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Photo by Hayashi(1993)

Slower than walkers in Sukunvit
Rd, Bangkok 
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Mumbai Suburban Train
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Diagnosis
of Interactions between 

Urbanisation and Motorization
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Road Infrastructure Supply vs.
Motorization Level vs. Peak Hour Speed
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Y.Hayashi, 16 February 2009, Nagoya Low 
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Tokyo
max. 1 5 , 4 0 0

London
max.  1 1 , 5 0 0

Nagoya
max. 1 7 , 1 0 0

Bangkok
max.  4 2 , 2 0 0

Population Density (1988)
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How to manage the changing       
Eco-balance and Sustainability? 

-from Concept to Research Process-

Yoshitsugu Hayashi, Nagoya University 14



Earth is like “Cliff Top”

Collapse of cliff
= Excess human 
activities causing 
the environmental 

deterioration
（Decline in 

Environmental 
Capacity）

The area of cliff top
＝Environmental 

Capacity

Taking position at the 
cliff top ＝ Unfair 
usage of natural 

resources
Mankind having to survive 

at this narrow cliff top

-> How to keep the cliff 
existing without 

collapsing （if 
possible, enlarging）

= Sustainability

15Yoshitsugu Hayashi, Nagoya University



19001950 2000 Time

Remaining usable resources：
Area of top cliff

1900 1950 2000 Time

Resource change rate（＝FACTOR X）

Performance increas

Trend

190019502000 Time

Living environment of mankind

Maintaining：New balance

Trend

Change in Balance between Resource     
and Living Environment

Excess 
human

activities

×Crisis（Catastrophy）

Desirable pass（There is no 
more choice for the lately 

developing countries）

Environmental
deterioration・・・
Collapse of cliff×

Original
eco-balance

Reference: Matsuo・Hayashi(2001)
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Monitoring
Criteria

& Indicators
for Evaluation

1. Original
Eco-balance

Human 
Activities

2.Changes
/Disruptions

3.Conflicts
/ Crises

8.New
Eco-balance

Implementation

Water
Transport

Energy
Bio-Diversity

Sustainability indices
Environment and 

resource efficiency

View on 
Nature and 

Ethics

6. Technologies
/Policy Packages

5. Alternative Paths
/Strategies 

4. Setting Goals
& Benchmarks

7. Consensus 

Human 
Activities

Proposed Process for Sustainability Studies
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Systematic Menue From Diagnosis to Prescription
Water

Environment
Sustainable 
Transport

Sustainable 
Energy

Bio-
Diversity

1.Origibnal
Eco-balance

Water environment 
balance;  Eco-system 

balance
Non-motorized transport Earth energy balance Eco-system balance

2.Changes / 
Disruptions

Increasing in water use 
and pollution

Environmental load due 
to increased mobility and 

suburbanization

Human consumption of 
energy  exceeding what 

is left
One species dies every 

13 minutes

Sustainability 
indicators “Virtual water” Car ownership that can 

be sustained by earth
ECOSON（Population 

that can be sustained by 
earth resources）

Population Biology Index

3.Confricts /   
Crises

Lack of water; Health 
damage;  Eco-system 

destruction 

Global environmental 
load; Local pollution; 
Congestion; Traffic 

accident 
Lack of energy Unavailability of genetic 

resources / food crisis

4.Goasl  / 
Benchmarks

Desirable balance 
between water circulation 

and land use

FACTOR X : More efforts 
to reduce environmental 

load than improve 
serviceability

Efficiency; Recycle 
energy use rate; 

Demand-supply scenario

Post 2010 target
/2020 short term
/2050 long term

5.Alternative
Paths / 

Strategies

Securing resources; 
Improving water quality; 
Flood control, Verifying 

human and water 
engagement

EST: Improving
vehicle and fuel 

technology; transport 
system and demand 

management

Alternative energy to 
petroleum, New energy 

use technologies
Eco-System approach

For 12 strategy

6.Technolo-
gies / Policy 
Packages

Engineering,
Landscape design

Vehicles; TDM; Land 
use; Public transport; 

