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Oversized trucks are subject to constraints imposed by their size and performance, leading to specific 

requirements and preferences in their route choices. This study aims to explore the impact of road attributes, 

such as road type, travel distance, tolls, as well as turns on route choices. GPS trajectory data from oversized 

trucks in the harbour region of Osaka, Japan, have been collected for this. Trips originating from and des-

tined to the container terminals, truck terminals, and bonded areas in the region are selected. After filtering 

in the roads used in these trips and applying different spatial buffers, five road network scales are obtained. 

Recursive Logit (RL) models are employed to capture the realistic decision-making process in route choice 

behavior, implicitly assuming that drivers make step-by-step route decisions during the trip rather than 

determining the entire route from the outset. Different preferences for trips with different origins and des-

tinations are observed, explained by their inclinations or aversions towards toll roads, road types, and lane 

numbers. In particular we find differences in route preferences for trucks originating from terminals and 

trucks destined to these. The findings offer new perspectives for designing, improving, and managing lo-

gistics road systems to meet the diverse requirements of oversized trucks based on their cargo characteris-

tics and travel objectives. Further, we contribute to the choice modelling literature by revealing the sensi-

tivity of the RL model to the road network scale included in the model. We show the effect on parameter 

estimates when excessive irrelevant alternative roads are included. 
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1. INTRODUCTION 
 

The utilization of oversized trucks for cargo trans-

portation has been on the rise. According to statistics 

published by the Ministry of Land, Infrastructure, 

Transport, and Tourism of Japan for the year 2020, 

out of the total 3,786,998 thousand tons of cargo 

transported by automobiles, 45.9% of it was carried 

by trucks with a load capacity of 6.5 tons or more (1). 

Oversized trucks display notable characteristics 

distinct from small vehicles or ordinary trucks, in-

cluding their larger size, weight, braking distance, 

blind spots, maneuvering challenges, noise, and 

higher fuel consumption and emissions (2). Further-

more, oversized trucks have a higher propensity to 

contribute to severe traffic congestion and raise 

safety concerns (3). Therefore, oversized trucks may 

have unique preferences and specific requirements 
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for selecting their routes, such as considering road 

types and turning radius at intersections. They may 

prefer larger intersections for turning maneuvers and 

are constrained by size and weight restrictions im-

posed by traffic management. Given these special 

characteristics, dedicated studies on the route choices 

of oversized trucks become essential and valuable. 

When examining route choices with discrete 

choice approaches such as Multinomial Logit or 

other Generalized Extreme Value models, firstly the 

set of considered alternatives needs to be defined.  

Conventional approaches for choice set creation in-

clude using the shortest path according to multiple 

weights (4, 5), link penalty approaches (6), or random 

algorithms (7). However, these approaches may re-

sult in the inclusion of some routes that are highly 

unreasonable and irrelevant, leading to potential im-

pacts on model results and computational burden (8). 

While there are a number of dicrete choice ap-

proaches that can address concern of route overlap, 

they still have limitations in the number of alterna-

tives they can handle (9–11). In practical route 

choices, there can be a much larger number of alter-

native paths. 

Additionally, in static discrete choice models as-

sume that decision makers can only perceive charac-

teristics related to the trip and determine the entire 

path from the beginning, which does not align with 

the reality where drivers can change their route dur-

ing the trip. In this study, we employ the Recursive 

Logit (RL) model to simulate the route choice behav-

ior of oversized trucks (12). This approach eliminates 

the need to pre-generate a choice set of routes and 

theoretically allows for an infinite number of poten-

tial routes. It does, however, still require the analyst 

to define the network limits and which links are in-

cluded. In particular if some links are “unreasona-

ble”, because in our case the vehicles are too large, 

this can lead to impacts on the estimated paramters. 

We discuss this sensitivity to the network scale which 

we suggest has not been sufficiently studied in the RL 

literature. 

We investigate how the characteristics of road 

links influence the route choice of oversized trucks. 

Trips originating from or destined to different logistic 

facilities are analzed separately to determine the rela-

tionship between the OD type and the heterogeneity 

in route choices. Additionally, we included link pair 

features and turnings as potential influencing factors. 

To manage the computational burden and avoid in-

terference from excessive irrelevant link alternatives 

to the model result, we discuss the impact of reducing 

the size of the road network. 

