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ABSTRACT 

 
The phenomenal increase in vehicular ownership and transport demand during the

past two decades have made the transport sector become the major source of air and
noise pollution in many cities in the Republic of Korea. Consequently, environmental
sustainability has become a major issue of concern in transport development. Various
policy instruments and other measures have been applied or are under consideration to
contain transport demand and greenhouse gas emissions to promote sustainable transport
development in the Republic of Korea. 
 
 Evaluating the effectiveness of a policy measure is important in deciding its
relevance. A framework has been developed in this paper which can be applied to
evaluate the effectiveness of policy measures. In this paper, we estimate the indicators
related to transport and the environment in the Republic of Korea up to 2020. A forecast
of vehicle ownership was made since it was the most important parameter for estimating
road travel and energy demand in the transport sector. The estimation was done by a
lagged  power growth  function, with real income  and cost of  vehicle  ownership as 
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explanatory variables. Subsequently, other indicators such as transport demand, energy
consumption and greenhouse gas emissions were estimated for each transport mode. We
also discuss the government administrative structure and policy measures for sustainable
development in the transport sector and finally, analyse the effectiveness of two policy
measures by quantifying their potential in reducing transport demand and CO2 emissions. 
 

  

 

INTRODUCTION 
 
 Environmental sustainability has become one of the main concerns among the 
transport planners and policy makers in many countries. The transport sector has been 
recognized as one of the most difficult areas where environmental sustainability can be 
ensured owing to ever-increasing demand and its extremely heavy reliance on non-renewable 
fossil fuels. This is also true in the Republic of Korea, where the transport sector has become 
the major source of air and noise pollution in many cities owing to phenomenal increase in 
vehicular ownership and transport demand during the past two decades. As a result, 
sustainable transport development is now considered as a major issue of concern in the 
country. 
 
 In this paper, we estimate the transport and environment related indicators in the 
Republic of Korea up to 2020. At first, a forecast of vehicle ownership was made since it was 
the most important parameter for estimating road travel and energy demand in the transport 
sector. The estimation was done by a lagged power growth function, with real income and 
cost of vehicle ownership as explanatory variables. Subsequently, other indicators such as 
transport demand, energy consumption and greenhouse gas emissions were estimated for 
each mode.  We also discuss the government administrative structure and policy measures 
for sustainable development in the transport sector and analyse the effectiveness of the policy 
measures by quantifying their potential in reducing traffic volume and energy consumption. 
Special attention is given to analyse the effectiveness of travel demand management policies 
in the context of the Republic of Korea.  
 
 The traditional approach to reduce energy consumption in the transport sector has 
focused on regulatory aspects and technical development involving the improvement of 
vehicle fuel efficiency. However, recent evidence suggests that the increase in travel demand 
often overwhelm the gain made through improvements in vehicle fuel efficiency. 
Consequently, the overall energy consumption in the transport sector increases in almost all 
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countries regardless of their socio-economic conditions. In view of this, the importance of 
traffic demand management policies is receiving greater attention in most developed as well 
as many developing countries. In this paper, some transport demand management policy 
options to reducing transport energy consumption and conserving the environment are 
evaluated in the context of the Republic of Korea. 
 

I.  TRANSPORT DEMAND, ENERGY USE AND GREENHOUSE 
GAS EMISSIONS IN THE REPUBLIC OF KOREA 

 
 Transport demand has been increasing very rapidly in recent years in the Republic of 
Korea.  In particular, the number of private cars has increased very rapidly and the resulting 
energy consumption has also increased very rapidly. Table 1 shows the recent trend in the 
increase of vehicle ownership in the country. Between 1990 and 1999, vehicle ownership has 
increased at an annual rate of 16.6 per cent. Per capita ownership has increased from less than 
8 per cent in 1990 to almost 24 per cent in 1999. Consequently, the energy consumption in 
the transport sector has increased tremendously. For example, the consumption of petroleum 
products has more than doubled during this period. Especially the consumption of petrol 
showed a remarkable increase of 175 per cent during this nine-year period.  
 

Table 1.  Population and vehicle ownership in the Republic of Korea, 1990-99 

                                                      

Vehicle 

Year 

 
 

Population 
 

Number 
Number per 
thousands of 

persons 

Annual 
increase rate 

% 
1990  42,869  3,395 79.2  - 
1991  43,296  4,248 98.1  25.1 
1992  43,664  5,231 119.8  23.1 
1993  43,748  6,273 143.4  19.9 
1994  44,641  7,404 165.9  18.0 
1995  45,093  8,469 187.8  14.4 
1996  45,545  9,553 209.8  12.8 
1997  45,991  10,413 226.4  9.0 
1998  46,430  10,470 225.5  0.5 
1999  46,858  11,164 238.3  6.6 

Average annual 
increase rate 1.00 17.80 16.63 14.1 

 

Source:  National Statistics Office of the Republic of Korea, 2000. 

 

 

31 



 
 

 Despite the rapid growth of vehicle population, compared to many other cities in the 
region, the problem of air pollution in cities in the Republic of Korea is still not very severe, 
as can be seen from the figures in table 2. However, as the rate of growth of road vehicles, 
cars in particular, is very high and they are the major source of air pollution in cities, people’s 
perception about automotive air pollution is very strong in the Republic of Korea. 
 
 

Table 2.  Air pollution levels in major cities, 1997 
 

City Air 
Pollutants Seoul Pusan Taegu Kwangju Incheon Taejon 

SOx 
(ppm) 

 
0.011 0.018 0.023 0.009 0.013 0.011 

TSP 
(mg/m3) 

 
72 84 62 74 86 67 

NOx 
(ppm) 

 
0.032 0.028 0.024 0.021 0.026 0.022 

O3 
(ppm) 

 
0.016 0.019 0.015 0.021 0.016 0.018 

CO 
(ppm) 

 
1.2 1.0 0.8 1.2 1.2 1.4 

 

Source:  Ministry of Environment, 1998. 

