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Development Scheme: HOD vs TOD
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"Prediction is very difficult, especially if it's
about the future."

--Nils Bohr, Nobel laureate in Physics
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Data collection Economic activity (employment, sales volume, income,
(population, land etc.), land use (type, intensity), travel characteristics (trip
use, etc.) and traveler profile), and transportation facilities (capacity,

travel speed, etc.), population and demography, Origin-
destination trip data.

Analysis of existing | Analyze the data collected in the data collection stage. You
conditions and may build mathematical models describe the existing
calibration conditions and then use the relationships you have found
In the existing parameters to forecast future values.

Forecast of future 4-step transportation demand forecasting process
travel demand

Analysis of the Analyze what you get from the 4-stop demand forecasting
results process




Classical Four-step Model

Land Use
and Travel
Characteristics

—

Trip Generation

Trip Distribution
Transit and Highway Mode Choice
System
Assign Trips
to Network




Ridership Forecast VS Actual (BTS)
B
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Mathieu V. & Issbelle E., UN ESC/
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1 Missing Integration
11 Accessibility
0 Limited Network
0 Fare Level

7 Lack of Benchmark

Mathieu V. & Issbelle E., UN ESC/
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Transit Demand Elasticity

Table 11.3 Recommended direct-transit elasticity values

Market segment Short run Long run
Transit demand in regard to the Overall -0.2t0 —0.5 -0.6to —0.9
attribute of fares Peak hours —0.1510 -0.3 —0.4t0—06
Off-peak hours —0.3to —0.6 ~0.8t0 —1.0
Suburban commuters —0.3t0 —0.6 —0.8t0 —1.0
Transit demand in regard to the Overall 0.5t00.7 0.7to 1.1
attributes of service quality
Transit demand in regard to the Overall 0.05t0 0.15 0.2t00.4
attribute of car operating cost
Car users in regard to transit costs Overall 0.03 to 0.1 0.15t0 0.3

Source: Litman (2004), Table 11.
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Average Travel Speed (mph)

0 10,000 20,000 30,000 40,000 50,000 60,000
Person Capacity (peak direction passengers/hour)

SOURCES: TC()SM speed and capacity estimation procedures, TCRP Report 13 (R5), Transportation Planning
Handbook (R2), Characteristics of Urban Transportation Systems (R1)
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Transit Capacity and Quality of Service
Manual—2nd Edition
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0 Exhibit 5-21 Passenger Space on Selected North
American Heavy Rail Systems During Peak 15

Passenger Space (based on gross floor space)

System (City) (ft*/p) (m?/p)
NYCT (New York) 4.0 into CBD 0.38 into CBD
CTA (Chicago) 7.0 into CBD 0.67 into CBD
SEPTA (Philadelphia) 8.0 into CBD 0.77 into CBD
MBTA (Boston) 5.0 into CBD 0.50 into CBD
BART (San Francisco) 5.75-9.0 0.53-0.83
WMATA (Washington) 5.0-12.0 0.50-1.11
MARTA (Atlanta) 6.75-7.5 0.63-0.71
TTC (Toronto) 4.5-6.0 0.42-0.56
STM (Montréal 3.4-4.0 0.31-0.38

CBD: central business district
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0 Exhibit 5-22 Male Passenger Space Requirements

Situation Projected Area (ft*) Projected Area (m*)
Standing 1.6-2.2 0.15-0.20

... with briefcase 2.7-3.2 0.25-0.30

... with daypack 3.2-3.8 0.30-0.35

... With suitcases 3.8-5.9 0.35-0.55

... With stroller 10.2-12.4 0.95-1.15

... with bicycle (horizontal) 17.2-20.4 1.60-1.90
Holding on to stanchion 2.7 0.25
Minimum seated space 2.7-3.2 0.25-0.30
Tight double seat 3.8 per person 0.35 per person
Comfortable seating 5.9 per person 0.55 per person
Wheelchair space (ADA 10.0 (30 in x 48 in 0.93 (0.76 mx 1.22 m

