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1. INTRODUCTION

In recent years, with the accelerated pace of rural revitalisation, rural transportation has been greatly 
improved, promoting the development of the rural economy, and the state is paying more and more attention 
to the transportation situation in rural areas. The State Council's 14th Five-Year Plan for Promoting Agri-
cultural and Rural Modernisation of China, among other documents, has given priority to the construction 
of rural roads [1]. However, there are still inherent problems with rural roads, such as generally low design 
levels, poor implementation of technical standards, insufficient funds for construction and maintenance 
and complex road conditions, which still limit the development of rural transport. With the rapid growth of 
China's national economy, the vehicle ownership rate in rural areas and the vehicle models have increased 
greatly. Therefore, the bottlenecks in low-grade roads, such as narrow bridges, have become more and more 
prominent in affecting regional traffic. When rural roads are widened and reconstructed, bridges are usually 
not constructed and renovated accordingly due to financial constraints and backward planning and design, 
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resulting in wide-road-and-narrow-bridge sections. In regulations such as “Road Traffic Signs and Mark-
ings”, a narrow bridge is defined as a bridge with a width of less than 6 meters on the road surface [2]. In or-
der to ensure the smooth flow of rural roads and improve the travel conditions of the masses, it is necessary 
to focus on optimising the structure of the rural road network. The wide-road-and-narrow-bridge section is 
the bottleneck affecting the smooth passage of rural roads, which is a problem that cannot be ignored in the 
upgrading of rural roads.

2. LITERATURE REVIEW 

Currently, there are many studies on the capacity of bottleneck road sections in China and abroad. Okamura 
et al. [3] collected the traffic flow data of bottleneck sections of a Japanese suburban expressway and anal-
ysed some possible factors causing congestion and the relationship between these factors and road capacity. 
Wu et al. [4] introduced the asymmetric driving theory and improved the Newell following model to reveal 
more accurately the traffic capacity variation pattern of a bottleneck section of a highway. Raju et al. [5] used 
a simulation method in their study to quantify the impact of bottlenecks existing on the middle section of the 
road, and they found that the road section near the upstream side was greatly affected by the reduced capacity, 
while the downstream capacity did not exceed the capacity of the bottleneck section. However, these were all 
based on conventional two-lane and above highways or urban roads with lane widths greater than 3 m, whereas 
few studies have been conducted on wide-road-and-narrow-bridge sections of rural roads [6]. With the gradual 
increase of vehicle ownership in rural areas, it will be even more impossible to guarantee efficient and smooth 
traffic safety, which is a bottleneck problem for rural revitalisation. Therefore, it is of great practical signifi-
cance to study and explore the capacity of narrow bridges on rural low-grade highways.

Most of the traditional methods [7–9] for analysing the traffic capacity of bottleneck sections require the 
investigation of a large amount of traffic data, including traffic volume, speed, etc. At the same time, the work-
load and difficulties are greater in the field investigation of two-lane roads with high interference from oppos-
ing traffic. The VISSIM simulation software [10] can quickly build a complex road traffic model based on the 
approximate data from field research to compensate for the distortion or missing data caused by accidents or 
lack of manpower during actual research. In addition, the Random Forest (RF) algorithms [11] can handle both 
discrete and continuous data, and the training speed is fast, which is ideal for studying traffic data. This paper, 
therefore, proposes a method based on a combination of the RF algorithm and VISSIM simulation to analyse 
the factors influencing the capacity of wide-road-and-narrow-bridge sections and their importance.

3. SELECTION OF INFLUENCING FACTORS

This study is based on a narrow two-lane wide-road-and-narrow-bridge section in Ningdu County, Gan-
zhou City, Jiangxi Province, which is a rural tertiary road, namely County Road X428. The current traffic 
situation of a county road X428 was analysed based on actual research data, and the main influencing factors 
of the capacity of wide-road-and-narrow-bridge were selected to provide data support for the subsequent 
simulation validation.

