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One Card Fits All:
Integrated Public Transport Fare System

1. Policy Implementation Period

Theintegrationof modalfares between public transportation means and services within public
transportation means was initiated in 2004 past of the series ofreform of the public
transportation system in Seoul.

2. Background Information

Seoul Traffic

The population of Seojimped from 2 million to approximately 10 million oveB0 yeamperiod

from the 1960s to the 1980s. Based on the ecandevelopment plan initiated under the
supervision of the government, the inflow of population to Seoul as the central area of economic
activities was not unexpected within the flow of industrializatidhus, the need for the
construction ofa subway system as masstransportation facility that st the demandor
transportation and the expansion of population in Seoul was recoghiaever,a subway
system requires a long planning and installation period, and thus, it will take approximately 30 to
40 years talevelopit into the mainmeansof public transportatiorin Seoul

In view of the progress of theasgransportatiorin Seoulthe surface car constructed in the early
20" century was the main means of transportation in modern Seoul, and altholigrikevork
expandedollowing the expansion of the citthe ug of cars significantly increased since the
1950s Busesallowing free commuig, which resulted in the natural declination of the surface

1 Translation by ESLE
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car which was relatively difficult to install and expand. In 196&, last surface cdine was
closed.The historical flow of transportation i® tune with large cities afhany other countries,
includingthe USA, with the onlynotabledifference in the time period.

At the time that the surface dawe was closedthe share ofurface cars and busest of public
transportatiorwas 50% respectivelyseoulbeganto grow inearnesduring this era, and Seoul
used buses as the mameansof transportation to gradually construct roads from areas close to
the down town This illustrateda cleardistinction from western metropolitan cities that formed
urban districts surrounding railroads.

However,while going through the era of rapid urban grovitig increase in road facilities and

road construction for the expansion of bus servicasseda rise in the useof cars and
consequentlyresuled in a lack of roadFurthermore, the continuous rise in personal income
meant corresponding rise in the increased usage oindcs led to the road congestion, reduced
travel speed of buses. However, exgiethroad spaces, as a solution to the congestion and speed
issue, failed to meet the ever rising demand for roads. Such vicious cycle repeated over and over
again.

The increased usageadis continued regardless of the construction and expansibie sibway
since the early 1970s, and in the early 2000s, 72% of Seoul traffic was accountasl ith

79% of thesecars being drivealone cars. The shift in modal sharesignified an annual
consumption oft trillion 100 billion won, and the social cost due to traffic congestion reached an
annual cost of 5 trillion won.

Public Transportation in Seoul

The modeshareof the subwayincreasedelativeto that ofbusesn the early 2000s, where the
overallrole of public transportation declined along with the sudden incregegsafnatarusage.
Although this wasiotirrelevant to the institutional support wfaking thesubway the main axis

of transportation in Seouthe decreasing level of road servicesised byhe excessive use of
cars relatively reduced the service competitiveness of buses, which depend on rodbis and
declination of the level of servigeroduced aroutflow of traffic users to other transportation
means This changeesulted in thevicious cycle of the bus industry acceleratingerms of the
deterioration of the bus service industry.

In 1997 the number obus corporations Seoulreduced from 103 to 57, and the remaining bus
corporationsoperated within a structure of excessommpetition toward profitableoutes the
unilateral closing of lowprofit routes andthe connection of the number of passengers to profit.
With this structure, the bus corporations were left on a path of decreasing quality of service, such
as headunning,violentdriving, therejection of elderly or disabled passengers, and violation of
traffic signals.

The declining level of road service not only cauaedductionin driving speesd, but also poor
gualityof bus services in various forms. As a regshimodal sharef buseglisplayed a continual
decrease from 30.7% in 1996 to 26.7%2002. The reduced number of passentgido poor
management, which caused increaséares, and a combination of poor service and increased
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fares becamesufficient causgfor citizens tousebusedessas amainmeans of transportation
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Fig. 1. 19802002Progress of the Delegation of Public Transportation
Source The Seoul Metropolitan Governme2204;Seoul Institut2003

Reform of Public Transportation in Seoul City

As with most cities in the Zicentury, Seoul hastated ajoal of establishing a traffic system that
achieves sustainable transportation by enhancing traffic mobility by relieving traffic congestion,
and increasing individual accessibilggas not tdeaveanygroupsisolatedsocially or spatially

In addition with the growth oftivic awarenesandtheir income, the demarfdr public services
andexpectations of administratidras increaseih the 2000s.

Seouldisplayed relatively reasonable serdg@nd modal sharecompared to certain overseas
cities, particularly in North America, where the citizens overly depemé&monatars. However,
within the trend of the 2icentury where thehareof buseshas increaseds an environmentally
friendly and sustainable metth@f transportationthe problem of traffic congestion caused by
increasectars and the declination of the bus industry a@ms a task to be solved. Althoudtet
city has partially attempted severakans ofimprovement related to the operation of buses
noteworthy achievement has of yetbeen reached. When a nemayorwas elected in 2002,
however,a public transportation reform plan for improved traffic within the wiais conducted
on an extensive scale.

The twomainfacetsof this reformareas follows:

1) Contributionto theintegratedpublic transportatiometwork which connects the subway with
the bus system in order itmprovecompetitiveedgeover car, and
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2) Structural change.the time, the bus industry was in the form of a privatized market. However,
a sacalled quasipublic bus operation systemas established, wherein tlogtly government
intervenes within the operation and management, which is a ptrabrs deemed esdéi for

the strategic goal of tHategratedoublic transportatiometwork

Thequastpublicbus operation systeis considere@n essential tool for achieving timegration

of thebussubwaynetwork In other wordsthis was a logically reasonable determinatmhave
busessupplementhe subway, which was already the main public transportatieans rather

than maintaininga competitive relationship. Furthermomeorganization of bus routes was
essentiato plana supplementary traffic service system. However, this was impossible when bus
corporationgemaineccompletely private. Thus, there was a neagdirectthe right of planning
buslines to the city.

Furthermorejn order to increase the competitivenegpublic transportatiorover cars, it was
necessary to connect buses and subways, which fundamentally have difiaracteristicand
advantages, and to provide enhanced services at competitive. diees, in order to truly
integratethe servicegheintegrationof fare was essential, and thitsyas necessary return the
right of determining théravelfaresto the city.

The quaspublic system is focused on recovering the rigltesigring the bugines and the right
of determinirg the fareto the city, and also includdgke preparation of frame of amicable

cooperation between private businesses and devices surrounding financial assistance from the city.

t6s only natwural for bus corporations not to
significant authority in the private markdto ma k e -publie opératingasystem acceptable

to the bus industrysubsidies from the governmeate essetial. The medianbus lans, which

became one of the most distinguished features of the public transportation system iw&eoul,

a very successful product for reinforced competitisige ovecars. Howeverijt is an element of

policy that can be enforceglithout reform of theentire system.Although, since the extensive
reformof public transportation was simultaneously enforced, thasebeem great contribution

of thisreformon the increased effexdf the policy.

Against this backdrgpheintegratedare system of public transportation was introduced, and in
2004, a determinate element was initiated within the great frame of initiative called the public
transportatiorreform Although the traffic carthad beerused since 1996, there weralplems
concerningare including restrictions in the capacity of data processing, and excess¢harde
trillion won annually) Ultimately, thereforethe integratedare between different means of public
transportation (busubway) was not realized.

3. The Importance of the Policy

Public transportatiotargely contains two significansé regardo urban traffic. First, it provides
accessibilityto the citizensso asnot to miss the opportunity of participatiing the economic,

social, educational, and leisure activities within the city due to a lack of transportation means.
Secondjt is an environmentally friendly means of transportation that generates less social costs
aroundissues, such as traffic congestion, atpmEsic contamination, and traffic accidents,
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compared to private transportation means.

These two aspects are closely connected. In cities where public transportation is not properly
developedits residentsiaturally depend on personal transportation reesurch agoing onfoot,

bicycles, andcars. When a city physically expands, and the role of environmentiagpdly
transportation mean(such agjoing onfoot or bicycle) is reduced, andars are not financially

viable, motorcycles and other small vehicles are gradually depended upon, which rapidly increase
social costs for issues such as traffic congestion, atmospheric contamination, noise pollution, and
traffic accidents. Once the public tend to prefer private transpbgets extremely hard to make

them prefer the public transportatidin.cities relying on the motorcycles due to economic pinch

a huge populatiomill naturally preferprivate cars once their income level raises based on the
economic growth.

The city of Los Angeles, where most citizens commute on personal transportation means
includingcars invested a large sumpublic transportation means, such as subwayahgansit,

in order to reduce the proportion of personal transport in the 1990s. Hothevawareness and
attitude of the citizens toward traffic and the urban spatial structure had already settled around
cars. Thusa great change could not be achieirethe modalshareof transportation, and other
North American cities, as well as cities in Australia and Europe also had similar experiences.

Personal transportation means provide remarkable flexibility demaimdedmplex spatial
structures of the modern cityAlso, in most of the times the important advantage of speed
efficiency allows drivers to reach their destinations in less tBoee citieSexperience of belated
investment into public transportation suggeence the public gets accustomed to the use of
personalcars, its extremely difficult to make them use the public transportation due to such
benefits

With this trend,somecities have succeeded raising the modal split to some extent while
reducing the dependency on carbe cities are similar in that ¢y have made extraordinary
efforts to enhance competitive edge of public transportation over cars rather than merely
supplying public transportation services.

Furthermore, there are many caseshhattargeted the goal of integrated services between buses,
bussubways, and public transportatiparsonal transportation means.

With respect tantegrationbetween transportation means, there are four aspects of information
integration serviceintegration fare integration and physicaintegration Among which,cities
(including London, Paris, Hong Kong, and Sédhidthaveachieved thintegrationof faresusing
smart card, all displayed an increase in the number of passengers of public transportation.

There have been many studies on the reason as to why passégse public transportation
when they are asked to makeo choices between public transportation and personal
transportation. The most common and notable reaserethe relatively long coimute time

and the transfer penas incurred The latter, specifically,includes the psychological cost in
addition to the quantitative index of timsuch as increased famue to transfer from the obtained
information of transfer fag the time consumed to pay the fare, the time and effort for purchasing

the ticket, and preparinpee x act cash for the fare, which formn

public transportation is inconvenientd.
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The Seoul Metropolitan Governménseform of public transportation in 2004 was focused on
enhancing the competitiveness of public transportation with the minimization of this transfer
penalty, and accordingly, thmtegration of bus services and thimtegration of different
transportation meansyssubway) were included as the most important aspebisaifeform

To enhance public transportation facilitiege may consideincreasing network density by
constructing additional subwaipes. However, unlike the cities in the early"a&ntury, wich

had a linear structure with the growth of the railway era, the official growth and expansion of the
road and car era were achieved, and a spatial structure was gradually formed. Thus, the
construction of a system that depends only on the single metingssubway operated on a fixed

track is not an efficient public transportation plan in Sedhis particularsystem is applied to

the leasideveloped industrial cities that grow based onliased traffic network without having

a railwaybased lineartsucture.

Furthermore, it takes at least 10 years to construct one sdimsagindat a cost of 130 billion
won for 1km of track. Thus, supplying the accessibility of public transportation to all residents
with adependence otine subway does natemondtate realistidinancial feasibility.

It is evaluated thaintegratedfares of public transportation was aextremely perceptive

institutional choice in that the quality of public transportation was enhanced to have
6competitiveness in comparison to carsé through
resourceconcentrated investment, suchvéath the subwayThis hashada great impication on

the cities of other countries displaying rapid growth within the era of cars and roads after the late

20" century in a similar mannéo Korea.

4. Relevancewith Other Policies

According to the general principle of thegrationof transportationthe integratedfare is one

of four aspects ahtegratingpublic transportation. All four aspects were initiated upgfarmof

the public transportation system in Seoul. The four aspects of unifying public transportation are
as follows:

- Serviceintegration

- Fareintegration

- Informationintegration

- Physicalintegration(transfer centers)

Theintegratedare system is closely related to the other timeEgrationaspects.

Among which servicentegrationwas formed between bwgsibway systms, budus systems,
and different types of bus systems, and mainly emphasizes the technical anidgmapects.
The roads were divideidto feederlines covering short roads within the region anahk routes

covering midto-long distances betweargions todualize the function of busesThey were
further categorized anbluslines weresystematized to four categoriesiofer-regional, trunk,
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feeder, and circulaoutesbased on thiefunction. Furthermorghe colors of the categories were
variedto distinguish the typeshore easily Theinterregional and trunkouteswere formed in
linear roads and reduced, to decrease overlappieg, thereby focusing on enhancing the
efficiency of operation, and thimrmation of thefeeder and circular linewere focused on
enhancing accessibility and transfer with ithter-regional line

As a policy for physicalntegration transfer centers were installed to assist with convenient

transfes between buses and between dmuand the subway, at main regionfncluding
Cheongryangi. Policies that represent informatiamegrationincludethe Seoul Metropolitan
Governmeris TOPI S (traffic management center), BMS
room), and BIS (bus information systeriihe Seoul MetropolitaiGovernmentconstructed a

reattime integrated information system for bus operators and users upon reforming the public
transportation system, and combined all traféitated information to establish a traffic
management center that monitorst@hsporationinformation. Among which, the BIS polidg
covered as an el ement of t hi s p-otused yraffipac kage
i nformationo.

Public transportation farintegration specifically, the entire payment system for payment,
collection, and distribution, was digitized, which allowed the collection oftiead bus operation
data, one of the most important seftects. Bus uset®uch the terminal once upon boarding the
bus and oncagainupon departing the bus for correct calculato payment of the far&his

has resulted in the accurate and uniform recording of data related to bus usagetpatteau

not been expected previously. With the use of the accurate and detailed data on transportation
usage behavior, the accurate dachfor eachroute region, and time wathen more fully
understoodand information on the traffitow at each time period was apprehended, in order for
bus corporations to form demafmtused scheduling in response to the demands. Furthermore,
the efficency ofroute operation increased in order to enhance profitability. Since such data is
already digitizedjt is possible to perform data mining and profit optimized modeling (profit
maximization model based on the wait time and other constraints).id;itae smart card
constructedn order to achievéntegratedmodalfare is able to greatly contribute to providing
direct feedback anithcreaing the efficiency of bus operatisthroughthe collection antheuse

of big data.

5. Policy Objectives

Thegoak of fareintegrationusing the smart card can largely be divided into four aspects
1) Contribution to the minimization of transfer peresdt

- Reduction of transfer time by allowinmtegrated payment of the fare regardless of
transferring, byntegratingthe fare between btsus and busubway.

- Reduction of transfer time by digitizing the payment and collection of.fare

2) Increased usage of buses by enhancing the efficiency of transferring
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3) Reducing traffic congestion caused by ithgproved modaséplit

4) Encouragingsafe driving by removing the incentive of optimizing the nhumber of passengers
as in the past distandmsedare system

6. Main Policy Contents

1) Introduction of the distaneleasedare system anckallocatinghe right of determining the fare
to the city

In the past, where a passenger used more than one form of public transportatiori serbice
subway on two or more buknes, or subway and bus on twies, and other various
combination} the passenger had to pay the fare of each public transportation service, and the
fare was fixedegardless ofhe travelled distance. Thube passenger had to pay the entire fare
for traveling one station, whereasth the integratedfare system, theotal fare is calculated
proportionate to the travelled distance irrelevant of the number or transpomatiesused. That

is, transfer between transportation means is free, and the pasisemggrequired to pay the fare
for the distance travelled guublic transportation. As shown in Fig. 1 belmsmpared to the
formula that was applietb past calculatiosof individual fares for traveling the same distance,
the new system is devised to calculdétss fare, and soto decrease the average public
transportation fare by 30%.

900 won
900 + 900 = 1,800 won (basic fare for distance less than
5km (bus) + 4km (bus) 10km)
Basic fare + 100won
V= 900 + 900 = 1,800 won (additional fare for 10kri5km) =
5km (bus) + 7km (subway) 1,000won
Basic fare + 200won
v — 900 + 900 + 900 = 2,700 won  (additional fare for 10kr20km) =
6km (bus) + 8km (subway) + 4km (bus) 1,100won

Fig. 2. Comparison of farebefore and after enforcing the public transportation unity fare system
SourceKo, J. H.(2015)

2) Joint transportation agreemeon the joint management of prafibetweenbus operation
corporations

Unlike the individual operation of bumes and management of praflby each transportation
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corporation under the former privatized operation system, the operation of buses and the
management of profitherefrom were separated underititegratedare system. To achieve this,

the Seoul Metropolitan Governmeaid the Bus Operation Business Cooperative concluded an
agreement for the joint management of psafit February 4, 2004. At the time, the Bus Operation
Cooperative comprising 68 members, dhd city jointly manage the profit. This agreement
includes terms othe guarantee of a set profit based on the standard transportation prime cost, a
reasonable reward on surplus vehicles based orrefoem of the bus operation system,
amendment of therdinance for financial suppdidr loss, enforcement of the bidding system on

the 10 mairroutes and the guarantee of the existing business license of the 57 bus corporations.

3) Establishment of the transportation card company to construct the sniasystemso ago
realizeintegratedares between transportation means

First, it was decided th#te policy would be initiated in the form of a joint investment by the city
and a private corporation, where the corporation was selected through a public competitive
bidding.As a result, LG CNS Consortium was selected as the company to be transferred 35%
the shares frorthe Seoul Metropolitan Governmeaitno cost.

On October 6, 2003 corporate body, Korea Smart Card Co., Ltd. was jointly establishdtby
Seoul Metropolitan Governmeand LG CNS Consortium to commence the development of the
traffic card and the traffic card termisal

Thereafter, Korea Smart Card Co., Ltd. came to perform the role of the profit calculation and
management center, wheadl profit was collectedso asto compare the total proditand
transportation costof all bus orporation$profitability of bus routesand support any losses.
Any surplus was also collected.

4) The Seoul Metropolitan Governmeimiplementeda route plan by supplyingsubsidiesand
managing the profit

5) Bus operation consultingodies
Monitoring of service evaluation,

Operation information bidding company operation

Seoul Metropolitan Government l

Financial Support
& Route Planning

............................................... R

Korea Smart Card Co., Ltd. Request for financial support

Joint management, settlement, =

I

[

o . ) |

and distribution of profit Distribution of operational profit |
! 1

{ _________________

Settlement of .
Participant

operational profit

Fig. 3. Construction of a cooperative system required foirttegratedfare ofpublic transportation
Source Ko, J. H.(2015)

7. Technical Detailsi T-money
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The Tmoney cards used to patransportatiotiare When atmoney card embedded with a smart
chip isbrought into contact witl terminal(card reader)the terminal immediately receives the
locational information from a satellite. Through radio frequency (RF) communication with the
card readerinformation is received and sent, such as the location of boarding and whether any
transfers were made, theyetompleting payment of the fare.

Furthermorewhen the bus approaches a certain distance of the garage, the payment statements
are wirelessly transmitted to a bus aggregation system by a wireless access point (AP) and an
aggregation PCFor subways, the payment statements are stored withircatae readerAll
statements are transferredand managedy the calculation system at Korea Smart Card, Co.,

Ltd. for the calculation of fars.

% O

Location and time information
through GPS

Korea Smart Card

Subway
station

Unboarding

* Boarding: The location and time information is received through GSP to be stored w
fare information on the termin@hard reader)

* Deboarding: The location and time of deboarding is stored onditereaderand the time
of deboarding is recorded on the card.

* Transfer: The deboarding time recorded on the card is reviewed to apply a discoun
for transfers made within 30 mites.

* Subway station: The operation information and boarding/deboarding informatio
collected from the subway station terminal and transmitted to the aggregation PC.

* Garage:The operation information and boarding/deboarding information are traedr
from the busard readeto the aggregation PC.

Meanwhile, the statements of the-mioney card used in various places are collected at the
calculation center of Korea Smart Card Co., Ltd. from each transportation organization and
distributor, whichis thencalculated each day to generate and provide the currensaradibther
additional information categorized into each vehigdeite company, and location of payment.
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The Tmoney cards K o r e a O-contdctismastttransportation card reatim accordance

with the international standard (ISO 14443), having the specifications of central processing unit
(CPU) and memory within the card, operation system, and communication module. Within the
card, an RF chip and an RF antenna are embeddebb$errange radio frequency (RF) with the
card readerAccordingly, when the card is charged, the amount is stored on the RF chip, and the
RF chip makes the payment of the fare via communication withaftereadethrough the RF
antennaWhen the RF chipr RF antenna are damaged, communication becomes impossible, and
the card can no longer be used.

T-money is largely divided into prepaid and ppayment forms. The prepaid foratiows the
user to charge a certain amount using cash or a credit canghandhe charged amountused,
the card is additionally charged. Meanwhiles postpayment form involves embedding a traffic
card chip on an existing credit card, which adds the payment function of transportatiofifares.
amount used for a month iaid at the end of thenonth in a lump sum.

Tablel. Currently available products

Type of Card Basic Function
Basic Card | - Prepaid standarstudentchildren card
(market/specia) - Various forms (standard card, mini card, accessory)

- Can be charged/paid on the internet by connecting the device to

Internet T-mon
ternet oney through an USB connector

- Financial USIM allowing the use ofmhoney is embedded into a mobi
phone

Mobile T-money - Standard charging, mobile charging, automatic charging

- Internetpayment, mobile payment

- Issuing organizations: SKT, KT, LG Telecom

- Taxi payment card for the purpose of business

Taxi . . .
Corporate Taxi Card - Operated as an affiliated form with corporations

- When the charged amount falls below a certain amount, a set amc
automatically charged at the next use ofard readerThe card is
Automatically charging | automatically charged within the set maximum monthly charge
T-money card amount.

Issued by affiliate financial organizationShinhan Bank, Post Office
Nonghyup, Foreign Exchange Bank)

- Card exclusively for taxi payments for the purpose of business

Corporate Taxi T-money | _ Operated under affiliation with a corporation

Disposal Traffic Card - Card allowing use of the subwaye time

- Replaces the former free MS pass (free subway, paid bus ride)
Free Pass Tmoney Card | - For veterans, disabled, elderly passengers
- Issued bylrhe Seoul Metropolitan Governménicheon City

Seoul Metropolitan | - Joint use ofhe standard card infrastructure
Government Pass Plus - Discounted fare on th®eoul Metropolitan Governmetdur bus
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- Discounted payment of the main tourism landmarks in Seoul

Affiliate Prepaid Card - T-money function added to affiliate cards

Affiliate  Post-payment | - Postpaid tmoney function embedded to a card
Card - Issued by affiliate credit card companies

- 60 rides within a month. Cards are divided into Séima cards and
Subway Regular Pass distance proportionate cards
- Purchase/charging/refunds can be madmaeah subway station

Traffic Exclusive Card - Only allows traffic payments

Public  Transportation | - Card that secures the remaining amount upon misplacement or t
Security Card card

The Fmoney cardcould beusead throughout the country. Traffic cardéa regiorhadpreviously
beenlimited to the regionbut the traffic cards have become compatible in 60 cities throughout
the country.

- Regions applicable to the KSCC calculation

- Regions where-money can besed (*excludes certain regions of Jeonnam)

[:] Regions where-money cannot be used

Figure4. Regions where-moneycouldbe used

13



Seoul RBlicies That Work Transportation

The Tmoney card can be used to make payments for various services other than payment and
calculationof the transit fare

First, there are varioushargng services. Caslthargescan be made at-imoney distributing
convenience stores, street stallasmannedsubway charging stations, and bank ATMs in the
amount of 1,000 won units, from 1,000 won to 90,000 won each time 8000 won at GS25,
CU, and Seven Eleven convenience stores)nfdedmum amount that can be charged is 500,000
won. The mileage can also be used to charge the card when there are more than 1,000 points of
T-mileage. The card can be charged using mil@aded00 point unitat Seoul Metro (Lines 1 to

4) station offices antfletropolitan Rapid Trans{tines 5 to 8)dcenter and NICE caslispenses,

bank ATMs, and mobile environmentising the Tmoney applicationWhen the cash balance
runs out below a certain amountmbney could be automatically charged a certain amount of
moneh with credit card you registered before. If you use mohiteriey, it could be chargedwith
mobile cash payments, internet banking, ainel ¢redit card paymentsleanwhile,the card can
also be used on the internet charging terminal T.P.Qtfraugh adJSB internet card.

Secondthere are payment servicahich utilizethe Tmoney cardBased on the compatible use
between traffic cardshe Tmoney card can also be used in public transportation means and taxis
in 60 cities around the countiyn other words, Imoney could be used ftine subway, bus, taxi

and distribution payment service. Particularly through the distribution payment service, payments
can be made using thenfoney card at 60,000 distributors around the world at affiliate
convenience stores, large supermarkets, anidusafranchise stores, public parking lots and
unmanned devices.

Meanwhile,refund services are also provided, wheti@ remaininghalanceon a damaged or
misplaced cardor a usable card is refund&pecifically,with respect to refunding the remaigin
amounton a usable card, when the remaining amount is less than 20,000 won, the amount can be
refunded at a-money affiliate convenience sto#hen the remaining amount is less than 50,000
won, thebalancecan be refunded at a subway customer sergintgcin order to receive a refund

of more tharb0,000 wona bank account refund must be applied at a bank ATM, and in such case,
the amount excluding a commission of 500 won is refunded. When the remaining amount of a
damaged card cannot be checked terminal, a refund cannot be made at the terminaduch

case, the user can request a refund by submitting the card and an envelope with a return address.
The remaining amount on the card is checked using the card number, and the remaining amount
is refunded i nt o t herthamoeif tberdeangédards werekpurehasedo u nt .
in 2 yearsa refundcould be made on themaining amount as well as the cost of any damaged
cards .

All payments made with theMoney cardire subject to the sarmeome tax deductiarof credit
cards by registering themoneycard as an income tax deductible card on theoley website
or smart phonetnoney applicationAll payments made with casdegistered for the income tax
deduction service are addegdto be reported with the National Tax Service once a ydarthe
ca® of wage earnersncome tax deductiors applied to 25% of payments made with the T
money card, which exceeds 25% of the total wage, along with the usage of credit catelsitand
cards duringthe yeatend tax adjustment Also, payments made witla popular card are
calculated with the amount of cash receipt.
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Any points gained byusing public transportatioor converting points saved at affiliate
distributors with Tmoneyinto mileageareknown as Tmileage. The mileage can also be used as
cash ly charging the card. After registering theribney card as a mileage card on thmdney
website or smart phonerfioney application, points equating to 0.2% of the payment are saved
bimonthly when using public transportatidrne points obtained from thé'fio the 14" of every
month are accumulated on thiédt the following month, and the points obtained from th&tb6

the last day of every month are accumulated on tfiefihe following month. Furthermorany
affiliate points of a Imoney website ember can be converted intanlileage, which maynpose

a fee upon conversion based on tatmnimanlfo00l i at eds
point units, and can be charged after registering pin number atrtlomdy website. -mileage

can begiven to other users registeredthe mileage service, which may impose a fe®ere is

also a public benefit program that donates the mileagederprivileged youtlr children of the
deceased from car accidents, where the donateilieige is converted to cash, and donated to
the Beautiful Foundation each quatrter.

Meanwhilethe remainder transfer service is also provided, which refunds all rembadagce

in,forinst ance, card AA0O to charge card fABo. This s
card withoutpayingan additional feeThis service can be used at Seoul Metro (Lines 1 to 4)

station offices, Metropolitan Rapid Transit (Lines 5 to-8einter, GS2 and Korea Smart Card

Co., Ltd. headquarters.

There is also a service that registers chamgea nondivisional card that is categorized

neither standardnor studentnor children cardlf a nondivisional card has been charged into
student or childrends c ar dnoney welssitetcoaacalve student be r
or children discountsThis service can be used at Seoul Metro (Lines 1 to 4) station offices,
Metropolitan Rajl Transit(Lines 5 to 8) {Center, Tmoney affiliate convenience stores or the

Korea Smart Card Co., Ltd. headquarters.

8. Policy Effects

TheIntegrated modal fare systezan be summarized as thaving achieved the followinfive
effects:

1) Reducedublic transportation costor users

2) Increased efficiencin operation due to reduced tigia the payment obus fares
3) Enhanced connectivity between public transportation means

4) Increased number of public transportation users

5) Increased user gsfaction of public transportation services

Since thdntegrated moddiare system halseen promoted alongith other policies such dsus
routes integration and theexclusive medianbus lanes inthe large context of the public
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transportatiorreform it is difficult to single outthe effects of thentegratedfare systenfrom
overall improvementsGiven the difficulties, we need to consider the following quantitative
indices represent the comprehensive effects of the pudatisportatiommeform.

Jan to May2005increased bus passenger©00,00(per day

Jan to Mar2005busrelated accidentseduction from669to 468

Jan to Mar2005busrelated injuriesreduction from993to 694Dec 2004travel speed
of bus on main roalincreased by 330%(direct effect of thenedianbuslanes systejn

Table 2. Bus accidents by year (December 2015)

2009 2010 2011 2012 2013 2014 2015

Accidents 1,119 1,080 1,030 983 1,090 877 709
Injured 1,527 1,581 1,452 1,419 1,624 1,197 992
Deaths 26 17 12 21 13 19 13

SourceKoroad, Korea Transportation Safety Authority

9. Main Challenges and Solutions

1) Objectiors of Seoul bus corporations

Theintegratedmodalfare in Seoul faced extreme objectdrom related parties as a policy that
was enforced within a largmntextof the public transportatioreformi including thechange in
the ownership of bus operation corporations and the operation system.

Seoul bus corporatiormesented opposingpsitionssaying the reformviolatedrivate property
rights Busdrivers alsovoicedstrong oppositionto the construction and effect of theedian
buslanes whichwerea main element of theeform These partiesxpressed their opposition and
resistance using viamus methods, such dsing petitions, appearg in media, appointment of
lawyers, spreadingpropaganda, angrotesing. The regional residents, local districts, and the
National Policy Agency also expressed their objestimased on the effexbf the medianbus
lanesand changein thebususagepattern

Thus,the Seoul Metropolitan Governmdreld overnight workshops by gathering Seoul Institute
(6Seoul Devel opment Instituted at the ti me)
the bus coogratives, to persuade, mediate, afidally to build consensusUltimately, an
agreement was concluded on February 4, 2004 betthee®eoul Metropolitan Governmeartd

the Bus Transportation Business Cooperative for the joint management af profit

2) Conflict with public transportation corporati®af othermetropolitan cities

16
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The residential zone of Seasla broad concept that covers the citynaheon Gyeonggido and

their adjacent citiesThus,the integratedmodalfare of Seoul in its true semsmeeded to include

the buses and railway of these cities. Furthermore, the railway service iniSesopplied by
many corporations, including Seoul Metro, Metropolitan Rapid Transit, and Korea Railroad
Corporation. Accordingly, the Seoirtegratedmodd fare required the consent of multiple
organizations, including’he Seoul Metropolitan Governmehtis companies Seoul Metro,
Metropolitan Rapid Transit, Korea Railroad Corporation, Incheon City doganisations
Gyeonggido busorganisationsandthe IncheonSubwayCorporation.

In order to enforce thintegrated modalare system, thererasa need for arincrease in the
standard fare. According to the principle of the public transportation economy, increased fare
signifiesreduced demand. The KorBailroad Corporatiomitially expressed objectigtoward
theintegratedare for this reason. In contrast, the Inch&abwayCorporation indicated that the

fare for longdistance passengers will increase, if the fare syseimnged to a distandmse

fare system. Ultimatelythrough persistent persuasion and negotiatithes Seoul Metropolitan
Governmentvas able to obtain the consent of the Korea Railroad Corporation and the Incheon
Subway CorporatianHowever, the consent of Gyeonggi Bus and InchBus was achieved
under the condition of enforcirthe integratedfare in phasedt was negotiated thahe Seoul
Metropolitan Governmentould applytheintegratedare only within the Seoul area in July 2004,
which wouldlaterbeexpanaéd to the Gyeonggdo region in July 2007, and then to the Incheon
region in 2009.

