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G20 Principles for Quality 
Infrastructure Investment

① Sustainable Growth
• Job Creation, Tech-transfer, Virtuous Circle by Capacity 

Development,
• Connectivity enhancing SDGs

② Economic Efficiency / Life-Cycle Cost
• Value for Money, Innovative Technology

③ Integrating Environment
• Eco-system, Biodiversity, Climate conscious; Green Finance

④ Disaster Resilience
• Risk Management in Infrastructure Design, Insurance

⑤ Integrating Social Considerations
• Inclusiveness: Open Access, Safety, Gender, Vulnarables

⑥ Infrastructure Governance
• Openness, Debt Sustainability 
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Responsibility of Quality Road
(Alternative Conceptualization to G20 Principles, by Yoshitsugu Hayashi) 

A) Robust Infrastructure Design: Strength, Durability and Beauty
B) Congestion Release and Economy Empowerment: Investment for Efficient Connectivity 

between Business and Daily Life Facilities 
   Pr② Economic Efficiency 
C)      Nation’s and City’s Life Stage Conscious: The later economic grows, the Shorter 

Urbanization Cycle. Learning from Failures of preceding countries.
D)      Environmental Sustainability: “Avoid-Shift-Improve” Strategies for De-carbonization (Urban 

Shape, Role share with Rail, Tech Innovation: EV,PHV,FCV)
   Pr③ Integrating Environment
E)      Disaster Resilience: Redundant Network Accessibility considering Natural Hazards and 

Emergency 
   Pr④ Natural Disaster Resilience
F)      Smart Growth/Shrink Conductor: Healthy Urban Structuring (Raumordnung) for Long-term 

Financing with Value Capture by Integration with Land Use for Growing/Aging Society 
   Pr② Life-Cycle Cost,  Pr⑥ Infrastructure Governance
G) Well-being Revolution: Replace GDP-based CBA (Efficiency) by QOL Accessibility Method 
 (Sufficiency) to evaluate SDGs if No one left behind
   Pr① Sustainable Growth, Pr⑤ Social Considerations
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Robust Infrastructure 
Strength, Durability and Beauty

Responsibility (A)
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Nation’s and City’s Life Stage Conscious 
The later economy grows, the Shorter 

Urbanization Cycle

Responsibility (B)
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Tokyo
max.  1 5 , 4 0 0

London
max.  1 1 , 5 0 0

Population Density (1988)

Nagoya
max. 1 7 , 1 0 0

Bangkok
max.  4 2 , 2 0 0
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Fig.2 Population density and transport energy consumption(1980)
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Fig.3 Income/gasoline price ratio and gasolin consumption(1980)

Income($)/Gacoline price($)

per capita gasoline consumption
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Fig.14

		Fig.10 Changes in population in metropolises and metropolitan regions
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Fig.15 Changes in population density by distance from city center
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		5500		4		6000		4.5		35000		4		13000		3

		1000		15		2000		8		10000		8		2000		10

		1000		15		1000		15		5000		15		1000		15

		500		25		500		25		2000		25		500		25
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Fig.17 Changes in job density by distance from city center
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		Fig.20

				Nagoya		London		Tokyo		Bangkok

		1950																														London

		1955																														1950

		1960		20		160		20		20																						1955

		1965		50				60		25																						1960		160

		1970		115		225		125		55																						1970		225

		1975		205				150		45																						1980		280

		1980		255		280		175		60																						1985		320

		1985		320		320		230		115																						1990		355

		1990		380		355		275		170																						1995

		1995																														2000

		2000
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Fig.20 Changes in car ownership
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Fig.29

		London

		per cap GRP		cars/1,000 inhabitants		age

		2000		155		60

		2500		183		66

		2500		220		70

		6000		265		78

		8000		270

		10000		280		80

		9500		290

		9000		300

		8000		300

		7500		305		84

		8000		310

		10250		320		86

		13000		320

		16000		335

		16000		340		89

		Nagoya

		800		20

		1000		30

		1000		40

		1000		45

		1000		50

		1250		50

		1500		55

		2000		70

		2000		90

		3250		110		70

		3750		120

		4000		160

		6000		170

		6000		190

		6500		200		75

		7500		210

		9000		220

		13000		230

		13500		245

		14000		255		80

		15000		270

		14000		280

		16000		300

		16250		315		85

		24000		325

		30000		340

		35800		350

		Tokyo

		1000		25		60

		1000		30

		1250		40		75

		1250		50

		1500		60

		1750		70

		1750		80

		2000		100

		3000		130

		4250		140

		4250		145

		6500		148

		7250		149

		8000		150

		10000		155

		12000		165

		12500		172

		13250		175		80

		17000		185

		16000		195

		18000		200

		19000		210

		20500		220

		30500		230

		38500		240

		47000		240		88

		Bangkok

		250		20

		750		50		70

		1000		45

		2250		60

		2250		65

		2250		70

		2250		80

		2500		100

		2250		105

		2500		110		85

		3000		130

		4000		140		88
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London
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Fig.21 Per capita GRP(current price) and car ownership