NOTE: Stroller and bicycle dimensions based on review of manufacturer specifications.
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Non-Vehicle

i Arrivals -
: Walk-ins
|
! Kiss and
: Ride
I T +
- ] .
Q1 . Station Free Paid Vertical
D |
ﬁ: Parking Lot l«—> Entrance - Area - Area -+ anementH Platform
| | I
| |
1
|
E : F;ﬁg?r Free Transit
! b N Loading Entry/ |+ Vehicle
. Exit in Station
Unleoading

Line Haul Transit
Vehicle Guideway

Interchange = Function (type of vehicle system)
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Principles of Pedestrian Flow

The relationship between density, speed, and tlow tor pedestrians is described in
the tollowing formula:

v=S8xD
where:
v = pedestrian tlow per unit width (p/tt/min, p/m/min);
S = pedestrian speed (tt/min, m/min); and
D = pedestrian density (p/{t?, p/m?).

The tlow variable used in this expression is the “tlow per unit of width” detined
earlier. An alternative and more usetul expression can be developed using the
reciprocal ot density, or space, as tollows:

v=S/M
where:
v = pedestrian tlow per unit width (p/ft/min, p/m/min);
S pedestrian speed (ft/min, m/min); and
M = pedestrian space (tt?/p, m?/p), adjusted as appropriate for pedestrian

characteristics.
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Element Components
Train Arrival On- or off-schedule; train length; number and locations of doors
Passengers Number boarding and alighting; boarding and alighting rates, passenger

characteristics; mobility device use, baggage or packages carried,
bicycles and strollers, etc.

Platform Length, width, and effective area; locations of columns and obstructions;
system coherence: stair and escalator orientation, lines of sight, signs,
maps, and other visual information

Pedestrians Walking distance and time; numbers arriving and waiting; effective area
per pedestrian; levels of service
Stairs Location; width; riser height and tread; traffic volume and direction;

queue size; possibility of escalator breakdown

Escalators Location; width; direction and speed; traffic volume and queue size;
maintainability

Elevators Location; size and speed; traffic volume and queue size; maintainability;

alternate provisions for disabled passengers when elevator is non-
functioning
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Expected Flows and Speeds
Pedestrian Avg. Speed, § Flow per Unit Width, v

LOS Space (m? m/min m/min v/c
A > 3.3 79 0-23 0.0-0.3
B 2.3-3.3 76 23-33 0.3-0.4
C 1.4-2.3 73 33-49 0.4-0.6
D 0.9-1.4 69 49-66 0.6-0.8
E 0.5-0.9 46 66-82 0.8-1.0
F < 0.5 < 46 Variable Variable

v/c = volume-to-capacity ratio
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Avg. Ped. Space Flow per Unit Width
LOS (ft’/p) (m?/p) (p/ft/min) (p/m/min) Description
Sufficient area to freely select speed and to
A = 20 > 1.9 <5 <16 pass slower-moving pedestrians. Reverse
flows cause limited conflicts.

Sufficient area to freely select speed with
some difficulty in passing slower-moving

B 15-20 1.4-1.9 5-7 16-23 . i
pedestrians. Reverse flows cause minor
conflicts.

Speeds slightly restricted due to inability to

- 10-15 0.9-1.4 7-10 23-33 pass slower-moving pedestrians. Reverse

flows cause some conflicts.

Speeds restricted due to inability to pass
D 7-10 0.7-0.9 10-13 33-43 slower-moving pedestrians. Reverse flows
cause significant conflicts.

Speeds of all pedestrians reduced.
E 4-7 0.4-0.7 13-17 43-56 Intermittent stoppages likely to occur.
Reverse flows cause serious conflicts.

Complete breakdown in pedestrian flow with
F <4 <04 Variable Variable  many stoppages. Forward progress
dependent on slowest moving pedestrians.
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Width at Tread Incline Speed Nominal Capacity
Type (in.) (m) (ft/min) (m/min) (p/h) (p/min)
90 27.4 2,040 34
. 90 27.4 4,080 68
Double-width 40 1.0 120 36 6 5’400 90
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Average Pedestrian Area

