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[요    약] 

경전철 (LRT)의 일종인 트램은 이동성과 접근성을 개선하고, 사업영향권역에 대한 보행자 중심의 상업 및 업무시설을  활성화

하는 등 긍정적인 영향을 미치는 것으로 알려져 있다.  수원시는 도심 6km 구간을 대상으로 트램노선을 설치할 계획을 발표하였

다.  따라서 본 연구에서는 토지이용-교통 통합 모형을 활용하여 트램 도입에 따른 다양한 영향분석을 수행하였다. 먼저, 모델을 기

반으로 BAU (Business As Usual) 시나리오와 트램 채택 시나리오에 대한 시뮬레이션을 통해 두 시나리오의 향후 토지 이용과 교통 

패턴을 예측하고 비교하였다. 분석결과, 주택 수요가 도심에서 외곽으로 이동하였으며 트램노선 인근에서는 상업업무시설의 토

지 사용이 증가한 것으로 나타났다. 최종적으로 2030년까지 전체 CO2 배출량은 약 15,786톤으로 BAU 시나리오 합계에 비해 

0.32% 감소할 것으로 예측되었다.

[Abstract] 

It is known that tram, a type of light rail transit (LRT) has positive impacts such as improving travel mobility and accessibility, 
revitalizing business areas adjacent to tram lines, and enabling pedestrian-oriented roads. The city of Suwon in Korea plans to 
install a 6 km long tram line in the downtown area. The authors applied an integrated land use transport model to examine 
various impacts of the adoption of the tram. The Business As Usual (BAU) scenario and a tram adoption scenario were simulated 
using this model.  Future land uses and traffic patterns of the two scenarios were predicted and compared. From the analysis 
results, it was found that housing demand was moved from downtown to outskirts and land use for office and service near tram 
route increased. As a result, it was predicted that CO2 are about 15,786 tons less emitted in 2030, which is 0.32% decrease 
compared to the sum of BAU scenarios.
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Ⅰ. Introduction

A public transportation is recognized as an effective 
solution to mitigate traffic congestion as well as to reduce CO2 
and air pollutants in urban areas. Thus, many cities around the 
world have been making efforts to expand and improve their 
public transportation systems including buses, subways, and 
trains. Recently, Light Rail Transit (LRT) have been adopted 
as mass transit system options[1], [2], [3]. It is also known that 
LRT has positive effects on the revitalization of adjacent 
business areas around LRT routes and the rehabilitation of 
urban area[4].

Recently, Trams, a type of LRT became a more attractive 
option by introducing wireless trams with wireless charging 
technology. Operation of trams promotes pedestrian-oriented 
by limiting or prohibiting vehicle trips in the vicinity of tram 
line. Tram provides more reliable service than buses in 
congested city center.  Also, it can be a tourist attraction.  Old 
tram lines built in South Korea between late 19th century and 
early 20th century were all removed around 1968 due to the 
increase of vehicle traffic inside the urban area. However, 
tram reintroduction was recently proposed as an alternative 
solution to subway which has very high costs and considerable 
time to build. Daejeon Metropolitan City and Wirye New 
Town have plans to construct tram routes. The City of Suwon 
also has a plan to adopt a tram system in order to shift their 
urban transportation policy paradigm from car to pedestrian 
-oriented and environmental friendly[5].

In order to introduce a tram system into an existing urban 
area, a study on the feasibility of installation, along with 
getting stakeholders agreement is in necessary. As a rule, 
cost-benefit analyses have been used for evaluating investments 
of transportation facilities. However, considering benefits 
from changes in travel demand and traffic flow which are 
examined by a cost-benefit analysis are not sufficient to 
explain other impacts of trams in a city. This is because other 
factors such as revitalization of adjacent business districts and 
relocation of the residential area are not considered.  Also, the 
limitation of economic analysis is often reported, is the 
existence of significant difference between predicted and 
actual demand after the transportation system is installed and 
operated[6], [7], [8], [9]. The inaccuracy in estimating the 
travel demand is explained by various reasons[8]. One of the 
main reasons is the fact that land use and residents’ lifestyle 
affected by changes in the transportation system are not well 
considered.

In this study, the effects of operating a 6 km long tram line 

in downtown of Suwon, which will be inaugurated from 2017 
were analyzed. In order to consider impacts on land use 
change as well as trip change by the tram operation, an 
integrated land use transport model was applied. The model 
has the capability of predicting changes in future land uses and 
traffic patterns by considering the interaction between land use 
and transportation. Land use change includes change of 
locations of preferred residential areas, offices and business 
districts. Also, environmental impacts such as reduction in 
CO2 and air pollutant emissions were estimated to check how 
much the adoption of tram contributes to achieve the goal of 
the Suwon’s new transportation policy paradigm.