Fig.30

				Fig 22

				economic car price/average annual income per person ratio

				Bangkok(1989)		10

				London(1983)		1.1

				Tokyo(1972)		1.1

				Nagoya(1972)		1.2
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Fig.22 Ratio beteween price of economic car and av. annual income per person

economic car price/average annual income per person ratio



Fig.31

		Fig.23 Ratio of road investment to GNP

				%																												Fig.23 Ratio of road investment to GNP

		year		Japan		(West)Germany		US		UK		Thailand

		1965		2.1		2.2		1.9		1.1																						year		(West)Germany		year		UK

		1966		2.2		2.1		1.9		1.1																						1965		2.2		1965		1.1

		1967		2.2		2.3		1.8		1.4																						1966		2.1		1966		1.1

		1968		2.1		2.1		1.9		1.5																						1967		2.3		1967		1.4

		1969		2		2.2		1.7		1.6																						1968		2.1		1968		1.5

		1970		2.1				1.8		1.7		1.8																				1969		2.2		1969		1.6

		1971		2.5		2.3		2		2		1.4																				1971		2.3		1970		1.7

		1972		2.7		2.1		1.9		1.9		1.2																				1972		2.1		1971		2

		1973		2.5		2		1.7		2		1																				1973		2		1972		1.9

		1974		2.1		1.9		1.9		1.6		1																				1974		1.9		1973		2

		1975		1.9		1.8		1.8		1.6		1																				1975		1.8		1974		1.6

		1976		2		1.7		1.7		1.3		1.2																				1976		1.7		1975		1.6

		1977		2.3		1.6		1.6		1.1		1																				1977		1.6		1976		1.3

		1978		2.4		1.5		1.6		1.1		0.9																				1978		1.5		1977		1.1

		1979		2.5		1.7		1.5		1.1		0.9																				1979		1.7		1978		1.1

		1980		2.4		1.6		1.5		1.2		1																				1980		1.6		1979		1.1

		1981		2.3		1.5		1.3		1.2		0.9																				1981		1.5		1980		1.2

		1982		2.3		1.4		1.4		1		0.8																				1982		1.4		1981		1.2

		1983		2.3		1.2		1.4		1		0.7																				1983		1.2		1982		1

		1984		2.2		1.1		1.3		0.9		0.8																				1984		1.1		1983		1

		1985		2.2		1.2		1.4		0.9		0.8																				1985		1.2		1984		0.9

		1986		2.3		1.1		1.5		0.9		0.7																				1986		1.1		1985		0.9

		1987		2.5		1.1		1.5				0.7																				1987		1.1		1986		0.9

		1988		2.5				1.2		1		0.6																				1988				1988		1

		1989		2.4				1.1		1.1		0.6																				1989				1989		1.1

		1990								1																						1990				1990		1





Fig.31

		



Fig.23 Ratio of road investment to GNP  Source:Ref.13
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Fig.32

		Fig.24 Economic growth and infrastructure investment(index)

		Tokyo						Bangkok

		year		GRP		Infra		year		GRP		Infra

		1960		100		100		1984		100		100

		1965		205		340		1985		105		82

		1970		570		425		1986		117		86

								1987		135		82

								1988		164		123

								1989		194		122

								1990				178
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		Fig.25 Motorization and road supply level																		Fig.25 Motorization and road supply level

				Bangkok				Tokyo				London				Nagoya						Bangkok						Tokyo						London						Nagoya

		year		cars/1000pop		road length(m/car)		cars/1000pop		road length(m/car)		cars/1000pop		road length(m/car)		cars/1000pop		road length(m/car)		year		cars/1000pop		road length(m/car)		year		cars/1000pop		road length(m/car)		year		cars/1000pop		road length(m/car)		year		cars/1000pop		road length(m/car)

		1971										188		9						1971						1971						1971		188		9		1971

		1972		38		12.5		132		13.5						162		16.5		1972		38		12.5		1972		132		13.5		1981		290		6.2		1972		162		16.5

		1973														172		15.3		1986		112		4.6		1976		150		12.4		1982		298		6		1973		172		15.3

		1974														192		14.2		1988		142		3.8		1980		172		11		1983		330		5.7		1974		192		14.2

		1975														205		13.8								1985		217		8.7		1984		340		5.6		1975		205		13.8

		1976						150		12.4						212		13.2								1988		235		8		1985		345		5.5		1976		212		13.2

