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Abstract  

 

The value of freight travel time savings (VFTTS) is a monetary value that is considered an 

important input into cost-benefit analysis and traffic forecasting. The VFTTS is defined as 

the marginal rate of substitution between travel time and cost and may therefore differ 

across firms, time and countries. The paper aims to explain variations in the VFTTS by using 

the meta-analysis method. The analysis covers 106 monetary valuations extracted from 56 

studies conducted from 1988 to 2018 in countries across the globe. The meta-analysis 

method determines the factors that have an impact on these VFTTS variations. The paper 

briefly introduces the VFTTS concept and describes the adopted meta-analysis 

methodology, wherein different meta-models are used in VFTTS estimations. The results 

highlight the necessity of including multiple explanatory variables to ensure adequate 

explanation of the VFTTS variations. The findings also show that GDP per capita, transport 

mode and type of survey respondent are statistically significant variables. The paper sheds 

some light on the variations, thereby advancing the understanding of each factor’s effects 

on the VFTTS. Furthermore, meta-model outcomes are used to generate new values of 

travel time savings for different transport modes in freight transport, for several countries. 

These implied VFTTS can be used as benchmarks to assess existing evidence or provide 

new evidence to countries where no such values exist.       
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1. Introduction 

The value of freight travel time savings (VFTTS) is an important input to cost-benefit analysis, 

in particular when comparing time-savings with other costs and benefits of a project. Traffic forecasting 

is another area in which VFTTS is used as an input (De Jong, 2008). Analysis of the VFTTS was 

introduced in the mid-1980s when an increase in the value of products and the quality of services was 

noted in commodity market (Zamparini and Reggiani, 2007a). In both freight and passenger transport, 

the value of travel time savings (VTTS) is associated with maximising profit for firms and utility for 

passengers/workers. This maximisation problem is based on microeconomic theory, and is typically 

implemented using willingness-to-pay surveys and behavioural models to measure the VTTS for people 

and/or commodities (Zamparini and Reggiani, 2016). VFTTS is a key benefit of the majority of transport 

improvement in both freight and passenger transport. In cost-benefit analyses, the time savings account 

for about 80% of the monetary benefit of projects in total in the United Kingdom (Mackie et al., 2001). 

The freight transport, time savings in European countries represent a vital part of this percentage which 

is approximately a third of the time benefits (Massiani, 2003). Therefore, a precise estimate of the 

VFTTS is essential for transport policy and planning.  

In the paper we would use the terminology VFTTS; however, we acknowledge that there is a 

debate about using VFTT or VFTTS (Daly and Hess, 2019). We mean that the VFTTS is a value of unit 

whether is a gain or loss. The VFTTS is usually reported in monetary terms per hour, which reflects the 

larger time and distances associated with the freight sector, unlike the monetary unit per minute 

sometimes used in passenger transport. One major issue in studies on the VFTTS is the heterogeneity 

between these values due to the influence of the shipment size, the decision makers, the transport 

mode and the type of goods being shipped. A further difference is the choice of analysis method. 

Therefore, it is important to consider the heterogeneity between VFTTS estimated in different ways (De 

Jong, 2008). This paper aims to address how study-specific characteristics and within-study differences 

can explain the observed variations in VFTTS reported in the literature. We draw on studies published 

in the academic literature as well as unpublished studies, such as government reports, PhD theses, 

conference papers and working papers. We substantially expand on the studies used in past meta-

analyses of VFTTS. To achieve this aim, a meta-analysis framework is used to explain variations across 

studies.  

Meta-analysis has been applied in a range of domains that have combined the results of various 

studies that address the same research question (Wampold et al., 2000). The technique can be defined 

as a statistical analysis of the results that have been analysed in previous empirical studies. The use of 

the meta-analysis technique in the social and behavioural sciences emerged in the 1970s. Glass (1976) 

was the first to use the term ‘meta-analysis’ for what has become a powerful tool in the social sciences 
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(Bangert-Drowns, 1986). Since that time, researchers from different fields have shown an increased 

interest in using the meta-analysis method. The main objective of meta-analysis studies is to evaluate 

and analyse the quantitative results of multiple individual studies (Cleophas and Zwinderman, 2007). 

The now well-established meta-analysis method provides valuable statistical results that are more 

efficient than the results of primary studies, due to the aggregation of existing information and data that 

supports decision making. Moreover, this type of analysis increases the precision and limits bias to 

improve the reliability of the findings (Chalmers and Altman, 1997). 

This paper contributes to the existing literature by performing an updated review of the VFTTS, 

which has only been reviewed in a few studies so far (Zamparini and Reggiani, 2007a, De Jong, 2008, 

Feo-Valero et al., 2011), of which only the first contains a meta-regression. The present meta-analysis 

includes studies from around the world and applies statistical analysis to pool the values, unlike the 

meta-analysis conducted by Zamparini and Reggiani (2007a), which only used VFTTS studies from the 

United States and developed countries in Europe, and only considered the road and rail transport 

modes. Furthermore, the present study examines a substantial number of explanatory variables, such 

as gross domestic product (GDP) per capita, transport mode, type of survey respondent, and survey 

method, among others. An additional difference between this analysis and the previous analysis is that 

the present paper considers the panel nature of the data that contain several studies from different 

countries by estimating fixed and random-effects models in addition to ordinary least squares (OLS). 

Besides, the weighted least-squares (WLS) model is used for weighting each study by the number of 

observations or the sample size as a proxy of precision of the VFTTS. Therefore, different meta-models 

will be used to consider the heterogeneous dataset and to obtain more precise estimates. In addition, 

meta-model outcomes will be used to generate VFTTS for different countries to be compared with past 

results and predict other situations.         

The remaining sections of the paper are as follows: section 2 briefly discusses the concept of 

VFTTS, how it is calculated in the literature, its features and the data methods used to estimate it. 

Section 3 provides a brief review of the meta-analysis method in freight transport. Section 4 describes 

the data and search strategy. Section 5 presents the meta-model. In section 6, the estimation results 

are reported and interpreted. Section 7 contains a conclusion and recommendations for future work.  

2. The Concept of Value of Freight Travel Time Savings 

The value of time concept was first studied by Becker (1965) who discussed the basic methods 

that were afterwards adopted to analyse the value of travel time in passenger and freight transport. 

Several other authors have proposed adjustments and enhancements to calculate this value (Johnson, 

1966, Oort, 1969, DeSerpa, 1971, Jara-Díaz, 2000). In relation to freight specifically, VFTTS is defined 
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as the monetary value which derives from a unit reduction in time which is needed to move goods 

between two locations1 (De Jong, 2008). 

Whereas the passenger is the decision maker in passenger transport, different decision makers, 

such as the shipper or the carrier, are involved in freight transport choices. The former considers the 

cost of the cargo while the latter considers the transport cost (Sambracos and Ramfou, 2016). 

Variations in VFTTS are also caused by other factors, such as the method of collecting data, the mode 

of transport, the regions where the survey is conducted and the income of the countries (Zamparini and 

Reggiani, 2016). In the literature, studies use different methods to derive VFTTS. The factor cost 

method values the time savings on the basis of data related to wage rates and vehicle costs. In this 

method, saving in the costs of labour and vehicles could be used for other shipments when the travel 

time is decreased (De Jong, 2008). The second method is the behavioural model, which is commonly 

based on maximising utility in passenger transport and profit in freight transport (Sambracos and 

Ramfou, 2016).  

