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Inferences 
Å Use of public transport has decreased, and that of private transport has increased in 2020 due to the effect of COVID-19 
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Train 282.47 5.69 11.53 8.00 26.31

Bike 5.55 7.66 28.12 2.00 3.67

Walk 10.40 40.83 162.88 2.59 17.30

Bus 7.28 3.39 10.46 33.55 2.32

Car 50.07 11.10 38.00 6.79 11.04

Train Bike Walk Bus Car
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Explanatory variables Co-efficient t-statistics 

In-vehicle travel time -.03950*** -18.37  

Access time -.07589***  -11.51  

Egress time -.06767***  -9.95  

Number of transfers -.40493***  -3.97  

Departure time 
Car 
Bus 

-1.00699***  
1.26001***  

-7.37  
6.64  

OD Distance 
Car 
Bike 
Bus 

-.03571*** 
.33544***  
-.10638**  

-4.16  
-11.45  
-2.09 

Constant 
Walk 
Bus 
Train 
Car 

1.48730***  
2.01397*** 
1.88212*** 
-.69619*** 

20.71  
8.58 
10.96  
-6.11  

Goodness of fit statistics 

LL (at convergence) -2708.91595 

LL (constants only model) -3652.66450 

Rho-square  0.26 

Note: *** Ą Significance at 1% level 

Sample Size: 5261, Cali. = 85%, Vali. = 15% 

Prediction Accuracy = 0.630 



Train 158.5 9.5 14.9 2.1 40.1

Bike 15.5 29.5 62.9 11.9 18.1

Walk 14.3 30.2 71.2 4.2 16.2

Bus 11.0 7.4 12.0 11.8 4.8

Car 6.5 9.6 20.3 0.5 11.1

Train Bike Walk Bus Car
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Explanatory variables Co-efficient t-statistics 

In-vehicle travel time -.03132***  -17.90  

Access time -.05723***  -7.23  

Egress time -.07137***  -8.69  

Number of transfers -.15154 -1.26  

Departure time 
Car 
Bus 

-.92148*** 
.86494***  

-7.83  
3.60  

OD Distance 
Car 
Bike 
Bus 

-.01963**  
-.25350***  
-.34364***  

-2.40  
-12.18  
-6.39  

Constant 
Walk 
Bus 
Train 
Car 

.97645***  
.76312*** 
.73832*** 

-.55806***  

14.66  
2.73  
4.03  

-6.24  

Goodness of fit statistics 

LL (at convergence) -3089.17180 

LL (constants only model) -3656.31847 

Rho-square  0.16 

Note: ***, ** Ą Significance at 1%, 5% level 

Sample Size: 3959, Cali. = 85%, Vali. = 15%  

Prediction Accuracy = 0.474 
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ANN XGB RF 

2
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Accuracy: 0.767 Accuracy: 0.816 Accuracy: 0.815 

2
0

2
0 

Accuracy: 0.725 Accuracy: 0.725 Accuracy: 0.705 

2019 Scheduled: Sample Size = 5261, Train = 85%, Test = 15% | 2020 Scheduled: Sample Size = 3959, Train = 85%, Test = 15% 
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Inferences 
 

Å The demand of bus is 
sensitive to travel 
time of car 

Å The demand of train 
is not sensitive to 
travel time of car 

Å The demand of Buses 
and Trains is 
sensitive to their 
respective travel and 
access times 

Elasticity Effects of Transportation System Attributes on Mode Shares 

Attribute 
Bus Train 

2019 2020 2019 2020 

Travel time         

Car 0.03 0.05 0 0 

Bus -0.34 -0.35     

Train     -0.11 -0.15 

Access time         

Bus -0.21 -0.41     

Train     -0.13 -0.15 
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Share of public transport has declined in 2020 

Average distance travelled increases from buses to 
cars to trains  

Significant variables influencing the mode choice are 
In Vehicle Travel Time, Access Time, Egress Time, 
Number of Transfers, Departure Time, OD Distance 

ML shows better prediction accuracy  

Demand of bus can be increased by increasing the 
travel time of car and decreasing the travel time of 
bus 
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Īmprove the last mile connectivity of buses 