3) Legallssues

Bus corporationsitially objected to thentegratedare system. However, through the process of

persuasion and mediation, the bus corporations ultimamhgented The most persuasive
advantagevasthat a reasonable profit was guaradteeallow stable operation regardless of the

number of passengers, througie joint management of profit under the new systdrhe

guarantee of reasonable profiaspossble onlyt hr o u g h stbkidies Howevey, Gtsthe

time, the OPassenger Transport Service Actd recg
provided to the operation of unprofitabiees. The Seoul Metropolitan Governmemeiguested a

legal anendmentrom the central government, and the central government exprassedthat

it would be difficult to reflect the specificity dhe Seoul Metropolitan Governmetat national

law. Under the integrated modal fare systéhmpughpersistenipersuasion andiscussion, the

SMG could offer subsidies to bus corporations regardless of profitability of the bus routes by

adding wher e the bus transportation system is i mpil
scope of financial supportwithi t he 6 Passengerd Transport Service
The joint management of prdfitvas necessaryto implementintegrated modafare system

Furthermore, the standardization of the faras also an essentigdrerequisite for the joint

management systewhich distributesprofit according to individual performance aoperation

expense At the time, it was determined that the standard prime cost would be decided through
discussions betweethe Seoul Metropolitan Governmemrind the bus cooperativeafter

calculating prime cost. However, there were difficulties in negotiatiraipcost. Thus, the third

party ofthe subcommittee of the Bus Reform Citizen Committee ultimately determined the

standard transportation prime cost. The Citizen ComnfitteBus Rebrm (CCBR)was formed
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on August 26, 20080r fear that opportunity to improve transportation system could disappear
faced with severe opposition from the relevant stakeholder gr@gramittee comprised 4
peoplefrom civic groups, 8 scholars or professits)a3 from busrelated corporations, and 5
representatives of the provincial assembly and related organizations.
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Consumer-Oriented Bus Information System

Shin Lee, University of Seoul?

1. Policy Implementation Period

Commencement of bus information system construction: Year 2000
Bus management system: Year 2085
Bus information system: Year 20@®11 (pilot project in 2062008)

The construction of the bus information system was initiated with the establishment of Seoul
citybs intelligent transport system (I TS) in 2
from among a total of 5 ITS projects was to gather and analyde transport information, allow

bus operators to take advantage of the data for efficient transit operation and management to
provide the users of public transit with the necessary information, and thus to enhance the transit

service quality. Towardsis end, the Bus Management System (BMS) for the operators and Bus
Information System (BIS) for the users were pushed ahead separately: BMS was built up from

2003 to 2005 while BIS emerged as a fidlgdged system in 2009 after implementing its own

pilot project from 2006 to 2008.

2. BackgroundInformation

Seoul Citybds Traffic

Seoul has experienced a great leap in population from 2 million people up to approximately 10

2 Translation by ESLE
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million for more than 30 years from the 1960s to the 1980s. In the midst of a wave of
industrialization promoted in accordance with the sitasiteated economic eévelopment plan, the
population influx into Seoul as the heart of all economic activity was not beyond expectation.
However, it was widely accepted that subway construction was necessary due to the mass transit
facility system suitable for the populatiorpansion and transit requirements in Seoul resulting
from the industrialization era . Despite this obvious need, however, it actually took abtiut 30
years for the subway system, which obviously requires a very long period of planning and
installation, tabe large in scale enough to serve as the backbone of the Seoul transit system.

Looking at the trends of public transportation system in Seoul, the street car in the early 20th

century was the main means of transportation in Seoul and its network went on to expand
alongside the <cityods popul at i onbilegusecimriedsed Fr om t
significantly and freely moving buses began appearing on the streets and roads. This led to a

natural course of decline in the use of the streefithesdecline took place as they were relatively

difficult to install and extend and thuhe last streetcar route was closed in 1968. Differing only

in time, the trend is exactly in line with the transit history of big cities of many other major

countries, including the United States.

At the time of the st mpubktransportatiorosystem @as splitfiftysur e, t
fifty between both the streetcar and bus. With the start ebfaln growth of Seoul during this

period, and by using buses as major means of transportation, metropolitan Seoul went on forming

urban districtswith the construction of the roads gradually taking place from near the center of

the city. This differentiates Seoul from other western metropolises where metropolitanization

came earlier during the railroadntered era, and this then allowed the foromatf the urban

area to be centered on the railway station.

However, whilst experiencing an era of high speed growth, Seoul city experienced a rapid growth
of road construction and road facilities for the increased bus services, which in turn caused an
increase in vehicles on the streets and road shortages. This industrialization resulted in the
continuing income growth of Seoul citizens and a corresponding increase in car utilizi®n

led to a repetitive vicious cycle involving road congestion, dselting reduction of bus speeds,

and an increased road capacity which was intended as a solution, but failed to deal with the
increased demand for roads.

The use of automobiles continued to grow despite the ongoing subway construction and expansion
which continued since the beginning of the early 1970s; at the beginning of the 2000s, passenger
cars came to account for 72% of Seoul traffic, and, more specifically;alowe cars accounted

for as much as 79%. This modal share rate signified an annugy @emsumption amounting to

4.1 trillion won, and social costs due to traffic congestion amounted to approximately 5 trillion
per year.

Seoul public transportation

In a situation where the use of automobiles soared and the overall role of publicriramsyo
downhill, the status of the subway surpassed that of the bus in the public transport market in the
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early 2000s. Although this phenomenon was not unrelated to the policy support aimed at making
the subway system the backbone of all transportati@eoul, it was also the outcome of a so
called vicious cycle centering on the bus industry; the excessive use of cars resulted in a drop in
road service level, which in turn led to weakened competitiveness in bus services with a reliance
on the roads, whitagain induced the outflow of transport users to other means of transportation.

In 1997, the bus companies reduced in number from 103 to 57; to make matters worse, the service
quality kept on worsening with many problems including heauhing, wild driing, passenger

refusal against the slemoving elderly or persons with disabilities, and traffic signal violations.
These problems arose mainly due to excessive competition for profitable routes, the unilateral
abolition of routes with low profitability, rad a vulnerable business structure in which earning
was determined primarily by the number of passengers. The fact was that a variety of qualitative
degradations were occurring in addition to reductions in traffic speeds due to the worsening level
of roadservices. As a result, the mode share of bus continued to decline from 30.7% in 1996 to
26.7% in 2002. This decline in the number of passengers then led to management aggravation,
which caused fare increases. Ultimately, the combination of worsened seitereased fares
served as sufficient reasons for citizens to use the buses less.
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Figurel: 19802002 Trends in mode shares of each transport mode

Source: Seoul Metropolitan Government 2004: The Seoul Institute 2003

Seoul public transportatiaeform

As with most of the cities in the 21st century, Seoul aims to achieve sustainable transportation in
ways to enhance the mobility by relieving traffic congestion and to improve individual
accessibility by making sure no group is marginalized e#tbeially or geographically. Moreover,

with the growth of <civic consciousness along
expectations toward the municipal administration and their demands for service quality continued
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to increase.

The city of Seouhas maintained and provided relatively better public transport services and mode
shares on the whole in comparison with some overseas cities including North America which
showed an overly high dependence on automobiles. In the 21st century buses thecured
position as a means of efriendly and sustainable transport. However, the decline of the bus
industry and traffic congestion owing to an increase in the number of cars emerged as challenges
for Seoul to address. At the city level, on a few occasipadjal improvement measures in
relation to bus operations were attempted but these failed to yield any noticeable outcomes.
Meanwhile, when new mayor took office in 2002, the public transportation reform plan, a part of
his election pledges, was pushéead with great force and enthusiasm.

Two main issues of this reform were:

1) To unify public transit services through the integration of the subway and bus systems in order
to reinforce competitiveness against cars, and

2) To establish as soalledé s epmibl i ¢ bus management systemd i
intervene in the operation management sectors judged essential for strategic obgatives
the unification of public transportation system

In fact, BMS/BIS falls into a variety of initiates taken to improve the public transit service
quality separately or along with the reforming efforts to ensure competitiveness against cars as
mentioned above. It is also seen as one of policies that played the most pivotal role in changing
us er s 0ssanwndaparceptian of buses.

3. The Importance of the Policy

There are several limitations for public transit to overcome in order to ensure competitiveness
against cars, among which is the notion that it would typically take more time to traveighe sa
distance by using public transit instead of a car. In the field of tiadfiaviour related research,

it is said that rather than the empirical travel time, the time felt or perceived by travellers has a
more decisive effect on their individual prefece for mode of transport.

In general, the time taken to travel via public transport has four phasesss, standby, run, and

egress. The fhaccessod time is the time taken to
under the public transport gy m; the Astandbyo time is that sp
arrive atthepicup spot; the Arunod time is that spent t |

time is that spent in moving from the piak spot under the public transport systenthe final
destination. In this process, the standby time is seen as most uncertain from the user's point of
view. According to research findings people usually perceive unpredictable times as being longer
than they actually are.

Taking into account the reasons why more time is spent in travelling via public transport, the
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complicated combinations of the following are likely to work together. First, it may be due to the
low frequency of service. Secondly, it may happen when thingdime becomes longer due to

the delayed arrival of a bus. Thirdly, public transport is fundamentally different from atodoor
door ' service so the steps of access and egress are usually carried out threapgetbmeans

of transport such as wallgron foot. Of course, in cases where transfers are required because the
single use of public transport is not enough to arrive at the ultimate destination, the standby time
as well as the access time may be extended.

The research findings suggest whenspagers are provided with accurate information about

travel time of public transport and thereby allowing the passengers to make an accurate prediction

on the arrival timethe perceived time shorten. The perceived time shortens even without taking
measurs to increase the service frequency, to integrate theupicpots, or to ensure increased

number of service routes. It can therefore be understood that there are many possibilities in which
accurate information about public transport travel can conribut 0 t he i mpr ovement
satisfaction. In fact, when provided with exact public transportation information, passengers can
choose to make better use of and overall waiting time, thereby improving both personal and social
benefits.

Fromalargeper specti ve, BMS/BIS for the buses in Seo
transit a more efficient and statéthe-art system as a key element of the entire ITS. In particular,

the construction, sustainable development, and management of BISbkawe of great

significance in the change of perspective from a provtdetered system to a consuroeiented

system. It suggests a new policy perspective from which humanistic elensertts as human

perception, psychology and other factoese takerinto account, specifically those which have

never previously been involved in transit policy. It also has its significance asfiedgid

beginning of the municipal administration taking care of individual welfare and as a transition

toward other dimesional objectives for the realisation of traffic welfare beyond mere efficiency

centered policy goals.

4. Relevance with Other Policies

According to the general principles of transport integration, fare integration is one of the four
elements of the public transport integration. During the course of reforming the public transport
system of Seoul, the promotion was taken in the four foligwilements of the public transport
integration.

Service integration
Fare integration
Information integration

Physical integration (transfer center)

23



Seoul RBlicies That Work Transportation

The fare integration system has a very intimate relation to the remaining three interglatiedh
policies. Among those mentioned, the service integration was conducted between bus and train,
bus and bus, and one type of bus and other types of buses in terms of bus system, and it was the
policy that primarily highlighted the technological and innovative etspé addition to dualizing

the functionality of buses by separating the feeder lines coveringdibtanhce traffic within a

region from the trunk lines handling midnd longdistance traffic between the regions, it was
ultimately able to systemize ghbus routes by dividing them into four different categories
depending on their functionality: inteegional line, trunk line, feeder line, and circular line.
Moreover, the color of car bodies was differentiated in order to help users to identify daivesp
categories. The wide range line and trunk line were focused on improving their traffic efficiency
by straightening, shortening, and reducing the duplicate routes while the branch line and circular
line were improved with an emphasis on easinesanster and accessibility.

As far as the physical integration policy is concerned, transfer centers were installed at main
locations such as Cheongnyangni transfer center to provide eashardasd busrain transfers.

There are also representative ipigls of information integration, such as TOPIS (Transport
Operation and Information Service), BMS (Bus Management System or Central Control Room),
and BIS (Bus Information System). In a related move, the city of Seoul has established a real
time integratd information system for bus operators and bus users, and founded a traffic
management center in charge of monitoring the traffic by pulling all transportetaiad
information together. Among those, the BIS policy is featured as a theme of thisgaaiage
under the tdrtilentieCd nTSruanfefri ¢ | nf or mati on. o

The 6Bus I nformation Systembé (BIS) is most <cl 0s:¢
(BMS), and both are linked to TOPIS (Transportation Management Center). In addition, both
systemare deeply involved in the ITS construction policy of Seoul city as s key elements of ITS.

One of the most important collateral effects of public transportation is fare integratiore
precisely, the policy of digitalizing the entire payment systempayment, collection, and
allocation- which enabled the collection of retithe bus operation data. Bus users are to touch

the card reader once upon boarding and once again when getting off in order to make payments
and calculate the applicable bus faféerefore, data including actual bus demand and usage
patterns, which had not previously been utilised, have become recorded accurately and uniformly.
Such detailed and accurate data about passenge.
the &tual demand based on specific routes, regions, and time, and to grasp temporal information
about traffic flow. Therefore, bus companies have been able to make ddmasrdscheduling

in sensitive response to any demands and to operate routes moratbffigiich resulted in
improved profitability. This data has already been digitalized, which enables data mining as well
as revenue maximization modeling.

5. Policy Objectives

24



Seoul RBlicies That Work Transportation

1) To improve bus punctuality.
2) To upgrade operation order.

3) To enhancdus competitiveness in ways to offer a variety of bus information and to draft
reasonable public transport policies based on operation history.

6. Main Policy Contents

1) Bus Management System (BMS)

Seoul has made strenuous efforts to enhancecdhgpetitve edge of bus by establishing
reasonable public transportatipolicieswhich improvebus punctuality, operation system, and
provision of bus information. To that end, Seoul built BMS center to providdimealoperation

and management of publicansportation. The general situation room is at the heart of any bus
service management strategy, and serves as a principal agent in implementing most strategies.
The Bus management system (BMS) collects bus operation information by taking advantage of
location tracking technology, process the collections of information into bus service policy data,
and provide operators, bus companies and drivers with the processed data.

2) Bus Information System (BIS)

This system serves to gather bus location infolenaiprocess the information into bus arrival
information using algorithms, and utilize such processed information in order to provide users
with information and link it with the relevant institutions. To this end, personal information
services (such astegrnet homepage, ARS, mobile) have been promoted, and bus stop terminals
(BIT: Bus Information Terminal) have been installed. In particular, the installation of bus
information terminals (BIT) has been promoted step by step since 2006 by splitting the pilo
project phase and the main project phase in consideration of the stabilization status of the BMS.
The phased promotion strategy for Seoul bus information system is summarized in < Table 1 >.

Meanwhile, with the broadening phenomena of transport demahéhereased inflow/outflow

traffic volume, the importance of providing information about the iaigrbuses has increased.
Under the leadership of the Ministry of Land, Transportation and Maritime Affairs, a project
focused on establishing the metratani intercity bus information system (BIS) has recently
been promoted in collaboration with Seoul city, Incheon city, GyeetgigGyeonggido and 21
municipalities within Gyeonggilo. The capital region metropolitan integional bus
information systen{BIS) was designed to provide the public with easy access to all sort of bus
information via electric boards installed at bus stops, internet, cellphone and ARS regardless of
administrative districts;

The following figure shows a conceptual diagrambha metropolitan bus information system
services.
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Figure 2:A conceptual diagram of the metropolitan bus information system services

Source: Seo, Byunmin, et al. (2012)

7. Technical Details

The bus management system (BMS) refers to a service sygstggned to secure the rdimhe
management of bus service operations and thereby enhances service qualities for users and
operators by taking advantage of bus location data and other related operation information. This
can be collected through advanced lacation tracking devices such as GPS (Global Positioning
System) or the Beacon system. In addition, bus information system (BIS) is a part of the public
transport information system, which provides bus users with all sort of information on bus
operatio- - such as current bus locations, routes and dispatch titaewired/wireless Internet,
mobiles, and ARS.

Accordingly, BMS and BIS differ from each other in their purposes or components as shown in
<Table 1>. Typically, bus information systems has bestablished in consideration of the
securing reliable bus information, efficient operation following the establishment, and utilization;
however, when taking a stdyy-step expansion approach depending on the size of the city or the
municipalities, moremphasis is put on BMS in the early stage, and later on BIS.
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Table 1 Seoul bus information system promotion strategies: in comparison between BMS and BIS

System Information utilization strategy Major Time-phased
classification Collection Processing | Delivery projects schedule
Bus Bus Bus Operators, | -Establishing| 20032005
Management| operation operation bus central  bus
System data policy data | companies, | control center,
(BMS) drivers (BMS
Center)
- Installing
terminals for
operators,
bus
companies,
Seoulcity
Bus Bus location| Bus arrival| Users, -Installing Pilot phase:
Information | information | prediction related but stop| 20062007
System (BIS) information | institutes. terminals Main project
-Creating phase: 2008
internet 2011
homepage

Source:Seo, Byungmin, et al. (2012)

The following figure shows a conceptual diagram of the metropolitan bus information system
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Figure3: Conceptual drawing of the bus information system
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8. Policy Effects

The most important policy effect is changegiblic attitude and awareness on bus that new bus
information has brought about. Three years after implementing the bus information system, the
Seoul Transport Operation and Information Service(TOPIS) conducted an equivalent quota
sampling survey targetext Seoul citizens aged 19 or over who use buses twice a week or more

and confirmed the following contents

1) Satisfaction index on using the bus information appeared to be overall $igho for bus

stop guide terminals, 77% for mobile wirelésternet, 73% for website of Transport Operation

and Information Service, and 72.8% for ARS services.

2) 85% of the respondents cited bus arrival time as the most useful information.

3) 91.9% of the experienced users answered that the bus arrival timmaaitiém is "accurate.”

4) 67.2% of the respondents answered that an average waiting time was 10 minutes while 10.1%
said it was longer than 10 minutes, which indicates that the perceived waiting time is relatively

short. Based on this, it can be infertedt the reliable information about waiting times helped

reinforce positivity of the surrounding environment and the waiting experiences while waiting.
That is, the results suggest human psychology will make the uncertainty surrounding the waiting

perceied as longer.
5) 85.4% of the

respondents answered
(BIT), which is equivalent to 3.9 points out of 5. 96.5% of the respondents responded positively
regarding the additional installation of the bformation terminal.

The following table outlines policy effects derived from the survey.

t hat

he

Tabl e 2: Citizensd satisfaction index of t
Survey contents Survey results
Busstop information terminals (BIT) 81.4%
Satisfaction index about the level of by Mobile wireless Internet 77.0%
information Traffic information center homepage 73.0%
Phone (157:0287) 72.8%
Bus arrival time. 85.4%
Bus route change 6.8%
The most useful information of bus . .
0,
information system (BIS) Dispatch interval 5.4%
Service hours of the first or last bus 1.6%
Guides around bus stops 0.5%
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Bus passage information 0.3%
Positive 91.9%
Accuraqy of bus_ arrival time Moderate 7 0%
information
Negative 0.8%
Difference between actual bus arriva 2 min. 66.7%
time andinformation 3 min. 33.3%
Less than 10 minutes 67.2%
Less than 5 minutes 22.7%
Average waiting time at bus stops | Less than 15 minutes 6.3%
More than 20 minutes 2.9%
Less than 20 minutes 0.9%

Source: Seo, Byunmin, et al. (2011)

Seoul may find it difficult to accurately ascertain how much the bus information system has
contributed to the i mprovement of the overal/l
and satisfaction level. It took about 10 years for the overallrimdton base to be built and

developed into consumeriented information networks; during this period, many other changes

took place in Seoul citydés public transport sy
integration, crosservice integration étween bus and subway, bus median line construction,

public transportation fare integration and so on. For example, the bus service performance
outcome in 2011, when useentered information system was built in earnest, reflects not only

the effects of th usercentered information system, but also the comprehensive policy effects of
sever al el ements that contributed to the i mpr
Although it is hard to check the effect of each element, the direction of the aftedts be

identified through changes in the overall performance indicators as listed below (Park, 2010).

1) Improved bus punctuality: 18% increase

2) I mproved bus regularity: 0.54 (2004.10)Y 0. ¢
Decrease in numberofcomplamt s about irregularities: 75%Y 25
3) Number of traffic violations decreased by 8¢
4) Bus traffic accidents decreased by 24%: 657 (26070 4 . 5) Y 420055)( 2004 . 7

5) Increased bus passage speed via medialahes. maximally increased by 11km/hr

6) Increased profitability: operating costs reduced by 9% maximally, number of passengers
increased by 20%.
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7) Increased level of satisfaction

The followings are other empirical data related to the above indicators.

1) Increased buspeeds via median bus lanes
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Figure 4: Increased bus speeds via median bus lanes (Average bus speeds before and after the
implementation of Exclusive Median Bus Lanes)

Note:7#9am,towards the city center.
Source: Seoul MetropolitaBovernment (2005)

2) Increased number of public transit users

Table 3: The increasing trend in the use of public transportation by yeari 20040

2004 2005 2006 2007 2008 2009 2010

Subway 4,567 4,540 4,533 4,532 4,577 4,730 4,835

Bus 4,782 5,451 5,662 5,603 5,647 5,681 5,719
Total 9,349 9,991 10,195 | 10,135 & 10,224 | 10,411 | 10,554
(Unit; 1,000

persons / day)

Source: Seoul city 2011(quoted from Park 2010, Table 3. Increase in passenger ridership guubtis the
transport system)

3) Reduction in Buselated traffic accidents
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W2003~-2004 (before bus reform in July 2004)
D2004-2005 (after bus reform in July 2004)

Figure5: The decreasing trend in brslated traffic accidents by month, 262305

Source: Seoul Metropolitan Government 2004: The Seoul Institute 2003

9. Challenges andolutions

While policy has been implemented, the overall understanding of and attention to the ITS has
continually increased During the process of policy planning and implementation, there were no
notable conflicts among stakeholder groups or technical obstactesthim city of Seoul, bus
companies, drivers, and bus users were all direct beneficiaries of the process.
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Unattended lllegal Parking Enforcement:
The Power of Fines and Physical Evidence

Shin Lee, University of Seoul®

1. Policy Implementation Period

Automated Parking Enforcement Service: System built in 2004
Pilot project from April to September 24 (32 cameras installed)

A total of 156 unattended enforcement cameaxditionallyinstalled by March 2008

May - November 2004: Commissioned the basic/working design for the illegal parking
enforcement service £kected locations for additional cameras to be installed under the
expansion project, and finalized the system specifications

December 2004August 2005: 53 additional cameras installed as part of the expansion
project

August- October 2005: additional3cameras installed along Cheonggyecheon

August 2006 February 2007: additional 51 cameras installed along Cheonhodael
other locations

September 2007March 2008: additional 20 cameras installed along Songpadaed
other locations

2. Background Information

Traffic enforcement refers to processes concerning the enforcement of criminal and

3 Translation by ESLE

33



Seoul RBlicies That Work Transportation

administrative laws and regulations against violators of traffic laws and regulations, to ensure safe
and efficient traffic movement and prevent thigruption of road traffic. Enforcement efforts had
been undertaken exclusively by human enforcers at the police and local government level until
the introduction of the automated enforcement system in 2004.

As the number of public officials is a finites@urce, fulitime enforcement cannot be expected

through the use of humanmly traffic enforcement. Outsourcing such enforcement services will

not provide a viable or ultimate solution, either. In sum, huordy enforcement is virtually

incapable of unirrrupted, continuous implementation. This situation has led to some violators
thinking they simply had fAbad |l uckodo and thus
punishment imposed. For such reasons, huomy enforcement has suffered from a ntutlie

of frequent civil complaints regarding the overall fairness of traffic enforcement. The limited
scope of a single personds cognitive ability
enforcement and other unjustified practices in the coursarofing out such enforcement.

Another issue with humaonly traffic enforcement is that it often causes traffic accidents, and
can lead to or even exacerbate traffic congestion. However, traffic regulation violations (including
that of illegal parking) @rupt the efficient use of traffic facilities in various ways, resulting in
serious disruption of both traffic and circulation. In this sense, traffic enforcement is as crucial an
element as the building of more traffic facilities.

Stateof-the-art autanated traffic enforcement services were introduced as a way to overcome the
limitations of humaronly traffic enforcement and thereby realize the full potential effect of traffic
enforcement.

3. The Importance of the Policies

Seouloverhagld its public transportation system in 2
ITS construction in 2000. The announcement of the ITS plan spreadthien that efficient

traffic systems can be achieved through innovative approaches using-edtm@chnology.

The sweeping reform of the public transportation system resulted in the introduction and wide
use of various means and tools seen as capable of radically improving traffic efficiency and the
overall quality of road servicesicluding the integation of bus services, the integration of traffic
information, and the introduction of the bosly lanes. However, if those traffic facilities and

tools cannot operate properly or carry out necessary tasks because of rampant violations of traffic
laws andregulations, any additional investments and facilities would seem to be nothing more
than a waste. From this perspective, the automation of parking arahlyusine enforcement

may play a critical role in ensuring the effectiveness of the policy meahsoals aimed at
improving the quality of road services and the efficiency of traffic.

Such efforts can be understood in the context of transportation system management (TSM), a
system that Westn countrieshave emphasizedsince the late 1980s. In otherords, the
automation of traffic enforcement is consistent with the principle of balancing traffic demands
and supply by ensuring the efficient management of existing facilities so as to improve their
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capacity, rather than introducing additional facilities

4. Relevance with Other Policies

Unattended enforcement services are also applied to the enforcementariiybianes. This
represents a policy approach based on the same principles and purpose as the unattended parking
enforcanent. Its purpose is to improve the efficiency of -bnf/ lane management and
monitoring. Similar policies aimed at economical management and efficient punishments include
the speed enforcement services. The doiyainattended parking enforcement systeam been
attracting significant attention, in addition to the previous fixed parking enforcement system.

Furthermore, unattended enforcement services may be used for multiple purposes rather than
simply the remote enforcement of parking regulationsjces such as traffic monitoring and the
collection of traffic information. More speci f
policies through the video link function and integrated monitoring by TOPIS as well as the
effectiveness analysid mstallation locations.

TOPIS
Speed Enforcement Service
Related to reducing traffic accidents

Drive-by Parking Enforcement System

5. Policy Objectives

The automated traffic enforcement services are provided through automated systems to identify
vehicles violating the traffic laws and regulations using various imaging and automated
recognition technologies. Ultimately, the services are aimed at preventing traffic accidents and
ensuring traffic safety in a more efficient manner.

By providing theseservices, the city seeks not only more efficient enforcement, but also fairer
and more transparent enforcement.

The agencies in charge of traffic enforcement can use such services to manage their manpower
more efficiently. It can also facilitate the hamdjiof other related worksuch as the manual
enforcement and issuance of parking tickets.
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6. Main Policy Contents

1) Legal Basis

The Road Traffic Act (June 13, 20&a8BdndAamndNo. 9
Opar ki ngbé, t rcerning staigding aadt parking s andctloe appropriate method of
enforcement.

Article 87 (2) of the Enforcement Decree of the Act stipulates that evidence may be gathered
using unattended equipment when identifying parking violations through the parkingeeméoic
services.

Article 87 (Special Exceptions, etc. to Parking Regulations with Delegated Authority)

Notwithstanding the provisions of Article 86 (2) 2, a Special Metropolitan City Mayor or a

Metropolitan City Mayor may directly take necessary measures under Article 35 of the Act
against vehicles violating parking regulations for the smooth flow ofdrafid civilian safety.

Where a Special Metropolitan City Mayor or a Metropolitan City Mayor directly discovers and

regulates a vehicle violating parking regulations pursuant to paragraph (1), he/she shall make

known such instances with evidentiary matsriguch as photographs of a vehicle on which a

sign of vehicle subject to imposition of an administrative fine is attached or photographs,
videotapes, or any other visual recording medium of the vehicle violating parking regulations

taken by anunattendedo ni t ori ng device (hereinafter referr
document that describes the place where the violation occurred, the details of the violation, and

the license plate number of the vehicle to the district leaders and country hehdinkave

jurisdiction over the location where such violations occurred.

2) Authority of Enforcement

Government officials of the cities and counties as wedhagpolice have the authority for parking
enforcement.

If each mayor of special and metropdtiteities may delegate its enforcement authority to the
district leader and county headmen, the enforcement officials of each autonomous district have
the authority for enforcement.

Article 86 (Delegation or Entrustment of Authority) Pursuant to Article 47 (2) of the Act,

each mayor of special and metropolitan cities shall delegate its following authority to the district
leader and county headmen under his/her jurisdiction: <Amended on June 20, 2008>

1. Authority to appoint and dismiss traffic enforcemefiicials (belonging to each district and
county) under Article 12 of the Act, and the authority to take measures against vehicles violating
parking regulations referred to in Article 35 of the Act;

2. Authority to have the task of towing, possessing i@eturning vehicles vicariously performed
by an agent pursuant to Article 36 (1) of the Act, and the authority to place an order to take
measures and conduct the education necessary for the vicarious performance of works pursuant
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to Article 36 (3) of théAct;

3. Authority to impose and collect fines under Article 161 (1) (3) of the Act (limited to violations
falling under any of Articles 32 through 34 of the Act)

3) Systenttructure

The automated parking enforcement service system is compriseesiié snbsystems and the
center subsystem. Specific components may vary depending on equipment specifications and
enforcement methods. However, a typical system composition is as indicated in Figure 1 below.
Figure 2 shows Seoul ds parking enforcement

Onsite subsystems should be fitted with the equipment necessary for identifying parking
violations and collecting evidence. Ideally, the enforcement agency (center) should be able to
monitor the parking enforcement areas and the current status of enforaeneahtime.

The enforcement agency (center) should have the necessary equipment for imposing fines on the
owners of the violating vehicles based on the evidence produced by the system.lt is also
recommended that they possess a server for théimeatnonitoring of the enforcement sites and
operation of the parking enforcement services.

The enforcement agency (center) may also choose to build a DB or link the relevant information
from other agencies, and build a DB server or linkage server for thqsespar

Owmer of violating wehicle
. Enforememtcenter - -

" Ministry of Land, Infrastructurc,

\ehicle registry search server | ssue fine notice ot T
_o-"-‘---
Enforcement data ﬁ_--li"ff Search wehicle registry :' Vehicde
Erforesment et Vehicle registry data registration DB

354 5 3
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operation server

Enforcement data-._
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server

Information on wviolatin .
B N 9 Guidance
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Source: Ministry of Land, Infrastructure, and Transport (2009)

Figure 1 lllegal Parking Enforcement System
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The table below lists the components ofsite subsystems and the center subsystem.

Tablel: Components of lllegal Parking Enforcement System at Enforcement Sites

Component

Fundion

Detection Camera

Automatically records the entrsnovement, and exit of vehicles in and out of
enforcement site.

Enforcement CamelA high-definition digital camera which records evidence of parking violation

Operated via control signals from the-gite control unit.

Zoom Lens

Housing

Image Server

Control Enclosure

Pan/Tilt

Power Control Unit

This lens adjustghe detection area of the camera so as to enlarge or shr
collected images within a specific range.

Protects cameras and lenses from vibrations and sunlight

Compresses images collected from the site and transmits them &ntbein rec
time.

The center transmits audio data to guide the violating vehicles at the site.
Transmits serial signals for various-site control functions.

Designed to maintain components at optimal conditions and protect thel
vibrations, sunlight, smoke, and other interference.

Controls the direction of the cameras so as to take photos of violating vehic
Provides accurate and stable position control and$pgled control.

Provides a stableupply of power to oite equipment, and allows for rem
power control.

Table2: Components of Parking Enforcement System at the Center (Control Room)

Component

Operation Terminal

Operation & Management  Monitors enforcement status arehtime traffic situations, and

Terminal

Data Processing Server

Function

On-site monitoring, control obn-site equipment, display of status

oC information, issuance of guidance, and printing of violation notici

Performs various functions for viewing, editing, revising, and
registering DMBS

stores information in a DB

User account management, plate number recognition system dg
management, system operation and managemestteoaquipment
management, enforcement information list mamagnt, database
link, system management (shutdown, plate number recognition

Video Storage Terminal

Allows for storing, searching, and displaying videos from the site
Allows for videos to be searched by time, date, and time zones i
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of a civil complaint. Performs event log and enforcement list
management.