The structure of this paper is as follows. In the next 

section, a literature review on oversized truck route 

choice is presented, highlighting the contribution of 

this research. Section 3 introduces the Recursive 

Logit model employed in this study. Section 4 out-

lines the data preparation process for our modeling. 

The results and interpretations are discussed in Sec-

tion 5. This paper concludes with a summary of find-

ings and recommendations in the final section.  

2. LITERATURE REVIEW 
 

The route choice problem of trucks has been 

widely studied, given the increasing significance of 

efficient and sustainable freight transportation by 

trucks and the attention to safety, emissions, and op-

erational effectiveness. 

Studying the characteristics and influencing fac-

tors of truck route choice serves two main purposes. 

Firstly, it enhances the understanding and prediction 

of trip paths with more accuracy, especially when 

only the trip's origin and destination are available. 

Traditional route estimation for oversized trucks has 

relied on the shortest path or required time, overlook-

ing the significant impact of road factors (13). Addi-

tionally, trip characteristics such as travel distance 

significantly impact truck route choices (14). Origin-

destination (OD) specific attributes also play a cru-

cial role in route usage decisions, like container 

trucks favoring large intersections for turns and time-

sensitive trucks preferring highways (15). Expected 

travel time, use of different road types (e.g., express-

way), and the number of turns are also essential fac-

tors for truck drivers to consider when choosing their 

routes (16). Incorporating these factors into the 

model yields more reasonable explanations and pre-

dictions. The second aim is to provide policy recom-

mendations for road network optimization and truck 

management. Frequent use of roads shared by trucks 

with other traffic can lead to heavy congestion and 

accidents. Similar to our research, but not focusing 

on oversized trucks, Japanese scholars have em-

ployed discrete choice models to extract route prefer-

ences and then propose strategies for encouraging 

truck drivers to choose expressways by implementing 

road transformations on bottleneck sections and opti-

mizing expressway fees (17). 

Recursive Logit (RL) models have been intro-

duced as an alternative to standard discrete choice ap-

proaches to estimate route choice as a weighted Mar-

kovian process where the weights are to be estimated. 

The advantage of the Recursive Logit (RL) model 

over traditional discrete choice models lies in its abil-

ity to avoid generating a finite set of path or trip 

choice and its capability to handle step-by-step deci-

sion-making processes, which better reflects reality, 

as various factors such as traffic conditions and trip 

objectives may lead people to make different route 

choices during their journey (18). As a result of its 

flexibility and realism, the RL model is increasingly 
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used in research on travel patterns, crowd monitor-

ing, and route choice. Through the use of Wi-Fi 

probes to collect the locations of travelers or crowds 

and then generate travel chains or trajectories, the RL 

model is utilized to identify travel patterns (19) and 

large-scale crowd activity patterns (20). Route choice 

behavior has also been studied for various modes of 

transportation, including e-scooters (18), vehicles 

(21), taxis (22), and trucks (23, 24). Furthermore, 

some studies have made improvements to the RL 

model to accelerate estimation speed (25), further re-

lax the IIA property (26, 27), consider utility dimin-

ishing effects (22), or deal with incomplete trip ob-

servations (28). 

Regarding data sources, previous studies have uti-

lized travel route surveys (29, 30), truck travel permit 

application data, and GPS trajectories (23) from ve-

hicle probe. Among these, GPS trajectories can pro-

vide precise time and spatial location of the vehicles, 

including the characteristics of roads used after map 

matching, making it easier to introduce more factors 

for analysis. 

While extensive research exists on truck route 

choice behavior, this study focuses on understanding 

how specific road characteristics influence truck 

route choices between multiple origin-destination 

pairs. Moreover, the model we selected, Recursive 

Logit (RL) model, allows us to better simulate the de-

cision-making process of oversized trucks and incor-

porate more types of independent variables into the 

model. 

 

 

3. METHODOLOGY 
 

The concept of the Recursive Logit (RL) model is 

illustrated in Figure 1 (12). 

 

 
Fig.1 Concept of the Recursive Model, proposed by (12), modi-

fied by (19). 

 

𝐺 is a directed connected graph consisting of the 

node set 𝒱 and the link set 𝐴. Links 𝑘, 𝑎 ∈ 𝐴, in route 

choice problem, where a path is a sequence of links, 

𝑘 is the current link and 𝑎 is a potential next alterna-

tive link given current link 𝑘. The set of all alterna-

tive links from the sink node of link 𝑘 is denoted as 

𝐴(𝑘). 

