The data collection was carried out through a self-reporting Internet survey. The 
survey was distributed by e-mail to establishments in Groruddalen. The survey was 
distributed on 30th of August 2016 following an informative e-mail distributed on 
24th of August. The data collection period lasted until 23rd of September 2016. Two 
reminders were sent to establishments that had not completed the survey. 

The questions in the Internet survey inquired about freight and service traffic to 
and from the establishment. Questions about freight transport included industrial 
activity taking place at the establishment, whether the establishment belongs to a 
business chain, storage area (in m2), importance of real-time delivery, requirements 
with respect to collection and distribution of freight, the number of freight 
transporting vehicles attracted (FTA) and/or produced (FTP) in a typical week, the 
vehicles’ origin/destination, type of vehicles, use of carriers and the establishment’s 
possibility to impact the freight transport. Questions regarding service traffic 
inquired about the type of service taking place at the establishment, number of 
service vehicles attracted (STA) and produced (STP) in a typical week, geographical 
area of origin/destination and type of vehicles used in service transport. Filter 
functions were added to avoid irrelevant questions and reduce the number of 
questions per respondent. 

The data of registered establishments in Groruddalen was retrieved from the 
Registry of Establishments in Norway [STA 17]. The available registry was updated 
in March 2015 and included 2,531 establishments with visiting addresses in 
Groruddalen. Contact information was successfully retrieved for 2,184 
establishments who were the recipients of the survey. In total, 221 establishments 
provided feedback that resulted in a categorization of invalid observations. Typical 
feedback was change of location, i.e. the establishment ceased to exist or e-mail 
delivery failure. This resulted in a final sample of 1,963 establishments from whom 
it could be expected to receive an answer. In total, 385 establishments replied. This 
is summarized in Table 14.1. The respondents are found representative given 
aggregated measures of geography, size and industry. 

Group Observations 
Population 2,531 

Gross sample 2,184 

Net sample 1,963 

Number of respondents 385 

Gross response rate 18 % 
Net response rate 20 % 

Table 14.1. An overview of the number of establishments in the  
population, gross and net sample, retrieved answers and response rates 
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Because of privacy concerns, establishments with only one employee had to be 
removed from the data set. In total, this applied to 14 of 385 respondents. Of these 
14, only seven answered that they had either freight or service transport, hence 
removing one-man firms had a minor impact on the data. Of the 371 observations 
left, 363 answered at least one question. Not all respondents answered every 
question, hence there is some missing information in the data. 

14.3.1. Industry classification 

The Registry of Establishments in Norway includes information about each 
establishment’s industry sector at five-digit SN2007 level. This classification system 
is similar to the North American Industry Classification System (NAICS) and the 
statistical classification of economic activities in the European Community 
(NACE)1. Using the five-digit disaggregation level directly provides too many 
industry groups and hence very few or no observations in each group. However,  
it is used as a starting point for aggregation of the establishments to get as 
homogenous groups as possible. To get a satisfactory number of establishments in 
each group, the one-digit NACE classes (highest level of aggregation) were 
aggregated into 10 groups. This is presented in Table 14.2. Column two presents the 
one-digit NACE main industry classification in the data, while column one shows 
the aggregation, resulting in the 10 chosen industry groups. Despite the 
comprehensive aggregation of industries, some groups still have too few 
observations to be used in estimation: “Accommodation and eating places”, 
“Information” and “Public services and education” include less than 20 
establishments, and “Health care services”, “Offices and commercial services” and 
“Transportation and Warehousing” less than 30 establishments. For this reason, the 
establishments are grouped into freight-intensive sector (FIS) and non-freight-
intensive sector (Non-FIS), inspired by the assumption that sectors where production 
or consumption of freight is the primary activity are freight-intensive [HOL 16]. 
“Manufacturing” and “Offices and commercial services” are split between freight-
intensive and non-freight-intensive industries. 