This paper begins by describing research method including 
selection of an appropriate integrated land use transport 
model, analysis framework, and modeling process, and then 
describes how to analyze the effect of tram in Suwon. Finally, 
the analysis results in terms of land use, transportation, and 
environment, and implications are laid out.

Ⅱ. Method

2-1 Selection of integrated land use transport model

The cost-benefit analysis results for Suwon tram case yield of 
cost-benefit ratio of 0.84[10]. A debate about the justification of 
investment in a tram route construction would have taken place 
based on only considering economic analysis results. However, 
urban planners and policy makers in Suwon were determined to 
look for another approach. The authors selected an integrated land 
use transport model to deal with their need. 

Integrated land use transport models such as ILUTE[11], 
TLUMIP[12], ALBATROSS[13], PUMA[14] and IRPUD[15], 
and PROPOLIS[16] were suggested to predict broader changes in 
the urban landscape. One main feature of this model is that the 
distribution of land use and traffic are strongly connected. The 
land use model generates a set of matrices of potential transport 
demand, and the transport model transforms potential demand 
into actual trips. Finally, demand is assigned to the transport 
model supply options.  

In this study, combination of DELTA[17] and OmniTrans[18] 
were selected and applied to estimate the future land use change 
and traffic pattern. There are three main reasons for selecting this 
model combination in this study. 1) DELTA is applied in many 
European cities 2) OmniTrans has an edge in modeling multi 
-modal networks and successful integration is feasible between 
the two models 3) some fundamental researches have performed 
in Korea[19], [20].
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Fig. 1 gives an overview of the combination of DELTA and 
OmniTrans. DELTA predicted changes in population, 
employment, and land use relocation. DELTA does not model 
transport but depends on the interaction with a transport 
model. One of the important factors in assessing relocation 
conditions in the land use model is accessibility, which is 
calculated based on the traffic analysis results from the 
transport model. The land use model analyzes factors for 
affecting travel demand depending on the land use and sends 
those to the transport model. OmniTrans estimates changes in 
travel pattern and traffic conditions. By iterating model runs 
and this interaction process, the integrated model predicts 
more realistic changes of the city. 

2-2 Analysis Framework 

The method was applied in this study and the overall 
analysis procedure is shown in Fig. 2. An integrated land use 
transport model is the main simulation model to analyze the 
effects of transportation policies and land use strategies in a 
certain city. Urban environmental impact can be estimated 
using the simulation predictions. The first step was to collect a 
wide variety of input data for both land use and transport 
model and run the simulation. The second, the model provides 

predictions of future land use and transportation. Then, CO2 
emissions from land use are calculated by multiplying the 
occupied floor area by land use type with the emission factor 
by land use type. CO2 and other air pollutant emissions are 
calculated by multiplying the traffic volume and link length 
with the emission factors by vehicle type and vehicle speed.  
Air pollution concentration is estimated based on the vehicle’s 
air pollutant emissions using a dispersion model such as 
CALINE. Weather and topography data for Suwon were used 
as inputs, Analysis was performed in lattice unit (1km by 1km). 

Ⅲ. Application Study

3-1 The geographic boundary of the Study Area

Case study is for analyzing impacts of operating a 6 km 
long tram line in Suwon, Korea. Modeled area is the Seoul 
Metropolitan Area (SMA) which includes a direct affected 
city, Suwon and indirect affected cities near Suwon. Fig. 3 
shows the location of Suwon in the SMA. The SMA consists 
of Seoul, Incheon, and Gyeonggi-Do. Suwon is one of the 
cities in Gyeonggi-Do. By Statistics Korea[21], about 24.9 million 

그림 1. 토지이용-교통 통합 모형의 구성도

Fig. 1. Modeling sequence of integrated land use transport model

그림 2. 연구 흐름도

Fig. 2. Research framework
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그림 3. 연구범위(사업영향권)
Fig. 3. Locations of Seoul metropolitan area and Suwon

people are living in SMA and almost half of all Koreans are 
living in this area. About 12 million people (24.1%) live in 
Gyeonggi-Do. 