		1977														222		12.5														1986		352		5.3		1977		222		12.5

		1978														232		12														1987		356		5.2		1978		232		12

		1979														245		11.7														1988		370		5.1		1979		245		11.7

		1980						172		11						256		11.1																				1980		256		11.1

		1981										290		6.2		270		10.5																				1981		270		10.5

		1982										298		6		282		10.3																				1982		282		10.3

		1983										330		5.7		296		9.8																				1983		296		9.8

		1984										340		5.6		305		9.2																				1984		305		9.2

		1985						217		8.7		345		5.5		318		9																				1985		318		9

		1986		112		4.6						352		5.3		322		8.8																				1986		322		8.8

		1987										356		5.2		347		8																				1987		347		8

		1988		142		3.8		235		8		320		5.1																								1988





		



road length (m/car)

Fig.25 Motorization and road supply level Sources:Ref. 14,17,18,22,23,42
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		Fig 27																		Fig 27

				Nagoya		London		Tokyo		Bangkok												Nagoya				London				Tokyo				Bangkok

		1965																		1965				1965				1965				1965

		1966																		1966				1966				1966				1966

		1967																		1967				1967				1967				1967

		1968																		1968				1968				1968				1968

		1969				22														1969				1969		22		1969				1969

		1970																		1970				1972		21.5		1970				1970

		1971																		1971				1975		23		1971				1971

		1972				21.5				21.5										1972				1978		20.5		1972				1972		21.5

		1973																		1973				1981		21		1973				1985		14

		1974		23																1974		28		1985		20		1974				1989		10

		1975				23														1980		27		1987		18		1975				1990

		1976																		1983		20		1988				1976

		1977																		1985		20.5		1989				1977

		1978				20.5														1988		22		1990				1978

		1979																		1990		22						1979

		1980		22				21.5																				1980		21.5

		1981				21																						1983		17

		1982																										1985		14.5

		1983		20				17																				1988		16

		1984																										1990		19

		1985		20.5		20		14.5		14

		1986

		1987				18

		1988		22				16

		1989								10

		1990		22				19





		



peak hour speed (km/hr)

Bangkok

Tokyo

Nagoya

London

Nagoya

London

Tokyo

Bangkok

Fig.27 Changes in average peak hour speed
Sources:Ref. 22,50,56,73 and 113



		Fig 29

		travel speed		Diesel cars		Gasoline cars

		0

		5		335		190

		10		310		175

		15		260		140

		20		225		120

		25		200		105

		30		180		95

		35		175		85

		40		165		80

		45		160		75

		50		155		74

		55		150		73

		60		150		72

		65		155		71

		70		165		70

		75		170		70

		80		200		72

		85		225		74

		90		240		75

		95

		100





		



Fig.29 Changes in efficiency in fuel consumption accordinng to travel speed
Sources:Ref. 15, 39
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		Fig.30 Change in urban radius, car trip length and energy consumption

		Total transport energy consumption

		Tokyo						London						Bangkok						Nagoya

		10^5TOE/year		10^9veh.km/year		year		10^5TOE/year		10^9veh.km/year		year		10^5TOE/year		10^9veh.km/year		year		10^5TOE/year		10^9veh.km/year		year

		34		32		80		24		22		80		20		17		87		7		7		88

		32		29		70		16		14		60		4		4		72		6		6

		18		16		60														5		5		71

		Urban radius

		Tokyo						London						Bangkok						Nagoya

		r1(km)		10^9veh.km/year		year		r1(km)		10^9veh.km/year		year		r1(km)		10^9veh.km/year		year		r1(km)		10^9veh.km/year		year

		22		15		60		25		14		60		8		4		72		14		5		71

		25		28		70		29		22		80		17		17		87		16		6		80

		27		32		80														17		7		88
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		Fig.31 Changes in annual mean concentration of CO

				ppm

		year		Nagoya		Tokyo		Bangkok		London

		1971		4

		1972		2.5

		1973		3.2

		1974		2.2

		1975		2.3

		1976		2.2		1.8

		1977		1		1.7

		1978		1.2		1.5

		1979		1.2		1.4

		1980		1.2		1.5

		1981		0.8		1.5

		1982		0.8		1.1

		1983		0.8		1

		1984		0.8		1

		1985		0.7		1		1.7

		1986		0.8		1		1.6		1.1

		1987		0.8		1		1.4		1.8

		1988		0.9		1		1.5		1.5

		1989		0.8		1		1.6
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		Fig.32 Changes in annual mean concentration of CO (road side)