The theoretical formulation of the firms can be described by the utility (profit) maximising 

problem. The maximising problem explains the firm’s profit, which contains the price of the transported 

goods, wage rate, transport attributes and the firm’s characteristic (Zamparini and Reggiani, 2007a). 

Choosing between two different transport alternatives allows to derive the VFTTS and this is equal to 

the price that a firm is willing to pay to minimise the time needed to move goods between two 

destinations (De Jong, 2008). Using the logit model, based on consumer behaviour theory, helps to 

represent the utility for firm 𝑗 preferring transport alternative 𝑖, and the model is defined by 

               𝑼𝒊𝒋 = 𝛂 𝑪𝒊𝒋 + 𝜷 𝑻𝒊𝒋 + 𝜺𝒊𝒋                                                                                                              (1) 

Where 𝑈𝑖𝑗 is the utility of firm 𝑗 derived by choosing a specific transport alternative 𝑖; 𝐶𝑖𝑗 is the transport 

cost for firm 𝑗 in relation to alternative 𝑖; 𝑇𝑖𝑗  is the travel time of firms 𝑗 in relation to alternative 𝑖; α and 

𝛽 are the estimated parameters for cost and travel time; and 𝜀𝑖𝑗 is the error term that is related to 

unobserved attributes for the firm’s utility (Kawamura, 2000, Zamparini and Reggiani, 2007a). Most 

studies in the literature used this method to estimate the VFTTS, which in most cases is derived from 

a linear and additive utility function, by dividing the marginal utility of time by the marginal utility of cost, 

as follows:  

              𝐕𝐅𝐓𝐓𝐒 = 𝛃𝐭 𝛃𝐜⁄                                                                                                                         (2)     

 
1 As opposed to valuing the movement of people in relation to passenger transport, for example. 
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Where βt and βc are the marginal utilities of time and cost from the model2. In behavioural 

models, data are obtained by using stated preference (SP) or revealed preference (RP) techniques (De 

Jong, 2008). The difference between these two methods lies in the type of information that is collected. 

In the RP technique, the collected data reflects actual travel behaviour for shippers or carriers. In the 

SP technique, the collected data refers to hypothetical situations. These hypothetical scenarios consist 

of different alternatives and attribute values, depending on a study’s objective, such as time and cost 

(Feo-Valero et al., 2016).  

 

3. Meta-analysis Methodology 

In the mid-1990s, the application of the meta-analysis method first appeared in transport 

research. This method evaluates existing information to draw an overall conclusion (Button, 1995). 

Button (1995) assessed the use of meta-analysis methods in transport studies, the results of which 

gave encouragement to transport researchers to adopt such methods. In general, meta-analyses in 

transport studies adopt the regression model approach (Paulley et al., 2006). This approach enables 

large amounts of evidence to be analysed, allowing insights to be drawn on the best methodologies 

and datasets (Elvik, 2005). 

Thus, a meta-analysis aggregates the outcomes from several primary studies by analysing and 

regressing their findings on independent variables, such as the countries where the study is conducted, 

the study population and the method used. In transport studies, meta-analysis techniques have been 

conducted in various areas, including transport demand elasticities (Nijkamp and Pepping, 1998, 

Kremers et al., 2002, Hensher, 2008, Wardman and Shires, 2003, Wardman, 2012), road safety (Egan 

et al., 2003, Elvik, 2003, De Blaeij et al., 2003), travel time reliability (Tseng et al., 2005, Carrion and 

Levinson, 2012), soft transport policies (Möser and Bamberg, 2008) and cost overruns (Odeck, 2017).   

A meta-analysis of studies investigating the value of travel time in passenger transport has been 

conducted several times by different authors (Wardman, 1998, Wardman, 2001, Wardman, 2004, 

Zamparini and Reggiani, 2007b, Shires and De Jong, 2009, Abrantes and Wardman, 2011, Wardman 

et al., 2016). However, few meta-analyses have considered studies investigating the freight value of 

travel time, with Zamparini and Reggiani (2007a) being the only published VFTTS meta-analysis study. 

Zamparini and Reggiani (2007a) conducted the first published meta-analysis of VFTTS to 

explain variations in VFTTS estimates. The study collected 46 observations from different studies that 

 
2 Some models in the literature estimate the VTTS directly (models in willingness to pay space), but these have mainly been used in passenger 
(Train and Weeks, 2005). Also, some models use non-linear utility specifications, but again this is mostly found in passenger transport 
(Hensher and Rose, 2009). 

. 
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were grouped by region: Northern Europe, North America and Southern Europe. The regression results 

revealed three significant coefficients: Northern Europe, rail transport, and GDP/capita. These 

significant results provided useful evidence regarding possible variations in these values due to 

differences in locations, modes, and the country’s income level. The study only considered VFTTS per 

shipment per hour so that a common unit of measurement could be used. The exclusion of other units 

of measurement used in the studies from the meta-analysis could limit the number and range of values 

considered – making it more difficult to explain the variation and obtain significant coefficients. Drawing 

from the same basic methodology, the Zamparini and Reggiani (2007a) study employed an Ordinary 

Least Squares (OLS) regression to explain the variations in VFTTS. One major assumption underlying 

the OLS model is that the values are not correlated. However, VFTTS from the same country or study 

might be correlated, and thus the assumption will not hold in practice.  

One question that needs to be asked, however, is whether these variables sufficiently explain 

the variation in VFTTS. Therefore, the analysis in this study is an attempt to determine the factors that 

explain the variance in estimated VFTTS by examining an extensive number of explanatory variables, 

such as the GDP per capita, transport mode, type of survey respondents, survey method, and other 

variables. This analysis updates the study from 2007 by explaining how these values vary over time, 

the countries investigated, and the methods used in the studies. Moreover, several studies that 

measure VFTTS were published after the Zamparini and Reggiani (2007a) meta-analysis was 

conducted and the number of studies estimating VFTTS is increasing as can be seen in Figure 1. 

 Therefore, the present study further develops these ideas by including as many values as 

possible and converting these values to a common unit. Additionally, our meta-analysis includes studies 

from countries all over the world, without restricting attention to specific regions or transport modes. 

Furthermore, this study considers the correlated nature of the dataset, which contains several studies 

from the same country. More specifically, the Weighted Least Squares and random-effects model will 

be estimated and compared to the OLS model.  
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Figure 1  

Percentage of VFTTS studies in the meta-analysis dataset by year of publication. 

4. Data and Search Method 

In the present meta-analysis, the dataset contains evidence from different countries about the 

valuations of freight travel time from the period 1988–2018. This dataset contains 106 monetary 

valuations collected from 56 studies. These studies consist of journal papers, government reports, PhD 

theses, conference papers and academic reports, both published and unpublished. While these 56 

studies cover 25 countries across the world, the majority were conducted in Europe.  

Because extracting data is an important stage in a meta-analysis, several inclusion and 

exclusion criteria were applied as follows: (1) only studies that used behavioural modelling on 

disaggregate data to estimate the VFTTS were included to standardise the method, obtain 

homogeneous dataset and based on empirical evidence; studies using the factor cost method were 

excluded; (2) studies that only reported VFTTS based on the type of the commodity transported were 

excluded3.   