At each link 𝑘, the oversized truck 𝑛 selects the 

next link 𝑎 from the set of all alternative links 𝐴(𝑘). 

The selection is based on maximizing the sum of in-

stantaneous utility 𝑢𝑛(𝑎|𝑘)  and expected down-

stream utility. The former is given by Equation 1, and 

the latter is defined by taking the continuation of this 

process into account via the Bellman equation (31), 

as shown in Equation 2. 

 
𝑢𝑛(𝑎|𝑘) = 𝑣𝑛(𝑎|𝑘) + 𝜇𝜀𝑛(𝑎) 

𝑉𝑛
𝑑(𝑘) = 𝐸 [ max

𝑎∈𝐴(𝑘)
(𝑣𝑛(𝑎|𝑘) + 𝑉𝑛

𝑑(𝑎) + 𝜇𝜀(𝑎))] , ∀𝑘 ∈ 𝐴    

 

where 𝑣𝑛(𝑎|𝑘) = 𝑣(𝑥𝑛,𝑎|𝑘; 𝛽) is a linear combination 

of observed characteristics 𝑥𝑛,𝑎|𝑘  associated with 

each link pair, which may include road characteris-

tics, such as road length, or road (link) pair character-

istics, such as turning angle. 𝛽 is an unknown param-

eter vector to be estimated. 

Then the probability of choosing a next link given 

a current link 𝑘 is given by the Multinomial Logit 

model by Equation 3. 

 

 𝑃(𝜎) = ∏ 𝑒
1
𝜇

(𝑣(𝑘𝑖+1|𝑘𝑖)+𝑉(𝑘𝑖+1)−𝑉(𝑘𝑖))
𝐼−1

𝑖=0

 

 

The RL model can also accommodate the Link 

Size (LS) attribute, which relaxes the Independence 

of Irrelevant Alternatives (IIA) property of the lo-

gistic model by adjusting the utility function for over-

lapping paths (12), similar to the C-Logit model (10) 

and Path Size Logit (PSL) model (11). An issue of 

considering Link Size is only that the computational 

time increases significantly for largr problems as 

origin-destination-specific choices instead of desti-

nation specific choices need to be estimated (12). 

 

 

4. DATA 
 

 GPS trajectory data was collected in Osaka, Japan 

during the period of July to September 2020.  We 

limited our study area to a central zone with dimensions 

of 10km x 10km for two main reasons. Firstly, this area 

serves as a key harbour region in Osaka, housing 

numerous logistics facilities for oversized trucks, such 

as container terminals, truck terminals, and bonded 

areas (see Figure 2). As a result, a considerable number 

of trips by oversized trucks can be collected, enabling 

us to investigate the diverse route choices for trips 

originating from and destined to different logistics 

facilities. Secondly, since we consider a detailed road 

network, choosing larger areas leads to computationally 

challenging problems, so the chosen study area is 

manageable and practical. 

 

(1) 

(2) 

(3) 
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Fig.2 Osaka study area (10km x 10km) and distributin of three 

types of logistic facilities. 

 

The collected trips have been map matched. Since 

the GPS records do not contain a marker for the truck 

having reached its destination and to ensure that con-

secutive trips are not counted as a single trip, the tra-

jectores are split based on the vehicle speed. For in-

stance, if a truck departs from location A to location 

B and then returns to location A, it should be treated 

as two separate trips instead of one continuous trip. If 

the vehicle speed remains below 5 km per hour con-

tinuously for more than 120 s, we consider it as a seg-

mentation point to potentially split the trip. We also 

examine whether vehicles in low-speed conditions 

experience directional reversals to avoid misidentify-

ing low-speed states caused by congestion or traffic 

signals as reaching its destination. Only if both con-

ditions are fulfilled we define the segementation 

point as a destination. Additionally, trips with a total 

travel distance less than 5 kilometers or consisting of 

only 5 or fewer links are discarded to avoid insignif-

icant short trips (These might be maneuvers con-

nected to loading and unloading inside terminals). Fi-

nally, 2285 trips are retained, involving 841 over-

sized trucks, as shown in Figure 3. The numbers of 

trips and used links are presented in Table 1. Trips 

originating from or destined to container terminals 

(CTs), truck terminals (TTs), and bonded areas (BAs) 

are reported separately. In the RL model, all links 

should be unidirectional, so we add reversed dummy 

links for bi-directional roads. 