 

 

 

                                 
1 The SN2007 (Norwegian Standard Industrial Classification) builds on rev. 2 of the NACE-
classification, except for the lowest disaggregation level, where SN2007 is adapted to fit 
Norwegian conditions [STA 08, EUR 08]. 
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Aggregation of 
NACE main 
industries 

NACE main 
industries 

Population Net 
sample 

Answers Freight-
intensive 
industry? 

Accommodation 
and eating places 

Accommodation 
and eating places 

77 46 4 FIS 

Construction and 
sanitation 

Construction 341 265 47 FIS 

Energy supply 1 1  Non-FIS 

Water supply, 
sewage and waste 
management 

17 15 7 FIS 

Health care 
services 

Health care 
services 

163 117 25 Non-FIS 

Information Information 106 80 14 Non-
FIS/FIS 

Manufacturing Manufacturing 189 156 39 Non-
FIS/FIS 

Offices and 
commercial 
services 

Commercial 
services 

148 115 12 Non-
FIS/FIS 

Finance and 
insurance 

17 9 2 Non-FIS 

Managing real 
estate 

75 44 10 Non-
FIS/FIS 

Other services Other services 44 31 9 Non-FIS 

Professional, 
scientific and 
technical services 

194 157 25 Non-FIS 

Public services 
and education 

Art, entertainment 
and recreation 

31 24 4 Non-FIS 

Education 26 23 6 Non-FIS 

Public 
administration, 
defense and social 
insurance 

16 14 1 Non-FIS 

Wholesale and 
retail trade 

Wholesale and 
retail trade 

955 759 144 FIS 

Transportation 
and warehousing 

Transportation and 
warehousing 

129 106 22 FIS 

Unknown Unknown 2    

Total  2 531 1 962 371  

Table 14.2. Industry sectors and frequency distribution of firms 



256     City Logistics 3 

14.4. Estimating freight trip generation models 

Freight trip generation (FTG) often refers to both freight trip production (FTP) 
and freight trip attraction (FTA) [JAL 15, SÁN 16b, GON 16]. However, it is not 
clear whether FTA and FTP should be estimated together or separately. Combining 
freight production and attraction is beneficial as it increases the number of 
observations in the data set if the data includes firms that either generate or attract 
freight trips, not both. Moreover, a combined FTG might be useful for planning 
purposes [GON 16]. Sánchez-Díaz et al. [SÁN 16b] argued, on the contrary, that 
FTA and FTP are driven by different factors, and hence should be seen separately 
and summarized to get FTG. In addition, Jaller et al. [JAL 15] showed that freight 
trip generation from intermediary firms might differ from the sum of estimated 
freight trips produced and freight trips attracted, which is often ignored in combined 
models. Although combining FTA and FTP in one model would let us utilize more 
of the observations from Groruddalen, running the risk of ignoring that FTA and 
FTP are driven by different factors advocates separation. 

Freight trip generation is mostly estimated as a linear relation between FTG and 
explanatory variables like employment, industry sector or land use. However, there 
might be reasons to introduce nonlinearity in freight trip generation models. The 
first and main reason is that while freight generation (FG) is proportional to business 
size, freight trip generation (FTG) might also depend on variables like shipment 
size, vehicle size and transportation costs. Hence, an increase in FG might not result 
in increased traffic [HOL 11, SÁN 16b]. Such a framework, where freight volume 
impacts vehicle size and even mode choice, is for instance used in the Norwegian 
logistics model [MAD 15]. 

The second reason is that variation in the FTG might differ between business 
size, introducing heteroskedasticity in the estimation, and third, extreme values in 
the data set might lead to skewed estimators if not attended to. By taking a 
logarithmic transformation of the variables, these challenges might be controlled for. 
Using the data collected in Groruddalen, the relationship between FTG and 
employment is investigated, showing a positive and nonlinear relationship for all 
industry groups except “Accommodation and eating places”. It is worth noting that 
the relationship for accommodation and eating places is highly uncertain, as it 
consists of only four observations, where only three observations generated freight 
trips. In general, it seems that employment has a higher impact on freight trip 
generation for freight-intensive industries than non-freight-intensive industries. 
Similar results are found when looking at FTA and FTP in isolation. 
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Based on the above argument, there are reasons to estimate separate FTA and 
FTP models, and investigate the model functional form, which for Groruddalen is 
expected to be nonlinear. In addition, as most establishments in Groruddalen attract 
freight trips, the focus is on freight trip attraction models. It is worth emphasizing 
that the number of attracted freight trips in this analysis is the number of vehicles 
that visits an establishment per week with the purpose of delivering goods. 
Reinsborg et al. [REI 89] claimed that on average, the vehicle movements between 
two areas are symmetrical. Hence, a simplified calculation of the total number of 
vehicle movements generated can be found by multiplying the FTA measure by two. 