Increase Accessibility of Buses 

D̄edicated bus lanes 

Reallocation of Road Spaces to Buses 

Å Case studies show that people are more likely to travel through buses than trains during pandemic 

Å People find it hard to maintain social distancing in underground closed spaces in train 
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Introduction and Elementary Objectives 1 
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Profile 
Å Created on reclaimed land in 1937. 
Å Proximity to central Tokyo makes it valuable for real estate 

development. 
Å Was preparing for the 2020 Summer Olympics in Tokyo 
Å The Toyosu Market (Toyosu zëíöĎ) is a wholesale market for seafood, 

fruits and vegetables. 
Å Toyosu MiCHi no Eki will be the first Urban Roadside Station in Japan. 

Sources:  
Å https://www.google.com/maps/place/Toyosu,+Koto+City,+Tokyo+135-0061,+Japan/@35.6509201,139.7858718,14.43z/data=!4m5!3m4!1s0x60188999157b9949:0xbb11b36766253d26!8m2!3d35.6545886!4d139.7965201 
Å https://www.shimz.co.jp/toyosu/index2.html  

Requirements 
Å Development of efficient transportation system to cater the needs of the 

businesses 
Å The emergence of COVID-19 Pandemic has created several hurdles in 

development, and has caused several behavioural changes among 
people 
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PP Data > Toyosu > Trip Data 
(2018, 2019 and 2020) 
 

Å Purpose of Trip  
Å Departure and Arrival Time  
Å Trip Duration  
Å Main and First Transportation Mode 
Å Subsequent Transportation Modes 
Å OD Direct Distance  
Å Longitude and Latitude of OD 
Å Shikucode of OD 
Å If alternatives are available for: Car, Train, 

Walk, Bike and Bus 
Å Travel Time, Fare/Cost, Distance, Access 

Time, Egress Time for available modes 

T̄o understand the impact of COVID-19 Pandemic on mode choice 
behaviour of people 

D̄o a preliminary analysis of data to understand trip patterns 

D̄o modelling through MNL and ANN to understand which factors 
influence the mode choices 

R̄efine variable choices on the basis of MNL model and then do a 
prediction through ANN 

Ūnderstand the differences between trip patterns of scheduled and 
non-scheduled trips 

Ūnderstand the effect of COVID-19 pandemic on behavioural changes 

D̄erive suitable policy interventions based on sensitivity analysis 



Detailed Methodology and Assumptions 2 
17 
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Preliminary Analysis 

(On Raw Data) 

Īnferences through 
graphs 

R̄e-classification of 
data 

Initial Analysis 

(On Re-Classified Data) 

Īnferences through 
graphs and maps 

M̄odelling through 
MNL and ANN 

M̄odification of 
classes and 
independent 
variables  

Final Analysis 

(On Modified Data)  

M̄odelling through 
MNL and ANN 

F̄inal inferences 
through modelling 
results 

Policy Interventions 

(By Overall Inferences) 

Ōverall 
conclusions and 
Inferences 

P̄ossible scenarios 

S̄WOT analysis 

P̄olicy 
Interventions 
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ÅSocio-Economic characteristics and built environment characteristics have not been 
considered 
ÅInfluence of Perception of safety on mode choice have not been considered 
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All trips are independent 

T̄he characteristics of any one trip do not depend on, or affect, any other trip 

Each day of departure is an independent, uniform and normal day 

T̄rips on any one day do not depend on, or affect, trips on any other day 

T̄rips on each day have uniform characteristics 

Ēach of these uniform days are normal or weekdays, holidays or weekly off days are not considered 

If a route is available for walk then it is available for bike as well 

Buses require no trip change 

Cars, Walk and Bikes Require no Trip Change 

Cycling Speed is assumed as 22kmph 

Cost of travelling through car is considered as 25 yen per km, plus 150 yen in fees 



Detailed Analysis and Inferences 3 
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(On Raw Data) 2.A 
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25.7% 
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14.2% 