 

 
Fig.3 2285 trips generated by 841 oversized trucks (different 

colors to differentiate between trips). 

 

Table 1  Number of trips, links, and link pairs for trips originat-

ing from or destined to three types of logistic facilities. 

 

Number 
from 

CT 

to 

CT 

from 

TT 

to 

TT 

from 

BA 

to 

BA 

trips 518 158 210 280 980 882 

links 1080 910 1168 1616 2171 2488 

links inc. 

dummy links 
1509 1224 1582 2110 3015 3451 

link pairs 3253 2640 3378 4600 6673 7764 

 

For each road link, the following information is 

available to describe its characteristics:  

• Administrator, such as whether the road is a 

national, prefectural or the municipality ad-

ministered. 

• Whether or not the road is a freeway and 

whether or not it is tolled. We note that the 

majority of freeways in Japan are tolled as 

well as a few other roads. 

• Whether it is a recommended arterial road or 

a local road, where we note that “recom-

mended” is not synonymous with “main arte-

rial road”, but rather a concept relative to “lo-

cal road”. Local roads, which are not pre-

ferred or suitable for vehicles, constitute only 

about 10% of the total road links. 

• Further information on road type is available 

in the form as to whether the road is a bi-di-

rectional divided road, bi-directional undi-

vided road, or parallel side road, as exempli-

fied in Figure 4. 

• Other discrete attributes are number of lanes 

and whether or not the road is for motorized 

traffic only. 

• “Continuous variable information” specifi-

ygin the road are length, road width and me-

dian barrier width and speed limit 

• Traffic volume related information are aver-

age traffic volume (within a 12-hour period, 

based on on-site traffic surveys) and peak 

hour travel speed. 

• Finally, we have information as to whether 

the road is included in the truck management 

system. If included in the system, this means 

that even oversized trucks do not need to ob-

tain permission for using these routes and that 

emergency management measures are in 

place. 
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Fig.4 Examples for road types and toll road. 

 

Clearly, some road attributes are found to have 

strong correlations, which can affect the accuracy of 

parameter estimation of the RL model. Therefore, 

pairs of factors with an absolute Pearson correlation 

coefficient greater than 0.4 are reduced to one factor, 

unless both factors are considered essential, in which 

case the threshold is relaxed to 0.5 (Figure 5). Note 

that the categorical variable “administrator” is trans-

formed into ordinal variable by 1: national, 2: prefec-

tural, 3: municipality administered, and 4: others, 

such as private roads. 

After adding dummy variables for categorical fac-

tors, we have a total of 10 factors to be input into the 

RL model: whether it is a recommended arterial road, 

road length, whether the number of lanes is greater 

than or equal to 4 (total in both directions), median 

barrier width, whether it is a toll road, whether it is a 

bi-directional undivided road, whether it is a parallel 

side road, and whether it is a left turn, right turn, or 

u-turn. These factors were selected based on their rel-

evance to the route choice behavior of oversized 

trucks and their potential influence on the utility of 

road links. 

 

 
Fig.5 Results of Pearson correlation coefficient analysis be-

tween factors. 

 

One of the advantages of using the RL model is 

that, since the utility is defined for link pairs rather 

than individual links, we can incorporate variables 

such as turning types. Figure 6 illustrates how we 

identified turning types for each link pair. A direc-

tional change between the current link and the next 

link greater than 45 degrees but less than 135 degrees 

is identified as a left or right turn, while a directional 

change greater than 135 degrees is identified as a u-

turn. 

 

 
Fig.6 Identification of left turn, right turn, and u-turn. 

 

The final step is to prepare the road network for the 

RL model. In order to expedite parameter estimation 

while ensuring that only roads relevant to oversized 

trucks are included, we first select all roads used in 

trips within the three-month period and create a “0 

buffer” road network. This network includes only 

links that have been used at least once. It is hence a 

complete and efficient network with the definition of 

(32) in that all taken options are included and no 

never chosen option is included. The term “com-

plete” can, however, be argued, especially for net-

work planning purposes. The model with this choice 

set explains why some links are more chosen than 

others but does not explain why some links are never 

chosen. This is, however, relevant for network plan-

ning where one like to include the “consideration set” 

not just the “chosen set”. 

 Therefore, to get closer to a potential “complete 

consideration choise set” we expand the network. 

Based on “0 buffer” road network, we apply different 

spatial buffers and include roads within the buffer 

zones into the choice set. We include more similar 

route options in the choice set. As the buffer size in-

creases, more unused road links are included.  