				ppm

		year		Nagoya		Tokyo		Bangkok		London

		1974		2.7

		1975		2.8

		1976		2.7		4.7

		1977		2.5		4.3

		1978		2.4		3.8

		1979		1.8		3.6

		1980		1.8		3.4

		1981		1.8		3.4

		1982		1.7		3.4

		1983		1.5		2.9

		1984		1.5		2.8

		1985		1.5		2.6

		1986		1.5		2.8				3.7

		1987		1.5		2.8		7		3.7

		1988		1.5		2.8		6.3		4

		1989		1.4		2.4		7.4		3.9

		1990				2.3
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Understanding “The Limits to Motorization” 
along Economic Development Stages
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S.Klug & Y.Hayashi_Infrastructure_Costs_and_Urban_Sprawl_WCTR Lisbon Proc_2010
https://www.dropbox.com/scl/fi/peser5nlukwsgoay712mw/S.Klug-Y.Hayashi_Infrastructure_Costs_and_Urban_Sprawl
_WCTR-Lisbon-Proc_2010.pdf?rlkey=165ade5hcokocfwfk1ykxucbu&dl=0

https://www.dropbox.com/scl/fi/peser5nlukwsgoay712mw/S.Klug-Y.Hayashi_Infrastructure_Costs_and_Urban_Sprawl
https://www.dropbox.com/scl/fi/peser5nlukwsgoay712mw/S.Klug-Y.Hayashi_Infrastructure_Costs_and_Urban_Sprawl
https://www.dropbox.com/scl/fi/peser5nlukwsgoay712mw/S.Klug-Y.Hayashi_Infrastructure_Costs_and_Urban_Sprawl


Congestion Release and 
Economy Empowerment

Investment for Efficient Connectivity 
between Business and Daily Life Facilities

Responsibility (C)

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 10



Factors for Drastic Improvement 
in Road Traffic Congestion in Bangkok 

• Bangkok road congestion has been drastically 
improved by reduction of surface traffic due to 
 3 major network improvements:
– New rail transit system has attracted car users
– Urban expressway has converted car surface traffic 
– Outer ring road has diverted freight transport from 

industrial zones in north and south-west directly to 
Laem Chabang port 

115 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi



New rail transit systemUrban Expressway

Outer Ring Road

Industrial zone

0             10
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Hua 
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125 March 2025@UNU, Tokyo

Factors for Drastic Improvement 
in Road Traffic Congestion in Bangkok 

Quality Road Keynote ©Yoshitsugu Hayashi



0 25 50
CO₂ Emissions (Mt-CO₂/year)

car rail bus truck

The Effects of Integrated Transport Systems 
on Traffic Congestion and CO2 Mitigation

13

Industry
legend

MRT

Inner-ring
Outer-ring

15.2km/h

14.0km/h

8.9km/h

12.7km/h

Present

Without Outer-ring Roads

Without Inner-ring Roads

Without MRT

CO2：+10.7% Speed：-16.3%

CO2：+1.1% Speed：-8.0%

CO2：+0.8% Speed：-41.7%

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi



• Modal share in 1989

Walk
16%

Bus
41%

Car
43%

• Modal share in 2005

Walk 
2%

Bus
38%

Car
56%

Rail
4%

Source: ADB reportSource: JICA report

14

Change in Modal Share

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi



Road vs Rail
: which is more effective for calming traffic congestion?
Travel 
Time

Travel 
Time

Road
Development

Rail
Development

Transport 
Volume

Transport 
Volume

Dra
Sra1

Sra2

Dro2

Sro1

Sro2

Construction 
& Operation 
Cost

CO2 Emissions: 
-22%

CO2 Emissions: 
-45%

2050 Road-Oriented 
Development (Bangkok)

2050 Rail-Oriented 
Development (Bangkok)

-22%

-30%

Construction 
& Operation 
Cost

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi 15



Environmental Sustainability
Best Role Share with Railways 

for De-carbonization according to 
“Avoid-Shift-Improve” Strategies 

Responsibility (D)

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 16



Mobility Transformation 
- Emergence from 20 Century’s Stupid Habits -

20th  century Stupid Mobility  for Mass Economy with High Carbon

21st century Smart Mobility  for People with High QOL/Low Carbon

Over 90% of the time, 
cars are parked

Car-oriented
sprawling

suburb
Not walkable
environment

Flexible workplace/ 
commuting timing

Cyber-support Sharing
 and Hierarchical 
transport network Lively (Sabai) street 

built environment
Transit-cyber

oriented 
suburban life

Fixed time/destination
commuting

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 17



Transport Energy  
Consumption

40%

3 people 
die every hour
66 people
die everyday  
from accidents

Asthma rate 
reaches

15-20% 
c.f. 5% in 1980

Average 
Travel Speed

15 km/hr.