 
 
 Energy consumption in the transport sector actually decreased in 1998 owing to the 
Asian financial crisis in 1997 and the subsequent recession, which followed afterwards. 
Energy use has, however, started to increase again since 1999. The road and air transport 
sectors have shown very rapid increase in energy use while the rail sector has shown rather a 
moderate increase. 
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Table 3.  Energy consumption in the transport sector 
 

Thousands of tonnes of oil equivalent 

Year Rail Road Water Air Total 

1990 391.8 11,205.3 1,668.7 907.2 14,173.0 
1991 403.9 12,855.2 1,947.1 949.8 16,156.0 
1992 416.6 14,644.0 2,288.3 1,181.9 18,530.8 
1993 441.5 16,528.6 2,733.1 1,415.9 21,119.1 
1994 447.2 18,669.1 3,134.2 1,609.8 23,860.3 
1995 464.4 21,217.7 3,617.8 1,848.5 27,148.4 
1996 467.2 23,288.1 4,020.1 2,016.7 29,792.1 
1997 472.7 23,508.9 4,492.8 2,264.0 30,738.4 
1998 452.3 19,269.6 4,466.6 1,995.5 26,183.9 
1999 478.2 21,175.3 4,849.1 2,122.1 28,624.7 

Annual 
increase 
rate (%) 

2.2 7.3 12.6 9.9 8.1 

 

Source: Ministry of Industry and Resources Internal Document, 2000. 

 
Table 4.  Energy consumption in the transport sector by energy type, 1990-99 

 
Thousands of tonnes of oil equivalent 

Petroleum products 
Year 

Petrol Diesel B-C* JA-1 Butane Others Subtotal 
Electricity Total 

1990 2,936 7,748 1,199 835 1,207 161 14,086 87 14,173 
1991 3,551 8,717 1,435 940 1,261 159 16,063 94 16,157 
1992 4,410 9,527 1,748 1,173 1,380 192 18,430 101 18,531 
1993 5,329 10,351 2,208 1,406 1,513 204 21,011 108 21,119 
1994 6,452 11,225 2,610 1,604 1,652 194 23,737 124 23,861 
1995 7,527 12,640 3,020 1,844 1,751 228 27,010 138 27,148 
1996 8,664 13,573 3,270 2,008 1,855 278 29,648 145 29,793 
1997 9,074 13,235 3,804 2,256 1,978 239 30,586 151 30,737 
1998 7,618 10,470 3,662 1,989 2,071 239 26,049 136 26,185 
1999 8,070 11,725 3,727 2,116 2,580 257 28,475 149 28,624 

Annual 
increase 
rate (%) 

11.9 4.7 13.4 10.9 8.8 5.3 8.1 6.2 8.1 

 

Source::  Energy Economics Institute, 2000. 

*  B-C indicates Bunker-C oil. 
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 In order to estimate future energy use and greenhouse gas emissions from the 
transport sector, forecast of transport demand is required. We have estimated vehicle 
ownership up to 2020, as it is one of the basic information required for the estimation of 
transport demand. For long-term forecast of vehicle ownership, researchers have frequently 
used growth functions with a presumed saturation level. In our estimation also, we employed 
a lagged power growth function where the vehicle ownership rate, which was assumed to 
approach a preset saturation level, was made dependent on real income and the cost of 
owning and operating a vehicle. The cost variable was a composite index consisting of the 
price of a new vehicle in real terms and the real cost of operating a typical vehicle for one 
year.  
 

 According to our estimation, vehicle ownership would increase from 12 million in 
2000 to more than 25 million in 2020. In estimating with the lagged power growth function, 
we employed the long term per capita GDP forecast by the Korea Development Institute.  
For the petroleum product price, which enters as a component of the cost variable, we 
assumed a moderate 3 per cent net increase over the estimation period. In our estimation, 
total vehicle ownership rate was estimated first and then the share of each vehicle type was 
subsequently estimated assuming that the current trend would continue. Table 6 provides the 
results of the forecast by vehicle type. 
 

Table 5.  Vehicle ownership by year 

 1995 2000 2005 2010 2015 2020 

Population (thousands) 45,093 47,300 49,123 50,900 51,677 52,500 

Per capita GDP 8,368.3 9,141.9 11,740.1 15,076.7 18,237.5 22,061.0 

Vehicle number per 
person 0.1275 0.1727 0.2109 0.2521 0.2936 0.3282 

Vehicle registered 
(thousands) 8,469 12,059 15,611 19,442 22,606 25,121 

 

Source:  Lee et al , 2001. 
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Table 6.  Estimated vehicle population by type, energy use and year 
        

 1999 2000 2005 2010 2015 2020 
Passenger 

car subtotal 7,463,943 8,083,926 10,942,420 14,283,604 16,658,354 18,593,206 

Petrol 
7,039,302 7,624,013 10,319,880 13,470,977 15,710,622 17,535,395 

 
Passenger 

car 
 
 LPG 

424,641 459,913 622,540 812,627 947,732 1057,811 

Bus subtotal 
1,402,020 1,506,204 1,768,775 1,954,297 2,253,616 2,473,112 

Light petrol 
41,881 44,993 52,837 58,379 67,320 73,877 

Light LPG 
268,531 288,485 338,776 374,309 431,638 473,679 

Light diesel 
981,036 1,053,937 1,237,666 1,367,481 1,576,923 1,730,511 

Medium 
diesel 39,247 42,163 49,514 54,707 63,086 69,230 

 
Bus 

 

