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1. Executive Summary 
This research was commissioned by the BBC Inside Out South East program. It aims to 
quantify the congestion impact on M20/A20 of potential check time increase at Port of Dover 
and Eurotunnel (in Folkestone) in a post-Brexit scenario. We focus on a 40-mile segment of 
the M20/A20 motorway between Maidstone and Dover, with local access to Ashford and 
Folkestone. We consider outbound lorries and passenger vehicles that use the ferry and 
tunnel to cross the Straight of Dover, as well as traffic with local origins and destinations. 
Traffic simulations were conducted with assumptions regarding the check times at Dover and 
Eurotunnel for both current and post-Brexit scenarios. The impact of vehicle queuing at these 
locations was assessed in terms of queue length, travel time, and disruption to local traffic. 
The findings show that even one or two minutes of extra check times at the borders are 
accompanied by a dramatic increase of congestion on the motorways as well as local streets, 
with queues extending up to 30 miles from Dover/Eurotunnel towards Maidstone and travel 
time approaching 5 hours in peak times. 

2. Scope of the Research 
2.1.  Spatial extent 
The study area includes the M20/A20 corridor between Maidstone (east of Junction 7, near 
Thurnham Lane) and Dover (Port of Dover), measuring 38.2 miles in length. The actual road 
network considered for the simulation includes A20 as an alternative route (between 
Maidstone and Folkestone) and local streets near Ashford, Folkestone, and Dover; see 
Figure 1. The network also contains part of A2 approaching Dover from the north as we study 
potential route shift towards the M2/A2 corridor for Dover-bound traffic. 

 

Figure 1. Road network considered in this study. 
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2.2.  Temporal horizon 
The simulation spans a 24-hr period where performance indicators including queue length 
and travel time are calculated for every hour. The base scenario (with normal traffic 
operation) is sampled from working days in October 2017.  

2.3.  Trip origins/destinations and vehicle type 
For the simulation study we consider both east- and west-bound traffic in the study area, with 
local origins and destinations at Maidstone, Ashford, Eurotunnel, Folkestone, and Dover.  

The traffic mix consists of passenger vehicles, light goods vehicles, and heavy goods 
vehicles. These vehicle types are identified via their length information, which are included in 
the Highways England open dataset [1]. Taking into consideration different types of vehicles 
allows us to more accurately model traffic dynamics in free-flow, congested and queuing 
conditions, as they occupy different road space and have varying free-flow speeds.  

3. Assumptions and Scenarios 
This research makes the following assumption regarding the normal check times at Dover 
and Eurotunnel.  

A1. Under normal operational conditions at both Dover and Eurotunnel (before Brexit), the 
average time for a single vehicle to go through the checks is 2 minutes.  

Remark. There is a lack of clarity about exactly which processes contribute to the 2-minute 
check time. Depending on the vehicle type, passport type and trip purpose, for which the data 
is quite scarce, the actual processes to go through may vary and the times taken are 
probabilistic. BBC Inside Out South East gathered information from trade union representing 
Border Force workers and information taken from Port of Dover study, which confirmed that 
the 2-minute check time is a reasonable assumption for the proposed study.  

Given that post-Brexit passport and custom checks are likely to bring extra delays at the 
borders, we hypothesize the following scenarios. 

S1. The check times at Dover and Eurotunnel are 3 minutes on average (1 min additional 
delay to the normal condition); 

S2. The check times at Dover and Eurotunnel are 4 minutes on average (2 min additional 
delay to the normal condition). 

Remark. Scenarios S1-S2 are not predictions of post-Brexit check times, as the outcome of 
the negotiation remains uncertain. Rather, they are hypothesized to understand the motorway 
congestion corresponding to different levels of border delays. Although not reported here, 
more scenarios with longer check times have been simulated.  

4. Data and Methodology 
The study employs state-of-the-art dynamic traffic assignment models and simulation 
platforms developed at Imperial College London [2-5]. A description of data used in this study 
is shown in Table 1. 
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Table 1. Data used in the study. 

Name Source Description Note 

Motorway traffic 
flow 

Highways England 
[1]  

15-min flow by 
vehicle type on 
M20/A20 (sampled 
from Oct 2017) 

To derive time-
varying origin-
destination matrices 
and calibrate 
models 

Cross-border traffic 
volume 

Department for 
Transport [6], Port 
of Dover [7] 

Annual freight and 
passenger volume 
through Dover and 
Eurotunnel 

To derive origin-
destination matrices 

Motorway traffic 
volume 

Department for 
Transport [8] 

Aggregate flow 
statistics on 
M20/A20 corridor 

To calibrate and 
validate simulation 
models 

Real-time traffic 
speed distribution 

Highways England 
[9] 

Live update of 
motorway traffic 
speed profiles 

To validate 
simulation models 

Map and network 
Open Street Map 
[10] 
Google Map [11] 

Detailed network 
information 
including 
coordinates of 
nodes and links, 
road type and 
parameters 

To set up traffic 
simulations 

 

The dynamic traffic assignment model takes network characteristics (origin, destination, 
topology, and link, node, and path parameters) as well as time-varying origin-destination 
(OD) demand matrices as input. The algorithm assigns the OD demands within each hour to 
the corresponding set of feasible routes according to the dynamic user equilibrium principle 
[2, 4, 12]. The model captures the dynamic propagation of flow, queuing, and vehicle 
spillback, while incorporating different mix of traffic flows (e.g. passenger car, LGV, HGV).  