By the Suwon Statistics[22], the population of Suwon is 1.2 
million totaling 10% of Gyeonggi-Do. Population density of 
SMA is about 2,106 people per km2. As the statistics show, 
SMA is a very congested area and has severe traffic congestion. 
The total length of roads of Suwon is approximately 889km, 
while its railway network is only 17 km long, which means the 
city heavily relies on road transportation[5]. A high dependence 
on buses contributes high congestion in the downtown area. 

3-2 Analysis scenarios and model inputs

1) Business As Usual (BAU) Scenario 

Business as usual (BAU) scenario represents the case that 
we live following current life style. To build a BAU scenario 
for the land use transport integrated model, most recent data 
about the study area need to be collected.  In this study, most 
of required data were acquired from 2010 data. The land use 
model, Delta requires various information regarding household 
data such as demographics, socio economic data, spatial 
information, car ownership, distance between traffic zones, 
travel patterns, and so on. Input data for the transportation 
model, Omnitrans are transport network data, travel OD, 
socioeconomic data. Korea Transportation Network Database 
[23] provides transportation network data and trip related 
properties. Input data are comprised of shape files and 
attributes such as nodes, centroids, roads, and urban railways. 
Routes and operating information of urban railway and buses 
were collected and entered as input data.

In the BAU scenario, urban policies and their strategies that 
were confirmed to be implemented were reflected in the 
designated year. Confirmed land use development, redevelopment, 
regeneration, urban improvement plan in the study area from 
2010 to 2030 were investigated. Table 1 summarizes changes 
in possible floor area according to the confirmed plans.  
Because of uncertainty, plans between 2020 and 2030 are 
excluded. Minus values in the table represent relocations 
before redevelopment. Road construction plans until 2015 and 
until 2020 were investigated and reflected. Table 2 shows 
additional road length (km) by road construction plans. Suwon 
has already heavily relies on road transportation, there is no 
significant road construction plans in Suwon. 

2) TRAM adoption scenario

Alternative scenario is the case that includes any treat for some 
purposes. After the BAU scenario is built through the procedure 
of data input and model calibration and validation, the alternative 
scenario is made by applying the alternative to the BAU scenario. 
The alternative scenario is relatively easy to establish once the 
BAU scenario is developed. Various alternatives can be made by 
combination of various policies and by considering different 
implementation timings. 

Suwon is considering the adoption of a tram route shown in 
Fig. 4. The target year for opening the line is in 2017, starting 
from Suwon Station and connecting to Paldalmun, Janganmun, 
Suwon sports complex, and Jangan-Gu office. The route passes 
through major tourist attractions including Hwaseong, an old 
royal palace. Because the tram will be connected with a main 

그림 4. 수원시 트램 계획노선 (출처: 구글맵)
Fig. 4. Planned tram route in Suwon (map image 

from Google)
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subway line and a train line at the Suwon station, it is expected 
to improve accessibility to these stations from the outer areas 
of Suwon. In addition, regeneration of the old downtown and 
revitalization of business districts around the tram line are 
highly expected. 

The location of 6 km route, operating capacity, and 
operating schedule of the tram were entered in the SMA 
transportation network. By constructing the 6 km new tram 
route, two lanes of existing road in the route were reduced.  
Number of lanes changes from 4 lanes to 2 lanes. Changes in 
land use and traffic flow patterns in the downtown and other 
areas by the adoption of the tram line are expected.

 

3) Analysis time period 

The simulation start year is 2010. The simulation end year is 
2030. The integrated land use model iterated runs until the end 
year. As shown in research framework (Fig. 2), the model 
provides various simulation outputs. Based on the results of the 
integrated land use transport model, changes in land use, traffic, 
CO2 emissions, and concentration of air pollutions were estimated. 
Analysis results were focused on Suwon. 

Between 2011 and 2013, land use for office, service, medical 
/welfare, retail, education, etc. was significantly increased by the 
supply of land use in Suwon. The resident land use has continued 
to increase since 2013.