14.4.1. FTA model functional form 

Based on FTA and FTG models in the literature, which to a large extent include 
publicly available and public policy relevant variables, a model for FTA is 
suggested as follows:  

 
            +   [14.1] 

Where employment is the establishments’ number of employees as provided in 
the questionnaire. If no answer is provided, the number of employees is retrieved 
from the Registry of Establishments in Norway. The notation k denotes the  
10 different industries presented in Table 14.2, and the variable intermediary is a 
binary variable equal to 1 if the establishment is intermediary and otherwise. An 
intermediary establishment both produces and attracts freight trips, and it is expected 
to generate a different amount of freight trips than establishments that only attract or 
produce freight trips [JAL 15]. In addition, the model controls for the possibility  
that intermediary establishments have a different return on employment than  
non-intermediary establishments. Finally, ,  and  are parameters to be estimated. 
Based on equation (1), a model is estimated for all industry groups and each of the 
industry groups including more than 30 freight trip attracting establishments. The 
industry specific models do not include binary variables for industry sector. 

The results from estimating equation [14.1] on all industries show that only the 
transportation and warehousing industry has a significant impact on FTA. However, 
the validity of this result is uncertain, as several of the industry groups have very 
few observations. One way to still control for differences between industries is to 
include a binary variable controlling for whether an establishment is freight-
intensive (FIS) or not. Hence, a binary variable denoting freight-intensive industry, 
an interaction term with employment and a binary variable for transportation and 
warehousing industry is included instead. The revised model for all industry groups 
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is presented in equation [14.2]. The industry specific models are still given by 
equation [14.1] without binary variables for industry sector. 

  
 [14.2] 

All variables included in model [14.1] are expected to have a positive impact on 
FTA: the establishment’s number of employees is thought to reflect firm size and 
hence increases FTA, both existing literature [JAL 15] and the observations in the 
data show that intermediary firms attract more freight than other firms, and by 
definition, freight-intensive sectors are expected to have a higher FTA than non-
freight-intensive sectors. At last, an employee in intermediary and freight intensive 
firms is expected to attract more freight than others, all else being equal. 

14.4.1.1. Estimation results 

In total, 271 of 363 establishments in the data from Groruddalen stated that their 
business attracts freight transport. These are included in the analysis. As argued 
above, special interest is given to the functional form of the relationship between 
FTA and employment. At the simple level, there are four different functional forms 
given by whether the independent and the dependent variables are linear or 
logarithmic. When plotted against each other, the relationship between FTA and 
employment in Groruddalen seems to be nonlinear and the presence of extreme 
values advocates a model where both FTA and employment are logarithmic (log–log). 
However, models treating both variables as linear (lin–lin) are most common in the 
literature and should be investigated. A natural starting point is therefore to compare 
the model fit of a linear (lin–lin) model with a non-linear (log–log) model. 

The lin–lin and log–log models were estimated using ordinary least square 
(OLS), and compared and tested against the necessary assumptions for the OLS 
estimators to be the best unbiased linear estimator [WOO 06]. This shows that the 
lin–lin model suffers from heteroskedastic error terms, while the log–log model for 
all industries does not. This is confirmed by a Breusch–Pagan test for 
heteroskedasticity [WOO 06]. For the industry specific models, both the lin–lin and 
the log–log model specifications have heteroskedastic error terms. 

