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1. ὂ Background

2019 ⁯ ῖ Υˮꜛ ᶨכּ ὓᵊ˯Ϭ├ ΰʺꜛ χכּ χ Ϭ μοΜϥ
In 2019, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) formulated the "Plan for 
the Promotion of the Use of Bicycles" to promote the use of bicycles.

https://www.city.sakai.lg.jp/kurashi/doro/jitensha/Cycling_Congress_in_Sakai.files/26_01.pdf
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1. ὂ Background

ᴅ ◕ ỡἱּהᶑ ˢ⁯ ЂϱЕϢϤ⌠ ˣ

ᴅ ◕ψẅ Υ Ψ ϛοΣϤʺṞ ΥὣΰΜ
Yokohama is dominated by hilly terrain, with many 
ups and downs.

Ͼ Ỹ∩ χӡ ˢᴅ ◕Ш˔ЭЧ˔ЅϢϤˣ

∩ Ϟᵬ σςχ‰ ₯χΚϥᵹΥἹ ΰοΜϥ
The city is formed by hills, stairs, and other 
elevation changes.

i/shoukai-map.html

:10mЮА
Єв ‰ϬзЂрФзр
Ͻΰθ50mЮАЄв ‰
Τϣ▄ βϥἱּהᶑ χ
ỡ ˢ ˣ

ԁ πʺꜛ כּ Ϭ Ϛ ρΰοʺ ◕  χ ΥΚΫϣϦϥʽ
On the other hand, the problem of urban structure is one of the reasons that hinders the promotion of bicycle use.
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1. ὂ Background

ᴅ ◕“ Ỹ

ᴅ ◕ψẅ Υ Ψ ϛοΣϤʼṞ ΥὣΰΜ
Yokohama is dominated by hilly terrain, with many 
ups and downs.

ᶆỸχ πχῖ ︣

i/shoukai-map.html

:10mЮА
Єв ‰ϬзЂрФзр
Ͻΰθ50mЮАЄв ‰
Τϣ▄ βϥἱּהᶑ χ
ỡ ˢ ˣ

ẅ χ Μ◕ χỸπψʺꜛ χכּ Υ
ΨʺϼиЫΥ͐ᶤϬ ϛϥ

In wards on the west side of the city with 
many hills, the ratio of bicycles is low and 
cars account for 40%.
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2.ṁ Basic Analysis

50 Υꜛ χיּ Υ‰Μ
Car use is high among people 

in their 50s.
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Transportation Sharing by Age Group
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έρχῖ ︣

Share of Transportation by Gender

НІ ꜛ כּ ꜛ כּ

Υꜛ χכּ Υ‰Μ
Women are more likely to use 

bicycles.
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͏. ךּ Ḋ▄ẩ τνΜο Metabolic Converted Distance

₪ ϣ͍ˣχᾆẕτΣΜο ӛήϦθ ךּ Ḋ▄ẩ ˢϘθψ ᶘ Ḋ▄ẩ ˣϬ Μϥ
Using the metabolic converted distance proposed in the study by Sato et al 1).

ϸкз˔▄ ṁ ꜠

Ὁ ὙὓὙ ρȢς ὄὓὙ ὡ Ὕ

ὙὓὙ σȢρρσὩȢ

Eʿ ˔ϵКиϻךּ metabolic energy ʼRMRʿϵКиϻ˔ ךּ metabolic rate of energy ʼ
BMRʿṁ ךּ basal metabolic rate ʼWʿ weightʼTʿ Ⱳḧ timeʼxʿῠ gradient

ὄὓὙ ὡψԁ πΚϥρᴠ ΰʼῠ xχὊ ϬT ΜθρΦχ ϵКиϻ˔πῠךּ 0χὊ Ϭᴡ ΪϥΤϬ
▄ ΰʼζάτ “ Ϭ αο ךּ Ḋ▄ẩ Ϭ▄ ΰθʽ
Assuming that ὄὓὙ˷ ὡ is constant, we calculated how many minutes we can walk on the path with gradient 0 
with the metabolic energy when we walk on the path with gradient x for T minutes, and then multiplied it by 
the walking speed to calculate the metabolic converted distance.