Stores and backs up enforcement data, updates detection areas
Database Server parameters, controls recording commands and vehicle detectior
functions.

Stores and manages datgreset folders at a specific cycle

DISK ARRAY? Backup software consists of Master Module, Client Module, and
Backup Module

Plate number  Automatically recognizes plate numbers from the photographs o

Required? " .
recognition servevehicle number plates

Video Distribution _ _ _
Distributes and transmits enforcement videos from each site to

and Transmissiongenartments and agencies that require them.

Server

Video Processes videos from the Video Distribution @rahsmission Serv
Optional® Transmission in formats required by the respective departments, and mana
information on the history and display status of-site video
transmitted to each department.

Control Server

a) Required: Must be set up either in the onsite system or the sabsgystem.

b) Optional: To be selectively implemented as required

3) Operation Organization

The automated enforcement services require a specific space to conduct the marfititiéng
enforcement status. Semiitomated or manual enforcement systems iregmanpower to
monitor and operate such systems.

The overall system of parking enforcement consists of two parts: one in charge of direct operation
of the enforcement services and the other responsible for the administrative handling related to
theimposition of fines. Therefore, each part should be manned with the suitable personnel.

4) Current Status of Unattended Parking Enforcement Systems in Seoul

In Seoul, parking enforcement systems are installed on 42do@r(or less) roads (22%), 50-six

lane roads (27%), and 96 eightane (or mor e) roads. Seoul 0s 1
concentrated around the cityds main roads. Spec
on 42 fourlane (or less) roads (22%), 50-4ane roads (27%), and 9&jbt-lane (or more) roads..

The table below shows the status of parking enforcement systems across different roads and
autonomous districts. The total number of systems in the entire city increased from 188 in 2007

to 252 in late 2014.

Table3: Current $atus of Unattended lllegal Parking Enforcement Systems Installed on Roads (In 2007)
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Number of Number of Number of
Road Systems Road Systems Road Systems
Installed Installed Installed
Gangnamdaer: 7 Miaro 20 Wangsimnigil 6
Gangseoro 4 Banporo 1 Ujeonggukro 2
Gyeonginro 7 Bangbaedaerc 1 Euijuro 4
Gongdanro 1 Bong;t;:eocigbok 1 ltaewongil 5
Gwanakro 3 Seogangro 1 Jayangro 1
Namdaemunrc 8 Songpaadaerc 9 Cheonhodaerc 10
Dobongro 3 Susaekro 4 Cheor;gr]gyeche 32
Dong2ro 2 Siheungdaero 5 Cheon?ljindong 1
Dongjakdaero 2 Sinbanporo 1 Tongilro 4
Deungchonro 4 Sinwolro 3 Toegyero 4
Maporo 6 Sinchonro 3 Hangangro 1
Manguro 5 Yangchongil 1 Hwagokro 1
Mokdongdongrt 1 Yanghwaro 5 Hwarangro 1
Mokdongro 1 Yeonseoro 2 Hunryeonwonrt 1
Mugyodonggil 1 Yeongdungpor 2 Heunginmunro 1

Table 4: Current Status of Unattended Parking Enforcement Systems Installed in Autonomous Districts

(End of December 2014)

Name of |Number of e
autonomous | Systems | |llegal Parkin Bus-only Lane|Installed in Bu

districts (units) (Yonseiro)
Total 329 252 45 28 4
Jongnegu 30 29 1 - -
Junggu 37 36 1 - -
Yongsangu 4 4 - - -
Seongdongu 5 4 1 - -
Gwangjingu 6 6 - - -
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Dongdaemurgu 9 9 - - -
Jungnanegu 8 2 2 4 -
Seongbulgu 10 10 - - -
Gangbukgu 28 15 1 12 -

Dobonggu 9 9 - - -
Nowongu 10 4 6 - -
Eunpyeonegu 16 9 3 4 -
Seodaemuigu 16 7 5 - 4
Mapo-gu 16 14 2 - -
Yangcheorgu 20 15 1 4 -
Gangseeayu 7 6 1 - -
Guro-gu 1 1 - - -
Geumcheorgu 8 8 - - -
Yeongdeungpo 14 14 ) i i
gu
Dongjakgu 10 9 1 - -
Gwanakgu 11 11 - - -
Seochegu 22 10 12 - -
Gangnangu 6 2 4 - -
Songpagu 23 15 4 4 -
Gangdonegu 3 3 - - -

Note) Businstalled type systems are based on the bus depots.

8. Policy Effects

The automated enforcement systémtroduced for the purpose of dealing with the chronic issue

of illegal parking, offers highly effective enforcement while reducing resistance or complaints
from drivers. The system, therefore, eliminated resistance from, and conflict with, drivers on the
roads. The system even works in situations where the driver stays inside the vehicle. This absence
of personal interaction reduces complaints and conflict, and also reduces burdens associated with
the bureaucratic process of paperwork and forms.
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1) Instalation, Before and After Effects

An article published in Volume 8 and Issue 3 of Seoul Urban Studies (2007) assessed the effect
of the unattended automated parking enforcement service by looking into the case ofgseocho
The following table provides eomparison between traffic volume and the number of illegally
parked vehicles before and after the installation of the enforcement system.

Table5: Comparison of Traffic Volume before and after the System Installation

Target Location 2004 2005 Rate of
Increase/Decrease
Seoul Art Center 119,230 120,516 1.08%
Nambu Circular Road
Gangnam Taegeukdang 83,454 85.511 2.46%
(Gangnamdao)
Express Terminal 111.661 113,197 1.38%
(Sjinbanpero)
314,345 319,224 1.55%
Total
Table6: Comparison of Changes fhe Number of lllegally Parked Vehicles
. lllegal lllegal Rate  of
Targe_t Equment Parking Parking | Change Increase/
Location Size
Before After Decrease
Nohyeon
St at i on 3locations | 163 units 47 units | -116 -71%
Kyobo Tower
Kyobo Tower
Y Gan g| 1llocation 144 units 90 units | -54 -37%
Station
Gangnam
Station . . . 0
Woosung 1 location 116 units 66 units | -50 -43%
Apartment
. . 203
Total 5 locations | 432 units units -220 -52%

After the introduction of the automated parking enforcement system, the traffic Violcneased
by 0.12%- 3.10% or, 1.55% on average. The number of illegally parked vehicles per day
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significantly decreased from 37% to 71%, showing 52% on average.

The following table illustrates the gradual and continuous decrease following the introddiction
the system.

Table7: Number of lllegal Parking Enforcement by Year

(Unit: 1,000)
Division 2007 | 2008 | 2009 | 2010 @ 2011 | 2012 | 2013 Dezcgﬁbe
Total 3,956 3776| 3511 2,820 2662 2709 2649 2162
Seoul 902| 907 | 804 608 441 | 450 | 427 328
Autonomous
Do | 3054 2869 2,707 2212| 2221 2258 2222 1,834

Source: Seoul Metropolitan Government, 2014

The following table shows the amount of fines imposed on, and collected from, illegally parked
vehicles by year. The amount of imposed and collected fines all recorded gradual decreases until
the end of 2014. The fines imposed for violations ofdmly lanes also largely decreased until
recently.

Table8: Amount of Fines Imposed and Collected from Traffic Enforcement

(Unit: million won)

o Parking Violation Bus-only Lane
Division
Imposed Collected Imposed Collected

2008 136,917 105,721 4,122 3,270

2009 131,704 107,83¢ 5,464 3,601

2010 101,317 85,822 3,472 1,843

2011 97,20C 81,474 3,713 2,014

2012 96,874 79,485 4,291 2,559

2013 93,65( 70,547 3,55¢ 2,144
December 2014 44,736 26,702 2,116 1,419

Source: Seoul Metropolitan Government, 2014
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Wonju-si Data

The City of Wonju announced on the 20th day of last month that it had completed the replacement
of existing monitoring cameras at 10 locatieniscluding Rodeo Street, Nonghyup Wonju, and
Dangudong GS Marwith fully automated system$he systems, according to the city hall, are
now operating around the clock, catching 128 illegal parking practices per day on average. Wonju
has installed monitoring cameras at 26 locations with severe traffic congestion to great effect.
However, illegalparking practices continued at nights as well as on holidays, when monitoring
personnel is scarce. Therefore, the city hall announced that they had replaced them with
automated monitoring systems capable ch@dr operation. Wonju plans to apply thelgar
enforcement capability to the other 16 locations by the first half of next year.

A Wonju official sai d, Aithe fully automated sys
the clock, allowing for parking enforcement at night or on holidays. Thidteesin a 6times
increase of illegally parks vehicles identifiec

mounted cameras to enforce paring regulations at night, focusing on areas where illegal parking
has been di sr upt iBcogomic Dally, Noveenbef 20,2008)0 ( Kor e a

2) Effect Analysis through Demand Survey

The Analysis and Assessment of Suwond6s Intellioc
satisfaction with the parking enforcement systems. The following diagrams shperteéved
effectiveness of the enforcement parking services derived from the findings of the survey.

Mot serious at all 1 8% r ’
. Very
Mot s L5
ot serious 3 6% | \ 2635 ?:E'-": \
ar —_ RN Do not know 26, e ™, |
Normal 14 4% —— 38 them
Py, 57.8%
- L.
Serious Hawen't seen
a1.4% \ them 15.9%
~ ~l
Seriousness of lllegal Parking Awareness on Parking Enforcement Service
Reduced risk of
| ) accident 16,65% —
Effective
Do not know
0% 2% \ Other 12.1% . \
ﬂ More space for g 4% ‘ r;lf:lﬁr:l'.fed
\. pedastrians = =
N ormal o ) - conditions
Mot - casker o get on 14 ﬁ | 4‘? 1*
effective 16.7% 20.7% and off buses :
e e,

Effectiveness of Parking Enforcement SerEffects ofParking Enforcement System Installation
Improvement
Figure 3: Findings from the Suwon demand survey
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3) Allows for significant reduction of esite dispatches and workload while preventing illegal
parking with great effectivenessautomated plate number recognitiwith monitoring cameras
(more than 100m away) (Geonah Information Technology, 2016)

9. Challenges and Solutions

1) While the automated systems contributed to an unprecedented increase in déegal of
parking being identified and also proved to be highly effective in preventing illegal parking, it has
been pointed out that an excessive number of parking regulation violators have been declared
exempt from the punishment following enforcement.

The following table shows a gradual decrease of the collection ratio of parking fines since 2011,
and commentators point out that the decrease has been caused by excessive exemption.

Table9: Amount and Ratio of Fines Imposed and Collected for PadiiagSandingViolations by Year

(Unit: million won)

Parking Violations

pvision Imposed Collected gg:;cz;:;
2008 136,917 105,721 77.2
2009 131,704 107,83¢ 81.9
2010 101,317 85,822 84.7
2011 97,20C 81,474 83.9
2012 96,874 79,48¢ 82.0
2013 93,65( 70,547 75.3

2014.12 44,73€ 26,702 59.6

Source: Seoul Metropolitan Government, 2014

2) Fixed CCTVs face limitations in thdtiverswho know the locations and ranges of the devices
can predictor avoid any traffic enforcement. Therefore, dfbye enforcement equipment is
expected to be used more widely as a way to overcome the shortcoming of the previous systems.
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Mobile automated enforcement equipment has proved its effectiveness in sees.ahsit piece

of all-weather removable enforcement equipment, it has a monitoring camera installed on the roof
of the vehicle. The camera rotates 350 degrees and is capable of taking up to 30 photographs per
second. It can take photographs at a spee@kh4er hour, and maintains its effectiveness at
night or under adverse weather conditions using its infrared device.

In 2007, the equipment was installed in four districts of Ulsan, except fegUljuand the results
were notable since its enforcemerhi@vements accounted for 27% of the total number of
parking violations detected in a month (including enforcement by personnel anetyfieed
equipment).
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Three Innovations of Subway Line 9: Financing,
Speed Competitiveness and Social Equity

Shin Lee / Yoo Gyeong Hur, University of Seoul*

1. Policy Implementation Period

1994: Established route network
2009: Opened the 1st (Phase 1) section from Gaewha to Shin Nonhyeon stations

2015: Additionally opened the 2nd (Phase 2) section of EdB@mnjeongneung,
Samsung Jungang, Bongeunsa and Sports Complex stations

2017: Expected to open the 3rd (Phase 3) section from Samjeon Jct. to Seoul Veterans
Hospital stations

Source: JoongAng llbo [Cover Story] Daily lives changed by Subway Line 9nioréhs after the opening
of Seoul 6s Subway Line 9 extension

Seoul Subway Line 9 is a route that connects the southern part of the Han River from the east to
west. The first (Phase 1) section, completed in 2009, stretches 25.5kmand connects Gangnam and
Gargseo, Seoul by being operated from Gimpo Airport to Banpo through-deodihe second

(Phase 2) section of Eeonju, Seonjeongneung, Samsung Jungang, Bongeunsa and Sports Complex
stations were additionally opened in March 2015. Subway Line 9 is conneatedttof the lines

in the city (except for Subway Lines 6 and 8), and it is the only line in Seoul that operates an
express line in the entire system.

It was constructed through private investment for the first time in Korea asban rail transit

and pomoted by a publiprivate partnership (PPP) project in the BullcinsferOperate (BTO)

that transfers the ownership of the facilities to the Seoul metropolitan government after the
completion and allows private investors to gain benefits from investore3@ years of operation

in accordance with the agreement with the Seoul Metropolitan Government.

4 Translation by ESLE
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2. Background Information

Seoul experienced an unprecedented population explosion from 2 million to 10 million people

due to highly compressed urbanization and industrialization for about 30 years from th&éo1960s

1980s. In the early 1990s, when a plan for Subway Line 9 was established, thpdgdtgrowth

still continued and Seoul 6s popul ation peaked ¢
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Liberation

Seoul Subway, which started with a faltale economic development plan in the 1960s, took the

form of a public transportation network in the early 1990s through the first subway construction

of lines 1, 2, 3, and 4 and the secoritbsabway constnuatilines 58; its transport share reached

about 32%. However, with the continuous population growth and increase in demand for subway

use in a positive way, there were discussions regarding a third subway construction ei1fines 9
aswellastheextenson of the existing subway |l ine 3 in ac
the subway a central means of urban transportation that would account for more than 75% of
Seoul 6s traffic volume, followed by the Basic F

However, the subway is an expensive infrastructure that requires the highest costs (as it has the
highest transport capacity) among all public transportation systems. Therefore, the subway
construction policy has a lot of controversies in terms of pslittconomy and society and is
mostly affected by the surrounding situations and circumstances. The third Seoul Metropolitan
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Subway plan, which included the construction of subway line 9, was in an international context

of the Asian financial crisis in tars of economy and faced with a critical situation of a reduction

in finance due to the Korean financial crisis (12901)- known | ocally as the ¢
This financial situation brought about a lot of changes in the overall plan, along with the
inauguration of a new mayor in 1998.

Prior to this, there was a gas explosion incident at the Daegu subway construction site in April
1995, which caused 101 deaths and 202 casualties. As a result, policies feevhkiagon of

an ongoing subway constrtion plan and a readjustment of the construction period were
formulated and the completion of the second subway, which was under construction, was delayed.
These factors had a considerable impact on the third subway plan.

Eventually, as the third subwayap was reviewed and delayed, measures to secure financial
resources emerged as a key issue, and the feasibility of the project was adopted as a main virtue
of selecting governmesnelated projectsincluding PPP(publiprivate partnership). And thus, it

was determined that subway line 9 was to be constructed in the form of a private investment
business, or BTO (Bu¥ransferOperate) after a feasibility study was carried out.

3. The Importance of the Policy

In general, public transportatiofacilities are essential for sustainable transportation and
sustainable city construction. The construction and extension of a subway in a city, however, is a
decision that requires special attention in relation to the financial sustainability of thggveity,

the enormous financial resources of the subway facilities as well as special fixedness and semi
permanent trait of the railway. In achieving the main goal of increasing the use of public
transportation, whether new investments will have an effettteonet increase in the public transit
share, or how these affect the decline in the use of automobiles, which has a relatively large
negative external effect, need to serve as the basis for investment decisions.

In addition, the subway policy is accompathby the investment of large financial resources, and
thus has a characteristic in which tension is heightened by disputes about the detailed decisions
of routesi especially in the present urban society where the participation of the general residents
increases in relation to the redistribution of wealth over the distribution of the benefits and costs.
Actually, in Korea, the construction of largeale infrastructure has actively been carried out
through the PPP since the end of 1990, based on thenAativate Investment in SOC facilities
amended in 1998; however, many questions on whether the private investment will reduce the
national treasury and affect financial efficiency have been raised.

Of course, in a government with a weak financial stregttive prospects for affordability and
financial sustainability of finances required for subway construction is a much more critical
standard of judgment than typical virtues such as financial efficiency or secondary virtues like
transit share.

In relation to these considerations, Seoul Subway Line 9 encompasses three important points.
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First, in a situation where new means of finance are required due to the situational characteristics
of the economy and finance in the period when the construction of $lliwead was undergone,

the investment and construction were promoted as a BTOTBansferOperate) project (unlike
traditional governmerinvested projects), and therefore the financial burden of the government
could be significantly reduced.

Second, a a decision that is not irrelevant to this, highality transportation services had to be
provided to maximize demands in a situation with the precondition of receiving benefits, and the
focus was on travel speed as the most important characteristiwalak determine the quality

of urban transportation services. As a result of operating express services, Seoul Subway Line 9
Express has achieved a decisive competitive edge in terms of speed, as compared to automobiles.

Third, it contributed to mitigatithe access imbalance in the city by designing a route that provides
access to the souttastern region, which emerged as a traféglected area through the first and
second subway construction phases.

In other words, the importance is highlighted imatthit has produced three remarkable
achievements: a reduction in financial burden through PPP, the provision of public transportation
service that obtains the competitive edge over automobiles and a reduction in regional imbalance
of accessibility.

4. Relevance with Other Policies

Subway line 9 was planned as a part of the third Seoul subway construction project. The third
plan was devised to continuously expand the subway network in Seoul with the construction of
subway lines 42 and the extensioaf the existing subway line 3. However, the plan was
reexamined all the way due to the Daegu subway fire and the Korean financial crisis, and it is one
of the two components that maintained the route plan along with the plan for the third line
extension. ldwever, in the process, Subway Line 11 was shortened to the Shinbundang Line, and
the rest of the lines were changed to light rail, monorail and connection lines of the first and
second subways.

The construction of the first subway began in 1961 (whercthet y 6s popul ati on app
million)as a result of formal discussions, and the subway construction plan was included in the
10-year plan of Seoul City Government. In 1966, the plan for linréggpeared in the basic plan

for Seoul city. In 1970, aa result of rapid industrialization according to the national economic
plan, as the population concentration and traffic congestion were intensified in the city of Seoul,
the then President Park Chuhege instructed that the public transportation constngilan be

set up as a solution to the traffic congestion in Seoul. The Seoul subway construction project was
jointly promoted by the Ministry of Transportation and the City of Seoul as one of the state
projects. Although economic development had alréestiyed to accumulate various technologies
necessary for subway construction, Korea lacked some particular special technologies related to
subway construction and was still preparing for the economic leap it would later take. Thus, it
had to depend on fogn countries for some technologies and financial resources to construct the
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first subway line 1. Japan, with its experience of subway construction, provided special
technologies and loans.

Starting with Subway Line 1(Seoul Stati@meongnyangni) constructed from 1971 and opened
in 1974, the construction of the remaining three lines (such as Line 2 (Circular Line), Line 3
(Gupabalyangjae) and Line 4 (Sangggadang)) was completed in 198bddhus the first Seoul
subway construction was finalized with the subsequent opening of the four lines.

The plan for the second subway construction was established in 1989 by the Korea Research
Institute for Human Settlements, and it was notable thawsaxes of movements centering on

the trunk lines that connect base areas of Seoul were suggested instead of planning the extension
of the existing four lines and branch lines. It was a route plan that aimed at the quick connection
between the basestime southern and northern parts of the Han River as well as the minimization

of subwayneglected areas. Through this plan, a submarine tunnel was constructed across the Han
River. In order to make full use of the existing route network, the principlarsffar was adopted,

and thus the second subway construction included the development of specific routes based on a
clear spatial planning goal. This included Line 5 that connects Gimpo Airport to-tfepwhich

is the center of business functions, Lineeitering on a neglected area in subway services, such

as the area north of the Han River, Line 7 between Sanggye and Gangnam that enhances the
subway network density of Gangnham with increased concentration, while mitigating the regional
imbalance and Lin& that connects Seongnam, which has emerged as a powerful satellite city,
along with Bundang New Town.

Through these first, second and third periods,
superior in terms of network density and service iguaHowever, there exists a fundamental
limitation in railway transportation that the subway alone is not capable enough of meeting the

citizensodo traffic demands in the structure of
transportation with fletbility. A variety of factors inherent in the subway policies contributed to

the success of Seouldés subway system. But above
cruci al role in making the subwayseceftbuskbone

policies(aiming at subwalgus integrated services), especially the bus reforms implemented in
2004, cannot be overlooked. In other words, the Seoul metropolitan transportation system was
fully reorganized as a system centering on public tramapon, and the public transportation
integration and Quaftublic Bus management system that connects the subway to buses were
established.

In addition, policies such as light rail and higjreed trains, which are centered on the neglected
areas in thesupply of urban railways (Seoul Development Institute 2010), also expanded
opportunities for integrated public transportation services.
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5. Policy Obijectives

Reduce the regional disparities of accessibility to Seoul by connecting the neglected
areas irservices even after the second subway construction

Mitigate traffic congestion due to the sharp rise in the number of automobiles by
increasing the subway transport share to 75%

6. Main Policy Contents

1) Introduction of private investment

Attractinginvestment from private companies

In the late 1990s, as the Korean economic crisis led to a lack of public funding, innovative ways
of financing were sought, and investments and operations through the BTO method were
determined. The central government would invest 33.3% of the total projst, Seoul
metropolitan government 51%, and the private sector 15.7%, respectively. Moreover, the private
sector was determined to be in charge of the first 30 years of operation. The main issues of
operation regarding the private rifilee solution, irestment method and subway fares were
decided through business agreements. However, as it was pointed out that the first business
agreement is too favorable to the business operators, renegotiations needed to be done.

For example, initially, the minimunevenue guarantee (MRG) was adopted as a way to alleviate
private risks. In other words, if there is a shortage of freight income due to differences between
real demand and forecast demand, the Seoul metropolitan government will make up for 90% of
the defidt for five years from the starting date of the operation, 80% from six to ten years, and
70% from 11 to 15 years. In addition, the private business operator also has the right to decide
subway fares. Regarding this, there was a case in which the bugdeesr announced a price

hike in subway fares unilaterally in April 2012 during the period of fare negotiations with Seoul
Metropolitan Government. The notification and guidance of rate hikes by the business operator
without consultations with subway ap#ing agency was in fact a violation of the urban Railway

Act and Concession Agreement(Subway Line 9 Business Restructuring Brochure, p.44).In this
regard, the Seoul Metropolitan Government set up a task force (including lawyers, accountants
and transpodtion experts) to promote renegotiations with the private business operator and
established a series of deliberations on the draft of the convention with verification and review
processes conducted by professional institutions such as Seoul Public abe IRfrastructure
Investment Management Center, contract judging panels and consultation with the Ministry of
Strategy and Finance.
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Concession agreement to change the private investment project

The restructuring of Subway Line 9 business, which been underway for over a year, was
finalized on October 23, 2013 by the conclusion of a concession agreement with Seoul Metro
Line Nine Corporation. As a result of the convention, shareholders that constitute the existing
private business operators werplaged entirely. That is, seven construction investors, including
Hyundai Rotem, who had completed the construction of the first section of Subway Line 9, sold
off their shares and withdrew from the operation of Line 9, and Macquarie, a financial investor
and a Small and Medium Industry Bank also sold off their shares and withdrew from the operation
of Line 9.

In addition, the existing conventions allowed for a structure in which the fare increases rapidly
every year. However, as the right to decide orfahe was transferred to the Seoul Metropolitan

Government through the restructuring of the business, the continuous hike in fares could be
prevented. That is, in the decision of fares, the Article 27 of the Concession Agreement stipulated

t h a tthe Busines operator should have approval from the Seoul City in advance for the

payment and collection of fares and charges. Accordingly, the fare for Subway Line 9 came to be
applied in the same way as other subway lines, and the period of the hike in farebecould
determined in consideration of the efficient linkages with routes and means of public
transportation including buses (Subway Line 9 Business Restructuring Brochure, p.93).

Besides, with the spread of negative perceptions on the minimum revenue guékéR(e)
introduced to attract private investment in railway, road and tunnel infrastructures during a foreign
exchange crisis in 1998, the government abolished the private proposal business MRG in 2006
and government notice business MRG in 2009, respéctifvith MRG, the financial burden was

great because of the need to maintain {temg profits (p.94).In particular, Subway Line 9, one

of the government notice businesses whose agreement was concluded in 2005, was originally
supposed to support MRG; hoveeythe MRG was switched to the minimum cost compensation
(MCC) that covers the operating costs with the actual business income and only supports the
shortage (p.94) through the restructuring of the business, thus securing the opportunity to
significantlyreduce the financial burden and letegm effects. The minimum cost compensation
(MCC) is a method that subtracts the interest, operating expenses and depreciation amount of
guarterly management and operation right values from the total amount of vadooes (such

as the quarterly operating income) and maintains the rest. Therefore, the value of management
and operation rights gradually decreases and becomes 0 won in 2039, and thus the financial
burden of Seoul City is reduced due to a reduction iméateThrough this method, the financial
burden was reduced, and the support for private business operators could be rationally
implemented (p.94) According to the existing agreement, the Seoul Metropolitan Government
had to pay a total of 5.1745 trilliamon in financial aid, including 783 billion won in MRG and
4.3915 trillion won in subsidies for not increasing fares. With the switch to the minimum cost
compensation (MCC), the burden of Seoul City was sharply reduced to 1.9,816 trillion won
(Subway Line9 Business Restructuring Brochure, MGR abolition 94p, positive effects, p.100).

Meanwhile, Seoul City has strengthened its control authority to reduce management and
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operational expenses by 10% from the level set in the existing agreement and adjuatetjoper
costs, which could not be changed for 30 years, to reexamine them every five years. As a result,
the financial burden could be reduced through a downward adjustment that guarantees the
operating company only the sames% return rate as the new int@s In addition, it has
realistically adjusted the costs of electricity, insurance premiums and alternative investment costs,
which are partly affordable, to the extent of assuring service levels and stable operations and made
a structure to reduce thendincial burden of the city by changing the agreement so that it can
include the incomes from affiliated businessesuch as the rental income of the commercial
guarter and advertisement in the income of the subject who proceeds with the business and
manags them (Subway Line 9 Business Restructuring Brochugé&rengthening the control
authority of Seoul City, p.96).

Another remarkable point is that in the process of restructuring, Seoul City has introduced and
managed a new finantiggenméumdd.called the 6Ci

The business restructuring brought about positive effects which include the effect in management
and operation, financial savings and clegnof the controversy over subsidies for not increasing
fares.

In terms of management and operatithe problem of conflicts over the increase in fares was
completely solved at first. After this, the fare of Subway Line 9 has remained the same as the
basic fare of the other subway lines, and the period of the hike in fares has been reasonably
determinedat the same level as the other Seoul public transportation systems. In addition,the
financial structure has changed into a solid structure by completely eliminating the 15% high
interest rate subordinated loan through the business restructuring and atiovgstitue loan
structure only with the senior loan. Third, as the conflicts with the business operator, such as the
two administrative lawsuits, were resolved, the anxieties of citizens were thus reduced. The fourth
effect is that a minimal safety deviceasvprovided so that the financial aid supported by Seoul
City can be used appropriately. That is, its control authority over the operation and management
of private investors has been strengthened. Finally, the burden of Seoul City was reduced by
includingthe revenue from the subsidiary business in the business income structure, along with
the income from fares.

The biggest effect of restructuring the Subway Line 9 business is regarding the financial cutbacks.
Abolishing the MRG and applying MCC was efiget Through the business restructuring
process, Seoul Metropolitan Government reviewed the operation costs of Subway Line 9 for five
years from 2009 and found that there are cost saving items to the extent that the subway service
is maintained. As a regdulit was able to save 350 billion won, about 10% of the existing
management and operation costs.

Finally, the resolution of issues over subsidies for not increasing fares is also a main effect.
Through the restructuring business negotiations, it wasedgnot to pay subsidies for not
increasing fares, which amounted to about 10 billion won each year from 2009 to 2013.

(Subway Line 9 Business Restructuring Brochur@ositive effects by business restricting
process, p.9803)
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Creation of Citizen Fun(b.106115)

This is a model in which citizens invest in Subway Line 9 bonds and receive profits higher than

the interest rates of commercial banks, and its total scale is 100 billion won. It is divided into 4,

5, 6 and 7 yeatypes depending on the periddis possible to invest up to 20 million won per

citizen, and the average rate of yield is set at about 4.35%. In order to protect investors, Korea
Financial Supervisory Service exercises supervisory authority, andauide sales/ere made

possible. Atotal of 5,508 citizens joined the Citizen Fund, and the number of citizens who
investedn the fund were highest in the six yagpe and lowest in the five yetype (p.114). As

a new window for financing, which is always a hindrance to the supplygafdaale public goods,

this Citizen Fund was highly appreciated as an innovative model that could not only contribute to

the reduction of the governmentos financi al bui
of citizens through the profitabilityf@ublic goodsThe Citizen Fund was an innovative attempt

to provide a wiawin situation for both Seoul City and citizens and has its significance in that

citizens invested in funds and made private investment business practices. Therefore, it is
expectedt will continue to provide a good example to solve various problems that have been

dealt with in the administrative area with citizens (p.11b)ecent years, it has been used in
environmentelated businesses such as renewable energy. In particedatt, Gty constructed

the first Seoul Ci ti z e nGitzenSundis 2015nThe tRabameunt P 1 an't
of 8.25 billion won collected through the public fund competition was invested in the construction

of a 4.242MW solar power plant. As cha seen in this case, the Citizen Fund has a number of
possibilities and enormous implications.

http://mediahub.seoul.go.kr/archives/926005
2) Stepby-step construction

Subway Line 9 has a tdtength of 38km, and the whole section was divided into three sections

to proceed with the construction sequentially. Since the route was designed around areas
vulnerable to subway services, the construction was completed from the section that is expected

to have the greatest demand among three sectio
could be created prior to the opening of all sections.
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Figure2: Subway Line 9 construction phase
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Figure3: Subway Line 9 route map

Source: SeouMetropolitan Government (2016)

3) Express line service

Subway Line 9 provided an express service for the first time in the Seoul subway system. The
additionally provided express service is to limit the number of station stops (in addition to a
normal service that stops at all stations), and thus to significactease traffic and transport
speed. For example, of the 25 stations of the-fiinstse section, the subway stops only at nine
stationsi those considered major stations, such as subway transfer stations. The express service
is 40% faster than the geméservice, and the service frequency of express trains is increased in
the rush hours compared to at other times.

In this regard, Subway Line 9 has achieved a very significant accomplishment in that it obtained

a competitive edge against automebiln terms of the travel time of the express service. For the
section from Gimpo Airport to Shin Nonhyeon Station, it takes about 40 minutes to get there by
car and 64 minutes by bus. However, when using the general service of Line 9, it takes about 47
minutes to travel on the same section, and it takes about 30 minutes when using the express service.

With respect to the transition from car to public transport, which is the common goal of
contemporary cities, automobiles retain certain comparative adesnitaterms of the quality of
transportation services(such as speed, comfort and convenience) and this makes it impossible or
difficult to achieve a successful transition between the means of transportation. In particular, given
that the travel time pertgl of the general public transportation is the biggest factor of non
competitiveness, even if a time competitiveness that the express service of Subway Line 9 has
achieved is not the time competitiveness against the total travel time on th&o-door
dimension, it can be said to be a very significant achievement, considering the contemporary
challenges in terms of global urban planning, which is the shift to sustainable transportation mode.
In addition, after Subway Line 9, Line 1(Bundang Line and Gyeindhgngang Line) introduced
express services, which demonstrated the positive influence and success of Subway Line 9.