Heteroskedasticity is a problem in model estimation, as it biases confidence 
intervals and invalidates hypothesis testing with standard methods [WOO 06]. 
However, it can easily be corrected for using robust standard errors. A larger 
problem might occur if the zero-conditional mean assumption is violated, as this 
might lead to estimation bias. An analysis of the residuals from both model  
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specifications shows that the log–log model also outperforms the lin–lin model in 
terms of model fit. Hence, there are reasons to believe that estimators from the  
log–log model are less biased than those from the lin–lin model. 

The results hold for all models, although they are more evident for the model 
including all industries. For this model, an interesting finding is that the lin–lin 
model provides a constant FTA for establishments that are neither freight intensive 
nor intermediary. Such results are often seen in the literature. The models are also 
tested for a lin–log and log–lin functional form. A lin–log model (regression of FTA 
on ln(employment)) shows a good fit to the data, however worse than the log–log 
model. The reason seems to be the extreme values, which are not well 
accommodated in the lin–log model. Since Groruddalen includes a mixture of firms 
of different sizes, the chosen model should be able to explain some of this variation. 
Hence, log–log models are preferred above lin–log models. The log–lin functional 
form (regression of ln(FTA) on employment) did not fit the data and was abandoned. 

Estimation results are presented in Table 14.3. Model (I) includes all 
establishments that attract freight trips, irrespective of industry. Models (II)–(IV) are 
industry specific and include establishments that attract freight trips within  
the industries “Construction and Sanitation”, “Manufacturing” and “Retail” 
respectively. All the models are estimated using a logarithmic transformation of both 
freight trip attraction (dependent variable) and employment (independent variable) 
using OLS with robust standard errors. For the industry group “Manufacturing”, the 
data shows that 29 of 32 manufacturing firms are intermediate. Hence, this variable 
is excluded from Model (III). 

The results in Table 14.3 show that employment has a positive and significant 
impact on freight trip attraction in all models. This is as expected. The impact is 
largest for construction and sanitation industries, where the elasticity2 is almost 0.9. 
Manufacturing and retail has an elasticity between 0.6 and 0.7, while the general 
model including all industries has the lowest value of almost 0.3. All models except 
Model (III) “Manufacturing” include variables denoting whether the establishment 
is intermediary or not, along with an interaction term between this variable and 
employment. The variable for the intermediary firm is only significant for Model 
(II) “Construction and sanitation”. Model (I) “All industries” includes binary 
variables for transportation and warehousing industries and freight-intensive sectors. 
The estimation results show that the variable for transport and warehousing 
industries is significant and positive. 

 
                                 
2 When both the dependent and the independent variables are in logarithmic form, the 
parameter value is interpreted as elasticity, meaning that an increase in the independent 
variable leads to a -% change in the dependent variable [WOO 06]. 
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 (I) (II) (III) (IV) 

 ln(FTA) All 
industries 

ln(FTA) 
Construction and 

sanitation 

ln(FTA) 
Manufacturing 

ln(FTA) 
Retail 

Ln(employment) 
0.291** 0.877** 0.638*** 0.693* 

(0.110) (0.248) (0.148) (0.286) 

Intermediary firm 
0.223 2.438*  0.806 

(0.322) (0.992)  (0.535) 

Intermediary firm × 
ln(employment) 

0.170 –0.589  –0.255 

(0.123) (0.319)  (0.295) 

Freight-intensive sector 
0.466    

(0.362)    

Freight-intensive sector × 
ln(employment) 

0.0220    

(0.118)    

Transportation and 
warehousing industry 

1.850***    

(0.335)    

Constant 1.091** –0.285 1.548*** 1.032* 

 (0.342) (0.662) (0.347) (0.486) 

R2 0.393 0.350 0.529 0.278 

adj. R2 0.379 0.293 0.514 0.259 

F 22.67 7.693 18.59 21.86 

N 271 38 32 120 

Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Table 14.3. Result from estimating freight trip attraction using a  
logarithmic transformation of freight trip attraction and employment 
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The low significance of the other variables might be explained by correlation 
between the explanatory variables and the interaction terms with employment. For 
Model (I), an F-test shows that a model consisting of the binary variable for the 
transportation and warehousing industry as well as the interaction terms between 
intermediary firms and employment and freight-intensive sector and employment is 
an acceptable restriction. Such a restriction could not be done for the other models. 
The explanatory power of the models (measured by R2 and adjusted R2) is relatively 
low, ranging from 0.250 to 0.530. However, this is common for freight trip models 
(in general). 