3.1 Overview of the study section

County Road X428 is the main route connecting the countryside to the county town. There is no central 
divider separating the east and west lanes of the road, and the road can accommodate normal traffic flow in 
both directions. Due to the mountainous side of the road and its proximity to the Qin River, vehicular traffic 
is not affected by the entrances and exits on either side of the road. Moreover, because of the width of the 
road, overtaking is not possible. The whole section of the study object’s one-way lane width is less than 3 
m. The widest part of the cross-section is 5.2 m on the road, and the one-way lane width is 2.6 m. While 
the bridge is the narrowest part of the road cross-section, the cross-section width is 4.4 m with a one-way 
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lane width of 2.2 m. In addition, there is free space on both sides of the road and there are pavements on 
both sides of the bridge for people to walk, so vehicles are unaffected by pedestrians. At the same time, 
County Road X428 is a grade three highway with a design speed of 40 km/h and a speed limit of 60 km/h. 
The bridge is limited to a height of 2.2 meters, so large vehicles are not allowed to pass. However, there are 
more non-motorised vehicles in rural areas and the road is a mixed motorised-non-motorised section with 
an enormous demand for non-motorised vehicles. The factual reconstruction diagram is shown in Figure 1a 
and the satellite map is shown in Figure 1b.

Figure 1b – Satellite map diagramFigure 1a – Live reconfiguration diagram

3.2 Data collection and analysis

This study focuses on the simultaneous investigation of both road and bridge sections using manual survey 
methods to observe and record data on traffic volumes, location speeds and time headway at observation points.

Prefectural Road X428 traffic composition is mainly small vehicles, due to the height limit of 2.2 m, basi-
cally without large vehicle traffic. On the other hand, because it is a rural road, the road is also a non-mixed 
lane. Furthermore, the amount of non-motorised vehicles is relatively large, even larger than the number of 
motorised vehicles. Unlike urban roads, the road does not have a fixed morning and evening peak period. 
However, around the Chinese New Year, the peak hours on this road are similar to those of urban roads. At 
the same time, the time headway and speed as the vital evaluation index of the two-lane highway play an 
important role in the study of the level of service and capacity of the road. According to the data after two 
hours of video shooting and the statistics measured with the location speed meter, the data of each observa-
tion section are shown in Table 1.

Table 1 – Evening peak data statistics

Date of  
survey 
(year, 

month, day)

Traffic volume [veh/h]
Peak hourly  

flow rate 
 [veh/h] 

(bidirectional)

Location speed
[km/h]

Headway
[s]West East

Motorised 
vehicles

Non-motorised 
vehicles

Motorised 
vehicles

Non-motorised 
vehicles Road Bridge Road Bridge

2022.1.26 109 133 125 148 388 36.37 24.20 16.87 16.08

2022.1.27 118 120 131 142 406 36.22 23.20 16.17 15.68

2022.1.28 133 120 158 181 547 34.57 22.40 13.98 13.30

As shown in Table 1, the location speed and the average time headway of vehicles on the road surface are great-
er than that of the bridge section, which indicates that when vehicles pass through the road-bridge connecting 
section, drivers will produce deceleration behaviour due to the narrowing of the width of the travel lane in front of 
them. The ratio of motorised-to-non-motorised vehicles accounted for close to 1:1, and sometimes the proportion 
of non-motorised vehicles is even higher than that of motorised vehicles.
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3.3 Analysis of selected influencing factors