In order to standardise the variation in the VFTTS, which is the dependent variable, all the values 

were converted to a common unit of measurement. These values are reported in terms of tonnes per 

hour, depending on the shipment size, if the unit is per shipment which is the case in studies using per 

shipment unit. This conversion helps to obtain more comparable outcomes. An electronic search was 

used to find the studies, employing the following keywords: the ‘value of travel time’, ‘freight transport’, 

 
3 This exclusion is because very few studies contain VFTTS specifically for each commodity. 
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‘behavioural model’, ‘stated preference’ and ‘revealed preference’. Different search engines, such as 

Google and Google Scholar, were used to identify and select the studies. Searches were also 

conducted of specialist databases in transport studies, such as the Transport Database and EconLit. 

For ‘grey’ literature, conference websites were searched, and libraries were searched for pertinent 

theses and national studies related to VFTTS. No restriction applied on language or date of publication4.  

4.1 Descriptive statistics 

The descriptive statistics of the VFTTS per tonne-hour and GDP per capita observations are 

shown in Table 1. There is a very large variation regarding VFTTS that is included in the dataset, which 

has a mean of 7.29 US$ and a standard deviation of 37.22$. The minimum VFTTS across all the 

included studies is 0.00018$ 2017 for road transport in Indonesia in 2011, while the maximum value is 

350.59$ 2017 for air transport in the Netherlands in 2014. As expected, the variation appears because 

our dataset contains values from different countries and transport modes. Additionally, the GDP per 

capita values are all expressed in dollars in the survey year5. The values range from 615$ for India in 

2017 to  109747$ for Norway in the same year. The mean is equal to 39799$ 2017 and is close to the 

median 39265$ 2017 and the standard deviation is 20292$. 

Table 1  

Descriptive statistics of VFTTS per tonne-hour and GDP per capita (in US$ OF 2017). 

Most studies report more than one VFTTS data point; the 56 studies that we selected provide a 

total of 106 data points, which are included in the meta-analysis. These data points, for example, derive 

from studies reporting VFTTS for different transport modes or by types of data. It can be seen from the 

data in Table 2 that almost half of the studies (48%) yield one valuation, and most studies derive more 

than one VFTTS, particularly by transport mode and model type. The highest number of values derives 

from the De Jong et al. (2014) study with 6 observations segmented by the transport mode. VFTTS has 

been obtained for 25 different countries across the world. The Netherlands provides almost 15% of the 

 
4 The dataset contains few non-English studies.  

5 The GDP per capita data point was taken from World Bank statistics and all other variables were taken from the primary studies. 

VFTTS VFTTS GDP 

Number of observations  106 106 

Minimum value  0.00018 615 

Maximum value  351 109747 

Mean  7.29 39799 

Median 1.14 39265 

Standard deviation  37.22 20292 
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values, followed by Sweden and the United States with approximately 10%. Switzerland and Italy 

provide the next most observations, each with around 8% of the total values.  

Table 2  

VFTTS and number of studies by country. 

Note: Two studies in the dataset contain values for two countries, therefore the number of countries listed in this table is 23 instead of 25 
countries.     

 

4.1.1 Potential biases 

The possibility of biases in meta-analysis is often considered as a main criticism that should be 

explained and examined. Different ways to minimise the potential biases are applied when collecting 

the data and modelling them. The dataset includes published and unpublished studies collected from 

different sources to consider all the evidence and will be tested in the meta-model. Also, the coverage 

of non-English studies has been considered as no restriction about the language in the paper (4 non-

English studies are included Dutch, German, Sweden and French languages). The VFTTS derived from 

these non-English studies are not significantly different from the English studies, and the VFTTS are 

between the higher and lower values. The dataset has been reviewed by two authors permanently and 

evaluated any outlier values. The completeness of data has also been considered by starting with a 

number of specifications and if some studies cannot be classified into these detailed specifications, for 

example, the transported goods data, thus applied core classifications. This application can help to 

reduce the potential biases by choosing to categorise the specifications in a way that minimises the 

non-mismatched studies. 

  

Countries Studies VFTTS Countries Studies VFTTS 

Australia 3 4 Korea  1 2 

Belgium  3 4 Netherlands  4 16 

Brazil  1 3 New Zealand  1 2 

China  1 4 Norway  2 3 

Colombia  1 4 Spain  3 7 

Denmark 2 2 Sweden  5 11 

Finland  1 2 Switzerland  5 9 

France  3 4 Tanzania  1 1 

Germany  1 1 Thailand  1 2 

India  1 1 UK  3 3 

Indonesia  1 2 USA  7 11 

Italy  5 8    
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4.1.2 Publication bias  

A common type of descriptive analysis used frequently in meta-analysis is the funnel plot. This 

analysis is based on a visual graph that plots each estimated value from individual studies against their 

precision (Lin and Chu, 2018). A funnel plot is used to detect the presence or absence of publication 

bias in meta-analysis. Hence, in the former case, the scatter plot shows an asymmetrical pattern, while 

in the latter case, the graph shows a symmetrical plot (Sterne and Egger, 2001).  

Selecting the precision variable could affect the pattern of this scatter graph. However, most 

studies used the standard error as an index of precise estimates, in addition to using the number of 

observations, sample size and inverse variance (Sterne and Egger, 2001). Furthermore, the estimated 

effect size in medical meta-analysis is usually plotted using the logarithmic scale to minimise data 

skewness (Higgins and Green, 2011). Therefore, using the logarithmic scale will help to ensure fewer 

skewed values versus using the values in their numerical scale (Higgins et al., 2008). In the funnel plot, 

we used the VFTTS in log transformation against the standard error as a proxy of precision. Therefore, 

values that are more precise are derived from studies that have a smaller standard error and vice versa. 

However, the VFTTS standard error was only reported in some of the studies included in the dataset.  

 

Figure 2 

Funnel plot (for studies that reported VFTTS standard error). 
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Figure 2 provides the results obtained from the funnel plot of the VFTTS against their standard 

error. The funnel plot indicates a slightly skewed pattern, and this might be an indication of possible 

publication bias. However, this observed asymmetry pattern might be due to reasons other than 

publication bias, such as heterogeneity due to the studies’ differences in characteristics, methodologies 

and sample sizes (Egger et al., 1997). The heterogeneity in the VFTTS is expected in the dataset and 

will be explained by applying the meta-regression model. The meta-model will, therefore, provide a 

more objective test for this asymmetry shape of the VFTTS estimates, and it will determine the variation 

between values. 

 

5. The Meta-model   

The present study examines the monetary values of the freight travel time based on evidence 

drawn from international studies using a meta-analysis technique. The meta-regression model was 

conducted on 56 studies pertaining to this research subject. These studies cover a range of topics and 

countries, and a variety of methodologies. In general terms, the basic meta-analysis modelling structure 

is expressed by: 

𝐕𝐅𝐓𝐓𝐒𝐣 = 𝛂 + ∑ 𝐛𝒊𝐱𝒊𝐣 + 𝛆𝐣                     (𝐣 = 𝟏, 𝟐, … 𝐋)(𝐢 = 𝟏, 𝟐, … 𝐌)                                                     (3) 

Where VFTTS represents the value of freight travel time in the j − th study from a set of L studies. α is 

the intercept and xij are the independent variables that could explain the variation across studies. bi  

are the coefficients of the M different study characteristics that are accounted for and εj is the error term 

(Button, 2003)6. As in most VTTS meta-analysis studies we use as the preferred model specification a 

log transformation of the value of freight travel time in dollars per hour (the dependent variable) as well 

as for the right-hand-side variables (‘double-logarithmic model’). For our own purposes, in studies that 

estimated the values in dollars, the values were converted to 2017 prices. In studies that estimated the 

values using their local currency, the values were converted to the dollar exchange rates and then to 