4) Organization for subway operation
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In order to maximize the efficiency of the subway operating organization, the operation of
Subwayline 9 is based on the principle of eliminating five existing facilities and manpower, such
as a stationmaster, a station office, a ticket office and a night duty room. Instead of drastically
reducing ticket office personnel, transportation cards can beamged and purchased at
convenience stores within the station. In addition, the operational efficiency was enhanced by
performing car maintenance, maintenance of elevator facilities and other management tasks in
the form of commission. Subway Line 9 ogesathe same number of facilities with much less
manpower than other subway operating organizations. For example, Seoul Metro requires a
manpower allocation of about 70 employees for every 1km of operation, and Korea Railroad
Corporation about 40 employeaghereas about 15 employees are placed on Subway Line 9.

7. Technical Details

The part that allows the participation of the private sector in the construction phase includes tracks,
electric power, electric cables, vehicle manufacturing, signalingyremication, equipment
automation, vehicle supervision facilities, other facility construction works, finishing work for
stations, screen doors, vehicle bases and general command room construction. The outline of the
project is shown in Table 1 below.

Table 1. Outline of Subway Line 9 Project

Division Description

25.5km (Gaewhalong, Gangsegui Nonhyeondong, Gangnangu 1st

Total L h i
otal Lengt Phase section)

899.5 billion won(January 12, 2003, constant price basis, bus

Project Cost
expenses for thepper part

Project Period 30 years from the start date of the public use 220013

BTO (Build Transfer Operate) After the completion of construction,
Promotion Method ownership belongs to the state, and private business operators r
investmentosts through 30 years of operation

Source: Korea Transport Institute 2011

In the early days of the business agreement, it was negotiated as a zone fare system. However, as
the public transport integrated fare system was implemented in 2004, the systémsluded in

the Metropolitan Unity Fare system, and therefore the Seoul Metropolitan Government provides
financial support for the fare reduction and transfer part. The Metropolitan Unity Fare system has

a pricing rule based on the integrated distgroportional system with the entire sections of the
metropolitan subway as the target, and the fare system for Subway Line 9 is shown in Table 2
below.
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Table 2. Fare system for Subway Line 9

Division Transportation Card Singleuse transportation card
Public 1,250 won 1,350 won
Basic fare Youth 720 won 1,350 won
Children 450 won 450 won
6 every 5 kilometers from 1
Fares for additional distance
6 from 50km to 8km: 100 wor

Source: Metro Line 9 website
http://www.metro9.co.kr/site/homepage/menu/viewMenu?menuid=001001004001

Subway Line 9 is composed of four passenger cars in one train, and a total of 144 vehi6les (in 3
trains) shuttles in the entire section. By the end of 2016, there will be 32 new vehicles (in eight
trains), which will increase to a total of 176 vehicles (in 44 trains). One train is expected to be
added in 2017, whose composition is four vehicle8nrains) and six vehicles (in 17 trains),
which totals 214 vehicles, showing an increase of 38 vehicles compared with the number of
vehicles in 2016. In addition, according to the plan of Seoul City, 49 vehicles will be added by
2018, and the total numbef vehicles is expected to increase up to a total of 294 vehicles.
Therefore, the current 144 vehicles (in 36 trains) will increase to 294 vehicles (in 49 trains) in
2019 when the thirgphase subway line is opened. Thus, the plan is to solve the aangaistion
problem that Subway Line 9 has through an expansion of the number of trains (vehicles) in stages
(Seoul internal data 2016).

Present 616 (+8 617 (+1 618 (+14
Division

Total 36 144 44 176 45 214 49 294
4 vehicles 36 144 44 176 28 112 - -
6 vehicles - - - - 17 102 49 294

8. Policy Effects

1) Reduction in public finances

Seoul City not only saved public finances by encouraging private business operators to pay 15.7%
of the total investment costs by attracting private investment, but also achieved financial savings
of 3 trillion won through the success of business restrincfuln addition, it achieved a 10%
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operating cost reduction by increasing operational efficiency. One thing to keep in mind is that
the Subway Line 9 business has become an example of a successful private investment project
because a strong demand favgees already exists. The lesson that the business whose economic
feasibility is not secured cannot be a successful business even if it saves the current finances and
can use advanced devices to ensure profitability was well accepted in the PPP figjl theo
demonstrated application of many examples.

2) High traffic volume

After only one year since its opening on July 24, 2009, the average daily traffic volume reached
97% of the forecasts in 2010 and has increased steadily. In 2012, it exceddesttsts by 3.8%

in 2012 and continued to increase steadily thereafter. Looking at the number of users, the average
daily number increased from 227,882 in 2012 to 400,000 in October 2014, and to more than
450,000 in October 2015 after the secphdse suvay line was opened. Figure 3 shows the
trends in the yearly total traffic volume according to the frequency of getting on and off the
subway train.

160,000,000
140,000,000

120,000,000 /
100,000,000 /.—

80,000,000 /
60,000,000 /

40,000,000 7

20,000,000

20003 20108 20113 20123 201389 201483 20158

Figure4: Yearly total traffic volume of Subway Line 9(transfer included), 22095

Source: Seoul Metr®, 2016(https://www.metro9.co.kr)

4) Promoting equity in society through improved access to public transportation of neglected area
in public transport services

In the first two months since its opening, Subway Line 9 recorded more than 135,000 net
passengers, except for transfer passengers. This figure is close to the expected traffic volume of
165,625, and there are not so many cases in which the actualvodiice reached more than

80% of the expected traffic volume so quickly immediately after a subway opening. As there was

a consensus that a route that directly connecting the areas of Gangseo and Gangnam was required
before the construction, it resulteddroviding service in a section where the accessibility to the
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subway was relatively low. According to Seoul 2010 data, users of Subway Line 9 reduced travel
time and transportation costs of about-PO0 won, which is estimated to be a customer benefit
of 4.1 billion won per year.

5) Activation of neighboring commercial districts

Subway Line 9 has left behind remarkable achievements in terms of the number of passengers
and the development of subway station areas, called the second golden line after.Sub®ay
Moreover, the opening of the secapldase section in 2015 invigorated commercial districts
around the subway station. According to the Gangnam District office, the number of new
buildings around Bongeunsa, which started construction last yeatated 24, four times as

many in 2013. Even in the neighborhood of Eonju Station which houses Cha Hospital, buildings
related to medical facilities have been constructed. This is due to the expectation that as Gangnam
District Office has recently designdtthe vicinity of Cha Hospital crossroads as a medial tourism
zone, rental demand for the medial industries will increase (JoongAng llbo 2015).In addition,
since the accessibility to the Gangnam area is expected to be improved if Hph#sedsection

is implemented, various plans for developing station influence areas are currently underway. If
the economic activity of the southwestern region of Seoul is increased due to the prosperity of
Subway Line 9, it may prove very helpful at solving the imbaldrete/een regions in Seoul as
intended.

9. Challenges and Solutions

1) Lack of experience in business agreements

As described above, Subway Line 9, which was the first PPP project on the urban railway, led to
unsatisfactory results for Seoul City andzghs in the original business agreements. However,
the Seoul Metropolitan Government soon established a plan for restructuring the Subway Line 9
business, set up a task force that included judicial officers, accountants and transportation experts,
and pranoted renegotiations with private business operators. In addition, it made all the necessary
preparations for the private investment project convention through the verification and screening
processes of special agencies such as Seoul Public and Prifrastrloture Investment
Management Center, contract judging panels and consultations with the Ministry of Strategy and
Finance. I n particul ar, Seoul Metro Line 9
citizensd r esi st anarepolitarH@weenment securedhtiee prigiegorighits M
through a business restructuring and eliminated the possibility of similar problems occurring in
the future.
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2) Problem of congestion due to continuous increase in demand for express service

According b Seoul Subway Line 9, the congestion rate of the general trains of Gayang,
Yeomchang, Dansan, Yeouido and Noryangjin stations8aa.m. at the end of March last year
before the opening of the secepldase section was an average of 112%, and the canmyesti

of September after the opening of the seephdse section was increased to 117%. The
congestion rate of the express train in the same time period was also increased from 193% to
206%. The number of Subway Line 9 passengers increased from arcavied@®,000 per day

in October 2014 to 450,000 in October 2015 after the segbase section was opened.

Changes in congestion rates in the 2nd phase section of Subway Line 9(Sports Complex Stéitig
Eonju Station) after its opening

7 a.m.i 8 a.m. before opening =] 7 a.m. 8 a.m. after opening
8a.m.i1 9a.m. before opening B sam. 9am. after opening
_ 1
151 152 o W 148
8 I
7

55i S?i I I I
Average Gayang Yeomchang Dangsan Yeouido Noryongjin

Figure5. Changes in congestion rates of Subway Line 9
Source: JoongAng llbo 2015

Seoul Metro Line 9 Corporation analyzed that the reason for the surge in traffic congestion rate
was that despite an increase in the number of users at the time of the opening of thplses®nd
section, as the number of trains was not increased, anéxielyded operations were conducted,

the number of operations was reduced from 540 to 484. After that time, the Seoul Metropolitan
Government first added three new trains in June, out of 32 vehicles (8 trains) to be increased by
the end of 2016. By the end December, as the number will be increased from 144 vehicles (36
trains) to 176 vehicles (44 trains), showing an increase of 32 vehicles and 22% (trains), more
convenient use is expected. In addition, it is planned to increase 16 trains out of thg éxist
vehicles (one train) by two by the end of 2017, introduce a total of 38 vehicles with 6 vehicles
(17 trains) into the express train with higher congestion rate, along with test vehicles, operate a
total of 6 vehicles (49 trains) by introducing a taB80 vehicles until the opening of the third

phase section of Subway Line 9 in 2018, and thus reduce the overall congestion rate. By 2018, it
plans to increase the number of vehicles for Subway Line 9 to 294. To do this, the Gaewha vehicle
base track arnsion project to additionally introduce trains is expected to be initiated in January
2016 and completed by August of the same year.

(Sourcei http://infra.seoul.go.kr/archives/31245
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10. Detailson the Business Restructuring of Subway Line 9

1) Key points (p.88.03)

First, business restructuring is designed to change business implementation conditions, such as
MRG, rate of yield and fares in the concession agreement through renegotiatiorenbibisve
competent authority and private business operator in order to alleviate the financial burdens. The
main contents are as follows: 1) fgltale replacement of private operators and shareholders 2)
downward adjustment of earning rates to the levebaimercial interest rates 3) transfer of rights

to decide fares for Seoul City 4) the abolishment of MRG payment, which was absolutely
advantageous for private operators 5) agreement on the value of management rights of Subway
Line 9 to be 746.4 billion wo 6) strengthening of the control authority of Seoul City 7) reduction

of management and operation costs by 10%, cost savings.

The first is to withdraw the existing investors (including Macquarie) and attract new investors.
Seven construction investoracluding Hyundai Rotem, who completed the construction of the
first section of Subway Line 9 sold off their shares and withdrew from the operation of Line 9.
Macquarie, a financial investor and Small and Medium Industry Bank also sold off their shares
andwithdrew from the operation of Line 9. Instead, two asset management companies with the
status of trust business operators and 11 financial investors including Kyobo Life Insurance,
Hanwha Life Insurance and Hungkuk Life Insurance participated in thegsgsim other words,

13 construction and financial investors were changed to financial investors investing through
funds.

The second is to adjust the private operator 06s
of return adjusted through the megtturing was determined to be 4.86% by applying an added

interest rate of 1.75% in consideration of operational risks and fund management fees with the

yield on the Syear Treasury bond. This is similar to earning rates from the BTL project, which

was dratically lowered compared to the existing ptst earnings rate from actual business of

8.9% (current rate of yield 13%). The method of determining the rate of return has also changed
from the fixed rate of returof toetodn @ ds trrau et u
proportion of the fixed rate of return to a variable rate of return was set at 5:5 so that risk factors
caused by interest rate fluctuations could be reduced, and financial market changes could be
flexibly reflected. Accordinglythe fixed rate of return will be fixed for the next 26 years, and the

variable rate of return will be adjusted every year at the ratgyedbTreasury bond plus a 1.89%

additional interest rate. The change in financial structure was also a factor imfpthe rate of

yield. The loan structure was changed from the existing-inighest subordinated loan to lew

interest senior loan, and some of the fixed loans were issued to the Citizen Fund to create a citizen
participation environment. As a resultethighinterest subordinated loan was eliminated, and

the high interest rate was adjusted te\el that is not disadvantageous.

The next is to transfer rights to decide the fares of Subway Line 9 to Seoul City. According to the
existing contract, faresere determined autonomously within the fare rate set in the concession
agreement by private operators. However, as conflicts over fares revealed that the surprise
decisions of such fares by business operators lead to great confusion, and throughrimgtructu
the Seoul Metropolitan Government is now to give approval in relation to the issues regarding

63



Seoul RBlicies That Work Transportation

fares and fare imposition, collection and modification. Ultimately, the actual authority on
decisions related to fares was transferred to Seoul City. lticagdhe restructuring has also
corrected the malfunctioning structure of the hike in fares. According to the original concession
agreement, the fares are to be raised by applying the rate of inflation and increase rate of fares
every year, which resulein a constant increase in fare rates. However, as the actual right to
decide the fares was transferred to Seoul City, the same subway fares could be applied to those of
Line 9, and the period of hike in fares could also be determined through linkalgesheit routes

and public transportation systems such as buses and other subways.

In addition, MRG was abolished, and MCC was adopted. The greatest significance of the
restructuring is that the MRG payment has been abolished. The MRG was introduced to private
investment in SOC projects, such as railways, roads and tunnels duringdiraists in 1998,

but it served as a factor that caused a financial burden due ttelongonservation of earnings.

The minimum cost compensation changed from the MRG is to cover the operating expenses of
the business with actual business income anga@tipnly the deficiency. Through this, it was
possible to reduce the financial burden and rationally promote support plans for private operators.

Meanwhile, the value of management and operation rights of Subway Line 9 was agreed to 746.4
billion won, lower than the standard of payment at the time of termination due to the nonpolitical
force majeure. This was an agreement by the Maginot line which specifies that if this business is
terminated before the commencement of negotiations on the value of tlagemsmt and
operation rights between the existing shareholders and new investors, the Seoul Metropolitan
Government approves the change of investors only in cases where the value is determined to be
at a lower price than the payment at the time of theitetion due to nonpolitical force majeure

that Seoul City should make.

The rights to decide fares that cause inconvenience in use from the management aspect of private
business operators as well as consultations on the appointment of president ainectbe d
general nomination rights were transferred to Seoul City, and thus its control authority was also
strengthened. In addition, management and operation costs have been reduced by 10% from the
level set in the existing agreement, and the operatirtg teet were unable to be changed for 30
years have been adjusted to be reviewed every five years. As a result, financial resources have
been able to be reduced by guaranteeimgta of yield ranging from 4 to 5% for operating
companies as in the caserww investors. The electricity, insurance premiums and alternative
investment costs, which are partly affordable to the extent of assuring service level and stable
operation, were also adjusted realistically. In addition, the financial burden of SeoulaSity
reduced by changing the agreement to include the earnings from rental business and
advertisements in the income of business operators and manage them accordingly.

2) After the restructuring (13819p)

The restructuring of Subway Line 9 was a proéesirengthening the public, and demonstrated

the power of citizens and the efforts of Seoul City and related experts. The effect of reduction in
finances became clear after the restructuring of the business. That is, additional savings of about
7.5 billion won were achieved by 2014 thanks to the continued efforts of the Seoul Metropolitan
Government to increase the earnings by identifying additional items that could generate revenue.
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In addition, the Seoul Metropolitan Government appointed a technicat @xfiee urban railway

sector as an executive director of the business operator to strengthen management supervision.
The appointment of the CEO was also carried thwbugh consultations with the Seoul
Metropolitan Government.

In addition, the businesestructuring of Subway Line 9 has affected other businesses as a positive
precedent. The second circular road of the Gwangju Metropolitan City, Machang Bridge of South
Gyeongsang Province, Misiryeong Tunnel of Gwangwon Province are all nhow inquiring and
showing a significant interest in the Citizen Fund. Regarding the Citizen Fund, there has been a
growing interest in private investment projects especially in transportation facilities, power plant
construction and LED lighting.

3) Promotion process
12. 7. 6 Business trip for benchmarking to Daegu City
12. 7. 13 Business trip for benchmarking to Daegu City
12. 7. 23 Review meeting on the rapplication of Subway Line 9 restructuring case (city
council)

12. 9 12 Coordinated opinions on the intention td Selbway Line 9 shares

12. 12. 4 Signed MOU between new investors and submitted LOI (Letter of Intent) to
shareholders of Subway Line 9

13. 2. 13 Submitted the restructuring promotion proposal for Subway Line 9
13. 2. 26 Mcquarie indicated its intentioncimoperate in the restructuring
13. 3. 15 Submitted the amendment (draft) to the Subway Line 9 convention

13. 3. 22 Requested support negotiating team for changes in the Subway Line 9 private
investment project convention

13. 3. 28 [Policy] Seoul Metropddin City Subway Line 9 phadesection private investment
project concession agreement negotiation team composition and operation plans

13. 3. 29 Initiated negotiations to change the restructuring agreement
13. 6. 5 Notified the resumption of fare negatias on Subway Line 9

13. 6. 5 Advance notice on the termination of concession agreement on thd jgeatien
of Subway Line 9

13. 6. 12 Reply to the notice on the renegotiations of Subway Line 9 fares
13. 6. 19 Concluded a trading agreement betweetirexshareholders and new investors

13. 7. 3 Request for consultation on amendment to concession agreement fdr geEm
of Subway Line 9

13. 7. 4 Notified the commencement of formal consultations for the amendment of the
concession agreement of SudbyLine 9 phasé section private investment project
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13. 7. 17 Requested the first review (examination) of an amendment (draft) to a concession
agreement on phadesection of Subway Line 9

13. 7. 23 Requested to submit plans to coordinate the busestsscturing consultations
and business implementation conditions

13. 7. 23 Requested to comply with the agreement on the sale of shares in relation to the
private investment project of Subway Line 9

13. 7. 24 Submitted a plan for coordination of priviat@stment project implementation
conditions for phasé section of Subway Line 9

13. 7. 25 Visited the Ministry of Strategy and Finance for preliminary consultations
13. 7. 27 [Policy] Subway Line 9 business restructuring promotion plan

13. 7. 29 Requedteto review the plan for the coordination of project implementation
conditions and amendment (draft) to the concession agreement on Subway Line 9

13. 7. 31 Submitted the concession agreement to change the private investment project for
phasel section of 8bway Line 9

13. 8. 8 Reviewed fund manager 6s suggestions

13. 8. 12 Request for cooperation to change the concession agreement on private investment
project for phasd section of Subway Line 9

13. 8. 13 Notified a change (drai) implementation deposit related to the modification of
Subway Line 9 management and operation trust agreement

13. 8. 14 Reply to the first review request of the amendment (draft) to the concession
agreement on phadesection of Subway Line 9

13. 8. 21 Request for consultations to review the plan for coordination of project
implementation conditions and amendment (draft) to the concession agreement on Subway
Line 9.

13. 8. 22 Sent written opinions of Seoul Public and Private Infrastructure Investment
Management Center on the amendment (draft) to the concession agreement on Subway Line
9

13. 8. 23 Business consultations with the Ministry of Strategy and Finance

13. 8. 27 Sent written opinions on reply results of review request for amendment (draft) to
the concession agreement on phasection of Subway Line 9

13. 8. 29 9.6 KDI business consultations

13. 9. 9 Notified the review results of the contract review team

13. 9. 11 Reply to the Seoul Cityobs opinion
concession agreement on Subway Line 9 pliasection of Public and Private Infrastructure
Investment Management Center

13. 9. 24 Reflected the verification results of Seoul Public and Private Infrastructure
Investment Management Center, contract reviewntead the Ministry of Strategy and
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Finance

13. 9. 27 Completion of consensus on the details on the stock purchasing and sales agreement
between seller and buyer

13. 9. 30 Consultations with fund manager regarding the Citizen Fund
13. 10. 2 8 Business con#tations with the Ministry of Strategy and Finance
13. 10. 17 Report to Seoul City Council

13. 10. 22 Concluded the stock purchasing and sales agreement between existing
shareholders and new investors

13. 10. 23 Concluded the stock purchasing and saleermgnt and amendment to the
concession agreement
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Night Bus: Route Design Using Big Data

Shin Lee / Yoo Gyeong Hur, University of Seoul®

1. Period of Policy Enforcement

The night bus,orsoal | ed 6 Owl Busé6é, was first enforced i
night time, as needed by the citizens, at affordable prices by designing routes using big data.
Already having an interest in the use of big data, Seoul citlyzed data obtained by the Dasan

Call Center, which demonstrated that citizens had considerable interest in the traffic field.
Furthermore, communication with citizens via the internet displayed that there was a demand for

public transportation that couloe safely used at night time when bus services normally end.

These led to the initiation of this policy.

Two demonstrative routes were operated from April to July of 2013, and from September 12,
2013, the system was expanded to 9 routes.

2. BackgroundInformation

1) Night Bus

Economic activities in Seoul are carried out 24 hours a day, in reality. Countries that display a
considerable amount of traffic at night time mostly rely on taxis. However, these are not a
sufficient alternative due to a lack sfipply compared to excessive demand, poor service
(rejection of passengers), safety problems, and high costs during peak night hours. Some of the
citizens that participate in night economic activities are service consumers, including restaurants
and entdainments, and while others include low income workers, businessmen and company
workers, as well as students. Thus, a lack of public transportation at night time signifies the
restriction of economic activities at night.

In certain night service corporatin s , such as 6clubs6é6 in | arge cit

5 Translation by ESLE
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individually operated to provide transportation to the citizens who reside in adjacent suburbs or
smal | cities. Seoul city is reputedingsmsa 6city
of its active night economic activities, including entertainment and pleasure services. Thus,
although the chauffeur service is broadly used and somewhat established based on a firm demand
without depending only on taxis, taxis or chauffeursnatereasonable means to the young class

and those of a low income, and thus, the selection of night transportation means is insufficient.

The citizens expressed this inconvenience through an electronic governmental communication
channel, and the city asseed the introduction of night buses.

Meanwhile, since Seoul city was interested in using big data in administration, the intention of

the application of big data in the transportat:i
analyzing60Ohousand cases at the 6120 Dasan Call Cent
channels, it was displayed that the citizens had the greatest interest (25.5%) in the transportation

field. Other than establishing the night bus route, big data was adaruthe reduction of traffic

accidents.

2) Reducing Traffic Accidents

The number of deaths from traffic accidents in Korea is the highest among OECD countries,
which is two to four times the amount of the generally perceived advanced countriesmiies nu

of deaths per 100 thousand of the population (2009) was 4.8 in Seoul, 2.4 in London, 1.6 in Tokyo,
and 1.4 in Berlin. However, this number of deaths has been decreasing over the past three years
due to the initiation of improvement projects in areéh Wequent accidents. Consequently, the
number of deaths decreased from 501 (2009) to 378 (2013), and the number of injured decreased
from 63,584 (2009) to 56,761 (2013). This is the result of the 24.5% reduction of casualties with
the improvement projéén 266 areas of frequency accidents over the past three years. Various
policies have been initiated in attempts to reduce traffic accidents, in relation to the initiation of
the customized traffic safety measures for the elderly and children. Thisipparsproject of
luminous vests and safety indicators on handcarts for all elderly citizens collecting waste paper
(6,354 people) and the expansion of elderly protection zones (more than 20 zones each year), and
policies establishing traffic safety expance classes for the elderly. The obligation of traffic
safety education upon renewing driverdés |l icens
children protection regions (more than 50 regions each year), safe commutes to and from schools
is suppated by the operation of traffic safety instructors for elementary school students within
these regions. Furthermore, policies such as the expansion of pedestrian crossings (105 crossings
including 50 diagonal crossings) and intensive control of illeggdpshg on sidewalks (138
regions), contribute to reducing traffic accidents involving children.
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3. The Importance of the Policy

Implications from Developing Countries:

Seoul is a city that competes for its position among the top in the waddnns of the level of
planning and supply of public transportation. However, at the time the demand for night buses
was recognized, an additional budget for the service was not prepared. As a result, the means
devised from the mission and condition of dypm customized services diligently responding

to the demands of the potential users without wasting the budget in the standard plan and supply
of the bus routes was the provision of an incremental service expansion of services by assessing
the revealed qeference and route design using big data. In this sense, there are remarkable
implications to the policy makers of cities that are unable to provide public transportation services
within situations where such need has been verified, due to financiatiess and of cities that

have poor traffic information required for public transportation service supply plans.

First, poor data infrastructure is a problem that is commonly faced by most developing countries.
Regular surveys on passengers are condutisalintries with abundant resources and where the
traffic count on roads comprises the basis of constructing traffic data. Since such research costs
are very high, it is difficult for traffic data to be properly carried out in poor countries or
developingcountries.

Second, even if resources are not particularly weak, if mobile phone usage data can be used to
provide consumecustomized bus routes, the city government could provide multiplied
convenience to the citizens by using the resources to berueddonstruction of traffic data on

the development of other public goods. The means of using mobile phone data on traffic plans is
a field that is interested and developed more in advanced countries than in developing countries.

Even in developing cotnes that do not have the data required for city planning, including traffic
data, the users display a mobile phone possession rate of near 100%, particularly in large cities.
These countries have the basis for similarly using big data on city plansdimglpublic
transportation planning.

The large cities of developing countries have a relatively low number of cars and, thus, have a
greater need for public transportation than rich cities. Regardless of this, bus networks are not
properly formed in mostities. The commonality of the cities, such as Jakarta, Hanoi, Phnom
Penh, and Kigali, is that thers a significantly high number of motorcycles over public
transportation. Motorcycles have much greater flexibility and convenience than cars in certain
aspects, and provide reasonable speeds to be depended on godaatiorsmeans in a large city.
However, motorcycles do not have the efficiency of public transportation and this could reduce
traffic energy and the usage of roads by transporting a tangder of passengers at one time.
Thus, the excessive use of motorcycles is already becoming the main cause of worsening
atmospheric contamination and traffic congestion in mega cities of developing countries where
various city problems are surging.

Motorcycles are the method of transportation selected by the citizens as a means that most
proficiently satisfies the needs of transportation with restricted resources and the absence of
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adequate public transportation. However, if a suitable method of pudtispirtation is not

provided at an opportune moment by considering motorcycles as an appropriatertong

measure, the traffic in these mega cities will gradually face a serious problem. That is, various

cities will experience growth and development whirdividual commute patterns become

per manent , and as the residentsod incomes 1incre
cars, which will restrict sustainable development.

Seoul 6s night buses, whi ch pr orgughdr@ute plagns thamna | ser
use big data, lack official data, but are part of a policy that has a high value of application in
developing countries with a very high possession rate of mobile phones. The bus routes are
planned using already existing mobile phtistory data, and the service is gradually expanded

to prepare a basis of public transportation. Thus, there is a need to change the direction of the

current unsustainable move.

There has been a case in which the IBM research team devised a busAbidg@im the capital
of Ivory Coast, where there were no previous bus route networks, using the mobile phone data
provided by the global communication company of Orange in 2013 (BBC 2013).

Planning a Consumdocused Policy

There is significance in th#te demand of the service users was reflected and big data was newly

applied in understanding their behavioral patterns during the process of planning the
transportation service. The use of big data enabled the service to directly capture the actual

propet i es or behavioral patterns of the O6popul ati
to the purpose of the supplied. User and consdmrased policy can therefore be planned through

the attempt of using the collected data, and ultimately, it achiese=ased usability, effect, and

service quality of the policy.

Most existing policies did not attempt in understanding or considering the main body of society

and delivery system using public services due to the planning and execution of the supply unde

the supervision of the government. The policy also has a special value in preparing an opportunity

that can more accurately reflect human social perspectives to a scientific approach by designing

a service focused on big data which observes and anahedsehavior of the main body of

society, exceeding the traditional restrictions of planning. It is also noteworthy that private
information and public information were combined, unlike existing policies that usually depended

only on public data. There@dsoas i gni fi cance in that this is Kor
plan an optimized policy using big data in a city traffic policy, and simultaneously, it proposes

various possibilities for the use of big data.

Ahn, Y. J. and Kim, S. | (2014) anaba the cases of use of big data, including overseas cases,

by recomposing Peter Morvillebés honeycomb mod e
wherein Seoul cityébs night bus was evaluated a
usability, credibility, accessibility, and public value as shown in Table 1 below.

Tablel: User Experience Evaluation Table on Using Big DatiéPublic Sectorof Seduls Ni ght Bus
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The demand of night buses was recognized after analyzing
Usefulness from Dasan Call Center, and it was determined that this se
would be provided

After demonstratively implementing two routes, the numbe

Usabilit
y routes was expanded to 9 routes

The predicted values obtained by analyzingattneval/departure
points from the traffic card and 3 billion cases of telephone
were almost accurately consistent with the actual populati
night time

Credibility

High accessibility where anyone can access and obtain nec

Accessibility formation

Focus on the purpose of public value and not on the purpc

Public Value : ,
private profit

Source: Ahn, Y. J. & Kim, S. I. 2014 Partial editing of p.447

4. Relevance with Other Policies

Seoul city has great interest in using big data throughout its administration. The prioritized
intention of applying big data in the traffic
analyzing 600 thousand calseGemtferd@t aorie oonf tthlee 6
complaint channels, it was displayed that the citizens had the greatest interest (25.5%) in the

traffic field. Big data was also used in the reduction of traffic accidents, in addition to establishing

the night bus raie. Big data and information communication technology are diversely used in the

electronic governmental field in an attempt to promote citizen participation and the efficiency of

city administration.

5. Goals of the Policy

Night Bus

1) By concentratig services in areas with high demand of night transportation, high bus usage is
achieved in order to enhance user satisfaction and support night activities (this service can easily
be cancelled if the usage rate is low)

2) Safe return of citizens to théiomes during night time (midnight to 5am)
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Reduction of Traffic Accidents

Reduction of fatal traffic accidents Deaths from traffic accidents is reduced by less than 1/6
(430> 70)

1) Combined repair of the traffic environment in the residentia¢ Zantroduction of the garage
verification system in the residential zone

2) Improved safety of public transportation / reinforced security (prevention of crime) in public
transportation

3) Reinforced speed restriction of vehicles on the main roads ircithe60-> 50km) /
Construction of a system that immediately responds to all fatal traffic accidents

4) Operation of O06Seoul EYEO® t h doudopenatiomofthe cont r ol
Seoul safety situation room

(Seoul Traffic Vision 2030)

6. Main Policy Contents

Night Bus

Decision Making GroupPrivate Cooperative
Policy Participating Grou@eoul city, KT (communication company)

Other Parties of Interestaxi corporations, bus corporations, chauffeur corporations,
citizens

Process obecision Making:

Began at the request of citizens and developed as a service product through the
cooperation of private and public organizations

Due to restricted resources in the beginning of the service and in a situation where there was no
public night bus service, a demonstrative operation of restricted routes was necessary. And, in
order for the demonstrative operation to perform its role as an accurate test, it was most important
to apprehend the demand of night buses to plan optimum bus routerigkitthere might be a
demand, if the optimal locations are not properly understood to result in a poor usage rate of the
test, there will occur the risk of arriving at the conclusion that night buses are unnecessary.

Here, rather than depending on exigtbus operation data or the intuition of professionals, Seoul
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city decided to apprehend the actual demand of night buses using big data, particularly, taxi smart

card data and communication history from mobile phones, which had been discussed locally and
internationally for its usability at the time. Through several meetings between Seoul city
employees and private professionals, the usability of big data was examined, and a joint initiation

strategy was prepared. Specifically, the call location informatiowas pr ocessed as 0
datadé and the billing address was processed as
resulted in the determination of the night bus routes.