Heavy diesel 
71,325 76,625 89,983 99,421 114,648 125,815 

Truck 
subtotal 2,298,356 2,469,146 2,899,584 3,203,714 3,694,391 4,054,215 

Light petrol 
58,152 62,473 73,364 81,059 93,474 102,578 

Light LPG 
51,760 55,606 65,300 72,149 83,199 91,303 

Light diesel 
1,691,416 1,817,105 2,133,874 2,357,691 2,718,792 2,983,596 

Medium 
diesel 207,858 223,304 262,232 289,736 334,112 366,654 

 
Truck 

 

Heavy diesel 
289,170 310,658 364,814 403,079 464,814 510,085 

Total 11,164,319 12,059,276 15,610,779 19,441,615 22,606,361 25,120,533 

 
Source:  Lee et al , 2001. 

 
 The total vehicle mileage by each vehicle type is another key piece of information 
required for the estimation of greenhouse gas emissions by the road transport sector. This was 
obtained by multiplying the average annual vehicle mileage for each category of vehicle by 
its number. The average annual vehicle mileage was estimated by extrapolating the current 
trend, but we placed a lower limit of mileage in order to keep the estimates within a 
reasonable range. The estimation results are shown in table 7. 

35 



 
 

Table 7.  Forecast vehicle-mileage by vehicle type and their energy use 
 
Millions of kilometre per year 

Classification 1999 2000 2005 2010 2015 2020 
Gasoline 116,470.9 125,640.8 168,767.0 220,298.7 256,924.9 286,766.5 Passenger 

car 
 

LPG  27,825.0  29,081.5  32,941.5  35,983.6  41,966.2  46,840.5 

Small 
Gasoline    832.2    891.0   1,038.9   1,147.9   1,323.7   1,452.6 

Small 
LPG  5,335.6  5,713.2   6,661.3   7,360.0   8,487.3   9,313.9 

Small 
Diesel 19,492.8 20,872.2 24,336.2  26,888.7  31,007.0  34,027.0 

Medium 
Diesel    779.8    811.0    945.6   1,044.7   1,204.7   1,322.1 

 
Bus 

 

Heavy 
Diesel  3,285.4  3,449.7   3,613.0   3,992.0   4,603.4   5,051.8 

Small 
Gasoline  1,276.5  1,369.2   1,599.2   1,766.9   2,037.6   2,236.0 

Small 
LPG  1,136.2  1,193.0   1,249.5   1,380.6   1,592.0   1,747.1 

Small 
Diesel 37,894.5 39,789.4  41,673.7  46,044.8  53,097.0  58,268.5 

Medium 
Diesel  4,938.3  5,185.2   5,430.8  6,000.4   6,919.4   7,593.4 

Truck 

Heavy 
Diesel 12,040.5 12,642.5  13,241.3  14,630.1  16,870.8  18,514.0 

 

Source:  Lee et al , 2001. 

Note:  The figures for 1999 are actual but figures for 2000 and beyond are forecast values. 

 

By applying the Tier 2/3 methodology suggested by the Intergovernmental Panel on 
Climate Change (IPCC 1996) and utilizing the information on vehicle travel demand forecast 
by vehicle type, we were able to estimate greenhouse gas emissions by the road transport 
sector. However, as our vehicle classification and activity data were not fully detailed, we 
used the representative vehicle concept for each category of vehicle and applied its 
representative emission factor in the estimation process. In selecting the representative 
vehicle type and emission factor for each category, it was ensured that the estimates by the 
Tier 2/3 methodology and those produced by the Tier 1 methodology were consistent. Table 8 
presents estimated greenhouse gas emissions by vehicle type up to 2020. 
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Table 8.  Estimated greenhouse gas emissions by the road transport sector 
 

Thousands of tonnes 

 1999 2000 2005 2010 2015 2020 
Total CO2 60,794.0 64,599.6 76,401.7 91,276.1 105,932.3 117,379.1 

 NOx 326.8 345.1 389.0 445.8 516.5 571.0 
 CH4 7.2 7.7 9.0 10.6 12.3 13.6 
 NMVOC 146.6 155.7 187.0 222.9 259.2 288.1 
 CO 739.7 786.6 956.8 1,152.3 1,340.5 1,490.6 
 N2O 0.3 7.9 10.2 13.0 15.1 16.8 
 Subtotal 62,014.6 65,902.5 77,953.7 93,120.7 10,8075.9 119,759.2 

Passenger 
car CO2 28,885.0 30,991.0 40,526.7 51,638.3 60,223.5 67,218.4 

 NOx 119.5 126.8 156.9 189.3 220.8 246.4 
 CH4 4.0 4.3 5.4 6.6 7.7 8.5 
 NMVOC 100.0 106.4 133.8 164.1 191.4 213.6 
 CO 535.3 570.8 723.3 894.3 1,043.0 1,164.2 
 N2O 0.1 6.3 8.4 11.0 12.8 14.3 
 Subtotal 29,643.8 31,805.6 41,554.5 52,903.6 61,699.2 68,865.6 

Bus CO2 8,374.5 8,891.4 9,953.4 10,997.4 12,681.8 13,916.9 
 NOx 53.0 56.2 62.3 68.8 79.4 87.1 
 CH4 0.6 0.6 0.7 0.8 0.9 1.0 
 NMVOC 16.3 17.4 19.8 21.9 25.3 27.7 
 CO 71.6 76.3 87.0 96.1 110.8 121.6 
 N2O 0.1 0.4 0.4 0.4 0.5 0.6 
 Subtotal 8,516.2 9,042.4 10,123.6 11,185.5 12,898.6 14,154.9 

Truck CO2 23,534.4 24,717.2 25,921.6 28,640.5 33,027.0 36,243.7 
 NOx 154.3 162.1 169.8 187.6 216.4 237.4 
 CH4 2.6 2.8 2.9 3.2 3.7 237.4 
 NMVOC 30.3 31.8 33.4 36.9 42.6 4.0 
 CO 132.7 139.4 146.5 161.9 186.7 46.7 
 N2O 0.1 1.3 1.4 1.5 1.7 204.9 
 Subtotal 23,854.5 25,054.5 26,275.6 29,031.6 33,478.0 36,738.7 

 

Note: Figures for the year 2000 and beyond are estimated values. 

