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Research purpose and methodology

• Purpose: to quantify the impact of policy measures on greening 

passenger transport in the following Asian countries or regions: China, 

Japan, India, Southeast Asia, and rest of Asia (Pakistan, Afghanistan, Sri 

Lanka, Bangladesh, Bhutan and Nepal; excluding Former Soviet Union) 

[excluding Middle East].

• Methodology: Integrated modeling and scenario analysis

• Simulation based on an integrated transport and energy model

• Avoid – Shift – Improve framework: Various scenarios for policy 

interventions covering all passenger transport modes, such as (e.g., car, 

bus, rail, air) through simulating transport demand, modal shares, energy 

consumption and CO2 emissions.



An integrated transport-energy model

A one-year interval 
recursive-type model that 
consists of various tiers. 

Zhang et al. (2018b)



Data and parameters

• Shared Socioeconomic Pathways 2 (SSP2) 

estimates were used as default values for the 

GDP and population in the transport-energy 

model and were characterized as ‘middle of the 

road’ among a range of pathways. 

• Vehicle device cost, technology-wise energy intensity, annual distance travelled, load 

factor, and door-to-door speed for the travel time calculation: from previous studies. 

• Parameters for the total travel demand and all levels including distances, modes, 

sizes, and technologies were calibrated based on the base-year data in 2005.



Scenario settings

• Avoid: a travel demand reduction scenario for representing 

population decline (POP) by assuming that the population will 

decrease by 10% in 2050 compared with the SSP2 estimates. 

• Shift: a mass transit-oriented development scenario (MASS) and a 

car-sharing scenario (SHARE) 

• Improve: an energy efficiency improvement scenario (EE), an 

electric vehicle scenario (EV) and a carbon tax scenario (TAX) for 

representing transport technological innovation.

• Business-as-usual scenario (BAU): designed to contrast the 

scenarios with policy interventions in terms of energy use and 

emissions. 



Scenario settings

Shift: a mass transit-oriented development scenario (MASS) and a 

car-sharing scenario (SHARE) 

• MASS: the modal preference factors of Japan are employed as a 

proxy to reflect the preferences in mass transit-oriented 

development. Thus, the modal preference factors of other 

countries will gradually converge to Japan’s values by 2050. 

• SHARE: represented as the increased load factor with the 

promotion of shared mobility. In this scenario, it is assumed that 

the load factor of cars will increase to 2.2 by 2050. 



Scenario settings

Improve: an energy efficiency improvement scenario (EE), an electric vehicle

scenario (EV) and a carbon tax scenario (TAX) for representing transport 

technological innovation.

• EE: energy efficiency would be improved by 50% by 2030.

• EV: it is assumed that EVs will be economically competitive and strongly 

advocated by the government, and that internal combustion engine (ICE) 

vehicles will be phased out gradually. Hence, 100% of EV market share will 

be achieved by 2050 due to the EV policy interventions in this scenario. 

• TAX: correspond to a two-degree climate stabilization target. This carbon 

price pathway was set based on previous studies. The imposition of carbon 

tax can lower the economic competitiveness of fossil fuel powered vehicles, 

indicating a technology improvement by the shift from ICEV to EV.



Results: Business-as-usual

⚫Mode specific CO2 emissions in the five 

countries and regions suggest that cars are still 

the main source of carbon emissions. 

⚫China's domestic passenger air is also the main 

source of emissions. 

⚫Emissions produced by international passenger 

air in Southeast Asia are relatively high.

⚫ Japan's emissions for all 

transport modes show 

gradual decreasing 

trends. 

⚫Compared with India's 

rapid rise, China's 

emissions present the 

characteristics of rising 

and then slow growth 

after 2030. 



