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* |n developing countries, the bus sector doesn’t always deliver the full emissions reduction potential,
because of KEBEFEZR - AREHBENEESZEIT:

« Competing servicesE & =5 RS « Low ridership ZiR 21K
« Inefficient operationsT & R & « 0ld high-emissions fleets =& |H ~ HEl &
.00 Transport-related CO2 emissions split by modes Emissions reduction measures in bus sector
ARIHATAXRICO28E R L 51 160 BT AEIEIEEBEE ]
°0% 140
50% =
0 120
40% gwo
30% g 80
20% “S 60
£ 4
10% — - - I
Ll J : I 2
o EU27 China India LAC Africa 0 l . .
Baseline  Bus Reorganization BR+BRT+D50 BR+BRT+D50 BR+BRT+CNG BR+BRT+Hybrid
(BR) DPF
M Light Duty Vehicles Buses M 2,3-Wheelers Heavy Duty Vehicles Rail Scenario

Source: ICCT, Cordeiro et al. 2008 VWURLL KRCODUURKGUED LINDILILIUILEL



Traditional {54 - TEHIES Formalized services IEFl - BFRAYARSS

: »
—
—~

Source: World Bank, EMBARQ, Reforma, Magic Bus.

Source: Flickr, EMBARQ, El Espectador, EMBARQ, World Bank.

ot

»  Formalize informal bus operators/drivers/service branding f3E3EIER A
 Realign inefficient bus route system 2232 2 W L1E

»  Establish intelligent bus management system and smart cards 223 {E 21t
* Improve transfer facilities and bus lanes €A% - TS EMIZHLE

*  Procure low-emissions vehicle fleets T & {EHE I Z
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Public Transit in UB
122 EAENSTEUR

«  Commute time by bus%> 32 1@ £/ A7 [B]: 30-40 mins

Weekday card boardings %} 32 H % ijit: 638,975 trips A R
Weekday bus passengersZy 3 H 3R %&': 271,056 persons A

Mode share of formal transit service® A X 223X 2 4EER: 34.5%
(paratransit service: 10.7% JEIE X AR 718 EK)

| Daily Commute Time B @1 Mode split (all modes) £ 75 =X H 17 LL 45l
40
o N 15.30%
50 5 0.50% R
Manila
Shanghai
+ Bangkek
:E 40 Ulganbaatar
1 T
£
; o Cebu * Wuhan * Jokarta
E 30 -
E Singapore * Seoul .
;' Ho Chi Minh 38.50%
5 20 Ha Noi P *
Heng Kong
+
10 +— Da Nang
o - . . , , : ‘ = Bus\Trolley Bus = Shared mobility = Mini-bus m Professional taxi
5 10 15 0 = 30 = Street taxi = Privatecars = Bike Walk

Population (Millien Habitants)

Source: WRI smart card study, UB household survey, World Bank 2015 WORLD RESOURCES INSTITUTE



Urban Density (People/ Km?)

WA O E
Ulaanbaatar 3500
Bangkok m——
Beijing n——
 Uneven Distribution of Demand: Public Transit e |
Service in GerArea'_ St | __—
FHEARE  BXFHEH XA i
Fragmented sprawl and unpaved local roads pose g e e m—
challenges to transit service provisions. {K.%; BE 3 i & 4 e ——

*Dﬁké%ﬁ <AEEAARAMAEREE -

5000 10000 15000 20000 ESOOO 30000 35000
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Source; World B 2015
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Bus management and
E-ticketing system in UB
5=BRAXZEEH

Automatic Fare Collection System in UB B REA Xl &R 5t
 Cash payment is no longer accepted from April 15t 2017
(nearly 100% penetration vs. China’s average 61%)
017TF4RE, AMBELRZfFIRIR5TA - RIFRZEZRIAZLTF100%
Automatic Vehicle Location System in UB A3 EHREE LI R 5

* All the buses are equipped with GPS systemwide to enhance transit
operation in real time Fr B A R F1IECHGPSE BEE AL R ST

« Mobile-based user information system put into operation L& |
phEa PR EAT BUS I AstoGycHbl Gyyaan xaiix




« E-ticketing (AFC) shouldn’t be seen as a process of simple replacement for traditional ticketing. It is also an
opportunity to reform the bus sector. 5| A AR EGEIL R G E AR L EAIZEN -