 

Owing to difficulties in obtaining information on emission factors for all green 
house gases by other modes, we estimated only the emissions of carbon dioxide (CO2), which 
is the most important greenhouse gas, for the whole transport sector.  Except in the case of 
the road sector where more accurate vehicle mileage data and the vehicle emission factors 
were available in disaggregate form, the estimation was made by forecasting the aggregate 
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demand by each mode and applying the emission units based on the available current data. 
 

The total passenger and freight transport demand by mode are presented in tables 9 
and 10, respectively, while tables 11 and 12 present corresponding CO2 emissions.  As 
presented in table 11, only the inter-regional travel demand data were used in calculating 
emissions units in the road transport sector. This was done for the efficiency comparison of 
the road transport modes with other modes of transport. In actual estimation of total carbon 
dioxide emissions in the transport sector, while vehicle mileage and vehicle emission factors 
were used for the road transport sector, emission units were used for other sectors of transport. 
The estimation results are summarized in table 13. 
 

Table 9.  Passenger transport demand by mode 

Millions of person-km per year, percentage 

Year Road 
(Commercial) 

Road 
(Private) Rail Subway Water Air Total 

2000 76,375 
(25.33) 

168,126 
(55.77) 

30,042 
(9.96) 

18,495 
(6.13) 

560 
(0.19) 

7,885 
(2.62) 

301,483 
(100.0) 

2005 77,292 
(21.16) 

217,043 
(59.42) 

38,387 
(10.51) 

21,833 
(5.98) 

651 
(0.18) 

10,093 
(2.76) 

365,299 
(100.0) 

2010 78,221 
(17.62) 

280,194 
(63.12) 

49,049 
(11.05) 

22,784 
(5.13) 

756 
(0.17) 

12,920 
(2.91) 

443,924 
(100.0) 

2015 79,490 
(14.39) 

361,718 
(65.50) 

62,673 
(11.35) 

30,950 
(5.60) 

879 
(0.16) 

16,538 
(2.99) 

552,248 
(100.0) 

2020 80,111 
(11.71) 

466,963 
(68.25) 

80,081 
(11.70) 

34,860 
(5.09) 

1,022 
(0.15) 

21,170 
(3.09) 

684,207 
(100.0) 

 

Table 10.  Freight transport demand by mode 
 

Millions of ton-km per year, percentage 

 Road 
(Commercial) 

Road 
(Private) Rail Water Air Total 

2000 9,504 
(10.7) 

34,379 
(38.6) 

10,375 
(11.6) 

34,712 
(38.9) 

156 
(0.2) 

89,126 
(100.0) 

2005 11,060 40,006 12,073 40,394 182 103,715 
(100.0) 

2010 12,950 46,841 14,136 47,295 213 121,435 
(100.0) 

2015 15,261 55,201 16,659 55,736 251 143,108 
(100.0) 

2020 18,106 65,491 19,764 66,125 298 169,784 
(100.0) 

 

Source: Lee et al, 1999. 
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Table 11.  CO2 emission unit by passenger transport mode, 1999 

 

 Passenger car Bus Rail 

Transport volume 
(millions of person-km) 159,754 28,065 27,602 

Transport share (percentage)       45.9       14.6      14.4 

CO2 emission (thousands of 
tonnes of carbon)   6,512      422.6     196.0 

CO2 emission unit 
(g-C/person-㎞)      40.8       15.1       7.1 

 

Source:  Japanese Ministry of Transport, 1999. 

Notes:  In case of water and air transport we used emission units from Japanese studies which were 3.0 and 30.0 

respectively. 

 The travel distance figures represent only intra-regional travel excluding inter-regional travel. 

 

 

Table 12.  CO2 emission unit by freight transport mode, 1999 
 

 
Private truck Commercial 

truck Rail Water Air 

Transport demand  
(millions of ton-km) 33,376 9,227 10,027 33,699 151 

Transport share 
(percentage)      38.6    14.6     11.6     38.9     0.2 

CO2 emission 
(thousands of tonnes of 

carbon) 
  5,251.3 1,167.7     60.2    337.0    60.7 

CO2 emission unit 
 (g-C/ton-㎞)    157.3  126.6      6.0     10.0 402 

 

Source: Lee et al, 1999. 
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Table 13.  Estimated CO2 emissions in transport subsectors 
 

Thousands of tonnes of carbon, percentage of total 

 Road Rail Water Air Total 

1999 16,580 
(94.6) 

338 
(1.9) 

339 
(1.9) 

286 
(1.6) 

17,543 
(100.0) 

2000 17,618 
(94.3) 

409 
(2.2) 

351 
(1.9) 

302 
(1.6) 

18,681 
(100.0) 

2005 20,837 
(94.0) 

514 
(2.3) 

423 
(1.9) 

401 
(1.8) 

22,176 
(100.0) 

2010 24,893 
(93.7) 

628 
(2.4) 

510 
(1.9) 

535 
(2.0) 

26,565 
(100.0) 

2015 28,890 
(93.1) 

824 
(2.7) 

614 
(2.0) 

716 
(2.3) 

31,044 
(100.0) 

2020 32,013 
(92.1) 

1,032 
(3.0) 

739 
(2.1) 

965 
(2.8) 

34,748 
(100.0) 

 

Notes:  Rail includes urban rail transport (subways). 
Only the road subsector emissions have been estimated using the vehicle mileage data and emission factors. 
Emissions from other subsectors have been estimated using emission units as presented in tables 11 and 12. 