Suwon

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Resident 0 0 21,376 -6,195 1,416 15,487 5,605 0 1,736 0 0

Office 0 0 1,454 -119 27 296 107 0 33 0 0

Retail 0 0 534 -48 11 120 44 0 13 0 0

Service 0 0 1,671 -132 30 331 120 0 37 0 0

Medical
0 0 105 -14 3 36 13 0 4 0 0

/welfare

Education 0 0 2,920 -51 12 128 46 0 14 0 0

Industrial 0 0 -54 -211 48 527 191 0 59 0 0

SMA except Suwon

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Resident 51,897 435,746 233,485 131,348 203,647 582,811 235,780 115,144 34,959 8,695 90,726

Office 2,797 30,452 14,377 9,087 6,923 123,200 5,873 2,330 892 166 6,132

Retail 804 9,451 5,263 2,108 2,422 47,134 1,971 938 328 68 2,491

Service 2,731 31,509 17,534 7,893 8,247 133,460 5,717 2,709 1,015 186 7,176

Medical
252 3,750 2,067 1,745 2,005 1,425 689 281 69 20 37

/welfare

Education 6,672 50,571 24,665 15,085 12,452 34,498 5,951 1,146 987 72 9,340

Industrial 269 1,114 293 -580 2,568 8,275 7,288 3,815 937 296 `0

표 1. 연도별 토지이용 공급 계획 (are, 100㎡)
Table 1. Additional land use supply plan (are, 100㎡)

Road type Number of lanes
Suwon SMA except Suwon

2015 2020 2015 2020

Freeway
2 0 0 19.9 50.3

≥3 0 0 60 0

National Highway

1 0 0 13.4 3.8

2 5.9 0 274.7 29.8

≥3 5.7 0 184.6 1.2

Total - 11.6 0 552.6 85.2

표 2. 도로건설계획에 따른 도로연장(km) 변화

Table 2. Additional road length(km) by road construction plans
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Ⅳ. Results and discussions

4-1 Forecasting future change of Suwon in the BAU 

Scenario

By analyzing the changes in time, the evolution of the city 
were examined. For the Suwon area, two indicators, occupied 
floor area (㎡) by land use type in Suwon and vehicle travel 
distance (VKT, vehicle kilometer traveled) were selected to 
analyze changes in the city. 

Fig. 5a shows trend in land use change in the BAU scenario 
from simulation results. The occupied floor area of Suwon 
seemed to be strongly related to urban development policies of 
Suwon land use supply (refer Fig. 5b and table 1). In 
particular, land use for the purposes of office, service, medical 
/welfare, retail, and education increased distinguishably between 
2011 and 2013 by Suwon land use supply. The residential land 
use continued to increase from 2013. It may be explained by 
the expansion of various convenient urban infrastructures 
leading to the increase of attractiveness of residential areas. It 
was found that land use for the purposes of office, service, and 
retail were affected by land use supply near Suwon (Fig. 5c 
and Table 1). Those land use decreased between 2014 and 
2016 due to increased supply of those land use near Suwon. 

a. Suwon land use change

b. Suwon land use supply plan

c. SMA except Suwon land use supply plan

그림 5. 연도별 토지이용 형태의 변화

Fig. 5. Yearly change by land use type

그림 6. 연도별 차량통행거리의 변화

Fig. 6. Yearly change in vehicle traveled distance (VKT)

Fig. 6 shows the change in vehicle travel distance and land 
use increase by time period in the BAU scenario. The trends of 
changes in travel distance and land use are very similar. It 
implies that interaction between land use and transportation 
was considered in the simulation using the integrated land use 
transport model. The travel distance of Suwon substantially 
increased until 2016 by land use increase. 

4-2 Impacts by the adoption of tram system in Suwon

This research aims to predict changes in land use and traffic 
patterns of the cases where a tram system is installed against 
the BAU case. The difference between the simulation results 
of the two scenarios across a long time horizon (from 2017 to 
2030) was calculated and thus the effects of the alternative 
were predicted. 

Occupied floor area by land use type, traffic volume and 
travel speed by road, and so on are examples of essential 
outcomes from the simulation to compare differences between 
the BAU and alternative scenarios. By analyzing changes in 
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CO2 emissions by year, contributions of the tram to the 
reduction of greenhouse gas emissions compared to BAU were 
calculated. Also after estimating air pollutant emissions generated 
from road vehicles, air quality concentration of areas adjacent 
to the road can be estimated by using a dispersion model.

1) Change in Land use and effects on CO2 emissions

To examine changes in land use of areas adjacent to tram 
line, the differences between the BAU and the alternative 
scenarios in 2030 were represented on maps in Fig. 7. The red 
color means an increase while blue means a decrease in land 
use (Fig. 7a, c, d, e, and f) as well as CO2 emissions (Fig. 7b). 
The tram line is marked as thick line to show its location.  