2017 prices. The modelling equation used here is a development of the general framework given above, 

thus:               𝐕𝐅𝐓𝐓𝐒𝐣 = 𝛕 ∏ 𝑿𝒊𝒋
𝜶𝒊𝒆∑ ∑𝒔=𝟏

𝒒𝒑−𝟏𝒑
𝒓=𝟏𝒏

𝒊=𝟏 𝜷𝒓𝒔𝒁𝒋𝒓𝒔                                                                              (4)  

Where n is the number of the continuous variables (Xij), p is the number of categorial variables having  

qp categories (Zjrs). αi are the interpreted as elasticities for the continuous variable and the exponential 

of βjk denotes the proportionate effect on a specific indicator relative to its omitted category (Wardman 

 
6 This formulation implies that every study only gives one VFTTS; however, for studies which estimate multiple values the model is expressed 
as:  VFTTSjk = α + ∑ bikxijk + εjk where VFTTS represents the k-th value for study 𝑗 (k= 1, 2, …K, with K being the number of estimated values 

in the study). 
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et al., 2016). The model is estimated first by using OLS. In terms of interpretation, using the double-

logarithmic model implies that the estimated coefficients for the continuous independent variables can 

interpreted as elasticities (Benoit, 2011).  

5.1 The weighted model 

Previous meta-analyses of the value of travel time generally assigns an equal weight to each 

data point or study; however, this leads to the risk of overweighting the values with lower precision or 

derived from using small sample size compared to studies that estimated more precise values or used 

bigger sample size (Stanley, 2001). A recent meta-analysis of the VTTS by Wardman et al. (2016) 

applied another method by excluding the observations that had standard residuals outside the range of 

±2 as an assumption of the poorest observations. Furthermore, they also included independent 

variables that are considered a proxy of the quality of the values, such as the number of values per 

study and the publication status. Therefore, weighting each study by the number of observations or by 

the sample size as a proxy of precision was also applied (De Blaeij et al., 2003, Odeck, 2017) in our 

study.  

The weighted model recognises that the estimated values from each study differ in precision; 

therefore, these values should be weighted with the number of observations or the sample size7. In 

addition, as the VFTTS dataset comes from samples from different countries, heteroscedasticity can 

be naturally expected. Heteroscedasticity occurs when the variance of the error term varies (Greene, 

2000). To test for the heteroscedasticity, we used the standard Breusch-Pagan test, where the null 

hypothesis is constant variance (Breusch and Pagan, 1979).  

5.2 The fixed and random-effects model 

A further development of the model formulation was to take account of panel effects in the data. 

This model considers the variations between observations that arise from the same group-level, such 

as the same study or the same country. The present dataset contains observations from different 

countries; however, the number of these observations is different between the countries. Therefore, the 

panel data is unbalanced, and the error term in this model contains two components. The first 

component is the error that is related to the group-specific effects. The second component is the error 

that is independent and normally distributed (Clark and Linzer, 2015).  

Two formulations were used to take account of panel effects, namely the fixed-effects model 

and the random-effects model. The former assumes that the first error term is fixed for every group, 

while the latter assumes that the group-specific effect is random and accounts for the between-study 

 
7 Weighting the meta-model by the inverse-variance is also applied. The standard errors are calculated by using the delta method, which 
allows estimation of the standard error from the ratio parameters, such as in the case of the VFTTS. This method gives approximate 
calculations of the standard error in order to weight these values (Daly et al., 2012). However, the inverse-variance weighting produced 
unexpected results for several independent variables, whether in the sign or magnitude of the coefficient. 
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variance (Baltagi, 2008). All models were estimated using STATA software (StataCorp, 2015). On the 

basis of the described models in this section, the meta-model for this study, quantitative and indicator 

variables and estimation results will be discussed in section 6.      

6. The Results 

This study focuses on explaining VFTTS variation reported in the literature by including the 

characteristics of the primary studies. This explanation can provide insights into the variation in VFTTS 

over time and countries, and the outputs can be used as a benchmark in evaluating new evidence and 

values. Therefore, insights presented by this paper can serve as a reference when reporting results 

from primary studies and when identifying structural and methodological issues in VFTTS research. In 

addition, meta-model outputs can produce new country specific values for different transport modes in 

freight transport. These implied values can be compared to the existing evidence or be used as new 

values where evidence is lacking. The model regresses VFTTS, which is the dependent variable, and 

the explanatory variables are GDP per capita in dollars and, a set of indicator variables, such as the 

type survey respondent (e.g. shippers or carriers), transport mode and other variables. A description of 

all the variables is presented below in Table 3. 
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Table 3  

 Definition of Explanatory Variables8 

*Note: The first model indicator is the standard models which include multinomial logit model, nested logit and ordered logit model. The second 
indicator is the advanced models, which contain mixed logit model and latent class model. 

 
8 Different coding system was used for survey method, model estimation and experiment design. 

Variable Definition 

Economic variable 

LOGGDP The natural logarithm of GDP per capita in 2017 Dollars. 

Survey respondent indicator (omitted category= shippers) 

Carriers Indicator variable that takes the value of 1 if VFTTS from carriers’ choice; 0 otherwise. 

Transport mode indicators (omitted category= road) 

Rail  Indicator variable that takes the value of 1 if VFTTS for rail travel; 0 otherwise. 

Sea  Indicator variable that takes the value of 1 if VFTTS for sea travel; 0 otherwise. 

Air Indicator variable that takes the value of 1 if VFTTS for air travel; 0 otherwise. 

Inland  Indicator variable that takes the value of 1 if VFTTS for inland waterways transport; 0 
otherwise. 

Experiment design Indicator (omitted category= efficient design) 

Non-efficient Indicator variable that takes the value of 1 if VFTTS from fractional factorial design, full 

factorial design, orthogonal design; 0 otherwise. 

Data type indicator (omitted category= stated preference) 

RP Indicator variable that takes the value of 1 if VFTTS estimated by using revealed 
preference data or pooled SP and RP data; 0 otherwise. 

Number of attributes indicator (omitted category= two attributes) 

Attributes  Indicator variable that takes the value of 1 if VFTTS from study contains more than 2 
attributes; 0 otherwise. 

Time indicator (omitted category= year from 2000-2018) 

Pre 2000  Indicator variable that takes the value of 1 if VFTTS from studies before 2000; 0 
otherwise. 

Survey method indicator (omitted category= computer assisted personal interview (CAPI)) 

Non-CAPI  Indicator variable that takes the value of 1 if VFTTS from pen and paper, web and 

telephone survey method; 0 otherwise. 

Model estimation Indicator* (omitted category= standard models) 

Advanced  Indicator variable that takes the value of 1 if VFTTS estimated by using advanced 
models (mixed logit model or latent class model); 0 otherwise. 

Publication status indicator (omitted category= published studies) 

Unpublished  Indicator variable that takes the value of 1 if VFTTS estimated by unpublished 
studies; 0 otherwise. 
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In the regression, different functional forms are tested, including linear, double-log, and semi-

log models, and the best result is obtained from the double logarithmic models. Zamparini and Reggiani 

(2007a) also use this specification in a regression analysis of European and American VFTTS studies 

and it has also been the preferred specification in many meta-analyses of the passenger VTTS. Thus, 

the coefficients of the quantitative variables will be interpreted as elasticities of the VFTTS to changes 

in the independent variable (notably GDP per capita). The results of the meta-model are estimated first 

by OLS for all the variables and reported in Table 4. Then, the WLS model is compared to the OLS 

model that includes only the significant variables, which can suffer from heteroscedasticity and this will 

be tested using the Breusch-Pagan test. The results of the WLS model are reported in Table 5 in the 

results section, noting that the number of observations is smaller (n = 87) than the total number of 

observations in Table 4 because some studies did not report the number of observations in their studies. 