Due to the lack of funds for rural roads, it is impossible to widen the width of bridge lanes simultaneously 
when they are rebuilt or expanded. This is resulting in the bridge width being smaller than the road surface, which 
leads to a phenomenon of the wide-road-and-narrow-bridge section. This phenomenon is particularly common on 
rural roads. According to the actual survey of the traffic data of the wide-road-and-narrow-bridge section, it can 
be seen that the one-way lane width of the road is less than 3 m and the bridge lane width is lower than the width 
of the roadway. The location speed and average time headway of vehicles on the road are greater than that of the 
bridge section. Based on these data, when the vehicle is driving, the driver will produce deceleration behaviour 
because of the narrowing of the road ahead. Therefore, the one-way lane width and the road-bridge connection di-
mension are the key points in this study. Due to the limitation of the number and width of lanes, overtaking is not 
allowed when there is traffic in the opposite direction. Since the height limit at the bridge is 2.2 meters, only small 
cars and non-motorised vehicles are allowed to pass. At the same time, according to the data of the traffic flow 
of the field research, non-motorised vehicle demand is high and the ratio of motorised-to-non-motorised vehicles 
approaches 1:1. Furthermore, the road does not have a road centreline and the driving behaviour of non-motorised 
vehicles has a great impact on the capacity. Thus, the ratio of motorised-to-non-motorised is also a significant 
factor affecting road capacity. To sum up: the selected influencing factors of the wide-road-and-narrow-bridge 
section include the one-way lane width of roadway, the one-way lane width of bridge, the ratio of motorised to 
non-motorised vehicles and the road-bridge connection dimension.

4. SIMULATION FEASIBILITY ANALYSIS

The workload and difficulty of manual research are substantial, so the obtained data is characterised by com-
plexity and uncertainty. In order to analyse the impact of each combination of factors on the traffic capacity of 
the wide-road-and-narrow-bridge section through the VISSIM simulation software, the feasibility of the model 
should first be verified. 

4.1 VISSIM-based model for the wide-road-and-narrow-bridge section

According to the actual research of the evening peak data, the traffic scene situation of the wide-road-and-
narrow-bridge section is reconstructed and the driving behaviour is simulated using the VISSIM simulation soft-
ware. Then the relative error between the actual and simulated values is used as an evaluation index to verify the 
accuracy of the model. Furthermore, the VISSIM simulation software is used to establish the road-bridge connec-
tion to restore the reconstruction of the wide-road-and-narrow-bridge section. The simulation model diagram of 
the wide-road-and-narrow-bridge section is shown in Figure 2.

Figure 2 – Simulation model diagram of a wide-road-and-narrow-bridge section

4.2 Data processing and analysis of results

The simulated data were compared with the actual measured data. The Geoffrey E. Havers (GEH) statistic 
avoids some of the pitfalls that occur when using simple percentages to compare two groups of traffic capaci-
ty. The GEH of less than 5.0 shows that the modelled hourly transaction volume matches the observed hourly 
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transaction volume. Use the GEH statistics and relative errors to verify the feasibility of the model. The GEH is 
calculated as follows:

GEH M C
M C2 2

= +
-^ h

 (1) 

where M denotes simulation traffic volume and C denotes actual traffic volume. The validation results are shown 
in Table 2.

Table 2 – Simulation results validation

Time and place Validation indicators Measured 
values

Simulation 
values Relative error GEH

2022.1.26

Bridge

Traffic volume [veh/h] 388 408 5.15% 1.003

Location speed [km/h] 24.2 25.16 3.97% -

Time headway [s] 16.08 14.85 7.65% -

Road

Traffic volume [veh/h] 388 408 5.15% 1.003

Location speed [km/h] 36.37 35.66 1.95% -

Time headway [s] 16.87 15.29 9.37% -

2022.1.27

Bridge

Traffic volume [veh/h] 406 396 2.46% 0.125

Location speed [km/h] 23.2 25.47 8.91% -

Time headway [s] 15.68 14.94 4.72% -

Road

Traffic volume [veh/h] 406 396 2.46% 0.125

Location speed [km/h] 36.22 35.15 2.95% -

Time headway [s] 16.17 15.28 5.50% -

2022.1.28

Bridge

Traffic volume [veh/h] 547 576 5.30% 1.833

Location speed [km/h] 22.4 23.45 4.48% -

Time headway [s] 13.3 12.03 9.55% -

Road

Traffic volume [veh/h] 547 576 5.30% 1.833

Location speed [km/h] 34.57 34.47 0.29% -

Time headway [s] 13.98 12.63 9.66% -

According to the simulation validation data in Table 2, the relative error of the validation indicators for 
each observation point is less than 10% and the GEH statistic for each traffic volume is less than 5. There-
fore, it can be proved that the VISSIM simulation model can well reproduce the field research data and has 
high reproducibility, and it can be used for the subsequent study of the influence factors in practice.