Results: Summary
Reduction of CO2 emissions: 2030 China India Japan Southeast Asia Rest of Asia

Avoid Travel demand reduction scenario (POP) -2.3% -2.3% -2.5% -2.8% -2.8%

Shift

Mass transit-oriented development scenario 

(MASS)
-11.8% -5.3% 0.0% -5.5% -5.0%

Car-sharing scenario (SHARE) -19.4% -10.4% -21.3% -20.2% -9.1%

Improve

Energy efficiency improvement scenario (EE) -44.5% -47.0% -45.8% -45.1% -45.2%

Electric vehicle scenario (EV) -13.7% -21.7% -8.6% -14.8% -23.0%

Carbon tax scenario (TAX) -14.9% -21.2% -6.9% -9.6% -9.5%

Reduction of CO2 emissions: 2050 China India Japan Southeast Asia Rest of Asia

Avoid Travel demand reduction scenario (POP) -4.1% -4.0% -4.5% -4.7% -4.6%

Shift

Mass transit-oriented development scenario 

(MASS)
-22.3% -13.4% 0.0% -9.8% -10.6%

Car-sharing scenario (SHARE) -24.0% -19.2% -30.0% -28.4% -20.1%

Improve

Energy efficiency improvement scenario (EE) -66.0% -67.6% -67.6% -66.6% -66.2%

Electric vehicle scenario (EV) -51.6% -57.3% -62.3% -65.6% -72.5%

Carbon tax scenario (TAX) -24.6% -38.6% -13.7% -23.6% -18.5%



Results: Summary

⚫EE and SHARE scenarios: reduce 

the total amount of energy 

consumption most significantly –

the largest reduction in 2050. 

⚫EV scenario: the most significant 

impact on the energy mix – the 

share of electricity consumption 

is significantly higher than that 

in BAU. 

⚫TAX scenario: to increase the consumption of biomass 

significantly, reflecting the positive impact of carbon 

taxes on the penetration of renewable energy.

Energy 

consumption



Results: Summary
⚫EE and EV scenarios: the most evident 

emission reduction effects.

⚫The effectiveness of SHARE and TAX

scenarios is roughly similar.

⚫The mitigation effect of POP scenario is 

least significant, followed by MASS

scenario. 

⚫EE and EV scenarios are most effective 

to reduce emissions, while the reduction 

rates of POP and MASS scenarios are 

less than 30%.

→ The “Improve” strategy would be the 

main pillar to realize transport 

decarbonization, compared with ‘Avoid’ 

and ‘Shift’ strategies.

CO2 emission trajectories from transport sector in Asia



Results: Summary

⚫Heterogeneity in the decarbonization potential 

across regions: different scenarios produce 

differentiated impacts on emission reduction, 

probably because the transport and energy 

systems differ between countries, such as 

transportation patterns, technology composition 

and energy structure. 

⚫Policy measures in different regions should be 

tailored according to local contexts and national 

circumstances.

⚫ The EE scenario shows the 

most evident emission 

reduction potential for all 

but the rest of Asia, where 

the EV scenario presents 

the strongest emission 

reduction.

Cumulative emission reduction potential by country/region



Implications and Recommendations

• The deep decarbonization of transport sector can be achieved by 

implementing policy interventions such as travel demand reduction, 

mass transit-oriented transport development, increasing the vehicle 

occupancy rate, energy efficiency improvement, EV promotion, and 

carbon pricing. 

• The energy efficiency improvement and stringent adoption of EVs 

presented the most significant emission reduction potential, with a 

reduction of more than 60% of CO2 emissions.

• The lowest reduction was attributed to travel demand reduction in 

which the CO2 emissions only can be reduced less than 10%.



Implications and Recommendations

• The “Improve” strategy has the 

strongest emission reductions, 

followed by the “Shift” and “Avoid” 

strategies, implying that technology 

improvements represented by the 

energy efficiency improvements, 

the penetration of EVs, FCVs, and 

carbon pricing, would play the 

most important roles in low-carbon 

development in Asia.



Implications and Recommendations

• Our findings are not to deemphasize the positive effects of transport 

demand reduction and modal shifts or to overstate the contribution 

of technological improvements for the decarbonization of transport 

sector, rather, we highlight a balance across different policy 

measures for achieving low-carbon targets. 

• Disadvantage: the “Improve” dimension are not only highly 

technology-dependent but also costly, constrained to the national or 

regional technical development levels. 

• Advantage: behavioral interventions according to the “Avoid” and 

“Shift” strategies only incur nearly zero or low monetary costs.

Summary: designed policy packages integrating the A-S-I strategies 

are needed to match the characteristics of each country.