As shown in Fig. 7c, land use for residential purpose 
increased more in the outer areas than the adjacent areas to the 
tram route. It is deemed that demand for housing was moved 
from downtown to outskirts due to tram operation. Fig. 7d 
shows change in office land use. Due to the improved 
accessibility around the tram line, land use for office was 
moved from downtown near Suwon Station and outskirts of 
Suwon to the proximity of the tram line. Fig. 7e shows that 
land use for the purposes of retail relocated to the start and the 
end point of the tram route.  Fig. 7f shows that land use for the 
purposes of service near tram route increased.   As shown in 
Fig. 7a and b, difference in land use and CO2 emission has 
almost same pattern.  In overall, CO2 emissions were increased 
by increasing land use. 

a.  Difference in land use – All purpose b.  Difference in CO2 emissions from land use

c.  Difference in land use – resident d.  Difference in land use – office

e.  Difference in land use - retail f.  Difference in land use - service

*note: red color denotes increase after tram introduction, blue color denotes decrease, and grey color means no change.

그림 7. 트램 도입에 따른 토지이용, 탄소배출량의 변화

Fig. 7. Changes in land use and CO2 Emissions by adoption of tram
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2) Change in Traffic and effects on CO2 emissions and air 
pollutions

The differences in traffic conditions between the BAU and 
the alternative scenarios in 2030 were represented on maps in 
Fig. 8. The red color means an increase (while stronger blue 
means a decrease) in traffic volumes. On the contrary, the 
deeper red color means a decrease (while stronger blue means 
an increase) in travel speeds. 

In Fig. 8a, traffic volume on the roads along the tram line 
decreased because the number of lanes decreased. Also, traffic 
volumes in the areas approaching to the tram line increased. 

As shown in Fig. 8b, travel speed of the outside of the tram 
line dropped due to the increase of traffic volume and traffic 
volumes on the roads along the tram line decreased because of 
the decreased road capacity. The traffic condition change 
causes changes in CO2 Emissions and air pollutions as shown 
in Fig. 8c, d, e, and f. The difference in the concentrations of 
the three pollutants by location shows similar pattern. 
Although total emissions in Suwon dropped, the concentration 
of the area adjacent to the tram route and approach road 
increased. The reason is because congestion on the roads 
approaching the tram line increased and accordingly the 
emissions increased as well.

a.  Difference in traffic - traffic volume b.  Difference in traffic – travel speed

c.  Difference in CO2 emissions from traffic d. Difference in CO concentration

e. NOx concentration f. PM concentration

*note: red color denotes increase after tram introduction, blue color denotes decrease, and grey color means no change.

그림 8. 트램 도입에 따른 교통, 탄소 배출량, 대기오염의 변화 

Fig. 8. Changes in traffic, CO2 Emissions, and air pollutions by adoption of tram
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3) Summary of changes by tram adoption

Table 3 shows total occupied floor area and total travel 
distance of even-number years from the two scenarios.  
Differences between the two scenarios in terms of land use 
from were not very significant (±0.015%). The change in 
travel distance shows reductions. Installation of the tram line 
led to changes in road transportation environment including a 
decrease in the number of lanes as well as changes in land use, 
thereby resulting in the change in travel distance.

The estimated CO2 emissions of the two scenarios are 
shown in Table 4. There was almost no difference between the 
two scenarios in terms of emissions from land use in Suwon. 
Emissions generated from road traffic slightly decreased 
according to the adoption of the tram system. The total 
reduced amount of CO2 emissions from in 2030 is approximately 
15,786 tons per year as of 0.32% decrease compared to CO2 
emissions of the BAU scenarios.

Table 5 shows emissions of CO, NOx, and PM generated 
from road transportation in 2030 by the two scenarios. The 
emissions of CO, NOx, and PM decreased by 0.08, 0.11, 
0.0006 ton/day, respectively. Air quality was slightly improved, 
but it is not significant change. 

Pollutant

Emissions (ton/day)

Difference
Percent 

difference 
(%)BAU 

scenario
Tram 

scenario

CO 
(ppm)

12.1 12 -0.08 -0.69%

NOx 
(ppm) 16.07 15.95 -0.11 -0.71%

PM 
(㎍/㎥) 0.668 0.662 -0.006 -0.89%

표 5. 수원시의 평균 오염물질농도

Table 5. Average concentration of pollutants in Suwon

Year 2018 2020 2022 2024 2026 2028 2030

Floor
area　

BAU scenario 493,406 496,483 499,696 501,660 503,334 503,957 504,552

Tram Scenario 493,406 496,483 499,663 501,705 503,357 503,881 504,623

Difference 0 0 33 -45 -23 77 -72

% difference 0.00% 0.00% 0.01% -0.01% -0.01% 0.02% -0.01%

VKT

BAU scenario 19,408 20,090 20,520 20,473 20,616 20,775 20,232

Tram Scenario 19,352 20,097 20,485 20,487 19,546 20,685 20,111

Difference -56 7 -34 14 -1,071 -91 -120

% difference -0.29% 0.04% -0.17% 0.07% -5.19% -0.44% -0.59%

표 3. 시나리오별 토지이용(are =100㎡)과 통행거리(차량-km/일) 
Table 3. land use (are =100㎡) and travel distance (vehicle-km/day)