To achieve this, Seoul city concluded an MOU with KT Corporatiot prepared a method of
obtaining personal location data from mobile phone call history. Although KT Corporation
recognized the value of call history, KT could not use the data due to the issue of the violation of
privacy. Thus, the opportunity of usinigig data within the frame of a project for public benefit
was welcomed by KT, and they decided to provide the call records to Seoul city, under the
condition that the privacy of the consumers would be protected through methods of separating
data field relted to personal profiles.

After successfully operating the demonstration run of 3 months, 3 billion cases of calls from KT

over the month of March 2013 were analyzed. As a result, it was indicated that the greatest
floating population at night time was litongdae, followed by Dongdaemun, Shillim, Gangnam,

Jongno, Garak Market, Shinchon, Nambu Terminal, Kondae, and Apgujeong. Upon analyzing the

data of taxi rides during night time, Gangnam displayed the highest demand, followed by Shillim,
Hongdae, Kondae,Dongdaemun, Gangbuk Office, Shinchon, Cheonho, Jongno, and
Youngdeungpo. The call data and 5 million cases of taxi rides at night time were combined to
visualize a pattern of the floating population on a map using the geographic information system

(GIS) ofKor ean ESRI , whi ch was analyzed on the 06Ni
Systemdé developed by the city.

The entire region of Seoul was divided into 1,250 cells of 1km radii, to indicate the floating
population and traffic demand, and the existing tawutes, floating population at different times

and days, and the pattern of traffic demand were analyzed. In addition, a reanalysis process was
conducted, including a calculation of the weight of the floating population near the routes, to
deduce the ophum routes and intervals (Seoul City, 2013). As a result, the routes were selected
by constructing a radial network connecting 9 suburbs surrounding Gwanghwamun (Fig. 1). The
results of the simulation verified that the predicted values obtained fromighagata were
approximate to the actual values, and thereby, the night bus routes were finalized.

Although N61 had been planned to pass through Nambusunatowand Dongiro at the
beginning of the planning phase, the results of the analysis display#tetigavas a high floating
population in Hyoryeongo and Neungdongp, near Kondae and Nambu Terminal Station.
Therefore, the route was modified, and N13, which was planned to pass through Jangehungdan
ro, was also modified to pass through DonghoWith respect to the route number, N refers to
night and the two numbers indicate the locations of departure and arrival. Seoul city was divided
into 7 areas, with each area allocated with numbers from O to 6.
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floating population

Visualization of the Optimization with simulation Final route plan
concentrated area of the of each route

1. Analysis of the concentrated area of |
floating population

74809t e v oot i aion

2. Verification and optimization of the rout
based on the floating population

Y AR OR wome w et e el

3. Adjustment of thénterval of buses based (
the floating population

4. Reflection of the night bus routes ba
on the analysis result

Figure 1: Process of determining routes, intervals, and stations of the night bus

Source: Ma, K. K. 2015; Seoul City, 2013 (Seondg;.Jet al., recited from 2014)

Main Features of the Service

1) Demonstrative operations were conducted on two routes for three months from April 19, 2013,
and as a result, it was displayed that the number of accumulated passengers was 218,212, which
was higher than expected. This was calculated to a daily average of 2,098 night bus passengers,
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with an average of 175 passengers per bus per day. This is 65 higher than the average of 110
passengers per day on standard buses.

After officially initiating 9routes in September 2013, the official data was published in November
2013. According to this data, a total of 304 thousand passengers used the service for 50 days,
which equates to an average of 6,079 passengers per day. Among which, 64.6% users&vere offi
workers, 23.5% were chauffeurs, and 11.9% were students (Seoul City, 2014).

With respect to the days of the week, the usage rate was the highest on Saturday morning, with
55.2% of the users concentrated within the 2 hours from 1am to 3am. The usagesnalatively

low during 12am to 1am and 4am to 5am, when subway and local buses were in operation. The
usage rate was also affected by the distance of operation, and whether the route passed through
subway stations, Jongno, and Gangnam. That is,wbedutes where the number of passengers
exceeded the average number of passengers had operating distances of over 70km, passed through
more than 20 subway stations and passed through Jongno or Gangnam.

All 9 routes are displayed on Fig 2 below.
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L
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Figure2: 9 Night Bus Routes
Source: Seoul City 2014.

The operating time of each route can be checked on the bus information terminal (BIT) installed
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at each bus station, the traffic information center mobile applicattgn/fm.bus.go.kr ), the

TOPIS internet websitép://topis.seoul.gokr ) or t he smart phone applic

Portal o). Meanwhil e, the current tramammerrabl e
Jongro, and Gangnam Station, where there are many passengers.

Three routes pass through Seoul Station, five routes pass through Dongdaemun, three routes pass
through Jongno, and three routes pass through Gangnam Station.

3) The interval between bas is 40 to 45 minutes, which is rather long, but the buses would arrive
and depart at the exact times in comparison to night buses. The fare is 2,150 won (Seoul City
internal data, 2016) when paid with the traffic card. Buses on the four routes witngest
distances were planned to leave simultaneously from the garages on both ends, in order to
minimize the space between intervals in both directions. Buses on the four routes with the shortest
distance were planned to drive the full routes by turaingeoul Station.

4)y Through an open contest in June 2013, the br
image of an owl driving a bus was designed. For the Owl Bus to be easily distinguished, the
character is indicated beside the route numbeherLED display on the front and sides of the

bus.

BIN37: 5 s

guja|s{ A

Owl Bus N37 Night Bus

Figure 3: Logo selected in an open contest and the night bus electronic display

5) In a survey conducted on 500 passengers after three months of operatingésothe night

bus received a service satisfaction score of 80.15 points (74.3 points for standard buses), and 88.4%

of 1,000 respondents indicated that they wante
survey. Thus, the service was expande toutes from September 12 of the same year.

6) The additionally selected 7 routes used the updated big data, as a result of which displayed that
the floating population was concentrated in Gangnam, Hongdae, Dongdaemun, Shillim, and
Jongno during nightitie. Thus, the initial plan was modified on six routes. Conclusively, a radial
network that passes across the city from Gangnam was composed.

7) As a safety device, the speeding prevention device, which restricts the speed of the buses to
70km, was equipmkon all night buses, and a partition wall was installed for the safety of the
driver. Furthermore, an emergency contact network was constructed with nearby police stations
in case of emergencies.
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8) In order to prevent the drivers from participatingtimeo work during the day time, night time
exclusive drivers were employed, with an increase in their wage from 1.75 million won to 2.14
million won, and it is planned to allow the transfer of the night time drivers to day time based on

their work evaluatio.

9) A method of returning the profit to the operating corporations is being examined.

10) lllegal operation of cars on the bus routes that may conflict with the night buses are to be

intensively controlled with the cooperation of the police (pursuastrticles 81 and 82 of the
Passenger Transport Service Act).

Reduction of Traffic Accidents

Seoul City has established a traffic accident measure by analyzing various big data
billion cases regarding the traffic accident history, weather, vehicle speeds, digital op
gauge, and floating population obtained by public and private aations, and will be
officially enforcing a traffic accident measure from early this year.

The traffic accident measure was prepared based on the rest M
intensively analyzing the five categories of traffic accidents :
children and elderly pedestrigntraffic accidents on island bu '
road stations, drunk driving, and dangerous driving beha\ A ‘

These five categories are specifically examined below. p-§

(o)

Preparation of the Traffic Accident Measure through Big Data Analysis

The analysis of big data comprises an integrated analysis of the floating population,
during relevant time periods, and surrounding traffic safety facilities, after reviewin
location and time of an accident from traffic accident history. Tuiately analyze big dat
Seoul city has composed the TF team for the collection and analysis of big data for o
The TF team analyzed the correlation between data that were scattered, to reveal p4d
traffic accidents, and established afraf s af ety measure base
five categoriesb.

>@»

Data Pattern Insight Policy
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Cities of the World
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Remarkably high ratio of injured compared to deaths among Korean cities

(134, %)
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20%
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Seoul Busan Daegu Incheon Gwangju Daejeon Gyeonggi Gangwon Chungbuk Chungnam Jeonbuk Jeonnam  Gyeongbuk Gyeongnam
[Ratio of injured to deaths in each area]

7. Technical Details Night Bus

In view of the process of determining specific routes, the raatiysis was conducted by creating

a density map based on the starting point and destination, and a relevant buffer was set to calculate
the actual demand on the hexagon within the buffer. Here, the weight of each distance was
calculated, and the differentetween existing routes and the routes formed as a result of the
statistics were verified. The amount of transportation was indicated by a hexagon at each bus stop,
and the buffer was set, followed by the application and calculation of data for eackatiesti

and starting point.

Furthermore, the spaces between each bus stop were connected with a line, and any overlapping
lines were thickened to visualize the system. Here, the demand for the night bus was calculated
by reflecting the floating populatioburing this process, the modification of bus stops and routes

was proposed concerning 8 routes, which was partially accommodated. Through cooperation with
bus policy organizations, routes with greater demands and floating populations were created
(Seoul Gy, 2013).
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Figure4: Seoul City Night Bus Intensive Analysis Chart
Source: Seoul City, 2013

Reduction of Traffic Accidentsttp://www.slideshare.net/crashs/As876300

8. Policy Effects

Night Bus

1) The night bus route, which was designed with the use of big data, achieved an amount of
transportation that exceeds 5 to 10% of existing routes.

2) The citizens that participated in night activities saved transportation costs, and theeaseful

of a safe, convenience, and affordable night transportation means is estimated to have increased

the participantso6é night activities (verified b
In fact, the female population participating intmigctivities increased by 11% (Seoul City 2014).

3) There is the effect of preventing night crime (possibility of collecting substantive data).
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4) The rejection of passengers by taxis reduced by 8.9% as an additional effect.

5) Within the increasing doestic and international interest in the usability of big data, this
became a very practical case that noticeably relieved the inconvenience of the citizens at a small
cost. Thus, it displayed a futuogiented aspect of administration that moves withwation and
dynamicity.

6) This policy was selected as the second place in the top 10 policy vote during the first half of
2013, and was reported in various national and international media outlets.

Currently, there are increasing domestic and foreigarirgtions and public officials that wish

to share Seoul cityb6s Dbig data administration
benchmarking city model. As an example, the CEO of NESTA, the British National Science,
Technology and Arts Foundation visit&eoul city to inspect the night bus route establishment

system, and visited other cities and organizations, including Taipei in Taiwan, Jakarta in Indonesia,

and the World Bank to disclose a case publication in relation to using big data.

Reduction otraffic accidents
http://www.slideshare.net/crashs#45876300

(Composition of institutional effect/response means for each group in the link below)

Traffic accidents involving child pedestnis
Traffic accidents involving elderly pedestrians
Traffic accidents in island bus road stations
Accidents from drunk driving

Analysis of dangerous driving behaviors

9. Challenges and Solutions

Challenges in the administrative procedure to use big data

IT technologies are necessary in the use of big data in policies. However, the administrative
procedure for the practical use of big data may be more complicated and difficult. Hardware and
software technologies that process big data can be procuredhhyglmloal IT technologies, and

thus, it may be a rather simple problem, whereas the administrative procedure is fundamentally
much more complex.

During the early phases where experience was insufficient, trials and errors were unavoidable.
However, basedn the experience accumulated by conducting various projects related to big data,
such as the selection of the night bus routes and the analysis of the elderly welfare facility sites,

83


http://www.slideshare.net/crashs/ss-45876300

Seoul RBlicies That Work Transportation

Seoul city developed an administrative framework that can efficienthagebig dataelated
administrative procedures. This was completed in five stages, and divided into 14 activities and
41 tasks. Through this framework verified by the execution of actual projects, Seoul city was able
to more efficiently find resolutionsytsystematically operating the relationship of various parties

of interest in any succeeding big da¢dated projects.

For instance, an intimate cooperation between the department obtaining data and the IT
department handling big data was important. Tigtoseveral education programs and workshops,

a bond of sympathy and the will to actively cooperate with one another was formed between the
departments and these formed the core elements of achieving a successful project. Furthermore,
the priority task wadeduced by conducting a big data curator nurturing course, and the problems
and difficulties were shared with various external organizations, such as private organizations,
academic organizations, and research institutes, in order to collect opinionsheaably
constructing a cooperation network (seoulsolution.go.kr).

Burden of Financial Support

According to the quagiublic bus system agreement, which enforced service enhancement
through guaranteed stable management of bus companies and enhaneedfupablic
transportation by Seoul city from 2004, financial support was provided. The amount of financial
support provided to supplement the deficit of local buses reached 1 trillion 469.4 billion won from
July 2004 to July 2014. The deficit compensatiameased from 94.2 trillion won in 2003 before

the enforcement of the quagmiblic system to 230 trillion won in 2014, which continually
increased since the enforcement of the gpablic system. It is indicated that one of the reasons

for the increasén the financial support cost is that there is no longer a need to modify or cancel
the routes of buses displaying poor usage, since financial support is guaranteed for deficits of
local buses.

Night buses also display a concentrated usage rate durinp BZam, and thus, it is possible that

a deficit will result during other times on certain routes. In order for the night bus system to
become establish as a system that has steady institutional effects and has the advantage of
preventing any additionalrfancial consumption, there would be a need to adjust the interval of
buses by considering the time periods.
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Exclusive Median Bus Lane Network

Shin Lee, University of Seoul®

1. Policy ImplementationPeriod

Buseshave been serving citizens for decades as one of the most typical public tremspes
along with subways; however, irregular service intervals due to traffic congestion have
inconveniences and led to citizens gradually avoiding bus usecéwssaquencehe exclusive
medianbus lanesystemwas first introduced ithe second hatif 1986 as part of the bus priori
policy, one of the ways to induce the transition frprivate cargo public transporiodesin

the wake of a vicious cycle of increasing the use of private cars and increasing traffic con

Since the first exclusivenedianbus lane system was implemented by installing road
exclusive bus lanes on Wangsan Road in 1986, the total length of exclusive bus lanes
224.5km in 1999. The exclusive median bus lane system designating the median lanes
as the eglusivemedianbus lanes was first introduced to Cheoswla@ro in 1996, and it has be
regularized since the time of reorganizing the popular transportation system by
Metropolitan Government in 2004.

Since its introduction in July 2004 to Dobehtaro, SusaekSeongsaiio and Gangnam
daero, it has been expanded on average by 15km per year mainly on roads with hea\
congestion.By the end of 2014, 117.5km of exclusive median bus lanes have been b
operated thus providing fast and shfes services by connecting major arterial roads witt

clogging.
As of 2016, 119.3 km of lanes designed for the exclusive use of buses, in an effort to i
efficiency and customer satisfaction, are operated throughout the city of Seoul.

2. Background Implementation

6 Translation by ESLE
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Until the 1960s, bus transportation served esrdral role in public transportatiodowever, its
role hal gradually declined due to the increase in private cars following the continuous ecc
growth since the 1970s and the develepimof other public transportation systems resul
from the expansion of urban areas. The rapid increase in private cars caused traffic col
problem in large cities. Among the traffic system management techniques that appeared
this problemthe exclusivenedianbus lane system reaffirmed the importance of the bus.

The Traffic System Management Act, which has been enforced since the early 1970s
shortterm lowinvestment method designed to curb traffic demand and to optimize the
existing traffic facilities, while the existing method was a lbegn highinvestment methoc
focused on increasing traffic facilities. The exclusimedianbus lane system is one of the
traffic system management techniques, and is a way predicted to anticipate the transiti
the demand for private cars to that of busesugh the improvement of bus and its services
particular, as a method of simultaneously reducing the demand and supply of traffic.
Such an exclusiveedianbus lane system enables the same transportation capacity as li¢
transit at a much loweinvestment cost than a subway system; moredv@an be easily
improved or restored during operatidvhost of all, it is effectiven encouraging the conversic
from the demand for private cars to that of buses.
In South Korea, since the exclusiveedian bus lane system was implemented for the first t
by installing a roadside exclusive bus laneWangsan Road in 1986, a total of 218.5
exclusive bus lanes havedreinstalled in 59 sections.

Full-time - 23 sections, 46.1km (07: €1: 00)

Parttime - 18 sections, 44.6 km (07: 4®: 00, 17: 0€21: 00)

Exclusive median lanel2 Corridors, 119.3km

3. The Importance of the Policy

The importance of exclusivenedian bus lane policieshad previously been theoretical
emphasized by US and UK traffecholars (Downs 1977; Mogridge and Williams 1985).
other words, according to the theory, if a road is expanded or newly established to mitigat
congestion, it will have a shettrm effect on improving the travel speed first. However,
capady of the expanded road will encourage new traffic and the speed will increase a
the longterm while the policy that increases only the travel speed of public transportatic
have a positive effect on relieving traffic congestion by increasgaivel speed of both publ
transporimodesand private cars through attracting traffic users to public transportation.

In fact, it was observed that not only bus travel time but also the speed of the normal Iz
improved in the exclusive median blene system which was carried out at the time
reorganization of public transportation in Seoul. In other words, this policy is an examr
exemplary policy implementation that realized the theoretically proven effect of incre
public transport spags. It has thus been seen as one of the main policies thahdaled
movement among the various means of transportation, which was at the time very diffic
to an ever increasing use of private cars. It is difficult to separate the effects ofuintipolicies
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because public transport reorganization is being achieved as an overall blend of diverse
but in the absence of such a series of popular public transport policies, automobile ownel
have continued to use their cars, then asther cities confronted with similar situations, t
carcentered culture would have persisted as ownership and use of cars continued®tahi:
a dependence on cars would have continmedking the conversion of the transportation me
extremely diffcult. This is an important policy that has contributed greatly to the Stylal
flexibility in the modesof transport where the car owners do not solely rely on their cars bt
on public transportation depending on situations as a mixed result olvénall policies tha
have increased the competitiveness of the bus when compared &uchras the integration «
bus routes, integration of fares and automation of traffic information.

4. Relevance withOther Policies

The establishment of exclusiveedianbus lanes in Seoul has made the most remark
progress within the larger framework of the transition level of public transport system rt
as is widely known. Therefore, it is closely related to major policy fadtmat constitute th
public transportation systefmsuch as the integration of bus service routes, integration of i
transfercenter traffic information integration and planning. In particular, the exclusive me
bus lanes that were installed ttiger with these means of 'integration’ were able to have a cl
effect compared to the previous roadside exclugieglianbus lanes partly because of t
physical difference between the median lane and the roadside bus lane, naturally. But th
was related to a series of policies that enhance the competitiveness of buses in genera
single policy that strengthens the competitiveness of busea compared to cars has limit
effects and users are able to detect the effect only when igevesated in combination wit
other policies. This policy is most closely and directly related to the policy measures tt
shorten bus travel times.

The direct policy objective of exclusiveedianbus lanes is to shorten these travel times.
is the ultimate goal of car users when switching from a car to a bus. However, bus trave
from a userb6s point of view also includ
bus stop departure time as well as the time spent on the bus. dlsodgclude the time while
the bus itself waits to comply with bus timetables after boarding. In addition, exansdian
bus lanes (with the aim of maintaining relatively higher bus running speeds than those «
vehicles) are only effective in ewxcoming a drop in driving speed due to congestion; how:
the cannot control other factors such as signaling systems and accident vehicles. There
policy is closely related to overall policy measures that can reduce the total travel time
buses such as the integration of charges mobilized in public transportation integration
particular, electronic freight payment means, service linkage with other public tramsias
bus stop connections and the automation of public transpamntriation as well as having a clo:
complementary relation with a series of TSM (Transport System Management) such as s
system synchronization, bus priority signal system, control and management of bus st
surveillance of illegal parking arilegal use of exclusivenedianbus lanes.
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5. Policy Objectives and Processes

The policy objective of the exclusivaeedianbus lane system is to secure lanes that can on
used by buses in the regions where the average travel speed is habituallyeldov traffic
congestion, thereby allowing the bus to maintain a superior travel speed when compare:
using the remaining lanes as well as to actively encourage the people who use cars to !
buses.

The following conceptual flow chart shows well how the installation of excluse@ianbus
lanes can lead to the transition from cars to public transportation and contribute
improvement of overall road conditions.

Improvement in Service Level of Public

Transportation at Traffic Congestions

N

Improvement in M Balancing the Improvement in bus
Road service levels of travel speed
public

transportation and

private cars (high

service level)

Continual rise of Increase in conversion

) ) from private cars to
public transportation P

public transportation

use

Improvement in the Increase in  the

service level of public income from bus
'—

transportation operation

Figure 1. Improvement in Congestion by the Introduction of ExcludiedianBus Lanes
Source: Han, Sandjn (2007) Opinion

Installation Process of ExclusiiedianBus Lane by Year
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The following three figures show the gradual expansion and distribution of exciostian

bus lanes
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Figure3: Installation Planning Map of Exclusive Median Bus Lanes in Seoul Metropolitan Govern
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Figure4: Installation Planning Map of Exclusive Median Bus Lanes in Seoul Metropolitan Govern
Ministry of Land, Transport and Maritime Affairs, 2013

6. Main Policy Contents

The exclusivanedianbus lane system in Seoul was first introduced in 1986 based on the
Traffic Act, and a total of 218.5km exclusive bus lanes have been installed in 59 sectior
first appearing on Wangsan Road and Han Rila&ro.

As for exclusivamedianbus lanes ftere are roadside exclusive bus lanes and exclusive m
bus lanes. For the roadside exclusive bus lanes, the length of the exclusive bus lanes ¢
from 224.5km in 1999 to 89.3km in 2011, while the number of exclusive median bus
increased from 4.5km in 1999 to 121.1km in 2011, which is more than 30 times increast
roadside exclusive bus lanes are installed on the roadway on the roadside, divided into-
(07:00 to 21:00 on weekdays) and part time periods (07:00 to 10:00 and 120@@oon
weekdays), and are not in operation on Saturdays, Sundays and public holidays.

The exclusive median bus lanes provide exclusive lanes to the median lane of existing rc
may also be equipped with protective fences to prevent the entryesfuahicles. While the
smooth driving on the roadside exclusive lanes is often interrupted by parked vehicles or»
turning right, there is no need to reduce the speed while driving on the exclusive med
lanes because of far fewer interventidnem other vehicles. Therefore, there has bee
tendency to reduce the number of roadside exclusive bus lanes and to increase the n
exclusive median buses because achieving the primary purpose of maintaining a superio
speed is more ceita The first 24hour exclusive median bus lane on the common road
opened on Cheonhkaaero, and in 2004, the exclusive median bus lanes were put int
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operation in Gangnaflaero and so on along with the Seoul Metropolitan bus reorganizat

The exlusive median bus lane was introduced as part of the public transport ¢
reorganization project in 2004 and has been continuously expanded for more than 10 ye

The Seoul Metropolitan Government has already been building radial median excladize
bus lanes with its center downtown, and will further establish aresstconnection systel
linking the subdowntown areas (see Figure 4).

Currently, the Seoul Metropolitan Government is working toward increasing the current di
of median exclusie medianbus lanes in operation in 12 corridors from 115.3km to 134.
adding 19.2km by 2016. Moreover, it will also improve the connectivity of the median lar
examining the construction of the exclusive median bus lanes on the arterial roadsiat
subdowntowns east and west.

Exclusive Median Bus Lane Route Planning Ma =

e E _ s

Hrema=— ) e R

Figure5: Seoul Metropolitan Government Exclusiviedian Bus Lanes Planning Map

SourceTraffic Operation Information Servic@013

First, five additional sectionsill be installed by 2016, which will increase the efficiency of
existing exclusive median bus lanes by linking the disconnected sections among the
existing sections or by being built on the visual sections and other areas linking the niatrc
BRT (arterial bus express system) routes that are being pursued by the central governir

For the first time, all sections of the exclusive median bus lanes on Goaghtreg connec
Gimpo Airport to Yanghwa Bridge were connected.

In 2013, 1.8km bexclusive median bus lanes were installed in the Magok district se
(Airport Telephone Station ~ Balsan Station), which had not been installed with exc
median bus lanes. In addition, the connectivity of downtown section bus lanes was en:¢
2014 by additionally installing 2.2km of exclusive median bus lanes on Yarg§mehonrro
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that were installed only from the northern end of Yanghwa Grand Bridge to EwhaWoman
in order to stretch them to Seodaemun Intersection (Chungjusection)

Installation of exclusive median bus lanes: Expansion by adding 4 routes of 18.4km

- By 2017: 4 routes of 18.4 km
(Cheonhedaero 3.3 km, Hyeongp 9.7 km, Jongo 4.0 km, and Namdaemuin 1.4 km)

In addition to these additional meecting sections, the Seoul Metropolitan Government pla
expand the exclusive median bus lanes for the corridors that linttosufitown areas east ar
west. In the meantime, the system has been configured with radial exclusive median b
consising of 12 road corridors stretching to all directions with its center in the downtowr
in which the 'Sadaemuns' are located. Howeserexamination of the feasibility of installir
exclusive median lanes to connect the-datvntown areas such as Gwhk#ra and South
Circular Road is scheduled to take place.

Table 1 Exclusive Median Bus Lane Promotion and Planning

Year | Name of Route Ex(tlfr?]‘;"on Promotion & Planning Remark
Extension of In connection with
o013 | Gonghango |4 g, Dec. 2013 Opening plan Magok district
(Magok businesses
District)

In connection with the

dismantling of theelevated dismantling of

2014 | Chungjeongo 2.2km theelevated highwayin

highway 2014
Cheonhe In connection with the . .
2015 daeroExtension 3.3km extension ofcheonhedaero Extension construction
; Connecting
Dongjakd_aero 2.2km Namtaeryeong~Sadang
Extension .
Section
2016 ; .
Promoted in terms of Wirye
Heonreungo 9.7km New City project progress
status
Total - 19.2km -

SourceTraffic Operation Informatioiservice, 2013

7. TechnicalDetails

93



Seoul RBlicies That Work Transportation

Seoul Metropolitan Government is currently taking the volume of bus traffic and the nurr
bus transportation passengers as criteria for the types of new installation and the opel
exclusive lanes. Thiastdlation criteria are as follows:

For oneway threelane roads
Roadside exclusive lanes considered if:
60 cars per hour or more and 1,800 people per hour or more

Roadside exclusive lanes considered if 100 cars perhour or more and 3,000 pe
hour ormore, it is possible to provide corditaw exclusive lanes

It is possible to provide median exclusive lanes if 150 cars per hour or more anc
people per hour or more, overtaking lanes at the bus stops provided.

For oneway fourlane roads:

Roadsideexclusive lanes and overtaking lanes at the bus stops offered if 100 ci
hour or more and 3,000 persons per hour or more.

It is possible to offer median lanes and overtaking lanes at bus stops when 150
hour or more and 4,500 people per houmore

8. Policy Effects

Bus travel speeds increased by about 30% compared-tmpsgruction time of the exclusiv
median bus lanes, while the average number of passengers increasetdby 4

According to the results from the analysis of the effetigstalling median bus lanes in Sec
Metropolitan Government area, the speed of bus travel has been seen to be slightly difft
each roadHowever, the installation was analyzed to be effective in enhancing the conve
of citizens using publitransportation because of an approximately 30% improvement i
average speed of travel at peak times.

The average speed of buses was improved by about 30% from about 15km / h before the
to about 20km / h.

Particularly, in the case of Doboija-ro, which used to suffer from serious traffic congesti
the average speed of buses was improved by 9.0km / h (81.8%) from 11.0km / h be
installation of exclusive median bus lanes to 20.0km / h,

Table 2. Increase / Decrease Rafidedian Bus lane Travel Time
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. . |Speed beforSpeed aftdincrease / Decred|
Openin Extension( . . .
Date Road Name km) Opening Opening Ratio of Trave

9 (km/h) (km/h) Time

DobongMia-ro 15.8 11.0 20.0 81.8%
06 0 4 |SusaekSeongsaito 6.8 13.1 19.9 51.9%

Gangnarrdaero 4.8 13.0 17.3 33.1%

Mangwuro 4.8 17.6 20.9 18.8%
605

Kyeonginro 6.8 14.3 19.3 35.0%
6 0 5 |SiheungDaebango 9.4 155 20.7 33.5%

Hangangro 55 17.4 21.9 25.9%
0606

Maporo 5.3 14.5 19.1 31.7%
6 0 8 |Songpadaero 5.6 17.1 20.3 18.7%
6 0 9 |Gonghango (Level 1) 2.5 16.5 18.5 12.1%
6 0 9 |Noryangjinro 2.8 16.4 21.6 31.7%
6 0 9 |Sinbanpero 3.5 18.4 20.9 13.6%
6 0 9 |Dongjakdaero 2.6 17.2 21.0 22.1%
6 0 9 |Yanghwa, Shinchon Road5.2 16.2 18.6 14.8%

Gonghango (Level 2) 2.3 14.8 19.6 32.4%
610

MangwuroExtension 2.2 18.7 21.2 13.4%
6 1 0 |Tongil-Uiju-ro, (Level 1) (3.3 18.6 20.9 12.4%

Cheonhedaero (BRT) 5.1
611 (excluding |17 g 18.7 3.9%

Hanamsi
Section)

Tongil-Uiju-ro, (Level 2) |5.4 12.3 19.0 55.1%
611.

Wangsano 34 15.8 18.7 18.4%

SourceTraffic Operation Information Service, 2013

Secondly, it was shown that the exclusive median bus lanes contributed greatly to sect
accuracy of the arrival time of buses. The travel time deviation of the buses passing thrc
exclusive median bus lanes turned out to be at the level of 2 tinutes, which means th
there was much less deviation when compared to vehicles traveling the same distan
regular lanes. For example, in the case of DobdiayjRoad (15.8km), where the average tra

95



Seoul RBlicies That Work Transportation

time for buses is 44.3 minutes, the busage a deviation in travel time of £ 2.7 minutes, wi

the level of private cars is at = 15.3 minutes.

As a result, the buses of the same route did not move around in groups, they were |
arranged according to the bus stops, and the jagged dantealals were eliminated. It the
became possible to provide citizens with more convenient public transportation serv

regular time intervals.

Table 3. Travel Time Deviations of Bus Median Lanes

Road Name Extension | Average Travel Timq Deviation of Travel Time (min)
(km) of Vehicle (min) Bus General Vehicles
DobongMia-ro 15.8 44.3 +2.7 +15.3
SusaekSeongsaito 6.8 18.1 +1.2 +15.6
Gangnandaero 4.8 16.7 +1.3 + 4.6
Mangwuro 4.8 14.8 +1.4 + 49
Kyeonginro 6.8 16.9 +3.1 + 9.2
SiheungDaebango 9.4 22.7 +1.2 + 4.6
Hangangro 55 151 +11 + 54
Mapo-ro 5.3 16.4 +1.0 + 56
Songpadaero 5.6 15.7 +1.6 + 4.1
Gonghango (Level 1) 25 5.8 +0.4 +0.7
Noryangjinro 2.8 6.8 +1.2 +3.0
Sinbanpero 3.5 9.0 + 3.0 +6.2
Dongjakdaero 2.6 7.7 0.9 +1.8
Yanghwa, Shinchon Roa 5.2 134 +1.8 +3.4
Gonghango (Level 2) 2.3 15.1 +14 +1.8
MangwuroExtension 2.2 6.3 +0.9 +1.0
Tor(‘fgtéilji;ro' 33 10.9 +1.0 +1.6
Cheonhedaero (exgﬁlding . .30'2 .
(BRT) Hanamsi (including Hanarrsi 21 +10
Section) Section)
Tongil-Uiju-ro (Level 2) 54 15.3 +2.8 +54
Wangsaro 3.4 10.3 +04 +14

SourceTraffic Operation Information Service, 2013
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The number of bus passengers increased I 4n average compared to the-poastruction
time of exclusive median bus lanes even if there were still slight differences depending
road.

Table 4. Transition Trend of the Bus Passengers on the Bxelidian Bus Lanes by Road Open
Since 2009

(Unit: thousand persons / montl

Name of Road Exten3|orBefore Openin Afte.r Increasing Rate ¢
(km) Opening Passengers
Dongjakdaero 2.6 2,491 2,679 7.0%
YanghwaSinchonro 5.2 16,228 16,342 0.7%
Gonghango 23 11,072 13,743 24.1%
(Level 2)
Mangwuro Extension 2.2 11,023 11,501 4.3%

SourceTraffic Operation Information Service, 2013

In particular, as a result of comparing the numbers of bus passengers inrddigihpyeong
New Towni Seodaemuiintersection, 11.1km), which was fully opened in December, 2011
number after the opening was analyzed to have increased by about 15% compared t
before the opening.