Information

Energy business, 
Management, Low-
energy consumption 

Biotope network
Satoyama
ABS, L&R

7. 
Consensus

Public involvement in 
water catchment's area 

society

Mobility management; 
Solidarity and 
Cooperation 

Post Kyoto Protocol Nagoya Protocol

18
Yoshitsugu Hayashi, Nagoya 
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Diagnosis
of Interaction between 

Urbanisation and Nitrogen Circulation

Yoshitsugu Hayashi, Nagoya University 19



Monitoring
Criteria

& Indicators
for Evaluation

1. Original
Eco-balance

Human 
Activities

2.Changes
/Disruptions

3.Conflicts
/ Crises

8.New
Eco-balance

Implementation

Water
Transport

Energy
Bio-Diversity

Sustainability indices
Environment and 

resource efficiency

View on 
Nature and 

Ethics

6. Technologies
/Policy Packages

5. Alternative Paths
/Strategies 

4. Setting Goals
& Benchmarks

7. Consensus 

Human 
Activities

Proposed Process for Sustainability Studies
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Diagnosis and Treatment of Urbanization（DTR）
for sustainability

Diagnosis of 
phenomena

Migration of 
Peasant-workers

C

Mortalization
and sprawlB

Change in           
Nitrogen flowA

Treatment by 
policies

Modermization
of farm village

Compact city 
and Improvement 

of car technologies

Prevention from 
Eutrophication 

by water treatment

C

B

A

Spiral w
ay 

Current situation  Results of ad hoc measurement 

Future  Sustainability



Basic Mechanism of Urbanisation
and  Nitrogen flow

・Lakes and 
Marshes
・River

Human

Agricultural by-
product

Outside the 
prefecture 

Livestock waste

Human 

waste

leaching 
eluviation 

atmospheric deposition

Fisheries

organic 
carbon 
cycling 

Live-
stockCrops

biological fixation
Chemical fertilizer

irrigation

Farm land

Pastureland; 
grazing land
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Change of Nitrogen flow in Shanghai

1980 2008
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Water environmental problems in Shanghai :
Change from “Industrial pollution” to “Urban pollution”

Change in  GDP Composition Chang in Sewage Discharge 

primary sector of industry 

Secondary sector

Service sector

(Million Chinese yuan) (100 ton)

Total 
amount of 

sewage 
discharge

Industrial 
discharge

Household 
discharge

24



From: Shanghai Yearbooks From: land use maps

2000 2005 2008

(Wang et al. 2011) (Liu et al. 2011)

■Effective solutions aiming at material 
cycles in large-scale
・Integrated catchment 

management‐prevention of ’transfer of pollution’ –
・ Nitrogen & Phosphorus intensive 

sewage disposal- technological treatment
・Citizen participative society‐Importance of 

environmental education
・Local recycling orientation society

・agriculture free from Chemical fertilizer

Severe eutrophication in Yangtze River Delta induced by rapid 
economic development and urbanization solutions?

■Pollution abatement in urban areas
Positive aspect: government implements 

effective measures (pollutants removal 
based on investment in 

environment, fishery regulation, ecological 
compensation, etc.)

Negative aspect: shift of pollution 
(expansion of air pollution), top-down 

environment policy



Shanhai(Megac
ity)Nanjin(Province 

city)
Rich farm 

villagePoor farm 
village

Farmers

Farmers
Farmers

Income 
Transferincome

Transfer

Migration of Farmers in China

Income 
Transfer



Prescription for 
Motorisation & Climate Change

Yoshitsugu Hayashi, Nagoya University 27



Monitoring
Criteria

& Indicators
for Evaluation

1. Original
Eco-balance

Human 
Activities

2.Changes
/Disruptions

3.Conflicts
/ Crises

8.New
Eco-balance

Implementation

Water
Transport

Energy
Bio-Diversity

Sustainability indices
Environment and 

resource efficiency

View on 
Nature and 

Ethics

6. Technologies
/Policy Packages

5. Alternative Paths
/Strategies 

4. Setting Goals
& Benchmarks

7. Consensus 

Human 
Activities

Proposed Process for Sustainability Studies
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IEA Vehicle Ownership Projections
Where Will These Cars Fit?
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Unit: 10,000
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Monitoring
Criteria

& Indicators
for Evaluation

1. Original
Eco-balance

Human 
Activities

2.Changes
/Disruptions

3.Conflicts
/ Crises

8.New
Eco-balance

Implementation

Water
Transport

Energy
Bio-Diversity

Sustainability indices
Environment and 

resource efficiency

View on 
Nature and 

Ethics

6. Technologies
/Policy Packages

5. Alternative Paths
/Strategies 

4. Setting Goals
& Benchmarks

7. Consensus 

Human 
Activities

Proposed Process for Sustainability Studies
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1.Urban 
Structure

2. Network 4. Technology by 
mode

Seeking future image of low-carbon transport

A. Wide 
spread

B. TOD

C. Centralized

D. Multipolar

a. Grid

b. Hybrid

c. Radial

1)

2)

3)