5. FACTOR IMPORTANCE ANALYSIS BASED ON THE RF MODEL

The RF model is a decision tree-based machine learning algorithm proposed by Breiman, which randomly 
selects data and optimal features and constructs several different sub-decision trees for training to improve the 
diversity of the system and thus the accuracy of the model [12]. At the same time, the RF model can calculate the 
importance of the feature based on the contribution of the feature in each decision tree and can rank the impor-
tance of the factors affecting the capacity of wide-road-and-narrow-bridge sections. The RF models are fast to 
train, generalise well, resist noise and generally do not over-fit.
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5.1 Selection of factor levels

According to the site survey, the roadway one-way lane width, bridge deck one-way lane width, moto-
rised vehicles to non-motorised vehicles ratio and road-bridge connection dimension are the four factors 
researched in the study of the capacity of the wide-road-and-narrow-bridge section. Several levels of com-
bination tests are selected respectively. The road-bridge connection dimension is the length of the tapering 
section of the wide road connected to the narrow bridge. The relevant specification stipulates that for low-
grade rural roads, the general value of the road tapering section is 20 m, so the factor levels are selected to 
be 20 m and 30 m. On rural roads, the number of non-motorised vehicles is huge, which is also the main 
factor that affects the traffic capacity. The ratio of motorised vehicles to non-motorised vehicles selected a 
10-factor level, that is, in 10% steps from the share of non-motorised vehicles from 0% to 90%. Taking into 
account the specification and the actual rural road situation, the highest selected one-way lane width is 3.25 
m. The road surface one-way lane width and bridge one-way lane width of the factor level selection and the 
combination is shown in Table 3.

Table 3 – Factor level selection of one-way lane width

Factor level combinations

Selection of influencing factors

Width of one-way lane on 
roadway [m]

Width of one-way lane on bridge 
deck [m]

1

3.25

2.50

2 3.00

3 3.25

4
3.00

2.50

5 3.00

6
2.60

2.20

7 2.60

The models of different combinations are set up by the VISSIM simulation software. In order to restore 
the driving behaviour of vehicles slowing down and giving way to traffic passing on narrow bridges, the 
deceleration and priority rules were set in the bridge deck part of the models, and other traffic conditions 
were consistent in each combination. The traffic volume was gradually increased for simulation until the 
road could not complete the passage of all vehicles. The traffic flow at this time was recorded as the capacity 
of the road-bridge connecting section. Since there are seven horizontal factors for the one-way lane width, 
ten horizontal factors for the ratio of motorised-to-non-motorised vehicles, and two horizontal factors for 
the road-bridge connection dimensions, 140 sets of experimental data from the simulation models were 
combined. The capacity data for each combination is shown in Figure 3.

The meaning of the individual legends in Figure 3 is given by the example of 3.25-3.25-20. The first 3.25 
indicates the roadway one-way lane width, the second 3.25 indicates the bridge deck one-way lane width 
and 20 denotes the dimension of the road-bridge connection section. Therefore, the first legend represents 
the road-bridge connection model when the road surface is 3.25 m wide, the bridge deck is 3.25 m wide 
and the road and bridge connection is 20 m. The meaning of the other legends can be interpreted similarly
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5.2 Building the RF model

Sub-training
set 1

Sub-training
set 2

Sub-training
set K

Prediction 1

Prediction 2

Prediction K

Final
prediction

Decision tree 1

Decision tree 2

Decision tree K

Training set Sampling
(Bootstrap)

Figure 4 – Flowchart of the RF model execution

Assume that the original data set consists of N sets of data with M-dimensional features in each. The flow-
chart of the RF model execution is shown in Figure 4, and its main steps are as follows:
1)  Using the bootstrap method, K different sample datasets are randomly selected from the original dataset N 

as the sub-training set for each decision tree, with the number of samples taken each time being approxi-
mately 2/3 of the total number of samples in the original dataset.

2)  From the sampled sample, m (greater than 0 and lower than M) features are randomly selected as the split 
feature set of the current node and the optimal features are selected from the subset for node splitting and 
branching according to the Gini index minimisation criterion.