 
 

II.  GOVERNANCE AND EFFORTS FOR ENVIRONMENTAL SUSTAINABILITY 
IN THE TRANSPORT SECTOR  

 

As shown in the previous sections, the current trend of exploding transport demand 
and subsequent environmental degradation is clearly unsustainable. The Government of the 
Republic of Korea recognizes the seriousness of transport related environmental problems 
and the importance of environmental sustainability in the transport sector. The Government’s 
administrative functions related to environmental measures in the transport sector are 
currently assigned to various ministries, including Ministry of Environment, Ministry of 
Construction and Transportation, Ministry of Government Administration and Home Affairs, 
and Ministry of Commerce, Industry and Energy.  
 

Environmental concern has led to rapid changes in governance of the transport sector. 
Changes have taken place in the restructuring of government agencies, as well as the 
formulation of public policies and new regulatory regimes to promote sustainable 
development in the transport sector. In recent years the new Ministry of Environment was 
established in response to the rising concern for environmental preservation through a series 
of changes in the government machinery. The Ministry used to be a directorate under the 
Ministry of Sanitation and Social Affairs before 1980. It was elevated to the status of an 
independent administration in 1980 and was upgraded into an Office in 1990. Finally, in 1994 
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it was established as a full Ministry. In another major development in 1994, the two 
ministries of Transport and Construction were merged together and became the Ministry of 
Transport and Construction. This government restructuring was intended to reduce the 
administrative barriers in developing transport related infrastructure and to facilitate 
intra-governmental cooperation. 
 

The primary responsibilities of the Ministry of Transport and Construction are to 
provide transport infrastructure and to make transport related policies in the areas of road and 
air transport. 1   The Ministry actively supports the development of environmentally 
sustainable transport through provision of environmentally friendly transport infrastructure 
and promotion of such transport modes.  
 

A.  Strengthening environmental regulation 
 

The Ministry of Environment is responsible for setting the environmental standards 
as well as the emission standards of new vehicles. The Ministry is also responsible for the 
emission standards of vehicles currently in use. For the newly manufactured petrol vehicles, 
the emission standards have been upgraded gradually in order to make them compatible with 
the American emission standards. This reflects the fact that the United States of America is 
the single biggest export market for Korean passenger cars and the country’s car 
manufacturers need to comply with the regulations set by their clients. A summary of how 
emission standards for petrol vehicles have been upgraded over the years is shown in table 
14. 

 

Table 14.  The emission standards for petrol vehicles in the Republic of Korea 

Year THC CO NOx Evaporative gas 
(g/test) Remarks 

1991 – 1997  0.25 2.11 0.62 2.0 

1998 – 1999  0.25 
 (0.3)  

2.11 
(2.75) 

0.40 
(0.62) 2.0 

After 2000  0.16  
 (0.25) 

2.11 
(2.75) 

0.25 
(0.44) 2.0 

Up to 5 
year/ 80 
thousand 
kilometres 

 

Note:  The numbers in parentheses are for the 10 year/160 thousand kilometres certification period, which are in force 

since 2000. 

 

 

                                                  
1  Water transport is under the Ministry of Maritime Affairs and Fisheries in the Republic of Korea. 
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For diesel vehicles, less stringent emission standards are now being applied. However 
the Ministry is planning to strengthen the emission standards up to the level that is on par 
with European or American standards. 
 

For the vehicles currently in use, emission tests had been performed periodically 
along with the safety related check-ups before 1997. In 1997, more detailed and regular 
emission tests for existing road vehicles were introduced in the capital city area and later in 
1998 a new national emission check up program was introduced in the Republic of Korea. In 
the new program, standards for nitrogen oxides were tightened and a random roadside check 
was made possible through revision of the related act. 
 

Fuel quality is another area regulated by the Ministry of the Environment in the 
Republic of Korea. Since 1993, lead additives are completely banned in the country. This was 
a very important measure aimed at reducing health hazards associated with leaded petrol use 
particularly in urban settings. In addition to lead content, regulations related to benzene, 
aromatics and oxygen contents of petrol were also strengthened in 1993. For diesel fuel, the 
sulphur content has been gradually reduced and now the regulated level is below 0.05 per 
cent, which is identical to that of developed countries. 
 

B.  New transport infrastructure for environmentally friendly modes 
 

Since the Republic of Korea is a densely populated2 country and its urbanization rate 
is high (78.5 per cent in 1995), urban mass transport systems and railways have a high 
potential as environmentally sustainable modes of transport. Currently eight subway lines 
with 250.9 km of total length are in operation in Seoul and Pusan.  Another nine subway 
lines with 226.5 km of length are under construction in six cities with populations of one 
million or more.  An additional six subway lines with 173.9 km of length are also planned 
by the year 2003. Thus, the subway networks would be expanded from present 250.9 km to 
651.3 km in 2003. In Seoul, the modal share of subway is projected to increase from the 
current 34 per cent to over 50 per cent in 2003. For interurban railways, 1,591 km of new 
railway lines would be added to the existing 3,118 km railway by the year 2020.  Rail 
electrification rate would also be increased from the present 21.2 per cent to 86.5 per cent in 
2020. 
 