Table 5. Transition Trend of Bus Passengers on ToodixclusiveMedian Bus Lanes
(based on weekdays, unit: persot

Before OpeningAfter Openi Variation [B-A]

78,218 89,304 11,086(15.1%)

Average daily passengers five routes (701,703,704,706,720) from Gupabal to Seoul Station
SourceTraffic Operation Information Service, 2013

Thedaily total number obus userén Seoul was 4.78 milliom 2004 during the early stage
the introduction of the exclusive median bus lanes; however, it increased to approxima
million (an average21% increase on a daily basis) in 2011.Therefore, Seoul Metrop:
Government regards the establishment of exclusive median bus lanes as having been
in the activation of public transportation use.

9. Challenges and Solutions
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Transientincrease in Traffic Accidents

In the early days of the implementation of the exclusive median bus lane system, traffic ac
tended to increase temporarily due to the unauthorized crossing of pedestrians ant
transportation users who were as g@justed to the newly changed traffic system and spe:
buses. However, the number of accidents has been decreasing every year along
continuous expansion of exclusive median buses as a result of the increase in citizen a\
and the settleent of orderly traffic culture due to the continuous promotion of the exclt
median bus lane system.

In addition, in order to reduce traffic accidents, the installation of safety fences arou
exclusive median stops and crosswalks, shock absorbersad junctions, photovoltai
rechargeable raised pavement markers for guiding the lanes and speeding prevention
at the stops were carried out along with regular safety education programs for bus transg
service workers.

Insufficient Cgacity of Exclusive MediaBus Stors

For some bus stops and general traffic congestion points where build up occurs dut
concentration of passengers getting on and off after the operation of the exclusive mec
lanes, Seoul Metropolitan Goverent will strive to resolve the inconvenience of the citiz
using buses as well as general vehicles by carrying out various projects to enhance the
of bus stops as well as traffic improvement projects to relieve traffic congestion. It wil
continue to complement the factors of traffic safety inhibition and communication obstac
observing traffic situations in sections within the exclusive median bus lanes.

Measures to Overcome Problems and Implementation Status

In its early days, therdffic accidents on the exclusive median bus lanes tended to inc
temporarily due to the unauthorized crossing of pedestrians and public transportation us
were as yet adjusted to the newly changed traffic system and speed of buses. In timeerr
the number of accidents has been decreasing every year along with the continuous expi
exclusive median buses as a result of the increase in citizen awareness and the settl
orderly traffic culture due to the continuous promotion of t@usive median bus lane syste

Since 2009, the Seoul Metropolitan Government has been improving 40 exclusive med
lanes in the city including the expansion of exclusive median stops (11 places) on Gan
daerd by promoting the 'Improvement Project for Exclusive Median Bus ¢.ane

In 2011, the exclusive median stops (11 places) on Gandgaane with high aidensity due tc
a small stop compared to the citizens
width 3m Y 4 m) , and | ast y d ia frant ofaSuyin Gtationsol
DobongMia-ro to enhance the convenience of titamsferwith Subway Line 4.

In the future, Seoul Metropolitan Government will continue to improve the operation «
exclusive median bus lanes efficiently in accordance tivégtchanges in the local environmel
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and traffic conditions by promoting improvement measures such as optimizing the inter
signal times and promoting bypass routes in order to alleviate the congestion in the e
median bus lane on Wonsam, which runs from Shinsealong to Cheongyang. It will also

look toward expanding the stop of the exclusive median bus lane in front of Gyeongir
dome stadium following the opening of the dome stadium in southwestern region.

In order to reduce traffiaccidents in other sections, the installation of safety fences aroul
exclusive median stops and crosswalks, shock absorbers at road junctions, phot
rechargeable raised pavement markers for lane guidance and speed prevention faciliti
stops were carried out along with the regular safety education programs for bus transp
service workerdn addition, for some bus stops and general traffic congestion points where
up occurs due to the concentration of passengers gettingdooiffaaifter the operation of th
exclusive median bus lanes, Seoul Metropolitan Government will strive to resolv
inconvenience of the citizens using buses as well as general vehicles by carrying out
projects to enhance the capacity of bus stmd traffic improvement projects to relieve trai
congestion. It will also continue to complement the factors of traffic safety inhibitior
communication obstacles by observing the traffic situations of the sections within the ex
median busdnes.

In the future, Seoul Metropolitan Government plansjust to construct exclusive median k
lanes, but eveto improve the function of exclusive median bus lanes by continuing to fin
the points from the existing sections which are in operatiwgretraffic congestioroccursand
incontinencedn using the buses incur.
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Reduction of Car Travel:
Transportation Demand Management (TDM)

Shin Lee / Yoo Gyeong Hur, University of Seoul’

1. Policy Implementation Period

Up until 1960s, public transportation had played a crucial role as major weveaportation.
However, since 1970s a sharp rise in the number of personal cars coupled with continuous
economic growth had caused severe traffic congestion. Transportation Demand Management
(TDM), which emerged as a strategy to resolve such traffic stioge could be seen as an
alternative approach to optimize the transportation demand by changing and attuning the demand
patterns for each transportation means and time slot, which broke away from conventional
approaches including transportation poliogudsing on supphgide policy.

Since the introduction of congestion impact fee system in 1990s, various types of TDM
approaches have been implemented including Namsan tunnel congestion charge, the parking
threshold, and mandatory charging of parking lasfén 1990s and Weekly Noriving Day

Program and car sharing in 2000s on a gradual b
TDM programs.

7 Translation by ESLE
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Figure 1. Seoul déds TDM Programs by Year
Source: Seoul Archive 2015(https://seoulsolution.kr)

2. Bakground Information

From 1970s to 1990s, Koreads transportation
emphasis on construction and expansion of road networks to make up for the absolute shortfall in
capacity. In that period, gap between supply and demand widersggdcaseconomic development

led to sharpise in transportation demand.

The number of personal cars registered in Korea had risen eight fold to 2,075,000 units in 1990s
from 249,000 units in 1980 but 20% of road expansion for the same period fell faxfshedting

the explosive demand. For those reasons even during the 1990s tremendous amount of efforts had
been made to expand facilities by promoting private investment in transportation andctionstru

at the government level.

In Seoul alone, the numbef registered cars had risen to two million units in 1995 from one
million in 1990 in just five years. Although expansion of street networks had been continuously
promoted due to a soaring rise in the number of cars, road supply failed to catch upewith th
demand. Therefore, traffic congestion in the downtown in 1980s had been part of daily routine
and in the 1990s traffic congestion in the major arterial roads had become more serious. In order
to provide traffic facilities, largscale road constructionsad been conducted including
expanding urban arterial roads and interregional expressway network, con@sting Seoul

and new town.

Despite such a massive road expansion, the traffic congestion aggravated even further due to a
soaring rise in theumber of personal cars even after 1990s, leading to a continuous slower travel
speed in Seoul. Advanced cities across the world also shared the view that additional supply of
traffic facilities alone would not solve traffic congestion. In line with theetirthe SMG has
introduced TDM since 1990s as a stratagynitigate traffic congestion.

In the era of lowcarbon green growth when the importance of sustainable development has been
highlighted in order to reduce green gas, TDM methods and their imperave become ever

more important. TDM, in general, refers to various policy attempts which change the selection
patterns of passengersd choice of transport
effective use of passenger cars. The Urban TrRffiadjustment Promotion Act defines TDM a

policy mitigating traffic congestion by inducing reduced share of car travel, dispersing trips in
terms of time and space, and shifting travel

me

m

Readjustment Promotiohct 6 as a policy designed to mitigat:

travel, and encouraging people to utilize forms of transport other than their personal vehicles.

Act N0.10599--6 The Ur ban Traffic | mprovement n®r omot.

Management, Article 33 Implementation of Traffic Demand Management ([Enforcement Date 15.
April, 2012.] [Act N0.10599, 14. April, 2011, Amendment by Other Act]) stipulates mayors of
each city may implement TDM for smooth traffic flow, air quality, e#fit use of transportation

facilities at certain area within the cityos

through the public hearings.
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While observing the Urban Traffic Improvement Promotion Act, the SMG has developed and
implemented &rious TDM programs, reflecting urban characteristics of Seoul.

3. The Importance of the Palicy

Korea was not alone in its heavy dependence on the supply of transportation facilities as a means
to resolving urban transportation challenges. Advancedstrida including the U.S. and U.K.

had taken supp#focused approaches, focusing on accommodating rising demand until 1980s. As
doubts had been broadly raised on the previous transportation plan method and direction of
transportation policy in the U.S. (the 1980s) and the U.K (in the late 1990s), limitations in the
supply-oriented approach had beeidaly accepted.

Such doubts had been supported by theories: 6T
Downs 1977 and 0Oi nddlkyddgridge MIAH dnd Wilbams HOWE i@ pO85u a | i z e
According to those theories, expansion of roads or construction of new roads at a severely
congested region will have temporary effect, leading to a faster travel speed for a while. However,
improved road serveewill induce more use of car travel of people who have refrained to do so

due to heavy congestion. Latent demand caused by heavy congestion will convert to a real demand

to the preexpansion or preonstruction level, mce congestion gets relieved.

Evenwi t hout theoretical supports, the general pul
our way out of congestion.o In the U.K., peopl
in road construction with tddemightenotine condtanily Real i s
constructed taneet the rising demand for cars

To keep abreast of global trend, SMG introduced TDM. TDM could be longer perspective
approach than supplyriented one in the sense that it could prevent and control heavy dependenc
on cars by changing traffic pattesen implemented effectively.

When is a good timing to shift from supgdyiented policy to demanrdriented one in the case of

devel oping countries whose road rate d0m notice
supply when traffic facilities are in absolute shortage? These are questions that could be raised

when discussing TDM. The right answer depends on what level of travel mode share is
determined to be optimal. The crucial thing is that supply and dkisarot a matter of choice

between the two. If supply is done enough, it greatly matters to manage demand and supply
properly.

Some argued that congestion i mpact fee system
has been noticeable effect bynttmining it with TDM involving/for companies.

4. Relevance with Other Policies

While keeping in mind of the limitations in the supjbcused transportation policy including
expansion of transportation facilities and construction of roads, pmiegept of transportation
system management (TSM) emerged. Transportation system includes both physical system and
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passenger, the human element.

Transportation system management could be divided into two: transport system management

(TSM) which highlidhts effective operation of traffic facilities, and transport demand
management (TDM) which focuses on managing demand of road use by transportation facility

users. Some management approach belongs both to TSM and TDM as demand for cars could drop
bychangng t he patterns of wustomd yf dcinleistbi es.dukers o
supply of transportation, which was designed to induce the personal car ownegsbigs Usy

improving bus service.

TSM and TDM by nature have common denominators aridusaapproaches belonging to each

system management have synergy effect to each other. If those mutually beneficial approaches

are combined and implemented after thoroughly checking such relations with various approaches,

it will bring about much better ecome than implementing them separately. The combination of

Obus only | anesd® and Obus priority signal syst
combined approaches, when the tigawing transit center, reime bus information, bus only

lanes volation enforcement are well utilized so the reduced bus travel time is big enough, then

majority of car owners wilprefer taking bus as desired.

After all, a series of TDM approaches have close relations with policies which make public
transportation me@ appealing while making the use of personal cars harder and inconvenient. As
mentioned earlier (part 3), it is such an irony that TDM is closely related to soipehted
transport policies. That is because TDM could contain negative effect of addsigupdy only

when implemented along with supglycused transport policy especially when the supply is
unavoidable.

5. Policy Objectives

TDM has been designed to induce changes in ind
travel time, trafficv ol ume and tr avel area by changing ove
decision making. Ultimately, TDM aims to resolve traffic congestion, change it into sustainable
transportation system which leaves less negative impact on the environment and asatiet

maintains the sustainability by changing the quantity and structure of transportation demand,

6. Policy Contents

Congestion Impact Fee System

In the 1980s and 1990s, transportation problems got severer as the increase in transportation
facilities failed to keep up with the skyrocketing rise in transportation demand, resulted from
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sharp rise in the number of personal cars and improved publicméndevel. In particular,

buildings including wedding halls and department stores caused a heavy traffic demand at specific

hours and caused a serious congestion, which led to significant social and economic costs. The
congestion impact fee system, apdrtoSeoul 6s TDM policy, was intro
levy burdens to buildings causing massive transportation demand and to utilize the money in
expanding and imprang transportation facilities.

Enforcing the congestion impact fee, as defined byuiman Traffic Readjustment Promotion

Act , resulted in facility ownefpaypayipmg nxifpde I
to indirectly rein in the concentration of facilities that cause congestion in the city and to secure

funds for improverant of the city traffic situation. While some facility owners have objected to

this additional financial burden, public consensus was reached on the necessity of a system
designed to reduce the social and economic losses caused by the traffic conga $tigmarnde

quality transpdation services to the public.

The legal basis for the congestion impact fee was in the Urban Traffic Readjustment Promotion
Act revised and promulgated on January 13, 1990. The target areas were cities with populations
of 100000 or more and cities where the Minister of Land, Infrastructure and Transport
acknowledged it necessary to levy the Act. The levied fees were deposited in a special account
for the local city transportation program, to be used to improve transporstsd@ms and
facilities such as implementation of bosly lanes.

The City of Seoul fundamentally follows the enforcement rules concerning the impact fee as
prescribed in the Urban Traffic Readjustment Promotion Act, but it also set up its own ways to
levy the fees, which are calculated by multiplying total floor area of the facilities, the unit
congestion impact fee, and the congestion coefficient. The unit congestion impact fee is 700 to
800 Korean won per m2of floor area; the congestion coefficienesdry location and use of the
facilities i from at the minimum 0.47 for a factory to at the maximum 10.92 for a department
store. The congestion impact fee is levied on owners of facilities with a total floor area of 1,000
mz2or more. In the event a fadiji is owned by multiple entities, each pays proportional to their
share of ownership.
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Table 1. SMG, Ordinance on the Congestion Impact Fee Discount [Attached Table 3]

Total floor area

Congestion Impact) Fee
of the faciliies (Cong pact)

3,000mE and . y : i
Area smaller than 3,008€ &€ 700 & congestion coefficient

smaller

2014 Area smaller than 3,008 & A 7008 congestion coefficient

2015 | [A 2.1 milion+(Total floor area3,000 nt & 800)E congestion coefficient

Over3,000M€ | 2016 | [A 2.1 million+(Total floor area3,000 né €A 900)E congestion coefficient

~

2017 | [A 2.1 million+(Total floor area3,000 nd &A 1,000)F congestion coefficient

30000m€ 5019 [A 2.1 million+(Total floor area3,000 né &A 1,100)F congestion coefficient

and bigger 2019 | [A2.1milion+(Total floor area3,000 ni &A 1,200)F congestion coefficient
2020

[A 2.1 million +(Total floor are&3,000 nd €A 1,400)F congestion coefficient

2014 [A 2.1 million+(Total floor area30,000 nd €A 800) congestion coefficient

2015 | [A23.7 million+(Total floor area30,00& A 1,000)F congestion coefficient

2016 [A 26.4 million+(Total floor aree30,00@ A 1,200)F congestion coefficient

Over 30,000n€ | 2017 |  [A 29.1 million+(Total floor area30,00& A 1,400)F congestion coefficient

2018 |  [A31.8 million+(Total floor area30,00& A 1,600)F congestion coefficient

2019 |  [A34.5 million+(Total floor area30,00& A 1,800)F congestion coefficient

2020~|  [A39.9 million+(Total floor area30,00& A 2,000)F congestion coefficient

In Seoul, thenumber of facilities paying the congestion impact fee and the amount collected has
grown every year. Since 2007 when data on the collection of congestion impact fee started to be
established, the number of times the fee was levied reached 100,684 3, and the amount

totd ed about 105.542 billion.
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Number of Times Fee Levied Total Levied Amount (KRW 1million)
120,000 105,52 120,000
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Number of Times Fee Levied Total Levied Amount (Unit: KRW 1 millio  n)

Figure 2. Congestion Impact Fees Levied in Seoul

Source: The Korea Transport Institute (2014)

Transportation Demand Management Policy for Companies

To further drive the congestion impact fee system and encourage companies to get on board, the
City of Seoul introduced a TDM system for companies, dedigmget them involved in reducing

traffic volume on a voluntary basis. This allows companies to participate in traffic volume
reduction programs, the outcome of which determines the discount on (or even exemption from)
the congestion impact fee for whitle business is responsible. In the early days of introducing

the program in 1995, companies were required to impose parking fees on cars using their parking
facilities, but this mandatory requirement was soon abolished in 1999. After the abolishment, it
became easier to participate in the program or implement the program, thus the participation rate
rose. This TDM for companies is positive for individual residents, as it targets the facilities and
companies thecreate large traffic volumes.

The TDM policy for companies stems from Regulation 15, adopted as part of Southern
Californiads Clean Air Act. The major -differen
complying companies but Seoul offers discounts/incentives instead for those that participate.

This system was first proposed in the Study on Transportation Demand Management in Seoul
conducted by the Seoul Development Institute (currently The Seoul Institute) in 1993. In 1994,
feasibility was tested in preliminary research on 6 companies logatddngnegu, and the
Ministry of Land, Infrastructure & Transport revised the Urban Traffic Readjustment Promotion
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Act and officially announced the TDM system for companies. In May of the following year, the
Seoul Metropolitan Council enacted the Seowi@ances on the Congestion Impact Fee Discount,
Etc., and by August 1, 1995, the TDM policy for companies was launched. This policy targets
buildings with a total area of 1,000 m2or more, providing varying discounts-(22% by
program) on the congestiompact fee based on participation and performance. If one company
participates in multiple programs designed to reduce traffic volume, the discounts are added
together. The traffic reduction programs that companies can choose include mandatory parking
fees, voluntary road space rationing, and commuter buses and etc.

Table 2. Congestion Impact Fee Discounts by Traffic Volume Reduction Activity

Discount
Activity Target Rate
(Unit : %)
Voluntary 5" day No Driving 20
Road Space | Odd-Even No Driving Day Facility Employees and Users 30
Rationing Weekly No -Driving Day 20
Mandatory Parking Fees Facility Employees and Users 30
20
Parking threshold Facility Owner 30
50
Parking information provision system Facility Owner 10
Use of bicycle Facility Employees 20
Phased hours Facility Employees(50 ppl and more) 20
Operation of commuter bus Facility Employees(100pp! and more) 25
Operation of shuttle bus Facility Employees and Users 15
Call cab Facility Employees 20
Car-sharing Facility Employees and Users 10
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Others Facility Employees and Users 10

Source: SMG, Summary of the Seoul Ordinances on the Congestion Impact Fee Discount, Etc.

The TDM system for companidastroduced in 1995, offered highly attractive incentives, and the
number of participating companies and the total discount amount have grown steadily. As of 2015,
some 23.2% of the facilities subject to the

Companies participating in the TDM

Program (No. of Companies) Total discounted Amount (KRW 1million)

16,000

14,000

1,018
872 “\

2006

0T

702
500 |II
2005

Figure 3. Companies Participating in the TDM Program (2013)

Source: Internal data, Seoul Metropolitan Government

The demand management programs for personal cars such as the WedMiyitnp Day

Programn, and mandatory parking fees and programs to encourage the use of bicycle account for
70% of all programs. These programs are easier than others for companies to participate in, so the
participation is high. On the other hand, phased commuting hourstdctiens on the use of
personal cars by target facility employees may not be applicable due to specific business
circumstances. Operation of commuter/shuttle buses and installation of parking guide system are
costly, so the participation is low. Instditn of facilities may have a shettrm effect but not a

lasting one required for overall traffic demand management.

Congestion Charging at Namsan Tunnel 1 and 3

Singapore was the first city to implement the congestion charge followed by othersridan.

Rome, and Stockholm. Some States of the U.S. have run toll roads which applied the concept
congestion impact fees to the congested segment of the expressways. In Seoul, discussions began
in the late 1980s, but it was not introduced for circumstiarg#sons. With the explosive growth
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in the demand for cars in the 1990s came a great need to contain the use of personal cars, so the
congestion impact fee system has been implemented for Namsaal Tiamd 3 since November
1996.

According to the Urbaiiraffic Readjustment Promotion Act, a congestion charge is to be levied

on road segments according to travel speed and average delay. Targets are arterial roads or
adjacent zones under the influence of such roads where the average travel speed isdiss than
km/h (for 4 lanes or more, one way) or 15 km/h (for 3 lanes or fewer, one way) on weekdays only
(excluding weekends and holidays) for 3 or more time periods per day. The charge may also be
imposed on intersections or adjacent zones under the inflaérsteh intersections where the
average control delay time is 100 seconds or more (at signaled intersections) or 50 seconds or
more (at unsignaled intersections) for 3 or more times a day. By this standard, most major roads
in Seoul at the time when thearge was being discussed for introduction were subject to the
congestion charge. Knowing that the sudden introduction of the charge in most or all of Seoul
would likely meet severe opposition, theycdimed to phase in the system.

At Namsan Tunnel 1 and #e city began with a levy of KRW 2,000 for both directions from
7:007 21:00 Monday to Friday excluding Sundays and public holidays, based on the City of Seoul
Ordinance (no charge on Saturday currently). The charge is levied against vehicles withronly

2 occupants, while vehicles used by people with disabilities or for public psrfasdulances

etc.) are exempt.

According to studies by The Seoul Institute (2012), traffic volume on roads linked to Namsan
Tunnel 1 and 3 dropped by 24.2% a monthrafie charge was implemented. Beyond that, the

rate of decrease slowed; a year later (in November 1997), the decrease rate was 13.6%. Until
August 1998, the daily average traffic volume was 77,000 vehicles, maintaining on average
decrease rate of 14% . lne meantime, the volume of passenger cars at peak hours fell by 30%

a year after introduction, with cars occupied by 1 or 2 people dropping substantially by 40.2%.
Four roads near Namsan Tunnel 1 and 3 can be used as detours, and there had beerabncerns t
the congestion charge would simply cause congestion in other areas as cars moved to the detour
roads. According to a yedwng study after the introduction, traffic volumes on the detour roads
rose by only 5.7%. At the same time, average travel speeghised by 11.8%, from 24.5 km/h

to 28.3 km/h.

Table3. Collection of Congestion Impact Fees in Other Countries

City Purpose Details Effect
-Relieve traffic -Introduced in June 1975
Singapore . - Downtown around 07:30 1 -44% drop in trafficvolume
congestion )
19:00
- 0, i i
-Relieve traffic -Introduced in Feb 2002 égojo c:irsoep ilrr: ?ﬁggnejg]%zr q
London | congestion -Downtown (22 km3 around 0

bicycle users

-Reduce air pollution 07:00~18:00 -16% drop of CO

-Relieve traffic
Stockholm | congestion -Introduced in Aug 2008
-Reduce air pollution

-22% drop in congestion
-14% drop of CO
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_Relieve traffic -Introduced in Nov1996
Seoul congestion -Namsan 1&3 tunnel aroun
9 07:00~21:00

Source: Mokwon University, Climatehange, public transportation revitalization, and transportation
demand management (2014)

-16.8% drop in traffic
volume

One of the most important outcomes from the congestion impact charge was that cars with only
1 or 2 occupants stayed away from the tunnels and the occupantgdmaréing more to public
transport such as buses or taxis. Studies by The Seoul Institute (2012) indicate that personal cars
passing through Namsan Tunnel 1 and 3 dropped by 25.8% while buses increased by 4.7% in
2010 compared with those figures in 199& first year the congestion impact fee system was
implemented. At peak commuting hours, the share of buses and taxis soared from 3.3% and 7.8%
to 8.0% and 26.4% respectively.

Figure 4. Levying the Congestion Charge at Namsan Tunnel

Source: Street vieWyaver.

Parking Lot Restrictions for Facilities in Certain Areas (Parking Threshold)

Before 1990, Seoul és parking policy was keen on
the increasing number of cars. However, such policies began to change evignothing

importance of TDM in the 1990s. In line with the policy trend, Korea adopted a system of
restricting the creation of parking lots (also called the parking threshold) for facilities in congested

areas to curb the parking demand. Seoul set umitsparking threshold system and relevant

bylaws for implementation to incorporate the unique circumstances of the city in restricting
parking |l ots pursuant to the Parking Lot Act. V
parking lots for depamtent stores and other commercial and business facilities in congested areas

were limited to 50% of the parking Idtscated in norcongested areas.

Through the Parking Lot Act, the City of Seoul came up with parking threshold regulations via

the City of Seul Ordinance on the Installation & Management of Parking Lots. Seoul defines

ARClass 1 areas as defined in the public parki
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automobile traffico, as stipul ated eialsosdtshe Par k
different standards for the installation of parkiats by the type of facility.

Seoul 6s parking threshold program was
revised on March 18, 2009 and remains effective to date. In the begitirere were seven Class

1 target areas as defined in the public parking fee table, but this number grew to 10 due to the
revised Ordinance in 2009. In the beginning, the target area was limited only to commercial areas
but currently tia 66c dmmeenr cei xapla nadreedas and
parking threshold program in effect, the City of Seoul was somewhat successful with the TDM in

reducing transportation demand.

Beginning of the Introductio(997~2008)

Presen{2009-~)

- commercial and quigiesidential areas out of te

- Commercial areas out of seven Class 1 ta Class 1 target areas defined in the public part

areas defined in the public parking fee table

-13.8km2
- 2.3% of Seoul

- 60% of the commercial areas in Seoul

fee table

- Congestion Management Zone with Easy Acc
to Puwlic Transportation

Quasi-residential area

Area of 1% degree of -
parking fee

-16.2km2
- 2.7% of Seoul

- 58.7% of the commercial areas in Seoul

Figure 5. Areas subject to Parking Threshold in Seoul

Source: The Seoul Institute (2014)

7. Policy Effects

113

first [

guasi

Fal)



Seoul RBlicies That Work Transportation

Travel Speed

Transport share of personal cars in Seoul has shown continuous drop since 1990s due to the TDM
policy implemented in various ways while the share of public transport has steadily risen from
61% in 2004 to 66% in 2014. The amge travel speed on major and downtown roads, in turn,

has increased. In the early 2000s, the average travel speed in downtown Seoul was 22.4 km/h,
rose to 26.4 km/h in 2013. A similar phenomenon has been observed in the outskirts of Seoul and
on major arerial roads.

Average Travel
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Figure 6. Changes in Average Travel Speed in Seoul

Source: Seoul Statistics

Air Quality

Seoul 6s
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guality has also improved
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transport share of personal cars, and increased share of public transport. The concentration of fine
dusti a cause of respiratory diseases and a hotly debatéal msuei was 60 / in 2004,

hi gher than Seoul 65k .Howavanihs deirdade e pdrsenaledrs amdfothes O

elements helped reduce the concentration each year, and by 2013 it had falleth to 44

o/ /) 70 70 )
623 65.1 65.6
62 62.3 62.3 62.5 62.8 63 - 65
60 B
— o 60
58 °0 4 o
50 55
O sk 7|&% 49 - 50
47
40 44 45
1
- 40
30
- 35
- 30
20
[ —0 a &+ L
26.4 263 263 263 26 259
2.1 235
10 . : 231 20
'05 06, 'n7 'ng 'ng 10 11 12 12
- Fine dust -a{ Car mode Public transportation
concentration share mode share (Bus+Subway)

Figure 7. Changes in Fine Dust Concentration and Transport Mode Share

Source: Seoul Statistics

Priority on Pedestrians in Urban Transportation Policy

As the TDM policy encouraged drivers to switohpublic transport or walk, the city also began

to shift its policy focus from cars to-pedestr
Friendly Seoul-aneBwangjirgy Read to g laneshine2007 and expanding the
pedestrian walkay. In January 2014, the city created its first transit mall on Yaoséilany

zones busy with pedestrians on weekends (e.g., Cheonggye Stream, Hongik University) were
turned into pedestriaonly areas. The TDM policy has significantly helped Seoul becmmore

walk-friendly city.

8. Challenges and Solutions

A Need to Differentiate Coefficients
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The congestion impact fee system has long attempted to differentiate the congestion coefficients
by city size and facility to make them more realigtlowever, the fees are unnecessarily levied

on some areas where congestion is insignificant because the characteristics or specific conditions
of the locations have not been taken into account. On the other hand, it has been suggested that
the impact fee Halittle effect on heavily congested areas as the congestion impact charge is too
low to bring about any differences. The congestion coefficients need to be differentiated in
multiple steps and reflect the level of congestion as well as the unique chistiastef the region.

For instance, upward adjustment of the congestion coefficient must remain within the 100% range
of the coefficient set out in the Urban Traffic Readjustment Promotion Act; this needs to be
revised so that upward adjustment can gahdyl00% for those facilities that significantly add

to traffic congestion of an area. For those areas where public transit is inadequate, the coefficient
should be lowered, even if the congestion increases due to certain facilities. At the moment, the
differentiated congestion coefficients are actively promoted.

Enhancing Effectiveness of Congestion Impact Fee System

The congestion impact fee, adopted in 1990, is now over 20 years old and constitutes a major
transportation policy in Seoul. However, quess have recently been raised about its
effectiveness. The unit congestion impact fee has been recently adjusted in order to factor into the
inflation rate as there has been criticism that practically the unit fee is too low to make difference
as policy.The City of Seoul has revised the relevant ordinances in 2014 and has given the fees
greater influence by applying pressure on companies that do not participate in the transportation
demand management program and by providing attractive incentives tatithbde.

Improvement of the Parking Threshold System

Currently, Seoul 6s parking threshold is the
buildings, and surrounding areas. This-sieefits-all program runs counter to the fundamental
purpose othe system and is inefficient and illogical to some extent. Many large buildings allow
parking outside or find parking spaces that get around the parking threshold. Opinions on the
parking threshold vary greatly by facility type. For improved operatiefimiency, the system

needs more specifics in its design. The SMG has commissioresdarch and service project to

come up with ways to improve parking threshold system.

Improvement of the Congestion Charge Rate & Method at Namsan Tunnel 1 & 3

As part of the TDM policy designed to decrease the number of vehicles entering the city center
and therefore mitigate congestion, the City of Seoul began to levy the congestion charge on 10
person vehicles and smaller if they carried only 1 or 2 people dimguhe driver) at Namsan
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Tunnel 1 and 3 from November 1996. However, the effect of the congestion charge in reducing
traffic has gradually slowed, probably because the congestion impact fee is the same during peak
and offpeak hours and has never beejustgéd upward. Meanwhile, discount benefits had
increased for compact cars and for the participants of WeekhWpriNing Day Program.
Considering how overall prices and other transport costs have risen, the congestion impact charge
should also be adjustéd a more suitable level and be differentiated by the time of day to have
the desired effect on traffic volume.
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| TS on Seoul 6s Ur ban

Shin Lee, University of Seoul®

1. Policy Implementation Period

The freeway traffic management system (FTMS) of
by the Seoul Developmeirtstitute (currently known as Seoul Institute) in the 1H/890s, and

implemented in the 18 km leg of Olympic Expressway in July 1997. Aftemsixth operation

as pilot project, the FTMS was useddarnest since February 1998.