Year 2018 2020 2022 2024 2026 2028 2030

CO2 from 
land use

BAU scenario 2,595,594 2,606,899 2,620,136 2,627,205 2,634,006 2,635,513 2,634,389

Tram Scenario 2,595,594 2,606,899 2,620,018 2,627,386 2,634,115 2,635,291 2,634,651

Difference 0 0 119 -180 -109 222 -261

% difference 0.00% 0.00% 0.01% -0.01% 0.00% 0.01% -0.01%

CO2 from 
traffic

BAU scenario 2,176,324 2,287,375 2,294,032 2,351,216 2,321,874 2,407,440 2,232,268

Tram Scenario 2,163,018 2,271,043 2,286,506 2,361,494 2,207,746 2,380,930 2,216,220

Difference -13,306 -16,333 -7,526 10,278 -114,128 -26,510 -16,048

% difference -0.61% -0.71% -0.33% 0.44% -4.92% -1.10% -0.72%

CO2 
Total

BAU scenario 4,771,918 4,894,275 4,914,168 4,978,422 4,955,880 5,042,953 4,866,657

Tram Scenario 4,758,612 4,877,942 4,906,524 4,988,879 4,841,861 5,016,221 4,850,871

Difference -13,306 -16,333 -7,644 10,458 -114,019 -26,732 -15,786

% difference -0.28% -0.33% -0.16% 0.21% -2.30% -0.53% -0.32%

표 4. 탄소배출량(토지이용 및 교통량, 톤/연도) 
Table 4. CO2 emissions from land use and traffics (ton/year)
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Ⅴ. Conclusion

Authors suggested using an integrated land use transport 
model to predict effects from the implementation of urban and 
transport policies in long-term perspective. They applied this 
methodology to predict impacts of the adoption of tram route 
in Suwon city as a case study to test effectiveness and validity 
of the method. The economic analysis results would not cover 
a wide variety of effects such as city population relocation, 
market revitalization around/origin-destination of a tram route, 
and so forth.  However, the suggested analysis method has 
capability to review diverse effects from the adoption of tram 
since the model has capability of predicting changes in land 
uses as well as traffic condition by considering the interaction 
between land use and transportation. 

In order to apply this method, required data for the 
integrated land use transport model (DELTA and Omnitrans) 
were collected. Confirmed land use development, redevelopment, 
regeneration, urban improvement plan and road extension 
plans in the study area were investigated and reflected in the 
analysis scenarios. The method forecasted land use and travels 
indicators for the BAU and tram scenarios from 2010 to 2030. 
Authors identified changes to the city and the effect of CO2 
reduction when the 6 km long tram line is operated in Suwon 
from 2017. 

The effects of the tram system in land use were not 
distinguishable due to limitation of available floor area.  
However, relocation of land use to the adjacent areas was 
shown. Housing demand was moved from downtown to 
outskirts. Land use for office was moved from downtown near 
Suwon Station and outskirts of Suwon to the proximity of the 
tram line. Land use for the purposes of retail relocated to the 
start and the end point of the tram route and land use for the 
purposes of service near tram route increased. These results 
imply the change in preference of residential area and 
contribution to the revitalization of adjacent business districts 
by tram operation.  Due to a tram route, traffic volume on the 
roads along the tram line decreased because the number of 
lanes decreased. Also, traffic volumes in the areas approaching 
to the tram line increased. 

CO2 emissions from land use were slightly raised up by 
increasing land use but CO2 emissions from traffics decreased 
by reduction of travel distance due to travel mode change to 
tram. As a result, it was predicted that CO2 are about 15,786 
tons less emitted in 2030, which is 0.32% decrease compared 
to the sum of BAU scenarios. Average concentration of CO, 
NOx, and PM decreased. However, the concentration of 

pollutants in the adjacent area to the tram line and approaching 
road increased. It is deemed to be due to the increase of traffic 
congestion around a tram line and approaching roads to the 
tram stations.
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