It is important to note that as the road network 

scale increases, the estimation time for the RL model 

also increases. Figure 7 illustrates the road networks 

for 0 buffer, 100m buffer, 300m buffer, 500m buffer, 

and 1000m buffers. When the buffer size is 1000m, 

the choice set road network is close to the entire road 

network. Road characteristics encompassed by dif-

ferent buffer scales, and the non-linear growth in net-

work size for each buffer scale is presented in Table 

2. 
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Fig.7 Buffer scales for trips from container terminals. 

 

 

5. RESULTS AND DISCUSSION 
 

Using the method mentioned in the preceding sec-

tion, we obtained five different road networks of var-

ying scales, with buffer ranging from 0-meter to 

1000-meter. We employed and adapted the 

MATLAB code from (12) to perform parameter esti-

mation. The estimation results for trips from CT are 

presented in Table 3. 

Among all ten estimated parameters, only the me-

dian barrier width factor does not significantly affect 

link utility, regardless of the road network scale used. 

The results indicate that oversized trucks show a pref-

erence for recommended arterial roads rather than 

those that are not recommended, such as local roads. 

Moreover, the road length and 4+ lanes, have a neg-

ative impact on utility. It is important to note that in 

the RL model, link attributes are considered additive. 

Therefore, it is not indicative of a preference for 

shorter individual road link (which means a more 

fragmented road with frequent intersections), but ra-

ther a preference for roads that can result in shorter 

overall travel distance. 

We have three types of roads: bi-directional di-

vided (BDD) road, bi-directional undivided (BDU) 

road, and parallel side (PS) road. Oversized trucks 

prefer the higher-grade BDD road while showing 

aversion towards the latter two. Notably, the PS road 

has a more pronounced negative impact on utility 

than BDU road, with coefficients of -0.962 and -

0.171, respectively, in the 0-buffer case. This can be 

explained by the fact that PS roads are often parallel 

to urban expressways or highways (both belonging to 

the BDD road type). As a result, oversized trucks usu-

ally use the PS road only to access the BDD road. 

As expected, turning has a significant and strong 

negative effect on utility, with u-turn showing the 

most evident impact. In the 0-buffer case, the param-

eter for u-turn is -3.643, followed by -1.559 for right 

turn, and -0.802 for left turn. In Japan, where vehicles 

drive on the left side of the road, right turns require 

traveling a greater distance at intersections compared 

to left turns. Moreover, it is worth observing that as 

the buffer scale increases, the absolute values of the 

parameters, representing the magnitude of the turn 

Table 2 Descriptive Analysis for 10 Factors in 5 Different Road Network Buffer Scales. 

 

Factor Statistics 0 buffer 100m buffer 300m buffer 500m buffer 
1000m 

buffer 

Recommended Arte-

rial Road 
% 72.90  73.47  84.06  86.76  87.36  

Road Length mean 154.04  112.88  111.88  115.30  115.42  

  std 184.30  167.84  136.28  135.18  135.13  

  min 4 2 2 2 2 

  max 3815 3841 3841 3841 3841 

Number of Lanes ≥ 4 % 40.36  26.87  16.74  15.08  15.07  

Median Barrier Width mean 11.84  11.28  6.64  6.24  5.75  

  std 36.17  40.67  30.70  29.02  26.86  

  min 0 0 0 0 0 

  max 300 300 300 300 430 

Toll % 4.17  4.66  3.15  2.97  2.55  

Bi-Directional Undi-

vided Road 
% 51.36  48.67  68.30  71.74  73.04  

Parallel Side Road % 0.27  1.77  0.93  0.73  0.66  

Left Turn % 12.04  20.42  28.11  28.66  28.75  

Right Turn % 11.75  30.53  29.50  29.90  29.74  

U Turn % 1.61  2.84  2.28  2.11  2.06  

# of trips 518 

# of links 1080 2613 4864 6845 9714 

# of links inc. dummy links 1509 3844 7931 11389 16286 

# of link pairs 3253 9690 22512 33589 49040 
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factors, show noticeable changes. 