1. Traffic 
Congestion

2. Road 
Accident

3. Air Pollution 
& health

4. Energy & GHG

Source: Summary of average speed of private cars in Bangkok , 2017; Office of Transport and Traffic Policy and 
Planning, 2020; Department of Alternative Energy Development and Efficiency, 2018 

Agriculture
Mine
Industry
Construction
Residential
Commercial
Mobility

Damages caused by Mobility (World, Thailand)
- Effects on Mortality, Health & Well-Being -

Courtesy by Pawinee Iamtrakul

Quality Road Keynote ©Yoshitsugu Hayashi

Thailand

World 1.35 mil. died (2020) 6.5 mil. died (2020) 35%

5 March 2025@UNU, Tokyo 18



Policy/Technology Solution Options 
for De-Carbon & Anti-Pollution

Strategies

Means
AVOID SHIFT IMPROVE

Technologies

• Transport oriented 
development (TOD)

• Poly-centric 
development

• Efficient freight 
distribution

• Railways and BRT 
• Interchange improvement 

among railway, BRT, bus 
and para-transit modes

• Facilities for small 
mobility and pedestrians

• HB,PHB vechicle
• E-vehicle
• Fuel cell/Hydrogen vehicle
• Biomass fuel
• Autonomous driving
• "Smart grid“ development

Regulations • Land-use control

• Separation of bus/para-
transit trunk and feeder 
routes

• Local circulating service
• Control on driving and 

parking

• Emissions standards
• “Top-runner" approach

Information
• Teleworking
• Online shopping
• Lifestyle change

• MaaS

• "Eco-driving"
• ITS traffic-flow 

management
• Vehicle performance 

labeling

Economy • Subsidies and taxation 
to location

• Park & ride
• Cooperative fare systems 

between modes

• Fuel tax/carbon tax
• Subsidies and taxation to 

low-emissions vehicles

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo

（CUTE Matrix）

Hideo Nakamura, Yoshitsugu Hayashi and Anthony D. May eds (2004) 
Urban Transport and The Environment – An International Perspective, Elsevier
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Para-transit would be a feeder for mass-transit
LRT/BRT & personal mobility would become more important
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IMPROVE
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IMPROVE
SHIFT
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Goals for new Car Sales

https://www.enecho.meti.go.jp/about/special/johoteikyo/xev
_2022now.html
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Not allowed

Not allowed

Not allowed

Not allowed

Not allowed

Not allowed

Stock:15mil cars Stock:15mil cars



Importance of Shift to EV but The Barriers
 EV shift is important for decarbonization of road transport that 

shares 50% of world Oil consumption, 170EJ (exajoule=1018J).

 Is EV the best solution? 

 EV emit more emission till water, solar, wind electric generations 
will be dominant  From Well to Wheel Life-cycle Energy 

management

 50% more total Electricity Demand if all vehicles are replaced by 
EV

 Can we build many more electricity generation, power storage and 
transmission systems?

 Competitor：Electricity demand for Data Center is estimated to be 
100% more total electricity in 2030

 Waste of lithium-ion battery contains chemical and nuclear matters

CO2/km Fuel Efficiency based Regulation + Top Runner System
Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 22
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China: PM2.5 as outcome of a negative land-
use transport interaction

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi
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China: PM2.5 as outcome of a negative land-
use transport interaction

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi



China

USA

Total cargo weight
 (In billion tons)

GDP (In 
trillion dollars)

CO2 emission 
(In billion tons)

To
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Total road transport weight and 
distance (In billion tons and km)

Japan

‘61
‘11

‘98

‘11

‘98

‘11

‘11 ‘11

‘98
‘90 

‘03

‘09

‘03
‘98

‘09

‘09‘09

‘09
‘09

Japan

China

ChinaChina

Japan

Japan

Japan:China=1:4

Japan:China=1:12
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Disaster Resilience
Redundant Network Accessibility 

considering Natural Hazards and Emergency

Responsibility (E)

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 26



Damages by 
The Great East Japan earthquake, 2011

Time & Date 14:46
11/03/11

Magnitude 9.0

Earthquake type Undersea 
mega-thrust

Death 14,907
(19/05/2011)

Missing 9,041

Injuries 4,799

evacuees 160,672

Tsunami area (km2) 561

Completely 
destroyed residential 
buildings

91,150

(Source:  Ministry of Internal Affairs 
and Communications, Statistics 
department, Japan)

Sendai City
Ishinomaki

Kesenmuma

Kamaishi

Minami Sanriku

Otsuchi

Rikuzentakata

Onagawa

Higashi-matsushima

Natori

Fukushima

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi 27
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Source：Kinki Burau, Ministry of Land, 
Infrastructure, Transport and Tourism

Emergency Vehicles could not Move
（Failure in Management）

出典：神戸市 市民参画推進局 広報課

Collapse as a result of 
Slender Pier Design 

for Better Landscape
（Failure in Hardware）

Lack of Emergency Management
- Stuck in Traffic on Route 43 after Kobe Earthquake, 1995 -

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi 28



2011 Bangkok Flood 
Central Region and Industries Submerged for Months

Quality Road Keynote ©Yoshitsugu Hayashi

Duration: 149 days
Life Loss: 813 deaths
Economic Loss: 48,185 mil US$
Elevated/Underground Rails Roads are Resilient