                                                  
2  The present population density is 454 persons per square kilometre. 
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C.  Transport demand management 
 

Transport demand management measures can be quite effective policy instruments to 
promote environmental sustainability in the transport sector. It has been often the case that   
gains made through technological improvements or new environmental standards are more 
than offset by the increase in new transport demand. Increased passenger car use is the most 
important cause of increased traffic congestion and energy consumption and subsequent 
environmental deterioration in major cities in the Republic of Korea. In response, various 
policy measures have been employed in order to discourage passenger car usage in the 
country. These are discussed in the following paragraphs.   
 
Fuel pricing 
 

The Government of the Republic of Korea has progressively increased fuel taxes. The 
special consumption tax rate on petrol was 414 won (currently, US$ 1 is equivalent to about 
1,300 won) per litre in January 1997.  The rate was increased to 691 won per litre in 
September 1998, which is still prevailing.  Taxes on diesel fuel have been also increased. 
The special consumption tax on diesel was increased from 48 won per litre in January 1997 to 
160 won per litre in September 1998.  The current retail price of petrol is around 
1,200-1,300 won per litre of which 79.7 per cent is tax. The tax share of diesel price is 
currently 46.8 per cent, which is however, much lower than that of petrol.  It is important to 
mention here that transport fuel consumption has been long regarded as price inelastic in the 
Republic of Korea. 
 
Congestion pricing 
 

An experimental congestion-pricing scheme was introduced in two major tunnels, 
which connect the downtown area and the southern part of Seoul in November 1996.  The 
charge was set at 2000 won per crossing and it was applied during the peak hours in 
weekdays to private passenger cars.  The initial reduction in traffic was estimated at 25 per 
cent after the introduction of the scheme and vehicle speed was also estimated to have 
increased by up to 77 per cent. 
 
Parking policy 
 

Previously the core of parking policy was to provide adequate parking space for every 
building and facility.  Now this policy is about to be reversed. The reduction of parking 
space in the CBD area is being considered in order to reduce private passenger car influx into 
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the area. To discourage commuting by car, park and ride facilities have been continuously 
constructed. Currently there are 15,648 park and ride spaces in subway and urban rail stations 
in the Republic of Korea. 
 
Bus only lanes 
 

Bus lanes can provide the bus passengers with road priority and thus increase the 
attractiveness of public transit and consequently its modal share.  There are 455.1 km of bus 
lanes in 118 segments of roads in different cities.  Bus lanes are to be expanded to 916.4 km 
in 218 segments of roads.  In Seoul, an average of 17 per cent of bus travel speed increase 
has been reported after the introduction.  
 

D.  The economic incentives 
 

Many economists view economic incentives as the most preferred means of 
government intervention as they are considered as most cost effective.  The Ministry of 
Government Administration and Home Affairs and the Ministry of Commerce, Industry and 
Energy are responsible for designing policy measures based on economic incentives to 
promote environmental sustainability in the transport sectors.  The minicar policy is a 
typical economic incentive program designed to promote environmental sustainability in 
transport.  A minicar is defined as a vehicle with less than 800 cc engine and is entitled to 
several favourable treatments.  These include exemption from special consumption tax, 
lower registration fee and other taxes and charges, and reduced expressway toll and parking 
charge.  Minicars are about 55 per cent more fuel efficient than medium size cars in the 
Republic of Korea. Economic incentives are also being considered in order to encourage the 
development of fuel-efficient and low-emission vehicles in the future. 
 

III.  THE EFFECTIVENESS OF POLICY MEASURES IN REDUCING ENERGY 
CONSUMPTION AND GREENHOUSE GAS EMISSIONS  

 
The effectiveness of two representative policies aimed at reducing energy 

consumption in the transport sector and assessment of their potential contribution in reducing 
environmental degradation are presented in this paper. The present exercise is limited to 
analysis of those two policy measures for which relevant data and reliable forecasts of 
required parameters were available. In the passenger transport sector, the effect of fuel price 
increase and in the freight transport sector, the impact of infrastructure development and 
resulting modal shift were analysed. As almost all energy sources in the transport sector are 
petroleum based, energy savings (in per cent) in the transport sector can lead to an almost 
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identical amount of reduction in greenhouse gas emissions. Therefore, only the reduction 
potential of greenhouse gas emissions is reported in this section on the assumption that the 
current fuel composition efficiency would be maintained in the future. 
 

A.  The effectiveness of fuel pricing 
 

As private passenger cars emit most of the greenhouse gases in the transport sector, 
the policy measures for reducing the greenhouse gases are often focused on either 
discouraging private car usage or increasing public transport patronage. Among the policy 
instruments, economic incentives are now widely contemplated in many countries thanks to 
their relative easiness in implementation, ability to internalise external effects and to generate 
additional funds for transport related investments.  
 

In this section, we assess the likely effectiveness of economic incentive-based 
measures to reduce transport demand by constructing scenarios. The base scenario is first 
constructed and the effectiveness of the policy measures is compared against the base 
scenario. The base scenario represents the consequence of no policy measures while the 
policy scenario represents the outcome of the specified measures with ceteris paribus 
condition.3  
 

Fuel pricing has been the most common instrument for transport demand management 
in many countries including the Republic of Korea. The effectiveness, however, is dependent 
on many factors such as the availability of substitute modes, the absolute price level of the 
fuel and other socio-economic conditions. Elasticity has been widely used as a criterion in 
evaluating the effectiveness of policy measures which are often regarded as city or country 
specific. 
 