The significance of the toll parameter also varies 

with the buffer scale. At 0-buffer, the significance 

level is 99.9%, but it reduces to 95% for buffer scales 

of 100m, 300m, 500m, and 1000m. This reflects the 

RL model's sensitivity to the utilization of different 

road networks. A proper interpretation requires com-

bining the information of the road characteristics en-

compassed by different buffer scales, as detailed in 

Table 2. The proportion of toll roads varies with dif-

ferent buffer scales. Toll roads, which primarily con-

sist of highways and expressways, tend to be spatially 

concentrated and interconnected. This leads to an in-

crease in the proportion of toll roads when a 100m 

buffer is applied. Conversely, non-toll roads exhibit 

a more homogeneous spatial distribution. Therefore, 

as the buffer is further increased, more non-toll roads 

are encompassed, while the increase in toll road num-

ber is relatively minimal, leading to a decrease in its 

overall proportion. 

We suggest that the inclusion of excessive non-toll 

roads could lead to what is referred to as the “irrele-

vant alternative effect”, which may be misleading to 

the model estimation results. Many of these non-toll 

roads have never been used by oversized truck trips 

within the three-month period, meaning they are not 

realistic alternatives that oversized trucks would gen-

uinely consider. In the RL model, a road link's utility 

includes downstream effects. Irrelevant alternatives 

can influence this downstream utility of viable alter-

natives, consequently impacting the estimation of pa-

rameters. The similar irrelevant alternative effect is 

also evident in some other parameters, although it 

may not manifest in terms of significance or sign, but 

rather in the magnitudes they represent. As the buffer 

scale increases from 0 to 100m, the influence of rec-

ommended arterial roads decreases, while the impact 

of BDU and PS road types increases, as well as the 

effects of the three types of turns. As the buffer con-

tinues to increase, there are still variations, but these 

become less pronounced. From Table 2, it can be ob-

served that the road proportions for these factors vary 

significantly from 0 buffer to 100m buffer. Beyond 

100m buffer, the changes become minimal. 

In summary, the RL model exhibits sensitivity to 

the road network used. The inclusion of excessive ir-

relevant alternatives can lead to changes or even re-

versals in the estimated parameters, as well as varia-

tions in the significance levels. When addressing the 

issue of oversized truck's route choice, it is crucial to 

use a road network that encompasses viable roads and 

exclude irrelevant alternatives. We conducted RL 

model parameter estimation for six different trip 

types, each with varying origins or destinations, us-

ing 0 buffer road networks. These trips include de-

partures/arrivals at container terminals (CT), depar-

tures/arrivals at truck terminals (TT), and depar-

tures/arrivals at bonded areas (BA). The results are 

Table 3 Recursive Logit Model Estimation Using Different Buffer Scales for Trips from CT. 

 

Factor Note 0 buffer 100m buffer 300m buffer 500m buffer 1000m buffer 

Recommended Arte-

rial Road 
vs. local road 0.166*** 0.159*** 0.124*** 0.107*** 0.079*** 

Road Length per 100m -0.143*** -0.105*** -0.117*** -0.116*** -0.117*** 

Number of Lanes ≥ 4 vs. <4 -0.227*** -0.235*** -0.247*** -0.222*** -0.180*** 

Median Barrier Width per 10m -0.083 -0.016 0.064 0.047 0.018 

Toll vs. not toll 0.283*** -0.154* -0.219* -0.168* -0.158* 

Bi-Directional Undi-

vided Road 

base: bi-di-

rectional di-

vided road 

-0.171*** -0.224*** -0.233*** -0.251*** -0.205*** 

Parallel Side Road 

base: bi-di-

rectional di-

vided road 

-0.962*** -2.585*** -2.520*** -2.547*** -2.521*** 

Left Turn base: straight  -0.802*** -1.561*** -1.667*** -1.681*** -1.694*** 

Right Turn base: straight  -1.559*** -2.057*** -2.231*** -2.230*** -2.257*** 

U Turn base: straight  -3.643*** -4.095*** -3.645*** -3.662*** -3.425*** 

initial LL -13.621  -13.621  -13.621  -13.621  -13.621  

max LL -0.682  -1.199  -1.559  -1.611  -1.684  

# of trips 518 518 518 518 518 

# of links 1080 2613 4864 6845 9714 

# of links inc. dummy links 1509 3844 7931 11389 16286 

# of link pairs 3253 9690 22512 33589 49040 

Estimation time (s) 437.67  1868.20  5024.90  8386.50  13281.00  

*** for a significance level of 0.001, ** for 0.01, and * for 0.05 
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presented in Table 4. 