Courtesy by Varameth  Vivhiensan

5 March 2025@UNU, Tokyo

Disaster Resilience
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Preparedness

Balance of 
Self-help, 
Public-Assistance, 
Co-Assistance

People’s judgementSociety’s choice

Awareness

Reversible 
Infrastructure, City

Resilient Cities and Communities

External force of 
disaster
(e.g. Tsunami)

Aging and 
financial difficulties
(Social Tsunami) 

Societal Objective

Characteristics of 
Society

Strategy and 
methodology

social 
consensus

Platform Infrastructure, Land use, Information

Security of QOL

Resilience 
Redundancy

Compact-Connected

wisdom /  consensus
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Books: Disaster Resilient Cities

Elsevier, 2016 Akashi 明石書店, 2015 Tsinghua University Press, 2015

https://www.dropbox.com/scl/fo/6hvsztkbb3a3i6aqf3rr4/AJpJ1DPZc3fB-cwIm68QzMk?rlkey=8dha1cu0wh9kvlovwd7q8j2vx&dl=0



Pandemic Resilience: Learning from COVID-19

Junyi  Zhang & Yoshitsugu Hayashi  eds ,    WCTRS-Elsev ier  Book Ser ies ,  715 pages

Quality Road Keynote ©Yoshitsugu Hayashi

• Lockdown  2 hr-City life is 
 not resilient in emergency 
• People trust whole metropolitan society 

less and local community more
• Need for last mile convenient mobility
• Need 3rd place for co-working 
• Need for accessibility to service facilities 

such as hospitals, shops, etc. 

5 March 2025@UNU, Tokyo

COVID-19 Handbook
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Smart Growth/Shrink - Value Capture 
Conductor

Healthy Urban Structure by Integration with 
Land Use for Growing/Aging Society

Responsibility (F)

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 33
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QOL（for average citizen）

・High in inner city of Nagoya and satellite cities
 influenced by transport accessibility
・Low in West and High in East
 influenced by earthquake and flood risk

[year/10years]

-0.040 - -0.008

-0.007 - 0.010

0.011 - 0.039

0.039 - 0.059

0.059 - 0.077

0.077 - 0.095

0.096 - 0.139

２０５０

SS

LE

OP

wSS

wLE

wOP

Quality Road Keynote ©Yoshitsugu Hayashi
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Per capita Future Social Cost (Infrastructure Maintenance )

35

yea/prsn/year]

0.000 - 7630

7640 - 10100

10200 - 12400

12500 - 15200

15300 - 20100

20200 - 32400

32500 - 908000

Cost

Future town maintenance costs

Infrastructure 
abundance by age

Targets of estimation:
Municipal roads, water supply, 
sewerage, agricultural community 
drainage, joint treatment and septic 
tanks
• Low in densely populated areas, such as Nagoya City and the center of its 

peripheral cities
• In 2050, cost will be particularly higher in the western area where population is 

drastically decreasing

Land use data
Statistical 

financial data ２０５０

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo
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“Classification based on social value / social cost of land”

Limit of Suitable
 Area to invest

City maintenance limit line
Fiscal expenditure limit

Encourage move to 
concentration 
districts using tax 
incentives.

Promote conversion of 
housing blocks into 
quality stocks.

Gathering Area
(with Social Stock)

Near Suburb Green Promotion area
（evacuate population）

Area to be back to Natural Land
（Subsidized for Immediate Evacuation）

Quality Road Keynote ©Yoshitsugu Hayashi

Setting criteria for Smart Shrink (retreat + re-concentration)

Sufficiency
=QOL/social cost

Spending public funds to 
retreat residents is 
cheaper than the cost of 
maintaining this area

5 March 2025@UNU, Tokyo



0%

20%

40%

60%

80%

100%

120%

8% improvement

※Improvement rate compared to Current(100%)

• Select retreat districts necessary to achieve the maintenance cost reduction 
target.

• Retreat from districts with low-cost efficiency (QOL/cost) 
＜Additional condition: Concentrate populations within the boundaries of municipalities＞

Impact on QOL

Change in Population Distribution

30%

40%

20%

10%

Current Case of 40% Reduction
Average: 69 [prns/ha] Average 114  [prns/ha]

Smart shrink: Selection of districts for retreat

37No Evacuation

Cost Reduction

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi



Land use – transport integration 
and value capture

• Integrated urban and regional management of land use with 
transport and value capture are crucial, but the reality has 
been reverse. 

• In developing countries, metropolises have been sprawling. 
This will create future huge debt for the country and city, 
burdening on the next generations.

• Aging has already started in several Asian countries.
• The future generations, who may become poorer, cannot bear. 

