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Greenhouse Gas Emissions: Identity 
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Three possible bifurcations 



Determinants of Travel Demand 

GDP/cap, $

Selected Data Points:

1  Tanzania Villages (1986)
2  Ghana Villages (1988)
3  Palestine (1999/2000)
4  Romania (1991)
5  Warsaw (1993)
6  Sao Paulo (2002)
7  South Africa (2001)
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  8 South Korea (1995)
  9 Germany (1982)
10 Singapore (1991)
11 Spain (2002/03)
12 Paris (1991)
13 Tokyo (1990)
14 Finland (2000)
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15 Japan (2001)
16 France (2000)
17 Paris (2001)
18 Switzerland (1989)
19 Great Britain (2004)
20 Norway (2000)
21 United States (2001)
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Source: Schäfer, Heywood, Jacoby, Waitz (2013) 



Growth in Global Mobility (1950-2005) 
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Source: Schäfer, Heywood, Jacoby, Waitz (2013) 



Shift from Slow to Fast (1950-2005) 
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Developing Regions:

Centrally Planned Asia
Latin Ameria
Middle East & North Africa
Other Pacific Asia
South Asia
Sub-Saharan Africa

Industrialized Regions:

North America
Pacific OECD
Western Europe

Reforming Economies:

Eastern Europe
Former Soviet Union
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Source: Schäfer, Heywood, Jacoby, Waitz (2013) 



United States (1900-2011) 

Pacific OECD  
(1950-2011) 

Former Soviet Union  
(1921-2011)

Centrally Planned  
Asia & China 
(1950-2011) 

Growth in Total Mobility 



The Decline of Public Transport 



The Rise and Fall (?) of the Automobile 



The Rise in High-Speed Transportation 



Modelling World-Regional Travel Demand:  
System of 3 Equations 

Iterate VOT to stay within specified travel time budget 

Source: Schäfer (under review) 



Projected Development 
(Observations: 1900 – 2010; Projections: 2011 – 2100)  
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Source: Schäfer (under review) 



Shares in Infrastructure Investments and Modes 
(thick lines: share in PKT; thin lines: share in infrastructure investments) 



Bifurcation in GGE/PKT 



US Freight Railroad Energy Intensity 

Source: Schäfer (2013) 



Aircraft Energy Intensity (U.S. Domestic Market) 

Source: Schäfer, Evans, Reynolds, Dray (2014) 
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Fuel Burn Reduction Costs in U.S. PAX Air Transport 
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Fleet growth: 2%/yr 
Discount rate: 5% 
Depreciation period: 
  20 years – new aircraft 
    5 years – retrofits  

12 

  1 Increased load factor 
  2 Reduce contingency fuel 
  3 Single-engine taxi 
  4 Cruise lateral/vertical/speed I-Imp 
  5 Surface congestion management 
  6 Electric taxiing 
  7 Blended winglets 
  8 Cabin weight reduction 
  9 Additional engine wash 
10 Optimized departure procedures 
11 Optimized approach procedures 

12 NEO/MAX 
13 Carbon brakes 
14 Early Retirements 
15 Surface polish 
16 Re-engining 
17 Reduce tankering 
18 Better matching of A/C type to mission 

Source: Schäfer, Evans, Reynolds, Dray (2014) 
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Conclusions 
• People behave fundamentally similar 

– Differences in trends across regions due to different initial 
conditions, availability of technologies, etc. 

• Long-term dynamics are very stable 
– U.S. Analysis: 

• Only radical policies seem to influence “development pathways” 

• Provision of alternative infrastructures & modes may not be sufficient 
 need for enabling policies 

– Emerging Economies analysis to follow.  BUT: why should it be 
fundamentally different? 

• Caveat: Very simple model w/o heterogeneity (spatial, 
social, etc.)  Benchmark/reference development only 

• Technological change likely to remain the key opportunity 
for climate change mitigation 
– But it won’t work without behavioral change 

 