Previous System Reformed System
PRl BERF
Previous:
UB Transport Authorit Radial
“inEE_‘; y TR
UB Transport Authority (Regulate & Monitor) )y ETETN
ZER
UB Smart Card (UBDCC)
Coll %ﬁgﬁffﬁgf' f Ref d
- Collect and distribute fares erormea:
NN/ IMPROVE SERVICE WS -
OUTCOME il / \
Bus Operators REREE R
/\ﬁ/\ﬁ]
(Under a E\ern%nce-based _\ / @ \ /_
contract
POOR SERVICE OUTCOME ) / \ / \
IESHREE

Source: Adapted from ADB 2009 WORLD RESOURCES INSTITUTE
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Source: Beijing Transport Institute 2017



1.Transit Planning 233 #1Xl: Prioritize transit

2. Daily Operation A3 5EE R E:
investment to match with travel demand £ 2
RIRE - MNaS5FKEE

= m &= Monitor
and plan bus operation in real-time 233z
I SE Y s B s SE 2

M‘:!:/ MRS E%ﬂ“blbr"m'l'ék
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Emissions reduction measures in bus sector
N7 AR [E 8 bR BEEE

160

140
S 120 Bus route formalization + reorganization
>
~
ON
<100
(o]
o
S 80
o)
©
S 60
2 40 Bus-only lane \ BRT

20 . — _— Low-emission bus fleets

: _ HE B

Baseline  Bus Reorganization BR+BRT+D50 BR+BRT+D50 BR+BRT+CNG BR+BRT+Hybrid
(BR) DPF
Scenario

Source: Cordeiro et al. 2008 WORLD RESOURCES INSTITUTE



3. Proposed: Using Smart Card and GPS data for policy and planning
BEW: ETORZRIFFGPSHERH A 3ZRSS

 Model inputs: smart card and GPS records on Sept 4, 2018(Tuesday)
EREA 201859 A4H — KRl FIGPS# R

* Model results:

REIZE

Total trips
AXZBAERE
Fare invasions, equipment malfunction
Infer transit destinations HE, ROME
TEERES

Trips w/ valid smart card taps
AXBRIRERE

Trips impossible to derive destinations
WO ETEEHESE NEER
Trips w/ valid Origin-Destination inference
AIHSETEERNEERSE
Trips be merged into a trip chain
RIFHITAE - DiTHRIE

Trip chains (with transfers)
AR H AR BT RE(RRE1 R HT)

Cascade trips by transfers
IR AR LT

Construct OD matrix

BB AR HTTODRERF

Validation :

ElIREES

KA
©" WORLD RESOURCES INSTITUTE



OD Inference Rate by Route

 Bus Passenger Origin-Destination Estimation
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Daily All Demands

‘mf*(mf>500)

Ger Area.
TUTE

FEAX Hﬂ?ﬁ'ﬁ*]@%ﬁ%q:‘ﬂ:iﬁtﬁiqj/\
X, MAZEKANZEHaHEX,

Large bus trip volumes occur in the city
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Transit Planning T 1T RERE A 32
P/
Bus Boarding and Alighting

at AM Peak R Eilgut = £
E:=h s

Paratransit JEIE I AZZARSS

= Paratransit = Transit

10 Kilometers

Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri
China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS User

Community

tEE
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Legend
AM Peak

‘ 1,400

- boardings
- alightings
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Transit Planning &F 4

TR KBV 32X

« Bus-to-Bus Transfers 2232 #i3k
Weekday bus ridership T{EHeZ#=: 271,056 persons/day A&X
Weekday riders with transfers T{£ H# 53k =& 88,896 persons/day AEX

= Direct = Transfer

UB- Percentage of bus riders who transfer

E=EfARMRKELLH

35% 33%

30%

25%

20% 17%

15%
1%
10% %

5%
5%

0%

Ulaanbataar Chongqing Wuhan Jiaxing Shenzhen

Comparisons with typical Chinese cities

WSREE B S o E B R T AY XS EE

60000 -

40000 -

20000~

| i
0 5

UB-Number of transfers per journey

E=EfARETRERIRFMR

Source: WRI Chinese Cities Transit Big Data Analysis

KA
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Transit Planning

Transfers mostly take place
at the entry points from the
Ger Area to the city center,
where jobs are located.
NRWFEFERETEMN
St ol X Z i Aol
HIE% E

e - Chingelte

S ———

Legend

i g # of Transfers
| . 0-119
J n -+ 120-429
° 430 - 921
© 922-1674

| @ 675-3548

8 Kilometers Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri
China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS User
Community
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el