Thus, these studies were removed from the model. Furthermore, OLS and random effect models were 

estimated for the significant variables also and reported in Table 6. Concerning panel models, both the 

fixed and random-effects models were estimated; however, the random-effects model produced the 

best results and it is therefore reported here. This selection depends on the Hausman test, which is 

based on the differences between the estimators of the two models (Hausman, 1978). Therefore, a 

higher value of the Hausman test indicates that the random-effects model is more appropriate than the 

fixed-effects model.       

6.1 Estimation discussion  

The results of the meta-model including all variables are reported in Table 4. The model is estimated 

by the OLS, where the natural logarithm of the VFTTS is the dependent variable. The independent 

variables are included in the model based on the effect of each variable in previous literature.  

Table 4 

OLS model for all variables (2017 prices, $ per-tonne/ hours). 

Variables Coefficient                 P-value  Effect or Elasticity 

Constant -6.54 0.001  

LOGGDP 0.68 0.000 0.68 
Carriers 1.35 0.002 +286% 
Rail -1.77 0.000 -83% 
Sea -2.08 0.004 -88% 
Air 2.68 0.002 +1359% 
Inland -2.03 0.002 -87% 
Non-Efficient -1.02 0.029 -64% 
Attributes -0.19 0.795 -17% 
Non-SP 0.78 0.377 +118% 
Non-CAPI 0.01 0.622 +1% 
Pre2000 -0.32 0.394 -27% 
Advanced  -0.44 0.273 -36% 
Unpublished  0.16 0.724 +17% 
Model fit N= 106                     R2 = 0.58  
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The first variable is the natural logarithm of the GDP per capita, which has a positive sign as 

expected. This effect was confirmed in the previous VFTTS meta-analysis because higher GDP per 

capita for a country leads  firms to maintain their time and competitive power by using faster deliveries 

(Zamparini and Reggiani, 2007a). However, the income variable in this dataset is expressed by the 

country’s GDP per capita, which approximates the wage rate and price level in the country. In addition, 

transport mode indicators are considered in the model to demonstrate the impact of each mode on the 

VFTTS. It is expected that each transport mode will have a different VFTTS, particularly a high value 

for the road mode (and for air) is expected; 47 of the observations are related to road haulage. The 

coefficients for rail, sea, air and inland modes are compared to the road mode, which is the reference 

category. 

The second set of indicator variables is the respondent in the survey. Investigating the difference 

between the decision makers in freight transportation is important, because in freight transportation, 

the valuation of travel time depends on who makes the decision (De Jong, 2008). Therefore, the VFTTS 

will differ between decision makers, and it is expected that shippers might have lower values than 

carriers. A time indicator variable is also tested in the model to observe the changes in VFTTS over 

time. The expectation is that studies before 2000 might have higher values than more recent studies. 

One reason might be that most countries had an increase in their GDP before the year 2000 (Shires 

and De Jong, 2009), but this should be picked up by GDP per capita. The number of attributes in each 

experiment is included in the model to investigate whether using attributes besides time and cost might 

result in higher values (Shams et al., 2017). The data type SP or RP is included in the model to 

determine whether the effect of these data types on the VFTTS is significant (Wardman et al., 2016).  

In the model, the estimation method and experimental design were taken into consideration as 

they were widely applied across VFTTS studies. Because there are different methods and designs, two 

categories are identified to limit the number of indicators. The general expectation is that the estimation 

models and the experiment design might not have a direct effect on the VFTTS, as this results was also 

obtained in the last passenger VTTS meta-analysis (Wardman et al., 2016). It can be seen from the 

model reported above in Table 4 that there is a variation in the VFTTS, and the model explains around 

58% of this variation. However, such variables as the data type (e.g. SP or RP), time variable, number 

of attributes, survey method, publication type and estimation model used in the individual studies, were 

found to be not significant in the model. As with Zamparini and Reggiani’s (2007a) meta-analysis of the 

VFTTS, a substantial number of significant coefficients were obtained. Removal of all non-significant 

variables from the meta-model is applied in the next models. A detailed interpretation of the results will 

be undertaken for the meta-models with significant variables that influence the VFTTS. 

 The following meta-models regress the VFTTS on the significant explanatory variables from the 

previous model, and these are GDP per capita in dollars and, a set of indicator variables, such as the 
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survey respondent (e.g. shippers or carriers) and transport mode. The experimental design indicator 

has a significant coefficient but was removed from the next models. This is because using different 

experimental designs (e.g. D-efficient design) should have an effect on the precision of the results with 

(a lower standard error), but not on the VFTTS estimate itself (Hess and Rose, 2009, Bliemer and Rose, 

2011).  

The model is estimated first by OLS, and the WLS model for studies reporting the number of 

observations. Because the estimated VFTTS might vary considerably in precision, there might be 

heteroscedasticity problems. Therefore, estimating the meta-model by OLS solely can lead to biased 

estimates of the coefficients. To solve this issue, the WLS model has been applied to weigh each 

VFTTS with a measure of its precision. Unfortunately, most VFTTS studies in the dataset did not report 

the standard errors, which are needed to compute the inverse variance weight. Therefore, we use the 

number of observations of a survey as a proxy of precision of the VFTTS in the analysis.  

Table 5 

OLS and WLS model (2017 prices, $ per-tonne/ hours). 

WLS model OLS model  

p-value coefficient p-value coefficient Variables 

0.005 -7.21 0.000 -7.53 Constant 

0.002 0.77 0.000 0.82 LOGGDP 

0.016 1.25 0.000 1.64 Carriers 

0.000 -3.75 0.000 -1.74 Rail 

0.000 1.79 0.001 3.11 Air 

0.001 -3.92 0.004 -2.66 Sea 

0.000 -2.72 0.010 -2.27 Inland 

R2 = 0.77 N = 87 R2 =0.56 N = 87 Model fit 

 Prob=0.0000  Prob=0.0003 Breusch-Pagan test 

Note: The table reports the results of the WLS model by using the square root of the number of observations as analytical weights.  

 

Table 5 shows the results of the OLS and WLS models and the results indicate that the 

estimated parameters from the weighted model are similar in sign and significance level to the OLS 

estimates; however, the magnitude of the transport mode indicator variables are noticeably different. In 

addition, a Breusch-Pagan test indicates that both the WLS and OLS model suffer from 

heteroscedasticity and therefore OLS with robust standard error is preferred compare to WLS model. 

This might be because of using the number of observations as analytical weights instead of using more 

conventional inverse variance weighting.  
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Relying on the OLS model only could affect the precision of the results due to the correlation 

between observations from the same country or study. Therefore, the meta-model is estimated by the 

random-effects model and compared to the OLS for all the observations. It can be seen from Table 6 

below that there is variation in the VFTTS, and the model explains approximately 51% of this variation. 

The other 49% of the variation will depend on other characteristics not included in the model. 

Table 6 

OLS, fixed-effects and random-effects models (2017 prices, $ per-tonne/ hours). 