1)₪ ֵⱵʼṷ ʼ╦ ΚβΤʿ ἹτϢϥ ᴻρ τϢϥ χ ᴟϬ᷈ӛΰθ “Ḋ▄ẩ χᾁ ʼ ὺ ᶘᵓὓᵊὉ ʼ 610‹ʼpp133-139ʼ2006 12Ὦ
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͐.ЯДиӛ Model

ὠ = ὨρὝὶὥὺὩὰὸὭάὩ Æρ&ÁÒÅ˴ὥρὃὧὧὩίίὨὭίὸὥὲὧὩὭρὉὫὶὩίίὨὭίὸὥὲὧὩ+b1

ὠ = Ὠρ ὝὶὥὺὩὰὸὭάὩÆρz&ÁÒÅ˴ὥρ ὃὧὧὩίίὨὭίὸὥὲὧὩὭρὉὫὶὩίίὨὭίὸὥὲὧὩ+b2

ὠ Ὠρ ὝὶὥὺὩὰὸὭάÅ Íρ ÏÖÅÒ υπ ÙÅÁÒÓ ÏÌÄÄÕÍÍÙ +b3

ὠ ὨρὝὶὥὺὩὰὸὭάὩὫρ ὪὩάὥὰὩὨόάάώ +b4

ὠ = Íρ ὈὭίὸὥὲὧὩ

walk bike car bus train
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ὠ Ὠρ ὝὶὥὺὩὰὸὭάÅ Íρ ÏÖÅÒ υπ ÙÅÁÒÓ ÏÌÄÄÕÍÍÙ +b3

ὠ ὨρὝὶὥὺὩὰὸὭάὩὫρ ὪὩάὥὰὩὨόάάώ +b4

ὠ = Íρ ὨὭίὸὥὲὧὩ

walk bike car bus train

ךּ Ḋ▄ẩ ˢⱲḧˣϬ
Substitute the metabolic 
converted distance (time)
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͐.Ὣᴮ Result

ἰ t

(niartˢ‮ -0.227 -0.66

ˣsubˢ‮ -1.748 -5.44**

ˣracˢ‮ -0.780 -3.22**

ˣekibˢ‮ -0.861 -3.26**

Travel Time -10.109 -10.04**

Fare 0.440 4.68**

Access Distance 0.061 2.96**

Egress Distance 0.056 2.72**

Distance (walk) -0.098 -7.62**

0ver-50-years-old Dummy 0.840 3.40**

Female Dummy 1.367 6.74**

ↄϙ ʿ0.3399

ἰ t

(niartˢ‮ -0.516 -1.43

ˣsubˢ‮ -2.029 -6.05**

ˣracˢ‮ -1.017 -4.00**

ˣekibˢ‮ -0.901 -3.28**

Travel Time -11.263 -10.52**

Fare 0.481 4.91**

Access Distance 0.065 3.10**

Egress Distance 0.067 3.13**

Distance (walk) -0.107 -7.87**

0ver-50-years-old Dummy 0.772 3.08**

Female Dummy 1.332 6.46**

Model1ʿ ẩ ˢ ךּ Ḋ▄ẩ χ► σΰˣ
Do not use the metabolic converted distance

Model2ʿ ךּ Ḋ▄ẩ ˢⱲḧˣϬ►
Use the metabolic converted distance

ↄѬ͎ ʿ0.277      ЂрФи ʿ744 ↄѬ͎ ʿ0.260      ЂрФи ʿ744
̎ʿ5% Ӫʼ̎̎ʿ1% Ӫ
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ךּ Ḋ▄ẩ Ϭ► ΰθЯДиχ Υ › Υ ΜὫᴮρσμοΰϘμθʽ
The model using the metabolic conversion distance resulted in a lower goodness of fit.
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͐. ├ЄЬвй˔Єдр Policy Simulation

├ʿ ϯЄІЕꜛ χכּ
Policy : Introduction of Electrically Power Assisted Bicycles

ῠ Υ ˢ Ϥ∩ˣχ ›ρῠ Υ11%ӟ χᴞϤ∩χ ›τʼῠ Ϭ0ρΰ
ךּ Ḋ▄ẩ Ϭ™ὓ▄ΰʼᶆῖ ︣ χ ᶎ χ ӱϬᾁ βϥʽ
When the slope is positive (uphill) and when the slope is downhill (11% or 
more), we recalculate the metabolic converted distance by setting the slope 
to zero. Then We examine the transition of the probability of choosing each 
transportation method.

ὓ▄Υḧτ›ΜϘδϭπΰθ...
We couldn t calculate in time...



20ᵕ“ ЯДиᴨχᶘ  ԅ ᶘB
The 20 th Summer Course Behavior Modeling in Transportation Networks - Waseda University B

13

ᴪ
І˔О˔ ׄ

5. Ὂ йЦиπχᾁ

ἱּה

ἱּהχ Μᴅ ◕Ỳ Ỹχ ΤϣʺΩṄϤχІ˔О˔ʺᴪϘπχὊ ẩ
ρ ךּ Ḋ▄ẩ χ ᶓβϥ
Comparing route distances and metabolic equivalent distances to the nearest supermarket 
and house from a residential area in Kanazawa, Yokohama, which has many slopes.

Consideration at the Pathway Level