Bottom 10 bus routes with the lowest frequencies

/ \ * |n the Hub-Spoke structure, feeder
services serving the Ger area is at low
/ AN /— frequencies. EE BIR T 4RSS - MY
JEEEXHFID, BIMERE -

\/
/
\
%
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e Schedule adherence X3 S %

Average Wait Time at peak hours
B el %5 ZE R 8]

Z actual headway. SRz LA EERE

1

AWT =

Normal bus arrival interva

(8-10 min)

2% Z actual headway_ sCRrzEsLAsE]iE]fE

1 Prolonged bus arrival interval
(>20 min)

AWT =45

AWT =55

AWT =6.5

AWT =75

AWT =85
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i 3 5 7 9 11 13 15

17 19 21 23 25 27 29 31 33 35
Stop

B On
== Off
—a—Load

Bottom 10 bus routes with the highest frequencies

* |n the Hub-Spoke structure, truck services
serving the city centers is highly
overlapping and can be truncated at the
major destinations. LR LEMEE
Em BFEHEZEE -

WORLD RESOURCES INSTITUTE



Schedule adherence A3z A2

. A
19:00 A ]
™ ~ | |
™ | |
™ | |
| |
18:30
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© 18:00 1 i
() /I
£
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5
|
|
|
Il
17:30
4/»L
17:00
10 12 14 16 18 20 22 24 26 28 30 32 34
Station Sequences

2 4

Throughout the day, speed of buses operated in city center

is around 10km/h ( )
AREBITRE: THOEREREAOARIN, SBEITEREHEY

Bus speeds, 5-6PM

Weshday, Decl5-Febls
BRT station
w9 80 and helow
s 0.80 10 16.70
16.70 to 25.00
25.00t036.00  wapa
w36 and above

0 “8ouideiid §
L

Kilometers
Far East BRE 20-\ug-16

f =
g .
b = s s ive
|
A

Source: speed data from ITDP
WORLD RESOURCES INSTITUTE

Space-time diagram of Route No.3 at PM Peak, Sept 4

DRIBERBIENEDHE
(Route length: 20.8 kilometre per direction &S +<E 2022 E)




Outside the 271,056 bus passengers, there are still many areas(Ger Areas mostly) cannot access to bus services by walk.
BRTIAB271, 056 ARFELUIN, BT LRBEER, AXHEBHXEGREAFLZREMRSZEIIHX.
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Built-up area within 300m straight-line distance to bus stations: Streets\roads served by bus service:
BRI R B00KRBER R AL (ERR)ERE
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. Clty Center & High-density Ger Area:3 i P /(LIS HENSEH 2K

« Optimize the overall route structure: several routes can ends at the major destinations at the city centerj#—
FZ MR BLEEY

* Improve operational plan: increase the frequencies for feeder serviceste 7+ & #h X 7 45 A XK

« Plan bus-only lanes to increase bus speed at the city center 1M AR ERBRAMT P OARERE

« Enforce schedule adherence through performance-based contract A05& X R &

« Ensure transfer is convenient and reduce transfer costs A {E#3E - &l /D # e 25

 Low-density Ger Area(mid or fringe): EAOZBEMN L AHE
* Provide low frequency, on-demand shared-ride services, enabled by smartphones 1&07E /A X B £ ZH 1T
AR>S S

* Entire city: T EH
« Optimize urban form and increase affordable housing provisions L{E¥HZEE G e A AR EHS

WORLD RESOURCES INSTITUTE



Conclusions &

- - Vehicle OBD System Surveillance Cameras

Cellphone data ~ Online surveys Traffic information

Making the data-driven decision-making a daily routine 1EHIESZZR AR BN B SIE:

Adapted management/ Institutionalized statistical reporting Data quality assurance

decision-making process mechanisms Open data protocols
AFATWEIRFRIZ R BN I E i;.&ﬁifﬁ}& =AY EES AL Cross-departmental data sharing
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