3)  Each tree grows recursively from top to bottom until it reaches a set minimum size of leaf nodes, then the 
tree stops growing, and finally, all the decision trees are combined into the RF.

4)  The test data are input into the RF model and predicted separately using K decision trees, and finally, the 
average of the prediction results of each decision tree is taken as the final prediction result.
Based on the road survey, this study selected the roadway one-way lane width, the bridge deck one-way 

lane width, the motorised vehicles to non-motorised vehicles ratio and the road-bridge connection dimension 
as the input features of the model, and the capacity as the output variable of the model. In order to build the 
RF model of the wide-road-and-narrow-bridge sections, 80% of the data randomly selected from 140 sets of 
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simulation data is used as the training set of the RF using the Python language, and the remaining 20% is 
used as the test set of the model. Therefore, the N and M in this paper are 112 and 4, respectively.

5.3 Data analysis and significance evaluation

Model accuracy tests

Based on the RF model of the road-bridge connection sections constructed above, predictions are made 
for 28 sets of data from the test set. The traffic capacity at this point is predicted by inputting data for four in-
fluencing factors: road one-way lane width, bridge deck one-way lane width, motorised vehicles to non-mo-
torised vehicles ratio and road-bridge connection dimension. Furthermore, a graph is derived comparing 
the predicted values with the simulated values, where the simulated values are based on 20% of the values 
in the test set from the VISSIM data. A scatter plot (x-axis – simulated values, y-axis – predicted values) 
comparing the predicted values of the model with the simulated values of the test set is shown in Figure 5.
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Figure 5 – Scatter plot of the predicted versus simulated traffic capacity

Based on the results of the predicted and simulated values in Figure 5, the model decision coefficient of 
the test set (R2) to test the accuracy of the model is calculated as follows:
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where oi and Pi are the simulated and predicted values of the capacity, respectively, and  ̅oi  is the mean value 
of the simulated values.

As can be seen from Figure 5, for each set of data in the test set, the predicted and simulated values of 
the capacity of the wide-road-and-narrow-bridge sections are very close to each other and the coefficient 
of determination is also as high as 0.9868, which shows that the RF model can still predict the capacity of 
the wide-road-and-narrow-bridge sections better under the situation of multifactor coupling and complex 
non-linear relationship.

Analysis of the importance of influencing factors

A vital advantage of the RF model is that it is possible to assess the importance of each variable for the 
simulation results. The RF model in this paper uses the Gini index to calculate the effect of each variable on 
the heterogeneity of the observations at each node of the decision tree; the smaller the value of this index 
the higher the purity. Then the Gini coefficients of each characteristic variable are normalised to reflect the 
relative importance coefficients of the influence of each factor on the capacity through a histogram, where 
a larger value of the characteristic score indicates a greater influence of the variable on the model results. 
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Suppose X1, X2, X3, and X4 denote roadway one-way lane width, bridge deck one-way lane width, motorised 
vehicles to non-motorised vehicles ratio and roadway-bridge connection dimensions, respectively, then the 
importance scores of influencing factors are calculated by the following steps:
1)  Calculate the Gini index GIkq of Xi before and after the branching of node q in the kth decision tree, which 

is its importance on that node.
2)  Calculate the Gini index variation VIMikq of Xi before and after the branching of node q in the kth decision 

tree, which is its importance on the node. The VIMikq is calculated as follows:

VIM GI GI GIikq kq kl kr= - -  (3) 

3)  Add the importance scores of all nodes of Xi in the decision kth tree, which is the importance VIMik of Xi 
in the decision tree. The VIMik can be described as follows:

VIM VIMik ikq
q Q

=
!

/  (4)

4)  Add up the importance score of Xi in all decision trees and then normalise it to get the final importance 
score VIMi of Xi:

VIM
VIM

VIM
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==
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/
 (5)

The results of the characteristic scores for each factor are shown in Figure 6.
 