14.4.2. Model extension with establishment and shipment characteristics 

The second part of this chapter analyzes an extension of the freight trip attraction 
models presented above. The extension is based on the hypothesis that there are 
factors other than establishment size and industry that explain freight trip generation. 
This hypothesis is partly motivated by the low explanatory power of general freight 
trip generation models, like the one presented above, and partly by the data collected 
from establishments in Groruddalen. 

The data collected in Groruddalen includes information about the establishments 
that are not necessarily publicly available. Examples are the establishment’s use of 
logistics provider or degree of time sensitive shipments. The complete list of 
information included in the data collected from establishments in Groruddalen is 
presented in the third section of this chapter. Given that the relationship between 
FTA and employment appears in logarithmic form, as shown above, the extended 
model is suggested as follows (for the model including all industries, the binary 
variables for the industry group are replaced by a binary variable denoting freight-
intensive industry, an interaction term with employment and a binary variable for 
the transportation and warehousing industry): 

  [14.3] 

The first six variables are the same as presented in equation [14.2]. Variables 
seven and eight denote whether the firm uses a carrier for all its shipments or none at 
all. Variable nine denotes whether more than 75% of the firm’s shipments are time 
sensitive, while variable ten says the opposite, i.e. less than 25% of the firm’s 
shipments are time sensitive. Variable eleven and twelve represent the firm’s degree 
of decision making. If the degree of decision making is high, the firm can choose 
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when and how the transport arrives at the establishment. On the contrary, a low 
degree of decision making means that another party makes the decisions. All 
variables except employment are discrete. The six discrete variables included in the 
model extension can take on more than two values (including the answers “don’t 
know” and “no answer”). 

14.4.2.1. Estimation results 

The model presented in equation [14.3] is estimated for all industries and each of 
the three industries “Construction and sanitation”, “Manufacturing” and “Retail”. 
All models are estimated using ordinary least squares (OLS) with robust standard 
errors. For the model including all industries, a restricted version with the binary 
variable for the transportation and warehousing industry and interaction terms is used. 

As before, the variable for the industry and freight-intensive sector is not 
included in the industry specific models. Because of few observations, the variable 
CarrierNo is excluded from all industry specific models, TimeYes is excluded from the 
construction and sanitation model, and DecisionHigh and variables for intermediary 
firms are excluded from the model for manufacturing industries. The estimation 
results are presented in Table 14.4. Model (V) includes all industries, while Models 
(VI)–(VIII) are industry specific models. 

 (V) (VI) (VII) (VIII) 

 ln(FTA) All 
industries 

ln(FTA) 
Construction and 

sanitation 

ln(FTA) 
Manufacturing 

ln(FTA) 
Retail 

Ln(employment) 0.172* 0.897** 0.537** 0.713** 

 (0.0728) (0.262) (0.188) (0.263) 

Intermediary firm  2.333*  0.876 

 (1.043)  (0.525) 

Intermediary firm × 
ln(employment) 

0.195** –0.616  –0.294 

(0.0639) (0.334)  (0.270) 

Freight-intensive sector 
× ln(employment) 

0.120*    

(0.0549)    

Firm use carrier for all 
shipments 

–0.508*** –0.644 –0.547 –0.317 

(0.151) (0.522) (0.280) (0.199) 
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Firm do not use carrier –0.413    

(0.513)    

Above 75% time-
sensitive shipments 

0.483  0.292 0.460 

(0.256)  (0.435) (0.311) 