There have been a limited number of studies on the elasticity of transport demand in 
the Republic of Korea. The estimated fuel price elasticities varied widely from one study to 
another. Most of the estimations were made using the revealed preference (RP) methodology 
rather than the stated preference (SP) methodology, which is perceived as superior in 
identifying hypothetical policy changes. For this study, we used a price elasticity of value of 
–0.086, which was obtained from one of the recent studies conducted by the Korea Transport 
Institute. The study was conducted in 1999 and therefore it reflected current fuel price levels 
and other socio-economic conditions in the country. The study was conducted to obtain 
quantitative evidence on the effectiveness of traffic demand management policies in the 

                                                  
3  The effects of individual measures cannot be added up in evaluating the effects of multiple measures. 
This problem is often called additionality and it is now a big issue in research. 

45 



 
 

Korean context.4 In this study based on SP methodology, the elasticity of mass transit 
demand with respect to service levels was also estimated in order to identify more effective 
policy measures for inducing private passenger car users into the mass transit, such as the 
subway or city bus.5 
 

We first specified the policy scenario of fuel price increase. Fuel price was assumed to 
increase at a rate of 5 per cent per annum in addition to the base scenario increase level for 
eight consecutive years from 2001. In the base scenario, an annual 1.9 per cent increase was 
adopted. This represented an additional 48 per cent increase in fuel price at the end of the 
eight-year policy period. 
 
 The fuel price change can affect carbon dioxide emissions in the transport sector in 
two ways. The assumed increase in fuel price has impact on the future vehicle ownership rate 
since the long-term vehicle ownership forecast model considered fuel price as a component 
of the cost variable. Second, increased fuel price affects vehicle use and as a result the vehicle 
mileage gets reduced according to the price elasticity of demand. 
 
 Table 15 shows the estimated impact of fuel price increase on vehicle ownership. It is 
estimated that the assumed fuel price hike could reduce the number of vehicles by almost 1.4 
million in the long run. This represents about 7.8 per cent reduction in passenger cars 
compared with the BAU scenario. 
 
 The potential reduction in CO2 emissions owing to the decrease in vehicle numbers is 
shown in table 16. The analysis revealed that about 4.8 per cent reduction in CO2 emissions 
could be expected under the fuel price policy. The estimated reduction was measured against 
total emissions by the transport sector that was calculated by using emission units for 
different modes. 

                                                  
4  The study was conducted in the Seoul metropolitan area. A total of 1,672 commuters were surveyed and 1,564 
effective responses were obtained. 
5  Fuel price policy is a means of discouraging car use while improvement of public transport service is a means of 
attracting car users to mass transit. It was found that improving the service level of public transport, such as reducing travel 
time and alleviating crowdedness, were more effective than fuel price increase in Seoul. 
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Table 15.  Vehicle ownership under different fuel price policy scenarios 
 

 2000 2005 2010 2015 2020 
BAU 

scenario 
Passenger car 

(Petrol) 7,624,013 10,319,880 13,470,977 15,710,622 17,535,395 

 Bus 
(Petrol)    44,993 52,837 58,379 67,320 73,877 

Truck 
(Petrol)    62,473 73,364 81,059 93,474 102,578 

 
Subtotal 7,731,4797 10,446,081 13,610,415 15,871,416 17,711,850 

Fuel price 
policy 

Passenger car 
(Petrol)  7,624,013 9,943,312 12,317,773 14,567,116 16,542,085 

scenario Bus 
(Petrol)    44,993 50,012 52,443 61,323 68,467 

 Truck 
(Petrol)    62,473 69,442 72,817 85,147 95,067 

 Subtotal  7,731,479 9,888,036 12,226,579 14,457,605 16,414,932 

 
Estimated 

reduction of 
vehicles 

- 558,045 1,383,836 1,413,811 1,296,918 

 

Source::  Lee et al, 2001. 

Table 16.  The estimated reduction in CO2 emissions under the fuel price policy 
Thousands of tonnes of carbon 

 2000 2005 2010 2015 2020 

BAU Passenger car 
(Petrol) 7,024 9,436 12,317 14,364 16,033 

Scenario Bus 
(Petrol) 50 58 64 74 81 

Truck 
(Petrol) 77 89 99 114 125 

 
Subtotal 7,151 9,583 12,480 14,552 16,239 

 
Total emissions 
by the transport 

sector 
18,681 22,176 26,565 31,044 34,748 

Fuel Price Passenger car 
(Petrol) 7,024 8,809 10,726 12,684 14,404 

Policy Bus 
(Petrol) 50 54 56 65 73 

Scenario Truck 
(Petrol) 77 83 86 100 112 

 Subtotal 7,151 8,946 10,868 12,849 14,589 

 
Estimated 

reduction in 
CO2      

emissionsa 

- 637 
(2.87%) 

1,612 
(6.07%) 

1,703 
(5.49%) 

1,650 
(4.75%) 

a  Compared with total emissions by the transport sector. 
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B.  Modal shift in freight transport 
 

 Freight transport accounts for 30.9 per cent of total CO2 emissions by the transport 
sector. It is also regarded as the most inefficient sector of the country’s transport industry.  
Road transport, especially the less efficient private freight vehicles, play the dominant role in 
the Republic of Korea’s freight transport sector. To improve the overall efficiency of the 
transport sector, the Government is now implementing a plan, which includes reducing the 
dependency on road transport and increasing the share of more energy efficient railways by 
increasing the capacity of the railway infrastructure to carry more freight traffic. 
 