Urban Rail
|

Bus

Urban rail
|

Para-transit

BRT
|

Bus

4)
BRT

|
Para-transit

3. Hierarchy 
among modes

Factors to Setup Future Vision of 
Low-carbon Transport System in Asia

New 
system

Combination considering characteristics of each city

Technologi
cal 

Innovation

http://blog-imgs-18.fc2.com/l/e/g/legacybp5/file_20060512T014759593.jpg�


Structural Formula for Environmental Load from 
Urban Transport

名古屋大学 林良嗣 35

Urban area

Transport
Frequency

Public Transport
Improvement

Fuel
Economy

Level of
congestion

Road 
Improvement

LEV Ratio

Concentration 
of urban 
activity

× ×

Trip Generation Degree of Car dependence Technical 
LevelTotal Trip Length

year year

CO2 Emission 
Factor

year

Modal Share
＝

Env. Load

yea
r

CO2emission

AVOID SHIFT IMPROVEReducti
on



Transport Strategy - Techno/Policy Instruments
Strategy
Avoid Shift Improve
Reduce traffic 
demand

Reduce emissions 
per unit transported

Reduce emissions 
per kilometer 

Instrum
ents

Tech 
nology

Pedestrian Ort Dev’t
Bicycle Ort Dev’t
Transit Ort Dev’t

Integrated Public 
Transport System
(BRT+ParaTransit)
Highly Competitive 

Railway

LEV, EV
Alternative Energy

Advanced Infra- Tech
Logistic Efficiency

Regula
tion

TDM
Parking Regulation

Compact/Mix Land Use

Bus/Tram Priorities
Non-MT

Smarter Modal 
Evolution

Emission Standard
Top Runner Program

Eco-Drive

Inform
ation

ICT
Telework

Smart Choices for 
Workplace and Schools

Awareness 
Campaign

Knowledgebase
ITS

Labeling of Vehicle 
Performance

Econo
mic

Fuel Tax
Road Pricing

Car Charge / Fee
Location Subsidy

Fuel Tax
Road Pricing

Car Charge / Fee

Fuel Tax
LEV Preferential Tax

Yoshitsugu Hayashi SUSTRAC Nagoya Univ.



Photo by Hayashi

Bangkok in 2002
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Bangkok



Mass-transit Network of Future Bangkok

2010 84.8km

planning：
2016 236km
2019 391km

2029 509km （12lines）

Master Plan Study to adjust rail 
mass transit system in Bangkok 

and its vicinity（2010）

SHIFT

Yoshitsugu Hayashi SUSTRAC Nagoya Univ.

SHIFT



CO2 Emission Reduction from 
Passenger Car by Railway Development

2011/10/4 名古屋大学 林良嗣 40
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（2030～2050）
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SHIFTSHIFT

If railway might be 
developed during early 

stage, 36% of CO2 can be 
reduced. If including 

technological 
innovation, around 80-86% 

of CO2 can be reduce.
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By 2050, railway will be developed as 
same level in Tokyo in 2005.

* Result of the study of Nagoya Univ.



Leap-frog (2): Innovative Technologies
- CO2 reduction by passenger car 

high technology diffusion Scenarios (China) -
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Income Growth & Low Birth Rate/Aging

Yoshitsugu Hayashi, Nagoya University 42



Monitoring
Criteria

& Indicators
for Evaluation

1. Original
Eco-balance

Human 
Activities

2.Changes
/Disruptions

3.Conflicts
/ Crises

8.New
Eco-balance

Implementation

Water
Transport

Energy
Bio-Diversity

Sustainability indices
Environment and 

resource efficiency

View on 
Nature and 

Ethics

6. Technologies
/Policy Packages

5. Alternative Paths
/Strategies 

4. Setting Goals
& Benchmarks

7. Consensus 

Human 
Activities

Proposed Process for Sustainability Studies
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Growing Small / Smart Shrink

Yoshitsugu Hayashi, Nagoya University 46



What do the Changes of 
Economic, Geographic and Demographic 

Factors Mean ?

Yoshitsugu Hayashi, Nagoya University



Bangkok

48Yoshitsugu Hayashi, Nagoya University




Hanoi

49Yoshitsugu Hayashi, Nagoya University
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“Spaceship Earth”: Boulding, Kenneth E.(1966)

Period of local pollution

Period of global ruin of human 
sustainability

The capability of nature
to clean up by itself 
< Resource and nature  

consumption>

51Yoshitsugu Hayashi, Nagoya University



• Skyrocketing Increase in Car Ownership (20 times in 2050)

• Less Power to Self-finance Railways in Mega-cities

• Increasing Mega-cities (50 or more in 2050) without 

Railway Systems

– Another many Catastrophic Congestion  

like Bangkok in 90’s

• Unacceptable Increase in CO2 from Urban Transport

Yoshitsugu Hayashi, Nagoya University



What do the Changes of 
Economic, Geographic and Demographic 

Factors Mean ?