To simulate the bottleneck effect at Dover and Eurotunnel caused by border checks, both 
now and in the future, we take the appropriate assumption (A1, S1, S2) and calculate the 
corresponding bottleneck capacity (maximum number of vehicles that can go through in one 
hour). This allows us to capture the queue formation from these locations and their 
subsequent interaction with motorway and local traffic.  

 

5. Simulation Results 
To ensure the accuracy of the simulation model, we validate the simulation results for the 
normal check time scenario using existing data sources. The validation results are presented 
in the Appendix. 

The main simulation results for the three scenarios are summarized in Table 2. 
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Table 2. Network performance indicators for different scenarios. 

Check time 
at 
Eurotunnel 

Check time 
at Dover 

Length of queue* 
from Eurotunnel 
& Dover 

Peak hour travel 
time (Maidstone to 
Dover) 

Combined queue* 
length in the 
entire network 
(including local 
streets) 

2 min 
(normal) 

2 min 
(normal) 

9.7 miles 2.1 hours 12.1 miles 

3 min 3 min  19.8 miles 3.5 hours 26.9 miles 

4 min 4 min 29.3 miles 4.8 hours 39.6 miles 

* A queue in the network is defined to be a road segment with hourly average speed below 10km/h 

The third column of Table 2 refers to the queues on M20/A20 originating from Dover and 
Eurotunnel, which are considered primary queues resulting directly from the bottlenecks. On 
the other hand, secondary queues, or reactionary queues, can arise from the primary queues 
interacting with local traffic through junctions and roundabouts. The combined lengths of 
primary and secondary queues are shown in the fifth column. In other words, under the three 
scenarios queues concentrated on local streets (secondary queues) resulting from motorway 
deadlock can reach up to 2.4 miles, 7.1 miles, and 10.3 miles, respectively.  

The forth column represents the travel time from Maidstone to Dover, including time spent in 
the queues.  

Note that Table 2 only shows the network performance indicators during the most congested 
hour, typically in the afternoon peak. For the rest of the day the traffic deterioration is less 
dramatic. Figure 2-Figure 4 show the time-varying traffic queues on the entire network for the 
three test scenarios.  
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Figure 2. Traffic queues (red lines) during different times of the day under normal conditions. 
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Figure 3. Traffic queues (red lines) during different times of the day under 1 min increase scenario. 
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Figure 4. Traffic queues (red lines) during different times of the day under 2 min increase scenario. 
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Appendix. Validation of the simulation result (normal check 
time) 

In this section we present the validation results for the normal check time scenario, which is 
sampled from October 2017.  

According to [8], the annual average daily traffic volume (both ways) between Maidstone and 
Folkestone (in 2014) is shown in Figure 5. The simulated traffic volume at three test locations 
are shown in this figure, which match the actual curves quite well, especially when factoring 
in the increase of freight transport between 2014 and 2017 [6]. 

 

Figure 5. Actual and simulated daily traffic volume for all vehicles and goods vehicles. Source 
of background statistics: [8]. 

Regarding the segment between Folkestone and Dover, [8] mentions that “Traffic flows along 
the length of the A20 between Dover and Folkestone are consistently between 10,000 and 
20,000 vehicles per day”. According to our simulation result, the daily traffic volume for this 
part of the motorway is 20,000, which is consistent with the report.  

In addition, we use live traffic updates provided by [9] to validate the spatial distribution of 
congestion predicted by our simulation. This website provides frequently updated information 
regarding traffic queues and road speeds displayed on a user interface. Figure 6 compares 
the actual traffic queues with the simulated ones during the afternoon peak (15:00-17:00). At 
15:09, queue emerging from Dover approaches Folkestone, and minor queuing was formed 
around Eurotunnel, which is consistent across real-world and simulated traffic. At 16:33, the 



This report, supplied by Imperial Consultants (ICON), is the independent expert opinion of the author.  
 

P a g e  11 | 13 

 

queue on A20 towards Dover persists, and the queue from Eurotunnel has expanded to 
cover A20 between Junctions 11A and 12 as well as M20 between Junctions 11 and 11A. 
The same queuing pattern is observed in the simulation. 

 

Figure 6. Comparison of actual traffic queues (left column; source: [9]) with those predicted by 
the simulation (right column). 

Based on the above validation in terms of daily traffic volume and peak traffic congestion, we 
conclude that the simulation model under normal operational condition provides reasonably 
accurate estimation of the real-world traffic on M20/A20.   
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