Since then, FTMS project Bdeen implemented and expanded in phases. In the phase 1 (from
May 2000 to June 2002), the FTMS was introduced to the 40.1 km stretch of the Naebu Inner
Beltway. During phase 2, the transportation management system had been established in the 21.7
km segnent of the Gangbyeon Riverside Expressway and the Bukbu Northern Arterial Road
during November 2001 and June 2004. In addition, segments stretching 49.3km in the Olympic
Expressway and Nodeul Road & Han River Bridge also had been equipped with FTMS from
October 2003 to September 2005. In Phase 3, the FTMS was installed on the 45.7 km of Dongbu
Eastern Arterial Road and Gyeongbu Expressway (managed by the City of Seoul) which began
in April 2005 and completed in April 2007. Phase 4 dealt with arterial madiolsr than urban
expressway. (refeo page 4 Relevance with Other Policies). Phase 5 is in its implementation
covering 12.4 km of Gangnam Bel tway. Table 1 be

In December 2000, Seoul developed a planto lfuitdir ban Expr essway Traffic
and in April 2001 it established operation pl
Center. o

8 Translation by ESLE
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Table 1. Seoul s Urban Expressway FTMS Projects

Segment
Segment Start Gonpn
Length
Initiation | Olympic Expressway 1997.7 1998.2 18km
Phase 1 | Naebu Inner Beltway 2000.5 2002.6 40.1km

Gangbyeon Riverside Expressway/Buk
2001.11 | 2004.6 21.7km
Northern Arterial Road

Phase 2 .
Olympic Expressway/
_ . 2003.10 | 2005.9 49.3km
Nodeul Road & Han River Bridge
Dongbu Eastern Arterial Road/Gyeong
Phase 3 2005.4 2007.4 45.7km
Expressway
phase 5 | Gangnam Beltway 2015.5 2016.5 12.4km
Total 187.2km

2. Background Information

Rapid development of Korean economy and the car manufacturing industry in 1980sugid

about a sharp rise in the traffic volume. The number of passenger cars exceeded 1 million and in
the year 1990 it was over 2 million units. A half of those passenger cars, about 1 million units,
were used in Seoul. In less than five years, the earabcars owned by Seoul citizens almost
doubled to 2 million. Such a surge in the car ownership had led to snowballing social costs
including road congestion and trafficcdents in the City of Seoul.

The decisiormakers of transportation policy in thaeriod shared the view that supjlsiented
approach, which focused on expanding facilities including expanding transportation system or
road construction, might no longer be effective and started seeking a new approach away from
the conventional transpation policies. At that time, other countries showed keen interests in
intelligent transportation system (ITS), which applied cuttdge technology to transportation
facilities. ITS was an innovative approach and very appealing to the policy makehelged
efficient management of existing traffic facilities by enabling efficient traffic flow at much more
affordable costs compared with the provision of infrastructure facilities including road
construction. For that reason, increasing number ofsditieother countries showed interest in
adopting ITS. South Korea pursued various ITS research and development programs and pilot
projects in the 1990s. In line with such a move, the City of Seoul also promoted to adopt advanced
overseas ITS. In the initiperiod, the urban expressway FTMS started to be promoted in large
scale. Urban expressway FTMS was one of the most representative ITS projects that had

n

dramatically i mproved the efficiency of Seoul
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project urban expressway FTMS startedoe established and extended.

Article 77 Implementation of Project for Establishment of Intelligent Transport Systems of the
NationalTransport System Efficiency A§Enforcement Date 15. Jul, 2014.] [Act N0.12248, 14.
Jan, 2014., Amendment by Other Act]) provides legal grounds for the project establishing urban
expressway traffic control system.

3. The Importance of the Policy

Implementation of FTMS on Seoul Urban Expressway started inl886s when Intelligent
Trammportation System (1 TS) was gaining a huge
ITS in earnest.

The Intelligent Transportation System (ITS) is an advanced traffic management system which
enhances the efficiency and stability of transportatiod eonducts scientific and automatic
operation and management of transportation system and provides traffic information and services
by applying cuttingedge technology including electronic technology, control technology and
communications technology to éhmeans of transportation, transportation facilities and
infrastructure.

Implementation of FTMS enabled real time traffic control and automatic information/data
collection of urban expressway, leading to providing prompt response in traffic
condition/emegency and to the improvement of efficiency of traffic system which was previously
manually operated.

4. Relevance with other Policies

Seoul 6s FTMS Project in 4 Phases

Phase 4 was designed to improve major bypass of urban expressway and FTMS hatidiiedn in
in a total of 82.5 km between periofiAugust 2011 and August 2013.

During the first to third phase FTMS projects, agntioned earlier, FTMS had been
successively implemented in Olympic Expressway, Naebu Inner Beltway, Gangbyun Riverside
Expresway/Bukbu Northern Arterial Road, Nodeul Road & Han River Bridge, Dongbu Eastern
Arterial Road, Gyungbu Expressway (managed by City of Seoul). In the 4th, pIiAd8, the
advanced management system was installed on major arterial road of urban expressway which
aimed to disperse traffic volume and enable optimal dispersion of traffic volume based on real
time FTMS implemented on major bypass. The followings aaiterial roads that implemented
FTMS:

121

a



Seoul RBlicies That Work Transportation

1st group: Banporo, Hannamro, Gangnammbaé¢ieolleungro, Dongjak da®, Doomoogae
road and etc (42km)

2nd group: Hwarangro, Jeongnetnog Segeomjeonggil, Jinheungno, Tongilro and etc.
(23km)

3rd group: Dongilrd18km)

FTMS System Advancement

I nstall ation of FTMS on arterial roads set the
project which highlighted the integration and linkage of urban expressways and arterial roads.

The goal of FTMS SysterAdvancement project is to promote closer linkage of traffic data

between urban expressway and arterial roads, integrated linkage control and to provide risk alert
service that warns risk factors in safe driving. More details will be covered at the last par
(Limitations and Resolutions) of this article where policy and future is discussed.

FTMS on Expressway

FTMS had been installed not only on urban expressways in Seoul but had been promoted to be
installed in expressways across the nation managed akoxpressway Corporation. Due to

the widespread implementation of the FTMS on expressway across the nation, Intelligent
Transportation System (ITS) is most well or even perfectly realized on the expressway among all
types of roads in Korea.

Inordertopr ovi de efficient management of the expres
across nation, KEC has deployed and operateddpgkd optical communications network in a
total of 2,646km of the 24 expressway routes including in Gyeongbu Expressn@y4893.

The communications network provides®ri t e | T i nfrastructure for t he
used as field communications network for FTMS, toll collection system (TCGPadsi system
(toll payment system) and emergency call.

5. Policy Objedives

FTMS aims to enhance the efficiency of expressways and more specific policy goals could be
summarized as below:

To check transportation and road situations of urban expressways, identify the cause of
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congestions and how to improve, and eventyaltynote efficiency in traffic management system.

To guarantee mobility of urban expressways (maintaining travel speed of 40km/h or faster)
To guarantee safety of urban expressways(zero traffic fatality)

To reduce travel costs by removing the caafs$eegular traffic congestion based on automatic
detection of unexpected incidents and prompt responsive measures.

To establish convenient and pleasant traffic environment by offering traffic information to
road users and

6. Main Policy Contents

FTMS is the short form for the Freeway Traffic Management System and Seoul Urban Freeway
Traffic Management System is a intelligent transportation system (ITS) for expressways, installed
by SMG to centrally manage traffic situations and to provide ddtéisdfic information real

time to the drivers on the expressways.

| TS efficiently manages traffic flow through a
(road, construction, transportation, communications, electricity, electronics, automobiles, etc

and Asoftwaredo (operating methods, i nformati on
huge manpower. The goal of deploying ITS is to provide optimal route to the individual
passengers, to induce convenient and safe passage, to detect thefcdakys including

unexpected incidents, to provide solution, and ultimately to maximizes the efficienegrafl

transportation system.

After all, the main function of FTMS is to collect various traffic situad@nformation and to
process and ugbe collected data. Information is gathered using loop vehicle detector, installed
under the road and detects traffic flow, and video vehicle detector, which identify traffic flow
based video recording, as well as CCTV and emergency phone calls. lorgdigHoffs from the

road users provides good source for information. Figure 1 schematically and substantively shows
devices and information media used for data collection, data process and information provision.
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Transportation Data Collection System
Transportation Data Collection System collects traffic flow, weather changes, unexpected
incidents that happen on expressway using VMS, CCTV and emergency call.

—

e

Data Collection Center Systen

Traffic Data Contents

Traffic Data Provision Method

VoS CCTv Emergency c: Citizen tipoff  Weather information company
Dynamic Information Staticlnformation
(Traffic Flow, Unexpected (Promotion, Road , Weather)
Incidents, Route Change)

Traffic Information Provision Center System

Traffic Information Provision Center System promptly provides information on expressway with
drivers and users by processing collected traffic information via VMS, LCS, ARS, emergency
broadcast system, WEB and etc.

Data Collection Center Systen

./\ﬂ
i &

-

Traffic Information Provision Center System

Internet

Private Network PSTN N @
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Data collection Data processing Information Provision
Loop Vehicle — Jiiafassss Roadside
_ m_= Urban Expressway =_- o
Detection System = PR ) AT A F Electronic Sign
b oo Transportation e
InformationCenter
Video Vehicle Internet, Mobile
Detection System | g | | Phone
* TV and Radio
O
CCTV - . Traffic Broadcast
ﬁ - L
Private Optical
Communications
Network | ARS

Emergency Call

Information is collected from  Data collected from Urban Collected and Processe

citizen tipoff and advanced Expressway Transportatior  information could be utilized on
system installed on the road Information Center are processe road and via internet, broadca:
properly for various services. and phone

Figure 1. FTMS Data CollectioRrocessing Provision

Source: Seoul Metropolitan Government (2013)

As of 2013, a total of 1,193 units of traffic data collection devices are installed across the urban
expressway in Seoul, which includes 1,047 units of Vehicle Detection System (VDS), 144 units
of CCTV, 2 units of Road Weather Information System (RWIS).disleproviding traffic
information includes 260 units of Variable Message Signs (VMS) as well as the websites of the
Seoul Urban Expressway Traffic Control Center, ARS and fax. On top of these, traffic flow
control devices are installed such as 30 unitRBIS (Ramp Metering System), 33 units of
LSC(Lane Control System) and 2 units of cuttingontroller.

Table 2 below shows how many-site data collection devices, which compose Ssauwiban

expressway FTMS, has been in operation for each phase FTMS project. The collected data goes
to the Urban Expressway Traffic Control Center where all traffic information is supposed to be
collected. The center provides collected data directly taglees or sends it with other relevant
institutions. It also receives information from other institutions and offers them to users via
various media, which is well summarized in table 3.
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Table 2. Installation of FTMS in Seoul Urban Expressway

Data Collection Devices Data Provision and Control Devices
Category VDS cutting
CCTV RWIS | VMS | RMS | LCS Internet | Others
Video | Loop -in
Phase 1 | 213 24 38 - 62 12
120 2 22 - 43 - - - web ARS/
Phase 2
218 124 40 2 81 - 19 - page FAX
Phase 3 194 10 36 - 61 19 14 2
Phase 5

Source: Seoul Metropolitan Government (2013, 2014)

* Acronym

VDS: Vehicle Detection System

RWIS: Road Weather Information System
VMS: Variable Message Sign

CCTYV: ClosedCircuit Television

RMS: Ramp Metering System

LCS: LaneControl System

Seoul Metropolitan Government has installed FTMS in 9 segments of the urban expressway,
stretching 180.4 km (April 2007) based on a kégleed communications network. As of 2013, a
total of 1041 units of vehicle detection system (VDS), Lsits of CCTV and 260 units of

roadside electronic sings are installed across Seawban expressway for collection and
provision of traffic data.

Seoul Urban Expressway Traffic Information Center serves an information source on the Korea
Expressway Cquoration that provides effective and proactive traffic management 24/7 and
accurate and redime traffic information. The information center provides prompt traffic
management in times of unexpected emergencies including traffic accidents, disasteringpappe
on the expressway and helps smooth traffic flow by swift provision of traffic data after the
collection and analysis of retime traffic data. In particular, it helps drivers find optimal route
by offering integrated transport information includirational highway and urban roads as well

as expressway information. Integrated traffic data are provided in real time to various
broadcasting media including TV, radio station and DMB and to mobile phone, PDA, navigation
devices, ARS and internet. Drivens the expressway may figure out traffic information from the
roadside electronic signs.
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Table 3. External Information Links to the FTMS

Use of the
Category Information Details Frequency
Information
Traffic flow at a fixed point (1 min
Seoul Metropolitan | interval), traffic flow at a fixed segment 1 min -
Police Agency min interval), unexpected incidents
CCTV feed - -
Korea Expressway | Traffic flow at a fixed segment (1 mi 5 min
Corporation interval)
Traffic Broadcastin
From _ 9 ccTV feed : :
Station (TBS)
Seoul Transport Traffic flow at a fixed segment (1 mi 5 min
Operation & interval)
Information Service
(TOPIS) CCTV feed - -
Expressway to Incheol Traffic flow at a fixed segment (1 mi 5 min
International Airport | interval), unexpectebhcidents
Expressway to Incheol Traffic flow on the Incheon Airpor . . Trafnc‘
. . . 10 min information
International Airport | Expressway (Bukno JE Airport) ) .
provided online
) Traffic
Traffic flow on the Gyeongbu Expresswz . )
information
(Hannan¥ Shingal), _ provided online,
5 min .
Oegwak Outer Beltway (Toegyewon displayed on
operation devices
llsan) .
and online maps
To
Seoul Metropolitan Weather
Fire & Disaster Weather data 1 min information
Headquarters provided online
(Seoul Emergency | Data on dams, Han River level, a o on devices
Operations Center) | precipitation - peration devices
Traffic
Namsan Zone Traffic flow at a fixed segment 1 min information on

Traffic Data

(1 min interval)

the Namsan Zone
via VMS

Source: Seoul Metropolitan Governmépd13)
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7. Technical Details

FTMS is composed offield system, which is to collect andrpvide traffic information, and

center systemwhich manages process and analysis traffic data, system operation and integration

of external links to FTMS. As shown in Figure 3, information on weather and transportation
collected by vehicle detection system, CCTV (Clesiduit television), RWIS (Rad Weather
Information Systems) are processed and analyzed by information processing system, a part of
center system, and are offered to users via ARS and internet, or even displayed on the variable
message signs (VMS). Also, FTMS exchanges information @rganizations including Korea
Expressway Corporation, Seoul Metropolitan Agency and Seoul Emergency Operations Center,
which are linked via information network.

Figure 2below schematically shows elements of urban FTMS and their relations.
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Figure 2.The Structure of the Urban Expressway Traffic Management System

Source: Seoul Metropolitan Government (2016)

As of 2013, a total of 1,193 units of traffic data collection devices are installed across the urban
expressway in Seoul, which includes 1,047 units of Vehicle Detection System (VDS), 144 units
of CCTV, 2 units of Road Weather Information System (RWIS).disleproviding traffic
information include 260 units of Variable Message Signs, VMS as well as the web sites of the
Seoul Urban Expressway Traffic Control Center, ARS and fax. On top of these, traffic flow
control devices are installed such as 30 unitsMSRRamp Metering System), 33 units of LSC
(Lane Control System) and 2 units of cuttingcontroller.
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8. Policy Effects

Social Benefits

Areport (SMG,2007), released by the end of 2007 when Phase 3 FTMS was completed, provided
analysis on the effedf FTMS in terms of social benefits as shown in the table 4 below and the
criteria evaluating benefits are specified as shown in the table 5. In other words, social benefits
were evaluated in terms of reduced travel time, reduced travel time due to bgdassd time
responding to unexpected incidents, reduced energy consumption and improvement in air quality
in the section where FTMS was implemented. Table 4 shows benefits from reduced travel time
accounts for more than 66%, energy reduction 13% anaeddime responding to unexpected
incidents 15%.

In the meanwhile, extended networks in general turns out to lead to bigger benefits, which is
grounded by figurgs of 2003 when the Phase 1 FTMS project was completed and the system
stabilized and the flugations of benefits in 2003 and after. In 2007, benefits from energy
reduction and improved air quality showed temporary drop over the year, as rise in travel distance
and traffic volume, which directly determines energy consumption and air pollutantomsiss
amount failed to offset benefits generated from rise in travel speed.

Table 4. Social Benefits Generated by FTMS

(Unit: 1 Million Won)

Reduced Reduced Ti.me Reduced
Category Route In Responding Improved
Travel Energy ;
(Year/ o Change to the ; Environment Sum
Benefits) T|r.ne. n (Bypass) Unexpected (Operation (Air Quality)
Mainline : Costs)
Incidents
2003 16,634 472 3,910 5,647 565| 27,229
2004 16,673 532 4,906 5,709 597| 28,418
2005 25,181 765 6,201 9,579 963| 42,689
2006 45,319 4,935 7,739 10,769 1,053| 69,815
2007 72,382 7,793 10,942 6,679 649 | 98,445
Total 176,189 14,497 33,697 38,383 3,829| 266,595
Percentage(%) 66.1 5.4 12.6 14.5 1.4 100.0

Source: Seoul Metropolitan Government, 2007, Recited by Ministry of Land, Transport and Maritime
Affairs 2009
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Table 5. The Criteria of Effectiveness for Each Benefit ltem

Category Benefit Items

- Reduced Vehicle Operation Costs
- Reduced Travel Time (Mainline, Bypass)
Direct - Reduced Time for Responding to Unexpected Incidents (Traffic Accid
Benefits Breakdown and etc.)
- Reduced Traffic Accident
- Increased Pleasantness, Punctuality and Safety

- Reduced Environmental Costs
- The Effect of Regional Development basedraproved Transportation Syste
- Expanded Market Area

Indirect
Benefits

Source: Ministry of Land, Transport and Maritime Affairs 2009

The PriceConsumer/User is willing to pay

User satisfaction on the information provision was computed by quantifying qualitative
evaluation items based on the survey ¢ime price user is willing to payto the FTMS
information provision media (excluding Variable Message Sign). Qualitative beedite
calculated by multiplying average price that theser is willing to pay to each information

providing media and the number of annual usage for each media together. As shown in table 6,
internet traffic information whose usage had been by far fnegeient than other media turned
out to have generated the biggest benefits.

Table 6. The Price Each Media Is Willing to Pay for the Data from the Urban Expressway FTMS, Annual
Usage and Benefits

Category Internet | ARS | SMS | FAX Cell Phone | PDA
The Pricethat User is Willing to
g 55 38 | 38 | 24 57
Pay (won/case)
Category Internet ARS SMS FAX | Cell Phone PDA
Usage 3,932,823 320,999 170 625 16,742 4,764
Benefits
216,305 12,198 6 15 954 272
(1,000 won)

Source: Ministry of Land, Transport and Maritime Affa2@09
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Usage of variable message signs (VMS) was not included in the target of survey above as the
usage is not optional. Instead, reliability was checked in the survey and users, in general, turned
out to find the information on the VMS reliable. For each typenfmrmation, users find the
information on delayed and congested area on the expressways (3.64 point out of possible 5 point)
the most reliable, followed by information on unexpected incidents and situations (3.54 point).
SMG 2007.

More recent survey siws drivers in 2013 used FTMS information by 11.7 million times, a sharp
rise from 4.6 million times in 2007. While use of the FTMS information via internet remains high,
the number of searching the information using mobile phone was about 5.8 milligrirtig@13

due to surge in the use of mobile devices including smart phones. Table 7 below indicates annual

use of Seous FTMS transportation data for each media.

Table 7. Use of Seod FTMS Transportation Data for Each Media

(Unit: No. of cases/Year)

Category] 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013

Total No.
of usage

Internet | 2,025,411 2,584,20] 2,822,36)} 3,932,821 4,059,06} 4,294,35( 5,337,45¢ 9,904,21117,759,76¢13,364,05] 5,726,60

2,256,94(2,780,28( 3,026,974 4,276,121 4,593,62( 4,862,23] 5,930,40{ 10,449,60{18,117,41]13,612,32(11,777,26!

Mobile Uncounted 5,811,77:

ARS/FAX| 222,347 185664 192,15] 321,624 501,03¢ 528,204 54511( 491,267 316,693 178,10] 122,92:

Tler';ﬁ?r?,”‘ 0187 1041¢ 1245 16747 16497 14338 12958 10071 7,709 6226 4972
Feature § J A
- ; 518 4934 17,020 25347 34880 44057 25158 54753 7,794
Phone, PDA
Tiwitter | - ; ; . ; - . . 8000 9188 9,58

Source: Seoul Metropolitan Government (2013)

9. Challenges and Solutions

SMG s experience in deployment and operation of FTMS for the past 20 years is by and large
positive but there remains some room for improvement in three aspects as follows.

Performance of applied technology

Securing budgets to replace deterioratadsportation management system
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Linkage of ITS with arterial roads

Performance of Applied Technology

The performance of devices and facilities collecting traffic information needs to be supplemented.
The traffic information bureau of Seoul Metropdtit&acilities Management Corporation has
established master plan for the ITS performance evaluation of FTMS and has laid a foundation
for the accuracy test of traffic volume and speed measuring for each detector through complete
enumeration of vehicle detan system, video frame analysis, relative inspection on traffic
volume or reconfiguration (recalibration or change setting) of vimkes®d vehicle detector.
(Seoul Metropolitan Facilities Management Corporation, 2014). Along with the performance test,
thorough management will be necessary for measures taken to facilities that failed to meet the
standard.

Also, in regards to some FTMS sectiorsimultaneity or reattime provision of the

information has been pointed out to have some limitations. Thatsietakes long time or update
frequency is long for the commercial data to be utilized or for the information to appear on the
electronic map of the traffic information center after collecting vehicle data from the vehicle
detection system on the rodcherefore, more efforts are needed to provide information in real
time by shortening update frequency and by reducing time required for data processing based on
increased and dispersed server load.

Securing Budgets to Replace Deteriorated Facilities

According to the operation and maintenance plan of SeéUIMS, 2015 detailed plan included

plan to achieve ndailure in system through exhaustive FTMS-prgpection activities. On top

of regular inspections, the 2015 plan also covered performance ahispspiection to prevent

any failure and to raise service satisfaction level in preparation for the period including national
holidays and monsoon seasons when there is a surge in the use of the traffic information. However,
difficulties in securing budgstto replace deteriorated FTMS had been argued. The 2016 Plan
includes maintenance of system facilities of center and field, conducting performance test of
vehicle detection system and improving the performance of dilapidated FTMS. On top of this,
SMG hasearmarked to the tune of 2.69 billion KRW for the performance improvement of
deteriorated FTMS. Maintenance of the facilities has been delegated to the Seoul Metropolitan
Facilities Management Corporation. (Ministry of Land, Infrastructure and Transfdds}.20

FTMS System Advancement Plan

FTMS system advancement is included in Seoul transportation master plan (SMG 2014) and
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Seoul ITS master plan (SMG 2013) which outlines the provision of integrated operation of FTMS
both in urban expressways and artendgads in order to upgrade the efficiency in operation based

on the successful operation of the FTMS so far. The master plans also cover the establishment of
information service provision for safety.

In Phase 4 FTMS project (20ED13), FTMS had been degkd in arterial roads, the main
bypass of urban expressways, whose goal is to optimally disperse traffic volume to bypass from
the urban expressway.

On the basis the FTMS implemented even to the arterial roads, FTMS advancement project will
be conductedaording to the three ways as specified below.

- To improve linkage of traffic information between urban expressways and arterial roads

- To extend the entrance/exit control to the urban expressways by implementing integrated control
and linkage with arteriabbads in response to the r¢iahe traffic situations.

- To offer risk alert service that warns risk factors in driving safety including risky section on the
expressway.

Besides, SMG plans to promote smooth traffic flow by implementing variable spee(/8h)

and lane control system (LCS) in the mainline of urban expressway. Variable speed limit
designates desirable speed, determined by traffic situations and weather information, in order to
maintain optimal traffic flow, which guarantees safe passamgk raaximizes possible road
capacity. This, in turn, leads to smooth traffic flow in the mainline of the urban expressway. Lane
control system (LCS) designates optimal route and speed in the case of unexpected incidents or
emergencies that needs the dishadé emergency vehicle. (Seoul Metropolitan Government
2014).Table 8 provides FTMS system advancement plan for each year.

Table 8. FTMS System Advancement Plan for Each Year

Progress/Year FTMS System Advancement
2013 _
- Design and System Improvement
2014
2015

- FTMS system deployment and control strategy development
2016 (Installation of 96.7 km of field system each year)
- Control Strategy Development and System Establishment in Mainling

2017

Ramp Segments
2018 - Establishment of Intelligent Safety System witthfocus on risky segment
2019 - Implementation of Integrated Linkage and Control between U
2020 Expressways and Arterial Roads

- Widespread Installation of Intelligent Safety System and Advancement
2021 communications technology usbdtween cars.

Source: SMG, Urban Transportation Master Plan, 2014
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More efficient management of traffic flow is expected if 1) performance test and replacement of
deteriorated facilities are effectively performed, 2) FTMS system advancemneject is
conducted in accordance with its plan, and 3) FTMS information is effectively exchanged with

information collected and provided from the private sector.
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Transport System Management (TSM)

Shin Lee, University of Seoul®

A majority of large cities that simultaneously experienced both physical and economic growth in
the late 20th century are now experiencing a rapid increase in the use of motor vehicles and, as a
result, have faced with the problem of urban traffic congestOne traditional method of
resolving this problem is to increase new traffic facilities, such as roads. This method of
continually constructing roads between the 1960s and the 1970s with various extensions was often
seen as the answerparticularly inthe USA. However, most countries cannot depend on the
construction of new roads due to the financial restrictions needed for road construction or the
limits of usable land. Thespal | ed O6TSM met hodd has a al so been
the eficiency and accommodating skills as a means of resolving traffic congestions in large cities
by improving the existing transport systerhased on the principle that the extension of roads
itself causes more traffic demands. Furthermore, the city of Semulalso gradually been
conducting TSM since 1980. Recently, the approach of TSM has become more systematic and
integrated based on ITS through Seoul TOPIS. The main components of Seoul TOPIS, i.e.,
Advanced Traffic Management System/Traffic Signal OpemnatSystem, Freeway Traffic
Management System, Bus Information System/Bus Management System, and Unmanned
Regulation System/Automatic Penalty Charging System all follow the principles of TSM. That is,
there is a clear objective of resolving traffic isstl@eugh the optimization of the efficiency of
existing facilities, and not the construction of additional traffic facilities.

1. Policy Implementation Period

Seoul city has undertaken the Backside Road Repairs Project and the Transport System
Management (TSM) Project from late 1980s onwards, and since then, interest in traffic safety has
increased. This has led to the performance of the annual project opttoer@ment of areas with
frequent accidents since the late 1980s. Meanwhile, the Highway Traffic Improvement Project,

9 Translation by ESLE

136



Seoul RBlicies That Work Transportation

which was selected as a means of improving the traffic congestion problem, was performed as a
type of special improvement project, and d@eseof TSM projects were diversely initiated in
different forms, such as the Habitual Traffic Congestion Point Improvement Project in 2004.

2. Background Information

The rapid growth of the Korean economy and the development of the motor vehidtryiraf

the 1980s resulted in a sudden increase of traffic volume. The total number of motor vehicles
surpassed one million vehicles, and in 1990, the number surpassed two million vehicles, wherein
approximately half of those (i.e., one million vehiclegre concentrated in Seoul.

Since then, the total number of motor vehicles in Seoul had increased to twice the amount, i.e.,
two million vehicles, within the last five years. This rapid increase in the number of motor
vehicles in Seoul had led to disecamo- with problems such as increased commute times due to
traffic congestion and traffic accidents. Thus, the intensified problem of traffic congestion had
been recognized as a serious social problem.

The number of registered motor vehicles in Korea betw&380 and 1990, meanwhile, had
increased by eigkold from 249,000 to 2,075,000, wherein the width of the roads was merely
increased by 12.5% from 47,000 km to 56,700 km. The government initiated road construction
projects to resolve the imbalance otsulemand and supply, while also introducing a policy of
using private capital in the extension of information facilities, including roads, by enacting the
Private Capital Attraction Promotion Act related to indirect social capital facilities in 1994.

However, in the 1990s, the traffic policy professionals and decision makers shared an awareness
that there were restrictions in the method of approach concerning facility supply, such as the
extension of traffic systems or road construction, and sought affi problem resolution means
beyond the more traditional and dated traffic policies.

In Western countries, with a focus on both the USA and England, the recognition of the
environment and the effect of budget reduction policies had gradually incréasethe 1980s.
Attention was therefore gathered on the concept of increasing the accommodating skills of traffic
facilities by increasing the efficiency of existing facilities rather than resolving traffic problems

by depending on the new constructiotraffic facilities, i.e., TSM, which was already regionally

being used in the 1970s. From the perspective of a similar goal, another alternative method of
approach that was soon noted was the Transport Demand Management (TDM) method, and both
the TSM and DM methods represent a new paradigm in the traffic policy field of the end of the
20th century, which brought on an extensive change in the methods of approach that depended on
the construction and supply of existing facilities.

In Korea,the TSM methodkhd been mainly used under the name,
Projectd from the | at e 1980s, and i n t he 199
Ol mprovement Projects6 diversely accommodated
expanding theaccommodation through the increased efficiency of the operation of existing

facilities, i . e. foll owing t he concept of TS
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introduction of the transport system management method (TSM) in the process of pungving a
means of resolving the serious traffic congestion that had become gradually metropolized in the
1980s.

3. The Importance of the Policy

The Transport System Management (TSM) Project was initiated to reduce chaos by additionally
obtaining roads andpalying the method of efficient operation by improving existing road
facilities, such as the top of the roads and central islands for improved functions of the more
turbulent traffic regions.

4. Relevance with Other Policies

The Intelligent Transportation System (ITS) fuses advanced technologies to traffic fatiéties

bus exclusive road system granting priority to efficient traffic means rather than increasing the
number of lanes, the traffic signal management system,utmenatic illegal parking control
system, and the freeway traffic management system (FTMS) applying ITS to urban freeways are
all examples of the TSM method. Accordingly, Seoul TOPIS, which supports and comprises these
various components, is directly reldte traditionally and locally performed TSM.

ITS itself is an innovative means that strongly appeals to policy makers as merely a small cost is
required compared to much larger physical infrastructure facility supplies needed for basic road
construction,while allowing smoother traffic flows and enabling the efficient operation of
existing traffic facilities. Even in Korea, various research and development projects and
demonstrative projects were initiated in relation to ITS in the 1990s. In Seoul, as/éfse
advanced technologies were introduced, and the Freeway Traffic Management System (FTMS)
was initiated as a part of this project. Accordingly, FTMS is a representative ITS project that has
enhanced the efficiency of the urban freeways, and is arriampgart of the TSM project.

Seoul city established the governmentds 1997
6Comprehensive Plan for I' TS in Seould in 2000
ITS as a pioneering project in thaffic field and are expanding its areas of activity to live traffic

information and safety fields in terms of traffic management, such as the flows between vehicles

and roads.

Currently, almost all cities are experiencing extreme traffic congestion ddee toapidly
increasing volume of traffic and are, therefore, concerned with various traffic problems.
Particularly, since the Seoul metropolitan area includes 46.6% of the entire population of Korea,
and the central economic, social, cultural, and edhutatfunctions are excessively concentrated
therein. Thus, it is experiencing more serious traffic chaos than any other city in the world.
Furthermore, the significant economic, social, and environmental loss and national health
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problems are surfacing, wdh is leading to efforts for the resolution of such problems. Focusing

on the national industrial complex regions concentrated with small and medium businesses that
urgently require traffic improvements, means of resolution are proposed centered on TSM,
optimizing the efficient operation of existing traffic facilities, such as traffic demand
management, improved operation of traffic signals, and improved parking management, which
can display a rapid effect with a low budget and immediate enforcememmipacdson to the
expansion of facilities, which require a much higher budget and take a far longer time .

This is similar in other countries, where various forms of TSM are performed through diverse
policies and systems i n takealbok at thel cgaserofythe UB aso n g
below.

Surface Transport Program (STR)SA

The Surface Transport Program includes the improvement project of roads such as Rural Major
Collectors among main or district roads, and is largely categorized intaliféerent types as
seen below.