Average Inter-Person Spacing

LOS (ft*/p) (m?/p) (ft) (m)
A =13 =12 > 4.0 > 1.2
B 10-13 0.9-1.2 3.5-4.0 1.1-1.2
C 7-10 0.7-0.9 3.0-3.5 0.9-1.1
D 3-7 0.3-0.7 2.0-3.0 0.6-0.9
E 2-3 0.2-0.3 <2.0 <0.6
F <2 < 0.2 Variable Variable
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A key capacity analysis for larger transit stations is the platform exit capacity
needed to accommodate passenger demands during the peak period. This capacity
ensures that each station platform is clear before the next train arrives. The general
solution is as follows:

Passengers/train

: : < Train headway (minutes)
Capacity (passengers/minute)

or
Passengers/train

Capaci assengers/minute) >
pacity (p s ) Train headway (minutes)

Because people may not use, or be able to use, all available exits, some safety
factor is needed. This could be as much as 20 to 30%.



an1sianeandszasalWiignwaan
o0

SkyTrain (Vancouver)
TTC (Toronto)
SkyTrain-SE (Vancouver)
CTS (Calgary)

Alighting

BART (San Francisco)
SkyTrain (Vancouver)
Muni (San Francisco)

ETS (Edmonton)

MTS (San Diego) Medium Volume Level | - I;:?ard_ing
Tri-Met (Portland) Doorway :ﬂ:f;;ﬁow
PATH (New York) . Boa rding 7
SkyTrain (Vancouver) High Volume Level
TTC (Toronto) Doorway
T (Edmenton) Light Rail with steps
CTsS (Calgary) only
Muni (San Francisco) i
BART (San Francisco) Light rail with steps &
MTS (San Diego) on-board fares
Tri-Met (Portland) . . 2 : ; : .

Muni (San Francisco)
NYCTA-IRT (New York)
PATH (Mew York)
NYCTA-IND (New York)

Time per passenger per single stream (s)

SkyTrain (Vancouver)

Muni (San Francisco)

0 1 2 3 4 5 6
Time per passenger per single stream (s)
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Observed Average Equivalent Pedestrian

Type of Entrance Headway (s) Volume (p/min)
Free admission (barrier only) 1.0-1.5 40-60
Ticket collection by staff 1.7-2.4 25-35
Single-slot coin- or token-operated 1.2-2.4 25-50
Double-slot coin-operated 2.5-4.0 15-25

Card reader (various types) 1.5-4.0 25-40

High entrance/exit turnstile 3.0 20

High exit turnstile 2.1 28

Exit gate, 3.0 ft (0.9 m) wide 0.8 75

Exit gate, 4.0 ft (1.2 m) wide 0.6 100

Exit gate, 5.0 ft (1.5 m) wide 0.5 125
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Pedestrian Micro-Simulation
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Subway Entrance Hall Model
Anylogic® Pedestrian Library Example

This sample model represents possible
passenger flows in entrance hall of the
simulated subway station.

Multiple passengers go through the ticket
control to or from the subway. When going
to subway part ot them buy tickets at
manual ticket offices or automatic ticket
selling machines.

The subway station hall is equiped with
- automated ticket selling machines
- ticket offices

'
- automated ticket control {pay-passes) “‘
¥isitors choose their way to their targets b il ':'.,‘
in “free” space, without strict guidelines, | { Il L \
walking around obstacles. ]
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Pedestrian Modeling Input Step

O 1 Object Input _
O Walking areaq, Stair, Escalator, Ok

0 2 Pedestrian Input

O Pedestrian data, Walking behavior, Pedes’rrlcm
roufe

0 3 Train Input

O Train dimensions, Train capacny,
time

0O 4 Model Evaluation — |
Credits Systrg MVALThQUndLLt®y aneity Travel + e




Model Calibration

Credit : Systra MVA (Thailand) Ltd.