Below 25% time-
sensitive shipments 

–0.280 0.0920 –0.00267 –0.265 

(0.164) (0.462) (0.343) (0.215) 

High degree of decision-
making 

0.523* 0.922  0.721* 

(0.236) (0.545)  (0.306) 

Low degree of decision-
making 

0.231 0.440 –0.464 0.481* 

(0.152) (0.490) (0.276) (0.200) 

Transportation and 
warehousing industry 

1.746***    

(0.335)    

Constant 1.708*** –0.641 2.075*** 0.820 

 (0.202) (0.740) (0.426) (0.535) 

R2 0.436 0.408 0.577 0.365 

adj. R2 0.415 0.270 0.496 0.319 

F 18.49 3.621 15.59 9.257 

N 271 38 32 120 

Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Table 14.4. Estimation result from estimating FTA on establishment and  
shipment characteristics in addition to public policy oriented attributes 

A look at the estimation results in Table 14.4 shows that, where comparable, the 
results resemble the findings presented in Table 14.3: there is a positive relationship 
between the number of employees and FTA and transportation and warehousing 
firms, intermediary firms and freight-intensive industries tend to have a higher FTA 
than other establishments, all else being equal. A look at the establishment and  
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shipment specific variables shows that use of a carrier for all shipments is negative 
in all models, and significant in Model (V). Hence, establishments that use a carrier 
for all their shipments tend to have fewer shipments than those who do not use a 
carrier for all their shipments. However, the variable denoting no use of carrier is 
also included in Model (V) and has a negative impact on ln(FTA), although not 
significant. 

This might reflect that a mix of own- and third-party transport increases freight 
trip attraction more than choosing only one of the transport solutions. More research 
on this topic would be interesting. The binary variable representing a high degree of 
decision making is positive in Models (V), (VI) and (VIII), but only significant in 
Models (V) and (VIII). The variable denoting a low degree of decision making is 
also positive, although with a smaller impact than a high degree of decision making 
and only significant in Model (VIII). The variables representing time sensitivity are all 
insignificant; however, the parameter signs show that a high degree of time sensitivity 
increases ln(FTA), while a low degree of time sensitivity indicates a (close to) zero or 
negative impact. 

The explanatory power of the models, represented by the ordinary R2, lies 
between 0.400 and 0.600, and the adjusted R2, controlling for inclusion of irrelevant 
variables, lies between 0.270 and 0.500. If these results are compared with the 
model fit from the simpler model, presented in Table 14.3, we can see that all 
models have an increase in the R2, but only two out of four got an increase in 
adjusted R2. Hence, the model estimated for all industries and for retail benefits from 
more variables, while the model for construction and sanitation and manufacturing 
does not. This confirms that different industries require different models to explain 
freight trip generation, and hence the need for industry specific freight trip models. 
The results also show that some industries might require additional information as 
well as business size to explain their freight trip generation. 

14.5. Conclusion 

This chapter presented a freight trip generation model estimated using 
Norwegian establishment data. The analysis has taken on an explorative approach in 
a European context, estimated freight trip attraction (FTA) models for a non-
negligible urban area that is not a city center and explored the relevance of different 
explicative variables in the model. The data used was collected through a self-
completion Internet survey distributed to establishments in Groruddalen, an urban 
area in the Norwegian capital Oslo. Two model specifications have been tested: one 
controlling for business size through the establishment’s number of employees, 
industry group and whether the establishment is intermediary or not, as well as a 
model extension including establishment and shipment specific explanatory 
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variables. Both model specifications were estimated for all establishments attracting 
freight trips, as well as manufacturing establishments, construction and sanitation 
establishments and retail establishments, respectively. 

One of the main results from the model estimation is that the relationship 
between freight trip attraction and employment in Groruddalen is nonlinear, where a 
model including a logarithmic transformation of both freight trip attraction and 
employment (log–log) provides the best fit. A linear relationship between FTA and 
employment provides a constant FTA for certain establishments, as frequently found 
in the literature, but this model suffers from heteroskedastic error terms and violates 
the zero-conditional mean assumption. Another contribution is that establishment 
and shipment characteristics are found relevant to explain freight trip attraction in a 
model including all industries and for retail establishments only. 