Yoshitsugu Hayashi, Nagoya University



Prescription

Yoshitsugu Hayashi, Nagoya University 54
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Air pollutionTraffic Congestion

Source: GyengChul KimYoshitsugu Hayashi, Nagoya University

プレゼンター
プレゼンテーションのノート
Today, I will present the structure and details of the Seoul Bus System Reform Program. First, the traffic conditions and problems in Seoul will be described. Second, the strategies of Seoul to solve those problems will be listed. Third, details of the program will be mentioned. Fourth, we implemented the new program on the first of this July, so I will talk about what has happened and what is currently going on. Finally, I will share Seoul's vision of future transportation and our further tasks with you. 



Fuel
economy

[km/l]
Observed Estimation

Sales base

Real running

EV

HV

NGV

LPG

Methanol

Ownership 
base

Greening 
taxation

Greening 
taxation

Methanol-fueled vehicle
LPG-fueled vehicle

Natural gas vehicle
Hybrid vehicle

Electrical vehicle

Year

No. of 
vehicles

Top Runner
Program

Top Runner
Program

Yoshitsugu
Hayashi, Nagoy

a University

Yoshitsugu Hayashi, Nagoya University



Review of 
Effects of Past Prescription

Yoshitsugu Hayashi, Nagoya University 58



Hans-Peter Duerr’s
Theory of 

Eco-balance and Sustainability

Yoshitsugu Hayashi, Nagoya University 59



Islands of high Syntropy on Earth

Plants-Animals-Human Beings         Fossile Fuels Nuclear Energy 
60Yoshitsugu Hayashi, Nagoya University

Source: Hans-Peter Duerr



Geo-Ecosystem

61Yoshitsugu Hayashi, Nagoya University
Source: Hans-Peter Duerr

プレゼンター
プレゼンテーションのノート
Geo-Ökosystem



„Investment 
in Welding           

Equipment to
break open one 
Safe of Nature 
after the other“

“Bankrobber“

62Yoshitsugu Hayashi, Nagoya University
Sourse: Hans-Peter Duerr

プレゼンター
プレゼンテーションのノート
Bankräuber



“Biosystem“

Many people think they are the 
crown of creation and jump 
around on top of the card 

house. They do not recognize 
that cards are collapsing and 

falling out, and 
that, hence, their own 

foundation is seriously 
endangered.

63Yoshitsugu Hayashi, Nagoya University
Source: Hans-Peter Duerr

プレゼンター
プレゼンテーションのノート
Tänzer



1840(UK)

Time spent

Time

40

80

Leasure

School Labour

Leaning

1995(Japan)

1965(Japan)

2000（UK）

0

0 

Age

160 years
30 years

Legend
Leisure

Learning
Labour
School

Non-working

Non-
working

64EA-RTM 2009 Nagoya/ Yoshitsugu 
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Economy Ecology

＜Domestic＞ ＜Int’l＞
Low birth rate Growth of Asia
Aging Globalization
IT IT

【Goal】
【Endogenous Condition 】

Higher ＱＯＬ

65EA-RTM 2009 Nagoya/ Yoshitsugu 
Hayashi, Nagoya University

A. Economic
Opportunity 

B. Living & 
Cultural
Opportunity   

C. Amenity D. Safety
& Security・

E. Burden on 
Environment

Opportunity for 

Income

Accessibility to 

Agglomeration of 

Industries/Populat

ion

Service

Education/Cultu

re

Health/Medical

Care

Shopping/Servic

e

Amusement/Tra

vel

Housing
District 
Landscape
Nature of 
Region
Identity of 
Region
Comfortability
/ Punctuality of  
travel
Time for 
leisure/cultural 
life

Risk of Natural 
disaster
Risk of Building 
/ Facility disaster
Risk of 
Chemical 
Pollution
Risk of Traffic 
Accident
Resource 
Preservation
Criminal Rate

Burden from 
Industry
Burden from 
Domestic
Burden from 
Transport
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Mechanism for Sustainable Development
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Where China will go ?

• Scale: 
– Population: China=Japanx10

• Speed:
– Motorway Construction

• China (8,000km/2years)=Japan (8,000km/46years )x20

– GDP
• China ?> Japan 9%/year ( latter half of 20th Century) x75in50years

– Aging (non-working/working generation)
• 2.16/1.56=1.4 in 50 years

• Factor 200 ???

Yoshitsugu Hayashi, Nagoya University 70
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