Observed

Existing Calibration Escalator Pedestrian Calibration
Esc Direction V/C Peak 5000
Pax/ hour | y//c peak [Pax/ hour ™" _ - 4500 R2=0.96"
Hour 4000 /
3500
ESC 2 2940 0.49 2754 0.46 — 3000 *
ESC 3 U 2925 0.49 | 3274 | 055 B 2500 s
p S s
ESC 6 1868 031 | 2295 | 0.38 = 2000 /
ESC 7 1844 0.31 2182 0.36 1500 7
ESC 1 1899 032 | 1844 | 031 1288
ESC 4 2452 0.41 2425 0.40 0
ESC 5 =S 3852 0.64 3774 0.63 S § § § § § § § § § § §
ESC 8 4817 0.80 4624 0.77 — NO(; ™ f'é S S 1O W
ESC 9 1164 019 | 1204 | 022 serve
ESC 10 1804 0.30 1935 0.32 . ] . .
. . . Stair Pedestrain Calibration
Existing Calibration
1200
Stair Direction /h /h V/C Peak .
pax/ hour |y//c peak [Pax/ hour ™ - 1000 T
Hour 800 .
Stairl | Bi-direction 55 0.01 45 0.01 g
Stair2 | Bi-direction | 1175 0.16 790 0.20 S 600
Stair3 | Bi-direction 1108 0.15 1043 0.26 400
Stair4 | Bi-direction 206 0.05 199 0.05 200 /
Stair5 | Bi-direction | 162 0.04 175 | 0.04 /
Stair 6 | Bi-direction 75 0.02 67 0.02 0
0 500 1000 1500



Simulation Screenshots

Credit : Systra MVA (Thailand) Ltd.



Simulation Demonstration
2

Credit : Systra MVA (Thailand) Ltd.



Simulation Results
B

Train Operation Station Elements Ve Trav(enlqiti]m)e sl
Test Schemes EESIEHYEnS Vertical )
Case Demand No. of . . [Platform| Platfor [Platform|Platform| Longest
Headway ; Stop Locations|Transportatio
trains = 1 m 2 3 4 Route
Model Calibration
3&3 trains Existing Demand, current stop Year 2010 Suk 2:30 min., 3&4 [Current Current 1:23 1:32 2:05 2:15 3:05
ocation Silom 4:50 mim.| trains
Forecasting : Do Nothing
1* B&4 trains Existing Demand, current stop Year 2010 Suk 2:40 min., 3&4 [Current Current 1:28 1:48 3:37 3:32 3:53
ocation Silom 4:30 mim. | trains
2 B&4 trains next 3-year Demand, current Year 2013 (1) [Suk 2:40 min., 3&4 [Current Current 1:54 1:37 3:54 3:54 4:45
stop location Silom 4:30 mim.| trains
3 W&4 trains next 10-year Demand, current| Year 2020 (2) [Suk 2:4 min., 4 &4 [Current Current 2:36 2:09 4:57 5:34 5:39
stop location Silom 4:30 mim.| trains
Test Passengers Train Operation Station Elements Platform Density (sg.m/per)
Schemes No. of . Vertical Platform|Platform|Platform|Platform
Case Demand Headway ; Stop Locations .
trains Transportation - 2 3 4
Model Calibration
3&3 trains Existing Demand, current stop Year 2010 ISuk 2:30 min., 3 & 4 trains|Current Current 1.04 0.60 0.50 0.50
ocation Silom 4:50 mim. (LOSD)| (LOS E) | (LOS E)|(LOS E)
Forecasting : Do Nothing
1* B&4 trains Existing Demand, current stop Year 2010 Suk 2:40 min., 3 & 4 trains|Current Current 0.90 0.86 0.52 0.49
ocation Silom 4:30 mim. (LOSE)|(LOSE) |(LOSE)|(LOS F)
2 [B&4 trains next 3-year Demand, current Year 2013 (1)  [Suk 2:40 min., 3 & 4 trains|Current Current 0.78 0.62 0.36 0.40
Stop location Silom 4:30 mim. (LOSE)|(LOSE) | (LOS F)|(LOS F)
3 K&aA4 trains next 10-year Demand, current Year 2020 (2)  [Suk 2:4 min., 4 & 4 trains|Current Current 0.88 0.58 0.25 0.21
Stop location Silom 4:30 mim. (LOSE)| (LOS E) | (LOS F) | (LOS F)
Forecasting : Change Stop Location
1 [B&4 trains Existing Demand, current stop Year 2010 Suk 2:4 min., 3 & 4 trains|Current Current 1.03 0.85 0.61 0.81
ocation Silom 4:30 mim. (LOSD)|(LOSE) [(LOSE)[(LOS E)

Credit : Systra MVA (Thailand) Ltd.
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Questions & Answers & Discussions
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