Importance scores
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Bridge deck width of one-way lane

Ratio of motorised vehicles to non-motorised
vehicles

Roadway width of one-way lane

Length of road-bridge connection

0.446

0.383

0.169

0.002

Figure 6 – Importance scores affecting the capacity of the wide-road-and-narrow-bridge section

As can be seen from Figure 6, the importance scores of each factor from the largest to the smallest are 
bridge deck one-way lane width, motorised vehicles to non-machine ratio, roadway one-way lane width and 
road-bridge connection dimensions, whose scores are 0.446, 0.383, 0.169, and 0.002, respectively. There-
fore, the results show that the one-way lane width of the bridge deck has a significant impact on the capacity 
of the wide-road-and-narrow-bridge sections, followed by the motorised vehicles to non-motorised vehicles 
ratio and the roadway one-way lane width. Finally, the last one is the road-bridge connection dimension. 

6. CONCLUSION 

The actual two-lane scenario of the wide-road-and-narrow-bridge section was reconstructed by the VIS-
SIM simulation software. By comparing the actual vehicle behaviour with the driving behaviour data simu-
lated by the VISSIM, it can be seen that the VISSIM simulation software has good reducibility for the recon-
struction of the scenario. Therefore, this paper proposes a method based on a combination of RF algorithms 
and VISSIM to analyse the factors influencing the capacity of the wide-road-and-narrow-bridge sections on 
rural roads. The results show that the coefficient of determination of the RF model is 0.9868, which is very 
close to 1, indicating that the model fits well. In addition, from the analysis of the data results, it can be seen 
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that the magnitude of the influence on the capacity of the wide-road-and-narrow-bridge sections is bridge 
deck one-way lane width > motorised-to-non-motorised vehicles ratio > roadway one-way lane width > 
road-bridge connection dimension.

To sum up, in order to promote the construction of rural roads, the capacity of the wide-road-and-nar-
row-bridge section needs to be improved. First, if the funds are sufficient, the lane width of the road and 
bridge can be widened. Otherwise, the sidewalk on the bridge can be changed to a lane, which is equivalent 
to widening the bridge deck width. Pedestrians can be guided to other alternative routes to pass. Then, the 
regulation of non-motorised vehicles in rural areas should be strengthened. Certain policies should be im-
plemented to restrict the passage of non-motorised vehicles and guide them to pass on non-critical sections. 
This can reduce the impact of non-motorised vehicles on critical roads of rural roads. Finally, as the length 
of the road-bridge connection section does not significantly impact the capacity, it can be set according to 
the specifications.

According to the result of the RF model, the method can accurately and objectively predict the road 
traffic capacity of the rural bottleneck section in multi-factor scenarios, which proves the feasibility and 
effectiveness of the RF model for the rural bottleneck section. At the same time, due to the advantages of 
adaptability and stability, the RF model could be generalised to other bottleneck road studies. However, 
when using RF models to study different bottleneck sections, the different influencing factors need to be 
considered due to different environments. Therefore, in the following research, more influencing factors of 
bottleneck sections can be used to further improve the applicability of the model.
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李昊, 郭亚红

基于随机森林的宽路窄桥通行能力影响因素分析

摘要 

为了推进农村公路现代化建设进程、提高道路通行能力等，农村公路瓶颈路段问题

急需得到解决，而宽路窄桥的现象在农村公路尤为凸出。基于此，本文基于VISSIM
与随机森林算法相结合的方法分析了路面单向车道宽度、桥面单向车道宽度、机非

比例、路桥连接尺寸对宽路窄桥通行能力的影响程度。结果表明：基于随机森林的

通行能力预测模型对数据的拟合程度很高；宽路窄桥通行能力的影响程度由大到小

依次是桥面单向车道宽度、机非比例、路面单向车道宽度、路桥连接尺寸。该模型

一方面可针对各影响因素提出改进建议，为提高农村公路瓶颈路段通行能力提供参

考意见；另一方面在农村公路改扩建时，根据重要性排序，为措施采取的先后顺序

提供决策价值。
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宽路窄桥；道路通行能力；VISSIM仿真；随机森林，重要性排序；农村公路