To address potential overlapping path biases, we 

included link size (LS) as an additional attribute in a 

version of the model. As demonstrated in (12), the 

chosen beta for the model with LS is the optimal beta 

obtained without considering LS. The estimation re-

sults are presented in Table 5. 

The coefficients for the LS attribute are all nega-

tive, which aligns with our expectations, as overlap-

ping paths can reduce utility. However, in the model 

with “from TT” trips, the LS attribute is not signifi-

cant. This suggests that the overlapping paths for 

these trips are not prominent, or the overlap is evenly 

distributed in the road network (19). 

Moreover, the introduction of the LS attribute does 

not alter the sign of any significant factors' coeffi-

cients, it only affects some significance levels. While 

the p-values indicate that most of such changing sig-

nificance level factors are already close to being sig-

nificant without LS. For instance, in the model with-

out LS, the toll factor's p-value for “to CT” trips is 

0.052, the recommended arterial road factor's p-value 

for “to BA” trips is 0.067. The toll factor's p-value for 

“to TT” trips is 0.058, and the recommended arterial 

road factor's p-value is 0.211. In the model consider-

ing LS, they become significant. The magnitudes of 

the LS factors indicate that “to TT” trips indeed ex-

perience the most frequent overlapping paths. 

The oversized trucks returning to the three types of 

logistic facilities exhibit a disfavor for toll roads and 

recommended arterial roads, with a particular aver-

sion observed among those originating from the CT. 

Trucks originating from the TT and BA are relatively 

unaffected by these two factors. Only the trucks head-

ing to the CT show a preference for roads with 4+ 

lanes. Trucks except for those heading to the BA, do 

not consider the median barrier width as a significant 

factor in their route choices. 

The longer travel distance and lower-grade BDU 

and PS roads are never favored, and the three types 

of turns also have a negative impact on the utility. 

However, it is evident that the trucks departing from 

CT, TT, and BA strongly dislike u-turns compared to 

the returning trucks. 

 

 

6. CONCLUSIONS 

 

In this research, we utilized GPS trajectory data 

from oversized trucks operating in the Osaka harbour 

region, Japan, to study route choice criteria. The se-

lected trips are originated from or destined to con-

tainer terminals, truck terminals, and bonded areas. 

 

Table 4 Recursive Logit Model Estimation for Trips (without link size attribute). 

 

Factor Note from CT to CT from TT to TT from BA to BA 

Recommended 

Arterial Road 
vs. local road 0.166*** -0.106*** -0.039 -0.022 -0.020 -0.021 

Road Length per 100m -0.143*** -0.087*** -0.137*** -0.119** -0.128*** -0.088*** 

Number of Lanes 

≥ 4 
vs. <4 -0.227*** 0.103*** -0.138*** -0.136*** -0.114*** -0.123*** 

Median Barrier 

Width 
per 10m -0.083 -0.096 0.084 -0.056 -0.020 -0.034* 

Toll vs. not toll 0.283*** -0.467 0.037 -0.383 0.034 -0.183* 

Bi-Directional 

Undivided Road 

base: bi-direc-

tional divided 

road 

-0.171*** -0.029 -0.218*** -0.039 -0.062* -0.125*** 

Parallel Side Road 

base: bi-direc-

tional divided 

road 

-0.962*** -0.662** -0.581*** -1.203*** -1.048*** -0.901*** 

Left Turn base: straight  -0.802*** -0.760*** -0.667*** -0.857*** -0.951*** -1.125*** 

Right Turn base: straight  -1.559*** -1.486*** -1.471*** -1.468*** -1.702*** -1.659*** 

U Turn base: straight  -3.643*** -0.890*** -1.414*** -0.724*** -2.164*** -1.382*** 

initial LL -13.621 -37.362 -21.144 -29.456 -20.848 -27.664 

max LL -0.682 -1.620 -1.053 -1.530 -1.435 -2.237 

# of trips 518 158 210 280 980 882 

# of links 1080 910 1168 1616 2171 2488 

# of links inc. dummy links 1509 1224 1582 2110 3015 3451 

# of link pairs 3253 2640 3378 4600 6673 7764 

Estimation time (s) 437.67 112.77 157.76 314.24 1979.30 1871.70 

*** for a significance level of 0.001, ** for 0.01, and * for 0.05 
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By filtering in the roads used in these trips and apply-

ing varying spatial buffers, we derived five distinct 

road network scales: 0-buffer, 100m buffer, 300m 

buffer, 500m buffer, and 1000m buffer. The road net-

work with a 0-buffer contains the fewest road links, 

and the network with a 1000m buffer includes the 

most. Employing Recursive Logit (RL) models, we 

were able to capture the realistic decision-making 

process of drivers in route choice behavior, where 

step-by-step route decisions are made during the trip 

rather than determining the entire route from the be-

ginning. 