7.7% 

7.8% 
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2.7% 

2.4% 

2.1% 

33.1% 

33.7% 

34.0% 

9.4% 

10.7% 

18.6% 

6.7% 

6.5% 

6.6% 

1.9% 

1.8% 

2.1% 

2.9% 

3.5% 

3.1% 

1.2% 

2.6% 

4.1% 

1.6% 

2.5% 

3.0% 

2018

2019

2020

Purpose of Trip 

Work/School Business AfterWork/School home Shopping

Eating Lesson Hospital Amusement Sightseeing

Walking Pickup Waiting Other Unknown

Å Trips to work and schools 
have reduced in 2020 due 
to COVID-19 Pandemic 

Å Consequently the share to 
trips to shopping has 
increased 

Å The share of back to 
home trips has remained 
uniform, and its value has 
remained around 33% 

Å This suggests that on an 
average people still take 
two trips in a tour before 
reaching home 
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Scheduled 

Work/School 

Working/Business 

Lesson 

Unscheduled 

Shopping 

Eating 

Amusement 

Sightseeing 

Home 

After Work/School 

Home 

Other 

Pickup 

Waiting 

Other 

Unknown 

Hospital 

Walking/Strolling 
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35.6% 

35.8% 

14.5% 

22.5% 

28.9% 

12.2% 

3.3% 

5.5% 

2.1% 

7.8% 

4.6% 

9.6% 

6.3% 

4.3% 

16.4% 

0.7% 

1.9% 

0.5% 

19.7% 

16.9% 

40.5% 

2018

2019

2020

Main Mode Share for Scheduled Trips 

train Subway Monorail Tram Bus Car

Freight car Taxi motorcycle Bike Sharebike Velotaxi

Walk Airplane Ship Other Unknown

Å Respectively much lesser 
people are using public 
transport for scheduled 
trips in 2020 due to 
COVID-19 Pandemic 

Å Consequently the share of 
people walking has 
increased 

Å The  number of people 
using private cars and 
bikes has increased 
subsequently in 2020 
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27.8% 

13.7% 

12.4% 

19.3% 

15.9% 

13.2% 

3.4% 

3.6% 

2.8% 

6.3% 

7.5% 

6.6% 

0.5% 

1.0% 

8.0% 

12.9% 

17.7% 

30.7% 

40.7% 

42.8% 

2018

2019

2020

Main Mode Share for Non-Scheduled Trips 

train Subway Monorail Tram Bus Car

Freight car Taxi motorcycle Bike Sharebike Velotaxi

Walk Airplane Ship Other Unknown

Å As data from 2019 
includes entries from 
initial months of 2020, the 
effect of COVOD_19 
Pandemic can be seen in 
the use of public 
transport for non 
scheduled trips 

Å The increase in the use of 
private vehicles such cars 
and bikes can be 
observed here as well 



27 27 

Train 

Subway 

Train 
Shopping 

Bus 
Walk 

Walk 
Bike 

Sharebike 

Bike 
Car 

Car 

Other 

M̄onorail, Tram, Freight Car, Taxi, Motorcycle, Velotaxi, Walk, Airplane, Ship, Other, Unknown 
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35.3% 

32.0% 

22.1% 

20.7% 

23.8% 

32.8% 

43.9% 

44.1% 

45.1% 

2018

2019

2020

Reclassified Purpose of Trip 

Scheduled Non Scheduled Others

Å Scheduled trips have decreased 
Å People have stopped visiting to offices and schools but they are still taking trips for leisure, shopping, strolling etc. 



29 

(On Re-Classified Data) 2.B 
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Inferences 
Å The share of people using 

public transport has been 
decreasing due to safety issues 
because the decrease can be 
observed both in scheduled and 
non scheduled trips  

Requirements 
Å The safety of public transport 

must be increased  
Å Consequences of increase in 

private transportation modes 
must be considered for future 
developments 
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Å Scheduled trips have a peak travel time from 07:00am to 11:00am in the morning 
Å Only one peak is observed for scheduled trips 
Å Major share of scheduled trips are done by trains 
Å Use of bike has increased in 2020 
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Å Non-scheduled trips have a peak travel time from 07:00am to 11:00am in the morning and 13:00pm to 17:00pm in the evening  
Å Two peaks are observed for non-scheduled trips 
Å Major share of non-scheduled trips are done by bikes or by walk 
Å Use of rail has decreased in 2020 
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Bike Bus Car Rail Walk 
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