   OLS model Fixed-effects model Random-effects model 

Variables coefficient p-value coefficient p-value coefficient p-value 
Effect or 

Elasticity 

Constant -7.06 0.000 -15.6 0.059 -8.03 0.001  

LOGGDP 0.67 0.000 1.49 0.063 0.80 0.001  0.80 

Carriers 1.57 0.000 2.08 0.000 1.88 0.000 +555% 

Rail -1.78 0.000 -1.78 0.000 -1.77 0.000 -0.83% 

Sea -2.00 0.004 -2.29 0.001 -2.13 0.000 -0.88% 

Air 2.26 0.005 2.71 0.000 2.67 0.000 +858% 

Inland -2.08 0.001 -3.39 0.000 -2.89 0.000 -0.94% 

Country 

variance 
 Na  Na     0.69 Na 0.53 Na 

 

Model fit N= 106     R2 = 0.51      N= 106     R2 = 0.51      N= 106    R2 = 0.51   

 

First, note that the signs of the coefficients across all models are similar with a slightly higher 

magnitude of all the coefficients in the random-effects model when compared to the OLS model. The 

Hausman test is used to compare the two estimators derived from the fixed and random-effects models, 

indicating better performance of the random-effects model. The results of the test showed that P-value= 

0.6901 (chi2= 3.90), and the null hypothesis cannot be rejected. Therefore, the preferred model is the 

random-effects model because of the nature of the dataset that contains multiple values from the same 

country which this model considers. From this point onward, the results produced by this model will be 

discussed. 

A strong relationship between the value of travel time and income has been reported in the 

literature (Waters, 1994). The income variable, which is a key influential variable, is estimated and has 

a positive relationship to the VFTTS. The estimated elasticity is close to unity and implies that a 1% 

increase in country income is associated with a 0.80% increase in the VFTTS, which is significantly 

different from zero at the 5% level. This is slightly higher than the income elasticity of 0.68 estimated in 

the previous VFTTS meta-analysis (Zamparini and Reggiani, 2007a). The role of income is definitely 

an important issue for administrators when developing transport infrastructure and project evolution 
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(Waters, 1994). Because an income elasticity of one for the VFTTS is often used in practice, we need 

to test this elasticity (Fosgerau, 2005). The assumption of an income elasticity equal to one was tested 

and found to be not significantly different from unity with p-value = 0.416 at the 5% significance level.  

The first set of indicators included in the model distinguishes between different respondents of 

the survey – whether shipper or carrier. The carrier variable has a significant coefficient and a higher 

value than that of the shipper variable, which is the base category. This is expected because each 

respondent makes a different decision and has a different valuation of time (De Jong et al., 2014). The 

VFTTS will vary depending on the decision maker, and it is expected that shippers, who consider cargo 

costs, might have a lower travel time value than carriers, who consider transport costs, when they make 

trade-offs between time and cost (Halse et al., 2010, Shams et al., 2017).   

Furthermore, the transport mode indicators have a significant coefficient for all four indicators 

included in the model. As expected, the air mode has a higher value with an impact 14 times larger than 

the road omitted category, while the remaining indicators have lower values. The rail, sea and inland 

coefficients have a similar impact with approximately 83%, 88% and 94% lower values than the road 

category, respectively. This is in line with De Jong et al. (2014), who found that the VFTTS for rail, sea 

and inland have lower values than the VFTTS for the road mode, with roughly the same percentage. 

The results of the transport mode indicators have a similar coefficient sign as in passenger transport, 

with higher values for the air mode (Zamparini and Reggiani, 2007b). The higher value for the air mode 

might be because the shipments usually contain high-value and time-sensitive products (Alkaabi and 

Debbage, 2011). As the air variable in the random-effects model has a large influence, we tested and 

estimated the model without air observations. However, the model that includes an air variable provides 

a better fitting model, whereas other transport mode coefficients in both models were similar. Therefore, 

the random-effects model, reported in Table 6, will be used for calculating the implied VFTTS for various 

countries.     

6.2 Application of the estimated meta-model 

The estimated meta-model can yield an implied VFTTS for different countries, particularly those 

with no evidence or official values. The main purpose of estimating the implied values is to obtain the 

VFTTS for each country by different transport modes and types of respondents. The VFTTSs based on 

the meta-model will be compared with those in the literature to verify that the values are within the range 

of the reported VFTTS. Therefore, this comparison provides more confidence in the meta-model in 

predicting VFTTS for each country around the world. Furthermore, the estimated meta-model proposes 

a provisional value for countries without a VFTTS to be used in their transport projects.  

Table 7 presents the VFTTS for different transport modes and refers to carriers or shippers in 

various countries. The selection of countries based on the country’s GDP. The countries in the world 
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with the biggest total GDP are included. In application, the random-effects model estimation, reported 

in Table 6, was used. The GDP per capita in dollars of each country was ascertained from the 2017 

statistical records of the World Bank statistics. The variance in countries was set to zero, and each 

coefficient in the model was used to calculate specific mode values. This gives specific VFTTS for each 

country segmenting by five transport modes and two types of respondents.    

Table 7 

Implied values of travel time in freight transport ($ per-tonne/ hour, 2017 incomes and prices). 