Despite interesting findings, there are some weaknesses that should be 
highlighted. First, the models presented in this chapter are estimated on data retrieved 
from a sample of establishments that is fairly representative of its population, 
measured in terms of business size (number of employees), geographical area and 
industry sector. However, some industry classification groups suffer from very few 
respondents. This is mainly a problem for accommodation and eating places and 
public services and education with 4 and 11 respondents, respectively. In addition, 
industry groups including information, health care service, offices and commercial 
services as well as transportation and warehousing have less than 30 respondents. 

The lack of establishments in certain industry classification groups might be a 
reason for their low significance. In addition, the industry group consisting of retail 
establishments includes more than 100 establishments, and hence dominates the 
sample. Such problems might be a consequence of data collected through a  
self-completion Internet survey. Even though a self-completion Internet survey allows 
the researcher to reach many respondents at low cost and little time use, it is at the 
expense of low response rate and control over the answers provided [ALL 12]. More 
targeted sampling, for instance stratified sampling by industry groups, might be 
preferred to allow more research on industry specific freight trip attraction models. 

Another weakness is related to the grouping of industries. A random sample, as 
with the one retrieved from Groruddalen, limits the numbers of industry groups 
available for estimation. This might lead to groups that are in fact too heterogeneous 
for a FTA model. Moreover, relying on industry classification when grouping the 
establishments requires assumptions about industry homogeneity within freight trip 
attraction. This is not necessarily the case. 
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An alternative way of grouping establishments for freight trip attraction models 
is by commodity type, as in the Norwegian logistics model [DEJ 07, DEJ 13]. This 
grouping relies on commodity characteristic similarity instead of industry, 
differentiating between transportation requirements like shipment size, frequency of 
delivery and available mode choices. The Norwegian logistics model currently uses 
39 commodity groups [HOV 15], which is too disaggregated for the dataset in 
question. However, if more data are collected this might be a subject for further 
research. Despite some challenges, the research presented in this chapter provides 
some interesting findings which illustrate the usefulness of taking a more 
explorative approach when estimating freight trip generation in European cities, as 
well as areas for further research. 
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( )iΔ̂ β

( ) ( ) ( ) ( ) ( ) ( )i
i i β i p

ˆ ˆ ˆˆ , , , Tk X k X k X oβ β β β β β βΔ = = +∇ − + −

β∇ ( )po ⋅

⋅
( )iΔ̂

( )( ) ( ) ( )i
ˆβ i β iβ

ˆvar , ,Tk X k Xβ βΔ ∇ ⋅Σ ⋅∇�

β̂
Σ β̂

( )( ) ( ) ( )i
ˆii β i β iβ

ˆ ˆˆ ˆ: var , ,
T

k X k Xτ β β= Δ ∇ ⋅Σ ⋅∇�

β̂
Σ̂

( )
( )

{ }
( )

( ) ( )
l

l

i
j

\ i i
i l,K li

l,K j

ˆ
ˆ, ˆ

j J l

j J

k X x I
λ

β
β λ

∈

∈

⎡ ⎤
⎢ ⎥∂

= − ⎢ ⎥∂ ⎢ ⎥
⎣ ⎦

∑

∑

( )
l

i
l,Kx lK

( )i
lI

ll,Kβ

( ) ( )( ) ( ) ( )i j
ˆij β i β jβ

ˆ ˆˆ ˆ ˆ: cov , , ,
T

k X k Xτ β β= Δ Δ ∇ ⋅Σ ⋅∇�

( )ij i,j
: τΤ =

Λ
�

1
2δ −= Τ Λ

� �
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N×Ncov cov Iδ − − − −= Τ Λ Τ Τ ΤΤ = � �
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�

N×NI � � N� Τ

Τ +Τ

( )
1

2δ += Τ Λ
� �

( ) ( )
1 1

2 2
N×NI+ +Τ Τ Τ ≈ � �

δ
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