The RL model is considered capable of handling 

with infinite alternatives, thus eliminating the need to 

generate a choice set of routes like traditional Multi-

nomial Logit (MNL) model or Path Size Logit (PSL) 

model. However, our results show that the choice set 

problem does not fully vanish when employing RL 

models. We show that the RL model is sensitive to 

road network scale, particularly when excessive irrel-

evant alternative roads are considered. This suggests 

that a carefully selected choice set of viable links is 

still necessary, especially in cases like oversized 

truck route choices, where road choice behavior is 

constrained. 

Our results confirm some of the well-known and 

expected route choice factors, but we suggest we can 

add to the literature. In line with expectations we find 

trucks' preference against long travel distances, low-

grade road types, and turning, especially u-turns. Ad-

ditionally, the results reveal diverse preferences for 

trips with different origins and destinations. Trucks 

bound for the three types of logistic facilities gener-

ally exhibit a preference for non-toll roads, but for 

trucks departing from these facilities, there is indif-

ference or inclination towards them. Trucks heading 

to bonded areas show a preference for narrow median 

barriers, those destined for container terminals tend 

to prefer roads with more lanes, and trucks departing 

from container terminals also demonstrate a prefer-

ence for recommended arterial roads. Especially for 

trucks from and to container terminals the differences 

are pronounced. Trucks from the terminal prefer to 

take tolled routes whereas on their return they avoid 

these, probably since there is less time pressure and 

the fees on Japanese toll roads can be substantial. To 

furher explore these results, it would clearly be benef-

ical to have information about the trucks and their 

type and amount of cargo loaded, but for commercial 

reasons such information in conjunction with GPS 

trajectories is not available to us. 

Table 5 Recursive Logit Model Estimation for Trips (with link size attribute). 

 

Factor Note from CT to CT from TT to TT from BA to BA 

Recommended 

Arterial Road 
vs. local road 0.196*** -0.065** -0.036 -0.037* 0.002 -0.015* 

Road Length per 100m -0.162*** -0.117*** -0.146*** -0.156** -0.161*** -0.106*** 

Number of Lanes 

≥ 4 
vs. <4 -0.244*** 0.124*** -0.148*** -0.121*** -0.127*** -0.124*** 

Median Barrier 

Width 
per 10m -0.078 -0.121 0.101 -0.086 -0.020 -0.047*** 

Toll vs. not toll 0.274*** -0.563** 0.015 -0.550*** 0.041 -0.287*** 

Bi-Directional 

Undivided Road 

base: bi-direc-

tional divided 

road 

-0.191*** -0.051 -0.233*** -0.078 -0.074*** -0.144*** 

Parallel Side Road 

base: bi-direc-

tional divided 

road 

-1.041*** -0.732** -0.608*** -1.322*** -1.164*** -0.984*** 

Left Turn base: straight  -0.844*** -0.778*** -0.695*** -0.835*** -1.037*** -1.236*** 

Right Turn base: straight  -1.654*** -1.589*** -1.539*** -1.583*** -1.962*** -1.892*** 

U Turn base: straight  -3.723*** -0.886*** -1.311*** -0.489** -2.176*** -1.382*** 

Link Size / -0.060** -0.096*** -0.037 -0.112*** -0.096*** -0.103*** 

initial LL -21.380  -60.742  -39.050  -52.182  -35.636  -45.511  

max LL -0.674  -1.587  -1.047  -1.451  -1.369  -2.103  

# of trips 518 158 210 280 980 882 

# of links 1080 910 1168 1616 2171 2488 

# of links inc. dummy links 1509 1224 1582 2110 3015 3451 

# of link pairs 3253 2640 3378 4600 6673 7764 

Estimation time (s) 553.63  132.41  205.67  366.22  2475.80  2887.80  

*** for a significance level of 0.001, ** for 0.01, and * for 0.05 
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Overall, we suggest that the findings provide in-

sights for the design, enhancement, and management 

of logistics road systems, catering to the varied needs 

of oversized trucks according to their cargo attributes 

and travel goals. 
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