 The Government has prepared an ambitious plan for major investments in transport 
infrastructure in the future, which would enable modal shift of freight traffic from road 
transport to other more environmentally friendly modes such as railways and water transport.  
As envisaged in the plan, table 17 presents the target freight modal share expected through 
capacity improvement of these modes. An alternative to this future scenario of modal share is 
the business as usual case, which implies that the current trend would continue with no major 
infrastructure investment to increase the capacity of rail and water transport. The freight 
transport demand in these two scenarios is presented in table 18. In the infrastructure 
improvement scenario, substantial reduction in road freight transport demand is possible 
through modal shift to more energy efficient modes. This modal shift to energy efficient 
modes can help to reduce greenhouse gas emissions by the transport sector.  

 

Table 17.  Proposed freight modal share change 

Percentage 

 1997 2010 2020 

Road 56.6 48.2 41.2 

Rail 14.2 15.5 20.3 

Water 35.8 36.0 38.1 

Air  0.1  0.3  0.4 
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Table 18.  The freight transport demand in alternative scenarios 
 

Millions of ton-㎞ 

 2000 2005 2010 2015 2020 

BAU Road Private 34,379 40,006 46,841 55,201 65,491 

Scenario Road 
Commercial 9,504 11,060 12,950 15,261 18,106 

 Rail 10,375 12,073 14,136 16,659 19,764 
 Water 34,712 40,394 47,295 55,736 66,125 
 Air 156 182 213 251 298 
 Total 89,126 103,715 121,435 143,108 169,784 

Infrastructure 
and Road Private 34,379 38,448 40,972 41,468 41,971 

modal shift Road 
Commercial 9,504 10,417 17,560 22,494 27,980 

policy 
scenario Rail 10,375 14,592 18,822 25,477 34,483 

 Water 34,712 40,007 43,717 53,178 64,688 
 Air 156 252 364 491 662 
 Total 89,126 103,715 121,435 143,108 169,784 

 

Source:  Lee et al, 2001. 

 

The emission units for each freight transport mode were calculated from the current 
emissions and activities data. The results are shown in table 19.  
 

Table 19.  CO2 emission units by freight transport modes, 1999 
 

 Private Freight 
Vehicle 

Commercial 
Freight Vehicle Rail Water Air 

Freight ton km 
(millions of 

ton-km) 
33,376 9,227 10,072  33,699 151 

Share (%)      38.6     14.6      11.6     38.9     0.2 
CO2 emission 
(thousands of 

tonnes of carbon) 
  5,251.3  1,167.7 - - - 

CO2 emission unit 
(g-C/ton-㎞)    157.3   126.6       7.1     10.0   402.0 

 
 

By using these emission units and the data on freight transport demand provided in 
table 18, CO2 emissions from each freight mode were calculated which are presented in table 
19.  Compared with the current trend, as can be seen from the figures presented in table 20, 
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an estimated 6.64 per cent reduction in CO2 emissions could be possible through long-term 
modal shift policy measures. This increased efficiency is attributed to the modal shift to more 
energy efficient modes such as rail and a shift to more efficient commercial vehicles within 
the road sector itself.6  

 
 

Table 20.  CO2 emissions in alternative scenarios of modal share 
 

Thousands of tonnes of carbon 

 2000 2005 2010 2015 2020 

BAU Road private  5,409  6,294 7,370  8,685 10,304 

scenario Road 
commercial  1,203  1,400 1,639  1,931  2,291 

 Rail    74    86   101   119   141 

 Water   347   404   473   557   661 

 Air    63    73    86   101   120 

 Sub total 7,096  8,257 9,668 11,394 13,518 

 

Total 
emissions by 
the transport 

sector 

18,681 22,056 26,565 30,855 33,869 

Infrastructure Road private 5,409 6,049 6,446  6,525  6,604 
investment 
and modal 

shift 

Road 
commercial  1,203 1,318 2,222  2,847  3,541 

policy 
scenario Rail    74  104  134   182   246 

 Water   347  400  437   532   647 

 Air    63  101  146   197   266 

 Sub total 7,096 7,973 9,387 10,282 11,304 

 
Reduction 
potentiala 

 
-  284 

(1.29%) 
 282 

(1.06%) 
  1,111 
(3.60%) 

2,214 
(6.54%) 

 

a  Compared with total emissions by the transport sector. 

 

                                                  
6  It was assumed that total freight demand would remain unchanged under the modal shift policy initiatives. 
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CONCLUDING REMARKS 
 

Transport demand will continue to increase in the future. However, the current 
trends of exponential growth in private car ownership and its usage in passenger transport, 
and the dominance of energy inefficient road transport in freight transport are not clearly 
compatible with sustainable development in the transport sector. The huge amount of 
greenhouse gas emissions resulting from transport activities need to be contained.  
Mitigation policies, including technological improvement, regulations and measures to 
manage transport demand need to be pursued to address the problem.  
 

It is estimated that an annual fuel price increase of 5 per cent for eight consecutive 
years could decrease total vehicle ownership by 7.8 per cent, leading to a reduction in CO2 
emissions in the transport sector by 4.7 per cent. The effectiveness of the proposed 
government plans for infrastructure development and modal change in the freight transport 
sector to reduce CO2 emissions is also promising. It is estimated that the policy of new 
infrastructure development would be able to reduce CO2 emissions by 6.54 per cent by 2020, 
compared with the situation if no such development takes place. 
 

The analyses suggest that transport policies based on economic incentives and an 
environmentally friendly infrastructure development programme could be quite effective in 
reducing transport demand, energy consumption and greenhouse gas emissions. However, 
caution should be taken since these policy measures imply a radical move by the Government 
and political consideration may be needed for their actual implementation. Evaluating the 
effectiveness of a policy measure is important in deciding its relevance. The framework, 
which has been developed in this paper, can also be applied to evaluate the effectiveness of 
other policy measures to promote sustainable transport development.   
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