Country GDP per capita 
 Carriers  Shippers 

Road Rail Air Sea Inland Road Rail Air Sea Inland 

Argentina 14592 4.27 0.73 61.59 0.51 0.24 0.65 0.11 9.40 0.08 0.04 

Australia 54094 12.17 2.07 175.70 1.45 0.68 1.86 0.32 26.81 0.22 0.10 

Austria 47381 10.94 1.86 158.03 1.30 0.61 1.67 0.28 24.11 0.20 0.09 

Bangladesh 1564 0.71 0.12 10.32 0.08 0.04 0.11 0.02 1.57 0.01 0.01 

Belgium 43507 10.22 1.74 147.61 1.21 0.57 1.56 0.27 22.52 0.19 0.09 

Brazil 9881 3.12 0.53 45.09 0.37 0.18 0.48 0.08 6.88 0.06 0.03 

Canada 45070 10.51 1.79 151.83 1.25 0.59 1.60 0.27 23.17 0.19 0.09 

Chile 15037 4.37 0.74 63.09 0.52 0.25 0.67 0.11 9.63 0.08 0.04 

China 8759 2.84 0.48 40.95 0.34 0.16 0.43 0.07 6.25 0.05 0.02 

Colombia 6376 2.20 0.37 31.76 0.26 0.12 0.34 0.06 4.85 0.04 0.02 

Czech Republic 20380 5.57 0.95 80.47 0.66 0.31 0.85 0.14 12.28 0.10 0.05 

Denmark 57219 12.73 2.17 183.77 1.51 0.71 1.94 0.33 28.04 0.23 0.11 

Finland 45810 10.65 1.81 153.82 1.27 0.60 1.63 0.28 23.47 0.19 0.09 

France 38679 9.30 1.58 134.35 1.11 0.52 1.42 0.24 20.50 0.17 0.08 

Germany 44681 10.44 1.78 150.78 1.24 0.59 1.59 0.27 23.01 0.19 0.09 

Hong Kong 46221 10.73 1.83 154.93 1.27 0.60 1.64 0.28 23.64 0.19 0.09 

India 1981 0.86 0.15 12.47 0.10 0.05 0.13 0.02 1.90 0.02 0.01 

Indonesia 3837 1.47 0.25 21.16 0.17 0.08 0.22 0.04 3.23 0.03 0.01 

Ireland 69650 14.89 2.54 215.08 1.77 0.84 2.27 0.39 32.82 0.27 0.13 

Israel 40544 9.66 1.65 139.51 1.15 0.54 1.47 0.25 21.29 0.18 0.08 

Italy 32155 8.03 1.37 115.89 0.95 0.45 1.22 0.21 17.68 0.15 0.07 

Japan 38332 9.24 1.57 133.38 1.10 0.52 1.41 0.24 20.35 0.17 0.08 

Malaysia 10117 3.18 0.54 45.95 0.38 0.18 0.49 0.08 7.01 0.06 0.03 

Korea 29743 7.54 1.28 108.88 0.90 0.42 1.15 0.20 16.61 0.14 0.06 

Mexico 9281 2.97 0.51 42.89 0.35 0.17 0.45 0.08 6.54 0.05 0.03 

Netherlands 48555 11.16 1.90 161.15 1.33 0.63 1.70 0.29 24.59 0.20 0.10 

Nigeria 1969 0.86 0.15 12.40 0.10 0.05 0.13 0.02 1.89 0.02 0.01 

Norway 75704 15.92 2.71 229.91 1.89 0.89 2.43 0.41 35.08 0.29 0.14 

Pakistan 1467 0.68 0.12 9.80 0.08 0.04 0.10 0.02 1.50 0.01 0.01 

Philippines 2982 1.20 0.20 17.29 0.14 0.07 0.18 0.03 2.64 0.02 0.01 

Poland 13861 4.09 0.70 59.11 0.49 0.23 0.62 0.11 9.02 0.07 0.04 

Russian Federation 10751 3.34 0.57 48.24 0.40 0.19 0.51 0.09 7.36 0.06 0.03 

Saudi Arabia 20804 5.67 0.96 81.80 0.67 0.32 0.86 0.15 12.48 0.10 0.05 

Singapore 60298 13.27 2.26 191.64 1.58 0.75 2.03 0.34 29.24 0.24 0.11 

South Africa 6127 2.13 0.36 30.77 0.25 0.12 0.33 0.06 4.69 0.04 0.02 

Spain 28208 7.23 1.23 104.37 0.86 0.41 1.10 0.19 15.93 0.13 0.06 

Sweden 53253 12.02 2.05 173.51 1.43 0.67 1.83 0.31 26.48 0.22 0.10 

Switzerland 80333 16.70 2.84 241.09 1.98 0.94 2.55 0.43 36.79 0.30 0.14 

Thailand 6578 2.26 0.38 32.56 0.27 0.13 0.34 0.06 4.97 0.04 0.02 

Turkey 10500 3.28 0.56 47.34 0.39 0.18 0.50 0.09 7.22 0.06 0.03 

United Arab Emirates 40325 9.62 1.64 138.90 1.14 0.54 1.47 0.25 21.20 0.17 0.08 

United Kingdom 39932 9.54 1.63 137.82 1.13 0.54 1.46 0.25 21.03 0.17 0.08 

United States 59928 13.21 2.25 190.70 1.57 0.74 2.02 0.34 29.10 0.24 0.11 

            
Average  7.23 1.23 104.37 0.86 0.41 1.10 0.19 15.93 0.13 0.06 
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Table 7 indicates that the implied values are in line with those obtained in previous studies and 

seem consistent with research that considered shippers values. These studies reported a higher VFTTS 

for roads than those derived for other transport modes, except air mode, which has the highest VFTTS 

(De Jong et al., 2004c, De Jong et al., 2014). Large variations in the VFTTSs were observed for different 

modes and type of survey respondents, but these variances were expected because of the 

dissimilarities in GDP levels amongst the countries (Column 2, Table 7). Variations within each country 

occurred in accordance with transport mode and type of survey respondent, leading to the conclusion 

that the VFTTS for countries with high GDPs is higher than that of countries with low GDPs. This pattern 

was also observed in passenger transport, as was a higher VTTS for the air mode (Wardman et al., 

2016). The average VFTTS of carriers on roads is 7.23 per- tonne/ hour, whereas that of shippers is 

1.10. These values are within the range reported in primary studies as measured by the 95% confidence 

interval. 

Table 8 

Shippers VFTTS from primary studies and implied meta-model ($ per-tonne/ hour 2017 prices) 

Study Transport 
mode 

Country Method  VFTTS Implied 
VFTTS 
from the 
meta-
model 

95% confidence 
interval 

 Upper 
bound 

Lower 
bound 

Kurri et al. (2000) 
 

Road 
Rail 
 

Finland Multinomial 
logit model 

2.3 
0.15 

1.63 
0.28 

3.23 
0.53 

0.14 
0.05 

De Jong et al. (2001) Road 
Rail 

France Multinomial 
logit model 

2.33     
0.37  

1.42 
0.24 

2.77 
0.45 

0.18 
0.05 

Beuthe and Bouffioux 
(2008) 

Road 
Rail 

Belgium Tobit Model 2.98     
0.3       

1.56 
0.27  
                   

3.08 
0.67 

0.16 
-0.11 

Johnson and De Jong 
(2011) 

Road 
Rail 

Sweden Multinomial 
logit model 

3.06 
0.07 
 

1.83 
0.31 
 

3.71 
0.72 

0.09 
-0.06 

De Jong et al. (2014) Road 
Rail 
Air 
Sea 
Inland   

Netherlands Multinomial 
logit model 

0.90 
0.19 
35.06 
0.03 
0.02 

1.70 
0.29 
24.59 
0.20 
0.10 

3.40 
0.56 
64.31 
0.50 
0.23 

 0.13 
0.04 
-12.95 
-0.08 
-0.04 

Fries et al. (2010) Road Switzerland  Mixed logit 
model 

2.06 2.55 5.47 -0.16 

Halse et al. (2010) Road Norway Multinomial 
logit model 

2.98 2.43 5.17 -0.11 

Arencibia et al. (2015) Road Spain Multinomial 
logit model 

0.81 1.19 2.10 0.19 

Larranaga et al. (2017) Road Brazil Multinomial 
logit model 

0.42 0.48 0.93 0.06 

Duan et al. (2017) Rail China latent class 
model 

0.07 0.08 0.14 0.01 
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Given that most studies reported the shipper VFTTSs for roads or railways and a few other 

modes, we compared the values of different countries in Table 8. It is apparent from the table that the 

degree of similarity between the meta-model values and those extracted from the studies seems 

reasonable, although these values were estimated using different methodologies that were not included 

in the model which may have affected the estimated values.  

In the meta-model the VFTTS is derived from several parameters, each of which has own 

uncertainty. Therefore, the implied VFTTS values from the meta-model will also have confidence 

intervals, which can be used to validate the implied values against values from primary studies (Wheat 

and Batley, 2015). In order to calculate the confidence intervals for the implied values, the standard 

error of the parameters in the meta-model are used. The implied VFTTS standard error is computed by 

the delta method (Daly et al., 2012), which allows estimating the standard error for nonlinear 

transformations and taking into account the variance-covariance matrix. Then, the 95% confidence 

intervals (CI) for each implied value is given as: 

              𝟗𝟓% 𝐂𝐈 𝐟𝐨𝐫 𝑽𝑭𝑻𝑻𝑺̂ = [𝑽𝑭𝑻𝑻𝑺̂ ± 𝟏. 𝟗𝟔 ∗ 𝑺𝑬(𝑽𝑭𝑻𝑻𝑺̂ )]                                                              (5)         

Where SE is representing the standard error of the implied VFTTS. Comparing the existing values for 

different countries with the confidence intervals gives an impression of the meta-model’s validity. 