Table 1. Types of Surface Transport Program

Category | Program Features

* Regulated to use more than 50% of the STP fund

* Distributed to the main government and local governments based o
regionalpopulation

* Can be used for the improvement of the transfer skill of the relevant
Type | STRUrban | such as road expansion, public transportation and reconstruction, joint
intersection/bottleneck improvements, signal optimization, and most
projects

* Ratio of financial support: Federal government (80%), main or Iq
government (20%)

* Can be used for the improvement of roads ranked above distribution ro
district regions

Type I STRRural | * Financial distribution based on the driving distance

* Ratio of financial support: Federal government (80%), main or I
government (20%)

* Can be used irrespective of region (urban, rural)

STP * Can be operated under the determination of the main government
Type Ill Anywhere | * Ratio of financial support: Federagjovernment (80%), main or loci
government (20%)

* Can be used for the improvement of a connective traffic system bet|
means

STP * Use on road improvement projects, such as facility expansion projec
Type IV | Enhancement pedestrian and bicycle e, and roads with high landscape or historical v:
* Ratio of financial support: Federal government (80%), main or I
government (20%)

5. Policy Obijectives

The intended goal through the improvement of the road traffic facility system is the efficient use
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of the road. The TSM project initiated in Korea, including Seoul, aims to resolve traffic congestion
by improving unreasonable traffic facilities by targgtiregions that suffer particularly severe
traffic congestion.

For the relief of traffic congestion, there are maltigled forms of TSM methods, including the
improvement of bottleneck and intersection regions, efficiency of traffic operations, signal
maragement, demand management, and ITS, wherein the specific goal is to enhance the driving
speed by effectively combining these methods.

Next, the types of improvement policyofroad traffic facilities are categorized in phases. Thus,
each policy sets a diffent goal. However, the ultimate goal is to relieve congestion by
constructing a database capable of apprehending the roads prone to traffic congestion,
institutionalizing related legislations, and initiating the TSM project.

Table 2. Road policinitiation road map for relieving traffic congestion on urban roads

Mid to
Responsive Policy Short Term|  Long
Term
Deduction of implications and analysis of existing similar projects (tr 0
congestion project, TSM project in Seoul and Gyeonggi)
Reestablishment of the concept of traffic congestion reflecting the prop O
of urban roads
Preparation of a means to resolve traffic congestion in urban roads O
Development of a manual for initiating the means to resolve tr O o
congestion omrban roads
Evaluation and documentation of traffic congestion of the main roads o
cities
Construction of a database related to traffic congestion on urban roads o
Construction of a reliable system for researching the rate of road cong
Construction of a reliable database of the rate of road congestion
Development of projects resolving traffic congestion on urban roads 0 0
Regular initiation of projects resolving traffic congestion on urban road 0
Institutionalization of lawselated to projects resolving traffic congestion o o
urban roads

6. Main Policy Contents

Transport system management, i.e., TSM, is a means of understanding and increasing the
harmony between traffic demands and facility supplies by efficiepiyating and managing the
existing facilities rather thalpy supplying new road traffic facilities.

In Korean cities, the concept of this transport system was introduced in tHEOWd to be
applied to urban traffic improvement studies. Furthermore, in the early 1980s, the Seoul Traffic
Improvement Master Plan was established as a loan project witimtdraational Bank for
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Reconstruction and Devel opment by the Korea
Regional Development and Research Center, and conducted the TSM demonstrative project on
three roads (Cheonhoda® Mangwoero, Jongardongdgil) in 1984 to 1985.

Primarily by the Korea Transport Institute which opened on 1986, the urban TSM project and the
Banpoaxis, MapeYeongdeungpo axis improvement projects had been performed. Thereafter,
this remarkable innovation resulted in vast imgments on the formerly unreasonable and
inefficient road operation system by conducting the TSM project and research for improved flow
and enhanced traffic capacity in main regions of congestion in district cities (Busan, Daegu,
Gwangju) as well as sulrban areas (Gangnam, Yeongdeungpo, Shinchon, Cheongryangri) in
the 1990s.

The TSM project conducted in the 1980s to 1990s redistributed roads, adjusted signals, installed
traffic islands, and even reduced pedestrian paths with the goal of increasing abity caip
vehicles in most existing supply facilities. However, the priority of pedestrian safety and public
transportation was partially violated. Recently, the goal of road traffic improvements, such as the
creation of walking paths, has also come to essf#e the qualitative aspect and balance of the
entire road traffic environment. Upcoming transport system projects reflect the demands of
various road usage classes and focus on the conversion to intellectual traffic improvement projects
that can enabléne road traffic environment to reach that of the standard of advanced countries.

Seoul TOPIS has enabled the automatic control of a safe distance for vehicles, providing all public
transportation information on the internet of mobile phones, as welb#ig fpredictions by
incorporating such advanced electronic communication technology to TSM. These are the
measures being taken by Seoul city to not only contribute to promoting the traffic capacity, safety,
and demand management, but also to form conffiertaads and an improved urban environment.

After 2010, the following methods has been
improvement projects: geometry structure, signal system,-thineensional intersection project

Axis improvement projecBottleneck region improvement, signal linkage, bypass development,
partial capacity increase project, etc.

Construction of infrastructure for improved bus services: bus transfer facilities, BRT route
installation, etc.

Urban Freeway Congestion Mitigation

Seoul recently conducted a function improvement construction on the representative habitual
congestion secion on urban freeways. As a series of urban freeway function improvement projects,
a road was expanded using the extra space, such as the ceitiah @dind top of the road from
November 2012 to May 2013. The comparison of the travel speed in rush hours before and after
the construction shows, travel time had shortened the most during the evening rush hour. The
speed during 7 am to 9am increased %% from 27.2 km/h to 44.1 km/h, and the speed during
hours 18 to 20 increased by 195.9% from 21.8 km/h to 64.5 km/h. It appears that the speed during
the afternoon hours dramatically increased due to the relief of the bottleneck effect caused by the
extension of suburb roads where the traffic volume is concentrated during evening rush hours.
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Cateqor Morning Rush Hour Evening Rush Hour Daily Average
gory (07 to 09) (18 to 20) (05 to 23)
Before 27.7 km/h 21.8 km/h 33.1 km/h
Enforcement
After 58.6 km/h
44.1km/h 64.5 km/h .0 KM
Enforcement
Increase Rate 16.5 km/h

Furthermore, it appears traffic flow has been improved partially by the provision dgfmeal
traffic information and bypass information based on the intelligent transportation system (ITS)
integrated by 6 road billboards, 6 video detection systems (VfE)8 dedicated sherange
communications (DSRC) on all regions of the western arterial roads in 2012.

The two areas where construction was completed in 2013 were the Bukbu Arterial Road toward
the Mukdong route and the Dongbu Arterial Road toward3dengsu route. These areas applied

the TSM method, which efficiently operates and additionally secures roads through improving

existing road facilities, such as the top of the roads and central divisions, without construction
that requires significant fancial investment.

The existing route in the downtown direction surrounding the Bukbu Arterial Road toward the
Muk-dong IC lacked the necessary road capacity, and resulted in traffic congestion up to the main
route of the Bukbu Arterial Road. The broadap used as the shoulder of the Miging IC was

used to extend the two lanes to three lanes, and the road and traffic signals on the Hwarangdae
intersection located on the end of the route were adjusted to improve the traffic flow.

Upon analyzing the tr€ flow before and after the construction, the Dongbu Arterial Road
toward the Seongsu route displayed an enhanced flow of vehicles of 29.2% and the Bukbu Arterial
Road toward the Muklong route displayed an enhanced flow of vehicles of 71.2%. When
conveted to currency, this signifies an annual reduction of 1.62 billion won, and accounts for
twice the total TSM construction cost.

With respect to the Dongbu Arterial Road, the Yongbi Bridge expansion construction (Yongbi
BridgeeHaengdang road constructjprwhich began in March 2007, temporarily opened on
November 11, 2015 and was completed on May 31, 2016.

The region on the Dongbu Arterial Road (descending direction), beyond the Yongbi Bridge ramp
and toward Seoul Forest and Seongsu Bridge, is a chilgricagested area, the congestion of
which was to be relieved by increasing the road capacity through the extension of the road. In the
past, habitual traffic congestion occurred, such as excessive traffic volumes in comparison to the
flow of vehicles andhe crossing of vehicles due to the incorporation of the Naebu Beltway, the
Dongbu Arterial Road, the Gangbyeon Expressway, and the Dumugae Highway, respectively.
However, the extra space near the road between the northern intersection of the Seoggsu Brid
on the Yongbi Bridge route was used to extend an extra lane as-testromeans to relieve the
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congestion between the Yongbi Bridge and the northern end of the Seongsu Bridge. The exclusive
right-turn lane toward Seongsu Bridge was also extendeddnanto two lanes. Furthermore, the

four lanes on Yongbi Bridge were extended to six lanes to construct a Nédedsern region
freeway network

This is an example of the TSM method that increased the road capacity without changing the
entire structure ofhe road network, and was intended to resolve the problem of the traffic chaos
through the efficient traffic operations including the use of right lanes.
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Figure 1. Yongbi Bridge Extension Construction (Yongbi Bridlgaengdang Road Construction)
SourceYongbi BridgeSeongsu Bridge
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Figure2. Crosssection Diagram: Yongbi Bridg8eongsu Bridge

The construction to improve the traffic flow as performed by Seoul city from 2013 to 2014
included the Jangan Bridge route on the Dongbu Arterial Roadhan@unja Bridge route as
seen in the drawing below.

Muk-dong IC route

oty

Bukbu Expressway| 4,

L

Dongbu Expressway

{3 Jangan Bridge route

Tags®

Gunja Bridge route

Han River

Seongsu route to Northern end of Seongsu Bridg

Figure 3. Urban Highway Congested Region Improvement

Source: Kyunghyang Shinmun (2013)
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Dongbu Arterial Road Extension Construction

Seoul city entirely controlled the linkage ramp toward Seongsu on the Dongbu Arterial Road
on Nowon Bridge from 10:00 on Janu&y2015 to expand the Surak overpass within the region
of the Dongbu Arterial Road extension construction.

The demolition of the Nowon Bridge linkage ramp, which was constructed in 1994, began on
January 5, 2015, and was completed on March 10; itdaéiai®n will be completed in late May

of 2017. The extension construction of the Surak overpass was completeeMiaya®®16. In

order to minimize the inconvenience and discomfort of the regional residents due to the noise and
du demolition st demolitin caused by noise and dust, special construction methods using the
diamond wire saw was performed to cut the structure. The removed parts were then moved to
another region to be disintegrated.

Meanwhile, the Dongbu Arterial Road expansion constructigiatén February 2008 with a
budget of 383.5 billion won and is planned to be completed in December 2017.

Business Outline
- Location: Dongbu Expressway Surak overpass

- Nowon Bridge linkage ramp (toward the Dongbu
route) demotion and reinstallation

- Extension of the Surak overpass
4-lane, 6lane

- Construction period: 850 days after commencement
(Jan 2015 May 2017)

- Constructor: Sewon Constructor Co., Ltd.

16

s ILTOmE \
S\ moome \

Figure4. Outline of the Dongbu Expressway Surak Overpass
Source: Seoul City (2014) httpénfra.seoul.go.kr/archives/20999

8. Policy Effects

The effect of improving traffic congestion based on the traffic operation technique was verified
by the signal improvement project (traffic flow increased by 17%) to relieve the congeshen in
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Ansan Banwol Industrial Complex route. A study reportedly demonstrates that the
transportation improvement program aiming to build synchronized system had increased traffic
speed to the entrance ramp from 36.6 km to 42.9 km by changing signal otter Ruoil
intersection, optimizing the signal timing at
waiting queue on the road.

(Banwol Shinmun 2011).

The transport system improvement projects conducted by Seoul city in the habitual congestion
regiors also displayed noticeably reduced congestion and improved the overall traffic flow.

1) Yongbi Bridge Extension Construction (Yongbi Bridgaengdang Road Construction)

An effective flow between the regions was achieved by resolving the bottleneckieftae
northern end of Seongsu Bridge, a region of habitual congestion, and the traffic flow was thereby
enhanced by 29% from 22.7 km/h to 29.3 km/h.

2) The effect of improved traffic flow from the Bukbu Expressway Migkg route and the
Dongbu Expressay Seongsu route

Seoul city analyzed the change in traffic flow and volume at different times for two weeks before
and after construction and, from this, calculated the socioeconomic profit based thereon.

The morning traffic flow toward the Hwarang Unig#y intersection increased by 71.1%
32.5km/ h Y 55.6km/ h, 23. 1k mkidongrolte/corstiuctionBndk b u Ar t
the traffic flow toward Yonghbi Bridge increasef
the Dongbu Arterial Roadto Seongsuiten

This saved time is tantamount to an annual reduction of 1.62 bhillion won, which is exceptional in
terms of cost when seen against the construction cost of 830 million won.

In addition to the profit from the time reduction, the effect of cost realuatithe following items
was also analyzed:

Commuting time: 1.6 billion won
Vehicle driving cost: 0.21billion won
Atmospheric contamination cost: 90 million

Reduced accidents460 million won

3) The Road Surrounding the Seocho IC, Seoul
Nambu circuitroad operation improvement surrounding Seocho IC in Seoul

The region on the Seoul Arts Center thvesgy intersection around the Seefpo Office threeway
intersection of the Nambu circuit road is a habitually congested region of approximately 2km. It
is dso known to cause delays and congestion on the main Gyeongbu expressway and Banpo lanes.

It was observed and understood that a lack of road capacity during rush hours and delays based

146



Seoul RBlicies That Work Transportation

on the crossing of vehicles in the lower regions of the Seocho ICtle=neain causes of habitual
congestion.

As a means of i mprovement, the Korea Transport
operation improvement project comprising the following:

The width of the lanes was adjusted from2.9m to 3.63.25m inorder to add another
lane.Another lane was added by adjusting the width of the lane of the Nambu circuit
from Seocho IC to the Seoul Arts Center and partially setting back the pedestrian path.

Separation of the crossing of vehicles in lower Seocho t=atension of lanes.

Separation of the main line in the region where vehicles frequently cross one another in lower
Seocho IC and enhanced traffic flow by increasing the number of lanes in certain regions

Smooth traffic flow in the main lane obtained bynstructing lanes on the Gyeongbu highway
entry-exit ramp region (achieved by the relocation of subway ventilation facilities)

The analysis of the effect of traffic relief of the Nambu circuit surrounding the Seocho IC shows
the average delay before tinepgrovement in the region was 287 seconds, which has been reduced
by 13.2% to 336 seconds upon improvement. Furthermore, the average traffic flow has been
improved from 13 km/h to 15.7 km/h. The region near the Seocho IC of the Gyeongbu
Expressway also ditgyed a positive reduction of 42.5% from an average delay time of 40
seconds per vehicle to 23 seconds upon improvement, and the average traffic flow improved from
34.5 km/h to 43.0 km/h.

Table 3. The effect of flow relief on the Nambu Circuit in Seodého

. Average Traffic Average Traffic
Average Delay Time Time
Category (Sec) Flow
(km/h) (Sec)
Nambu Circuit 387 13.0 488.8
Before
G)_/eongbu 40 345 68.5
Highway :
Nambu Circuit 336 15.7 386.1
After
G)_/eongbu 23 43.0 55.9
Highway '
Nambu Circuit -51(13.2%) +2.7(20.8%) -102.7(21%)
Effect G b
yeongbu -17(42.5%) +8.5(24.6%) -12.6(18.4%)
Highway

Upon analyzing the economic effect of the Nambu circuit surrounding the Seocho IC, an annual
profit of 52 trillion won occurred, and thus, the improvement effect in the congested region is
significant.
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Table 4. Annual profit on the Nambu circuit surroingdSeocho IC

Annual Benefit
Category | Relief of Traffic| Reduced Energy Reduced emission of Ai Total
Flow Consumption Pollutants

The traffic congestion in urban CBD causes significant economic loss at a national level. The cost

of Koreab6s national traffic <camongwhghl7.6trlion s 27 . 9
won is consumed in the six metropolitan cities, inclgdseoul. In this context, central and local
government should join hands to mitigate congestion at the chronically congested section. Given

the 6cost to congestion improvement effecto, i
improvement progam and transportation operation program instead of construction new roads.
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TOPIS: Seoul s Intelligent Traffic System (ITS)

Shin Lee, University of Seoul®®

Seoul TOPS$ (Seoul Transport Operation &nformation Servicg is an integrated traffic

management <center that operates and manages

information from traffierelated organizations these include Bus Management System (BS),
traffic card system, unmaed enforcement systems and traffic broadcasting, the National Policy
Agency, and the Korea Expressway Corporation.

ifSeoul TOPI'S (Seoul Transport Operation and

S

| n

traffic center that plans, constructs, andopsratesSeoul 6s I ntelligent Transg

Korean name can be Iliterally transl ated as
English name of Seoul TOPIS is more familiar to the public. The traffic information situation
control room, whichis an important part of Seoul TOPIS, is sometimes easily mistaken for the
entire Seoul TOPIS. However, Seoul TOPIS actually refers to the intangible functional
organization that manages Seoul citybés I TS,
department of Seoul city composed of 4 divisions and 90 employees. Over its evolution of the
past 15 years, Seoul TOPIS has come to obtain various functions and equipment. In 2015, the
functions of Seoul TOPIS were systematized to launch a new platfsrecorhponents include

the six platforms of center platform (the traffic information control room), the bus platform
(BIS/BS), the unmanned enforcement platform, the freeway traffic management system (FTMS),
the advanced traffic management system (ATMS),tae big data platform (traffic predictions,
information support).

Seoul TOPIS continually collects a wide variety of traffic information: information such as
highways and freeways, 9000 buses, current traffic situations from public traffic card systems,
vehicle violations (parking and stopping, speeding, driving on bus lanes), and accidents. Then,
based on these platforms, it analyzes the traffic demands or causes of traffic congestion and
provides reatime traffic information required by traffic fadiji users and public transportation
operation managers. With respect to unmanned enforcement, it has an automatic penalty
management system that collectively manages the imposition and collection of penalties and bills.

10 Translation by ESLE
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With the use of advanced IT, detaleformation on the massive Seoul traffic system can be
collected in reatime and a remarkable amount of data can be gathered and analyzed by the one
center of Seoul TOPIS. This is done to increase the accuracy of the information. Furthermore, by
sharing such analysis results with private corporations and the people, it allows for the
development of various derived information products. Ultimately, Seoul TOPIS works toward the
goal of constructing a traffic system having maximized satisfaction by the aisdrenhanced
safety of traffic users, as well as minimizing traffic congestion by optimizing the efficiency of

existing traffic facilities.

Center Platform

Center operation/combined urban
management monitoring/various
unexpected situation response system

@ Bus Platform

Bus information system (BIS)

e e BMS) TS Solution concentrated with

Seoul’s ITS construction experience
and technologies

,éﬁ Unmanned Enforce Platform

Unmanned enforce system
Automatic penalty imposition system

Figure1: Seoul TOPIS Platform
Seoul Traffic Information Division (2016)

1. Policy Implementation Period

Her e, a

TOPIS
PUATEORM] &5

summary of the historical

V/ : "N FTMS Platform

Urban freeway traffic management
Systam

ATMS Platform

Freevay traffic management system
Traffic signal operation system

% Traffic Big data
Platform

Traffic prediction system
Traffic Policy Support System

process for

provided. It was not planned and developed as a single system, but each part was gradually
initiated based on the formation of the conditions and needs. Basdtiese individual
experiences, the entire process and system was integrated and consequently reconstructed into six
platforms. As a result, the temporary construction of each of the six platforms was possible in

different geological and spatial contexts.

- Institution ofNamsan region traffic management system (10.6km): 1998
- Institution and expansion bk urban highway traffic management system: 2000
- Inaugruration ofSeoul TOPIS the situation control roojnand introduction oftraffic card

system: 2004

- Introduction of he unmanned enforcement system: 2005

- Pilot installation and expansion dfet bus information terminal (BIT): 2008

- Launchingmobile traffic information service: 2009
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- Traffic data open tthe public: 2010

- Introduction of Standard design (VMY,DS) of the ITS facility

- Launching ombined (traffic + disaster + general affairs) urban management situation control
room: 2013

- LaunchingSeoul TOPIS platform (ITS Solution): 2015

Y e
Beninnina of Seoul ITS {TOPIS 1.0 Seoul T#PIS
1998: The Namsan region traffic management system :
{10.6km) constructed : 2004: Scoul TOPE and traffic card systemn adopted

i 2005: The unmanned enforcement systemn adopted

2000: The urban highway traffic management systemn constructed

T
TOPIS 2.0 TOQIS TOPIS 3.0 LAMIS

2009: Traffic information opened 2013: Traffic + disaster + general affairs functions combined
2010: mobile service opened 2014: Scoul TOPE Platform

2015: Overseas policy sharing friendship concluded with private corporations

Figure2: History of Seoul TOPIS
Source: Seoul Traffic Information Diion (2016)

2.Background Information Before 2004

In the 1950s and 1960s, before Koreads economi
facilities and infrastructure in Seoul city were very weak. It was difficult even to catch buses and

the road had no traffic signals, which resulted in a dependency on hand signals. The surface car

(also known as a streetcar or tram) constructed in the early 20th century was almost the only form

of public transportation. In addition to the expansion of the tiy,route network gradually

extended. However, there were restrictions to handling the increasing number of users along with

the rapid economic growth. In addition, with the remarkable increase in the use of motor vehicles

and the introduction of buseshigh allowed free movement, the surface whpse installation

and expansion was relatively difficult naturally began to decline. In 1968, the last route of the

surface car was terminated.

At the time of the termination of the surface
surface car and buses, each of which transported half of the population. The official growth of
Seoul began at this time, and it began to section and congradimes itself by gradually
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constructing roads from the nearest regions from the heart of the city using buses as the main form
of transportation.

Throughout the era of high speed urban growth after the 1970s, road construction was performed

fortheexansi on of bus services and the infrastruct
constructing the Gangbyeonbuiand Hangang bridges as a series of expanding the weak traffic
facilities. Furthermore, in 197dngofSubwaulindds s ubwas
number 1.

However, the continual increase in income of the Seoul citizens, due to the rapid industrialization,
resulted in a surge in the use of vehicles. The increase in road transport facilities actually further
caused increases the operation of vehicles and this resulted in a lack of roads. At the time,
therefore, there was no seemingly practical resolution of the road congestion.

In a situation where the general role of public transportation was decreasing and the use of
persoml vehicleincreasing, the status of the subway rose in comparison to buses in the public
transportation market in early 2000s. Thisdt irrelevant to the institutional support of setting

the subway as the main axis of Seoul transportation. Howevenp theeexcessive use of vehicles,

the level of road services declined, and the service competitiveness of buses, which depends on
roads, weakened in relative terms. This then caused an outflow of users tanotheof
transportation and the allocatederaf passengers on buses continually decreased from 30.1% in
1996 to 26% in 2002 (Seoul Statistics 2016).
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Figure 3 19802002 Trends of Allocated Passengers for each Method of Transportation

Source: Seoul City 2004; The Seoul Institute 2003
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After 2004

Together with thenotionthat the supply of roads cannot resolve traffic problems, particularly the
problem of traffic congestion, thpublic foundthe role of public transportatioaver more
important Seoul neegd to revitalize a bus industry whiaas visibly declining. There were
several attempts by the city to partially improve the operation of buses. However, the extensive
reformation of the public transportation system was finally conducted in 2004.

Thetwo main essence of this reformation are as follows:

1) The public transportation service was unified by combining the subway and bus systems in
order to reinforce the competitiveness of public transportation.

2) The bus industry at the time was privatizbut a se@alled semipublic bus management system
was established to control the market price in areas of operation and management. This was
determined as essenttalmeetthe strategic goal of combining public transportation.

In order to obtain compitiveness of public transportation, the qualitative of public transportation
servicesneeded to be enhance@he central bus lane, smart traffic card, and the public
transportation information system (BMS/BIS) were introduced as a pam @ftirmationinthe
public transprtationsystem, which all composed Seoul TOPIS.

3. The Importance of the Policy

Seoul TOPIS is a management system that ties Seoul transportation with advanced technology
and plays two significant roles in terms of traffic poli€ie first significatbroleis that it grants
competitiveness to public transportation by providing convenience and allows communication
through bus lanes, smart traffic cards, and the public transportation information system. This
greatly helps maintain ¢hallocated number of passengers in public transportation at a consistent
level. The secontbleis that a reasonable level of service throughout the entire road traffic system
can be maintained by helping the communication of vehicles through variounaoagement
systems, automatic illegal parking control systems, and unexpected situation control systems. The
result is a generally higher level of user satisfaction with no relation to the suitable allocation of
passengers or method of transportation.

4. Relevancewith Other Policies

As displayed in the platform composition of Seoul TOPIS, the following policies provided as a
part of the current manual series are each a platform that handles the operation oftitne real
traffic system of Seoul TOPIS.
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1) Bus information system (BMS/BIS)

2) Unmanned enforcement system

3) Freeway Traffic Management System (FTMS)
4) Advanced Traffic Management System (ATMS)

5. PolicyObjectives

The goal is tgprovide a forunfor sharing an advanced traffic systempaiblic transportation
operation management and, from this, provide scientific traffic administrative suppotimeal
communication management and citizen traffic information services through the connection and
combination of traffic information and tfaf systems.

As specific achievements, the following are to be achieved through optimized efficiency of the
existing traffic facilities, including the roads.

1) Improved urban traffic speed by minimizing traffic congestion

2) Reduce traffic accidents

3) Reduction of negative effects arising from unexpected situations

4) Prediction of traffic situations and support of other traffic policies by analyzing traffic big data
5) Enhanced consumer satisfaction through punctuality of public transportation aidtimg

of traffic information

6) Maximized road utilization through unmanned enforcement and contribtatidime right

parking cultrue

7) Enhanced profits based on the imposition of penalties and fines (Used for the construction of
parking lots)

6. Main Policy Contents

Seoul TOPIS is an integrated traffic center that plans, constructs, and operates the advanced traffic
of Seoul city and is operated by 150 employees and 4 teams. The main functions of Sesul TOPI
can be largely categaed as follows:

First, a wide variety of information from the urban highways and freeways is collected and
analyzed through advanced IT devices. And thenstiea! traffic surveillance and management
on traffic situations is performed to increase the efficiency of read u

In view of the types and scales of IT devices used by Seoul TOPIS, speed information is collected
in reattime from roads reaching 1,268 km through 1,181 video and loop detectors installed on
site and 35,000 GPS devices installed in taxis. Furth&r,s88veillance cameras installed for
traffic and disaster monitoring are operated, as well as 326 virtual memory systems (VMS) 3,600
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reattime signal controllers, local control stations (LCS) installed in 33 areas, and remote
manipulator systems (RMS) iradied in 13 areas are used to operate road communication, along
with information collection.

The drawing below displays the statistics related to the types and quantity of various IT devices
obtained by TOPIS.

1.268w 1R ol ‘
Extension of roads on P\ Ta ", b £ A.pprouom_ately 35“;{0 !
which the driving spesd C an = vehicles Multiple taxds from

is collected > il r’ which GPS data is collected

Approximately

3,600 controls control systems
Real-time signal
(LCS)
controllers

Figure4 Current st at atraffit maBagement deVice® | S6 r o
Seoul Traffic Information Division (2016)

After processing the traffic information collected from these devices, Seoul TOPIS provides the
data to drivers and manages the traffic situation. First, a whole host of diflszknblogies are
employed to collect speed, traffic volume, unexpected situations, weather, and other necessary
and relevant information.

Fundamentally, the locational information of taxis installed with GPSs is collected-timneab
calculate the pabgy speed on the roads. This is collected through wireless communication
between the GPS in standard vehicles, wireless communication devices, asiieohdse
stations.

Advanced vehicle detection systems, such as loop detectors and video detecinstaléred

every 250m to 500m on highways, and thus, the traffic speed and volume are collected from these
onsite systems. Surveillance cameras allow the monitoring of communication and unexpected
situations, and the road weather information system eslkad provides climate information,

such as the road state, temperature, and visibility. Moreover, information on traffic situations or
unexpected situations is obtained through the National Police Agency, the Meteorological
Administration, and citizen ports.

The road and traffic information collected through these various channels is gathered at Seoul
TOPIS, processed in redime, and then provided to traffic users in riale through various

media channels, such as mobile applications, ARS, namigdBNS, the TOPIS website, road
electronic displays, and traffic broadcasts.

Upon occurrence of an unexpected situation on the road, the situation is detected by a video or
automatic detector and automatically displayed on an electronic display. Thenbasl system
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controls operates the roads based on the nesmus provides bypass roads so as to control the
traffic flow. Furthermore, the connection road control system is operated upon need to prevent
any increase in traffic congestion, and the digoatrol system assists in smoothing the traffic

by prolonging the duration of green signals and lights on roads with severe congestion.

Seoul TOPIS also has the function of preparing for the full closure of a road due to any unexpected
situation, suchsa large scale rally or bad weather, by carrying out various simulations.

Second, Seoul TOPIS manages approximately 9,000 Seoul busestimeealnd operates a
public transportation information system that provides assistance with public tratieporta
information to the users.

Busrelated information is collected in ret@ine by installing bus information collection terminals

that use bus management systems (BMS) and traffic card functions on all buses in Seoul. Through
the combined terminals inskadl on 9,334 buses, all detailed information related to buses is
collected- such as all bus operating situations from the point of departure to the point of arrival,
reaktime speed, location of buses, sudden acceleration, sudden stepsp passing, ieaking

away from the route, and driving with the door open. Furthermore, these bus information
collection terminals alscheckstraffic cardinformation and thus, can collect the information of
passengers in retime. The terminals collecapproximately85 million cases of trafficard
information each day.

The collected information is provided to the citizens by automatically calculating the bus arrival
times and returning passengers by the Seoul TOPIC bus information processing technology. The
bus operation management records (including various operat®that may harm the safety of

the citizens) are systematically stored, analyzed, and managed to be used as an important index
in the regular evaluation of bus corporations, and the bus route is managed by adjusting
unreasonable routes and constructing mewes to support the establishment of the optimum
public transportation policy.

There are diverse means of providing bus information. First, bus information terminals (BIT) are
installed at 52% of bus stations in Seoul, to assist the passengers Witk Hreival time in real

time and provide bus information, as well as subway arrival information. The bus passengers are
provided with a wealth of information, such as the predicted bus arrival time, information related
to buses for the disabled, the lasis of the day, congestion due to accidents, and the predicted
time of arrival of the nearest subway through bus information terminals installed at these bus
stations.

Furthermore, all information at Seoul TOPIS is 100% open, where 24 million casEso&ition

is provided to the public in an open APl method. Private corporations may reprocess this
information to suit different types of consumers to directly provide public transportation
information to the users. Currently, a significant number of pubdinsportation users that use

the internet or smart phones receive public transportation information through portals, websites
or mobile applications of communications companies or mobile applications launched by
personal developers. Thus, the usersataepend only on bus information terminals installed at
bus stations, but can plan their use of public transportation anywhere and at any time.
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All of this bus information, as well as the usaistomized information (such as a safe arrival
service whicthelps accompany vulnerable pedestrians to their destination via text, and an alarm
function notifying the arrival at a destination) can be provided on smart phones. Detailed
information and websites can be used by accessing a QR code attached to bas wtelpas an
automatic response service for bus passengers who are unfamiliar with smart phones.

Such bus information collected and provided through advanced devices displays an accuracy of
98%. The accuracy of this information is evident by the uigeofombined public transportation
information that surpasses 1.4 million hits, and achieves satisfaction levels of 96%. Fig. 4 below
displays the number and statistics related to the information collected at terminals by the public
transportation informéin system.

Figure 5 Current status of Seoul TOPIS bus information system

Seoul Traffic Information Division (2016)

The electronic payment system, which allows the payment of various public transportation fares
with a single card, is also linked with Seoul TOPIS. The bus information collection terminal
previously explained is constructed so that it combines the buatigpeinformation system and

the traffic card system. The traffic card information collected thereby is becoming an important
element of the public traffic information system of Seoul TOPIS.

Traffic cards are used by almost all public transportation usesiding 100% of subway users
and 98.7% of bus users. Taxi passengers also display an increasing use of traffic cards each year
and currently stand at 53.5%.

Seoul 6s combined electronic payment system f ol
metropolitan area: a distance within 10km can be transferred to for free using any method of

public transportation within a time limit of 30 minutes. The distribution of the fare is calculated

based on the basic fare for each method of transportation.

Theusage of the traffic card is expautio distribution, dining, culture, and traffic safety services,
and thus, is breaking the boundary of the electronic payment system, and can also be used via pre
paid card, credit card, or the mobile phone. The trafircd was previously only available for use
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