 Stefan  KLUG, Yoshitsugu HAYASHI (2010) Infrastructure Costs and Urban Sprawl 
– An International Case Study, 12th WCTR, Lisbon

https://www.dropbox.com/scl/fi/w3ak3n7cabyzxz7t0zytz/S.Klug-
Y.Hayashi_Infrastructure_Costs_and_Urban_Sprawl.pdf?rlkey=kcdeoqzvdx1kymm43oxgl9g6l&dl=0

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi 38



Well-being
Replace GDP-based CBA (Efficiency) 

by QOL Accessibility Method (Sufficiency) 
to evaluate SDGs if No one left behind

Responsibility (G)

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo 39



QOL Mainstreaming in Transport Planning

 From Mass Economic Efficiency     
 to Individual’s Sufficiency

 From Cost-Benefit  Analysis      
  to QOL Accessibility Model
 by different Age, Gender, Income level

 Towards SDGs: No one left behind

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi 40



From Economic Efficiency (GDP)
to Personal Sufficiency (QOL)

• Conventional Cost-Benefit Analysis (GDP/Construction and Maintenance Cost) is 
still used.

• GDP is an indicator to show only the mass economic (money) flow passing in a 
country/region during a year.

• GDP indicator does not tell anything about if "No one left behind”, which is the 
most important view point of SDGs.

• GDP seeking has not made people happy but is Galapagos of 20th century. Today in 
21st century, we should seek for happiness (Quality of Life) for differently 
attributed each citizen.

• Evaluation for Sufficiency (QOL/Direct+Social Cost) is required.
• QOL Accessibility Model is proposed
 Hayashi, Y., H. Takeshita and KE. Seetharam eds. (2023) Quality of Life Assessment 
 in Urban  Development and Transport Policymaking, ADBI Press (e-Book free download)

https://www.adb.org/publications/quality-of-life-assessment-in-urban-development-
and-transport-policymaking

5 March 2025@UNU, Tokyo Quality Road Keynote ©Yoshitsugu Hayashi 41

https://www.adb.org/publications/quality-of-life-assessment-in-urban-development-and-transport-policymaking
https://www.adb.org/publications/quality-of-life-assessment-in-urban-development-and-transport-policymaking


Residential District
居住地区

Surrounding Districts
周辺地区

Existing Value 
of Service
提供価値

Distance Effect
距離逓減

Accessible Values
接近可能価値

Perceived 
Values
認知価値

Perception Effect
認知効果

Accessible Values
接近可能価値

Quality Road Keynote ©Yoshitsugu Hayashi

Hayashi’s QOL Accessibility Model

5 March 2025@UNU, Tokyo 42



QOL Accessibility Model
Accessible Value

• m: QOL factor
• i: Mesh block with residents living in
• j: Mesh block with objective value of 

QOL factor m
• αm: Impedance parameter for 

traveling from mesh block i to mesh 
block j

• cij: Travel cost between mesh block i 
and mesh block j

• Vjm: Existing value of QOL factor m 
exists in mesh block j

• Aijm: Accessible Value of Vjm for 
residents living in mesh block i.

Perceived Value

• k: Population group k with certain social-
economic attributes

• Wmk: Weight of QOL factor m for person k 
among all factors

• QOLik: Perceived Value=Quality of life for 
person k living in mesh block i

Quality Road Keynote ©Yoshitsugu 
Hayashi

Gross Regional Happiness

5 March 2025@UNU, Tokyo 43





  









Weights between QOL Factors (Singapore)
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QoL of Young Female

QOL Spatial Distribution in Singapore 
(by age, gender)

QoL of Young Male
QoL of Middle-aged Female

QoL of Middle-aged Male

QoL of Aged Female
QoL of Aged Male
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Policy Options
- Transport Network or Compact City ‒

5 March 2025@UNU, Tokyo

Total Volume = GRH (Gross Regional Happiness)

Quality Road Keynote ©Yoshitsugu Hayashi

Source: Master Thesis of Yong Jian Khoo, 
supervised by Yoshitsugu Hayashi, Graduate School of Environmental Studies, Nagaya University, 2015
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Average Value per capita in Target 
Area

9,700 yen/person・year

Population in Target Area
About 250 thousand

24.4 billion yen/ year

Increase in QOL Value 
by New Motorway Opnening

Case study: Chubu-Odan Motorway
(near Mt.Fuji)

47

Change of QOL value
10 thousand yen
   /year・person ）
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0

Tomisawa

Shin-Shimizu

Yamanashi
Prefecture

Shizuoka
Prefecture

Shizuoka
Prefecture

Yamanashi
Prefecture

Commute Emergency
Medicine

OtherLeisure
Access

AirportHospital

Whole
Target Area
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0 .0 %

5 .0 %

1 0 .0 %

1 5 .0 %

2 0 .0 %

空気のきれいさ

家の周り の静けさ

住宅賃料

通勤時間

SCまでの時間家の広さ

緑の多さ

交通事故の危険性

救急病院への時間

若齢 壮齢 高齢
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1 0 .0 %
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空気のきれいさ
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交通事故の危険性