Generally, these existing VFTTS estimated in primary studies are within the range of values from the 

meta-model, confirming that the meta-model yields plausible values. 

7. Conclusion    

This study has explained the variation in the value of freight travel time savings that is reported 

in the literature with respect to differences in study characteristics and methodologies, such as the 

income of the country, the transport mode and the type of survey respondent (e.g. carriers or shippers). 

A meta-analysis has been undertaken to achieve this which has considered within 56 primary studies. 

The paper presents estimation results for two models, in addition to the ordinary least squares (OLS) 

model, to explain the variation in VFTTS: the weighted least squares (WLS) and random-effects models 

(RE), which accounted for the multiple observations for the same country. 

The meta-model found a variety of factors that affect the VFTTS leads to a better understanding 

of the variation. The income variable influenced how the decision-makers in freight transport valued 

their time, with a positive relationship between them. The estimated income elasticity from the meta-

model of 0.67 (OLS), 0.77 (WLS) 1.49 (FE) and 0.80 (RE) was in the range of the reported elasticities 

in freight transport except for the fixed-effects model (Dunkerley et al., 2014). This income elasticity can 

be helpful, for example, in planning to build new or improved transport infrastructure, and it is considered 

the main factor driving VFTTS (Fosgerau, 2005). 
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Furthermore, this meta-analysis offers several empirical findings to explain the variation in the 

VFTTS. First, it highlights the difference in the VFTTS for each transport mode, as demonstrated by the 

remarkable variation between the VFTTS in road and other modes included in the model. Second, it 

shows that VFTTS values differ significantly depending on the type of survey respondent, where carriers 

were found to have a significantly higher VFTTS than shippers, which supports the finding reported in 

studies that used data from both types of respondents (De Jong et al., 2014). Third, methodological 

factors between studies do not seem to explain VFTTS variations. Although our findings show that 

result, it is difficult to draw any conclusions on which methodology is the more appropriate to adopt in 

estimating the VFTTS. Finally, several of the estimated coefficients in our initial meta-model are not 

significantly different from zero, which needs further investigation by those interested in the estimated 

VFTTS, such as researchers, firms and policymakers. In particular, there are many insignificant 

coefficients for the variables related to data type (e.g. SP or RP), survey method, year of publication, 

estimation method and number of attributes.  

The findings of this study indicate that VFTTS has a large variation and that some explanatory 

variables remain to be examined. The VFTTS is likely to depend on study-specific characteristics such 

as the type of goods, the trip distance and the country of the shipment. Therefore, the context should 

be considered when the VFTTS is used in forecasting, and caution is urged when using these values. 

To facilitate applying these values in developing the freight sector, it could be beneficial that future 

studies estimating the VFTTS further specify detailed features of the research design, context and 

appropriate segmentation (e.g. type of goods and transport mode). In addition, research on estimating 

VTTS in freight transport should preferably present all relevant information, especially data related to 

the precision of the estimates in the study to allow for in-depth and extensive meta-analyses. 

Furthermore, meta-model estimations were carried out for different countries around the world to derive 

implied VFTTSs for different transport modes and types of survey respondents, either for comparison 

with existing values or as initial reference for countries with missing VFTTSs.  

Regarding the meta-model, we applied different models to obtain more accurate results by 

considering the heterogeneity between the VFTTS derived from various structural and methodological 

factors. This methodology can be improved in future research through investigations and evaluations 

of advanced meta-models from other fields, such as medicine, and the adoption of new techniques to 

be applied to this dataset. For example, all studies included in analyses can be weighted by their quality, 

with greater weight assigned to each data point derived from high-quality studies and vice versa. In 

studying quality assessment, researchers can use an assessment tool for scoring each study’s quality 

on the basis of several criteria. The quality scores might assess the validity of the survey, the data type 

and estimation model used in a given research. Then, the quality score can be used in regression as 

an independent variable or as an analytical weight (Higgins and Green, 2011, Higgins and Green, 
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2008). In addition, the standard error and its inverse-variance of the VFTTS can serve as indicators of 

value precision in the weighted model (Borenstein, 2009).  
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Appendix A  

Studies included in the meta-analysis dataset. 

Study no. References  Countries Survey year  

1 Accent and Hague Consulting Group (1999) United Kingdom 1994 

2 Arencibia et al. (2015) Spain 2012 

3 Arunotayanun and Polak (2011) Indonesia 1999 

4 Bergantino and Bolis (2008) Italy 2002 

5 Bergantino et al. (2013) Italy 2008 

6 Bergkvist (2001) Sweden 1991 

7 Beuthe and Bouffioux (2008) Belgium 2004 

8 Blauwens and Van de Voorde (1988) Belgium 1985 

9 Bolis and Maggi (2003) Italy and Switzerland 1997 

10 Brooks et al. (2012) Australia 2011 

11 BVU and TNS Infratest (2014) Germany 2012 

12 CGSP (2013)  France 2011 

13 Danielis et al. (2005) Italy 2002 

14 De Jong et al. (2001) France 2000 

15 De Jong et al. (2004c) Netherlands 2002 

16 De Jong et al. (2011) Netherlands 2004 

17 De Jong et al. (2014) Netherlands 2010 

18 Duan et al. (2017) China 2015 

19 Feo et al. (2011) Spain 2006 

20 Feo-Valero et al. (2016) Spain 2014 

21 Fosgerau (1996) Denmark 1889 

22 Fowkes (2006) United Kingdom 2004 

23 Fowkes (2015) United Kingdom 2004 

24 Fowkes et al. (2004) United Kingdom 2001 

25 Fries et al. (2010) Switzerland 2008 

26 Goenaga and Cantillo (2018) Colombia 2016 

27 Gong et al. (2012) USA 2010 

28 Hague Consulting Group (1992) Netherlands 1990 

29 Halse and Killi (2012) Norway 2010 

30 Halse et al. (2010) Norway 2008 

31 INREGIA (2001) Sweden 1999 

32 Johnson and De Jong (2011) Sweden 2001 

33 Kang et al. (2010) Korea 2006 

34 Kawamura (2000) USA 1999 
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35 Kawasaki et al. (2014) Thailand 2011 

36 Kim et al. (2017) New Zealand 2014 

37 Kurri et al. (2000) Finland 1998 

38 Larranaga et al. (2017) Brazil 2015 

39 Maggi and Rudel (2008) Switzerland 2003 

40 Masiero and Hensher (2010) Switzerland 2008 

41 Masiero and Hensher (2012) Switzerland 2003 

42 Masiero and Rose (2013) Switzerland 2003 

43 Miao (2014) USA 2013 

44 Puckett and Hensher (2008) Australia 2005 

45 Rich et al. (2009) Denmark and Sweden 1996 

46 Shams et al. (2017) USA 2016 

47 Shinghal and Fowkes (2002) India 1998 

48 Small (1999) USA 1995 

49 Train and Wilson (2008) USA 2004 

50 Vieira (1992) USA 1990 

51 Widlert and Bradley (1992) Sweden 1992 

52 Wigan et al. (2000) Australia 1998 

53 Witlox and Vandaele (2005) Belgium 2003 

54 Wynter (1995) France 1990 

55 Zamparini et al. (2011) Tanzania 2008 

56 Zotti and Danielis (2004) Italy 2002 
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