救急病院への時間

男性 女性

Male > Female

Female > male Old age

Young age

Male / Female Young age / Middle age / Old age

Middle age

Difference in Individual Perception 
by QOL factor in Across Chubu Motorway project
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Clean air

Housing
rent

Commuting 
time

Travel time 
to SC

Floor space

Green space

Traffic 
accident risk

Quiet 
EnvironmentTravel time to 

Hospital

Clean air

Housing
rent

Commuting 
time

Travel time 
to SCFloor space

Green space

Traffic 
accident risk

Quiet 
EnvironmentTravel time to 

Hospital

QOL differences by gender, by age group
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Emergency Medical Service Leisure Access

49

新清水JCT

富沢 自然レジャー施設
自然ﾚｼﾞｬｰ施設への利便性向上効果
（万円/年・人）

山梨県

静岡県

救急救命センター
救急搬送時間短縮効果
（万円/年・人）

30万円

0万円

新清水JCT

富沢

0.5万円

0万円

静岡県

山梨県

Chubu-Odan Motorway 
(Difference in Reasons for QOL Increase by Opening)

Quality Road Keynote ©Yoshitsugu Hayashi5 March 2025@UNU, Tokyo
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QOL Comparison (Female vs. Male)

Female QOL
/Male QOL
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Kofu City

Shizuoka City

Mt. Fuji
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Women / Men



Principal Investigator
  Yoshitsugu Hayashi
Project Director
  Thanaruk Theeramunkong

JICA SATREPS - JCC
1 February 2024
Sukosol Hotel, Bangkok
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Daily Personal Social Cost: (CO2, etc.)
BAU sufficiency 1.00

Limit for Sustainable Transport 

home home
office

00:00 24:00time

co-working 
spacehome home

office

00:00 24:00time

2)100% Flex of work-place & leaving home timing

1) BAU

Sufficiency Factor 1.17

3) 100% Flex + 1,000 Co-working places

Sufficiency Factor 1.24

”Sufficiency” Factor X

Daily Integrated Plan of Activity-Travel

5 March 2025@UNU, Tokyo

From JICA/JST SATREPS Project 2018-2024“Smart Transport for Thailand 4.0”
(Chair: Yoshitsugu Hayashi)

52

https://www.dropbox.com/scl/fi/d1f7eq0putevthth8yoj0/2024-02-23
_SATREPS-Brochure-wide-_compressed.pptx?rlkey=486ct935eu3c6up809oihc9ea&dl=0

https://www.dropbox.com/scl/fi/d1f7eq0putevthth8yoj0/2024-02-23


QOL New Book
•Just Published, July 2023 
•Asian Development Bank 
Institute Press
•e-Book: free download

• Editors: Yoshi Hayashi, Hiroyuki 
Takeshita, K.E.Seetharam
• Authors: include Yoshi Hayashi, 
Werner Rothengatter, 
Roger Vickerman, Yves Crozet, 
Jamie Leather
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Quality Road
Sufficient and Inclusive

Better for Everyone !

Thank you for your attention !
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Brief CV  of Prof. Dr.-Eng Yoshitsugu Hayashi 
 

Professor Hayashi is Emeritus Professor, Nagoya 
University and Distinguished Professor, Tokai-Gakuen 
University. 

 
Prof. Yoshitsugu Hayashi is Executive Committee 

Member elected from 130 Full members of The Club 
of Rome, a well-known Think-Tank for its 1972 Report 
“The Limits to Growth”  

 
He is Immediate Ex-President (2013-2019) of WCTRS (World Conference on 

Transport Research Society), gathering over 1,000 members from 70 countries.  
 
He is a well-known international research Leader in transport – land use 

interactions, and their impacts on Planetary Sustainability, Climate change, 
Disaster redilience, Value capture, socio-economic impacts of COVID-19 
Pandemic, and Quality of Life. Their results have been published in over 50 
books and 200 journal papers. 
 

He has contributed also to real Project Assessment including a) Tokyo Bay 
Bridge project in 1970’s, b) Bangkok urban railway development since 1992, b) 
Japanese Maglev high speed rail since 1999, c) Indian high-speed rail since 2017, 
etc. 

 
[ just for reference ] 
50 books includs: 
“Intercity Transport and Climate Change” (Springer, 2014),  
“Disaster Resilient Cities” (Elsevier, 2016),  
“Balancing Nature and Civilization” (Springer, 2019),  
“Transportation Amid Pandemics - Lessons Learned from COVID-19” (Elsevier, 
2022)” 
 “Quality of Life Assessment in Urban Development and Transport 
Policymaking” (e-Book for free download, Asian Development Bank Institute 
Press, 2023).  
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