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Let’s get people out of cars...
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...same storyline as before
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« Public transit and active transportation
promoted as GHG mitigation option, but...

« Earlier we studied the impacts of United
Kingdom GHG policy targeting private
automobiles

o 400 kt/yr of GHG reductions
+ ~90/yr early deaths due to poorer AQ
+ ~30% increase in 2-car collision fatalities.

[E. Mazzi, H. Dowlatabadi, Environ. Sci. Technol. 41, 387 (2007) ...]

« Getting people out of their cars will save
GHGs, but is it a recipe for a healthier public?
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Public transportation scheduling
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Public transportation business process
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Scheduling sub-process — without exposure
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Objectives
* Min. # of vehicles
* Min. unproductive time

Operational constraints
» Garages (location, capa)
* Fleet available per garage
* Travel time b/w terminals Standards

« Veh type restrictions Service offering * Min layover Union contract

Crew scheduling

Driver Duties
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Unproductive time
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* Vehicle task - a sequence of Blocks performed by the same vehicle

Gar. X - -A B A C A—-=Gar. X= =D E A === Gar. X

— B N _/
NV e

\ Blocks ——

« Block - a sequence of Trips performed by the same vehicle, from the
time it leaves a garage to the time it returns to the garage

o Layover - off-service time between Trips to make up for delays
o Deadhead - off-service time when a vehicle travels b/w terminals
o Unproductive time - pull out/in, layovers, deadheads

Deadhead
Gar. X = = =TerA pr= Ter B e TerA==TerC=.C 0 TerA= == Gar. X
Pull out \La yovers/ Pull in
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Exposure to public transportation emissions
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Air pollution impact pathway
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[Marshall & Nazaroff (2006) after Smith (1993)]
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99 B-Line: Elevation profile
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99 B-Line: Stops & intersections
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Velocity (kph)

99 B-Line: Westbound velocity profile
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99 B-Line: Power profiles
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NOX (g per 50m)

NOX(g per 50m)

99 B-Line: Nitrogen oxides (NO, ) profiles
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Primary PM, ; Intake Fraction
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99 B-Line: Intake fraction
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Primary PM, ; Intake Fraction
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Primary PM, ; Intake Fraction
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99 B-Line: Intake fraction

© 2009 Gouge, Ries, Dowlatabadi & Trudeau

—+Census data only
Census + Outdoor (AM Peak)
- —*Census + Outdoor (PM Peak)
1 Granville
- Willow Commercial
Ima McDonald Cambie
| Allison
/ Sasamat
UBC Loop

0 5 10

Distance from Route Origin (UBC Bus Loop) - km

Motivation Scheduling Exposure Integration Conclusions



Primary PM, ; Intake Fraction (10-%)

Intake fraction by bus route
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Frequency matters, or why BRT is special
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Frequency matters, or why BRT is special
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Frequency matters, or why BRT is special
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Frequency matters, or why BRT is special
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Putting it all together
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Scheduling sub-process — with exposure
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Objectives
* Min. # of vehicles
» Min. unproductive time (pull in/out, layovers,
deadheads)

_________________________________________________________________________________________________________________________________

* Objective function to minimize

o Ki*(# of vehicles) + K,*(unproductive time)

o Schedulers can vary weights to produce different
compromises (Pareto solutions)
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Scheduling scenario map
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Scheduling scenario
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« Subset of TransLink network over one weekday
o No. of routes: 6; no. of route variants: 25
o Total # of trips: 1746
o Total trip time: 1269h40
o 4 garages: BTC, PTC, RTC, VTC

 Route-vehicle type restrictions
o Routes 22, 41, 84 must be operated by 40 ft vehicles
o Routes 97, 98, 99 must be operated by 60 ft vehicles

 Route-garage restrictions
o Each route must be operated from a specific garage

« Fixed fleet mix per garage
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Scheduling scenario results
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Run 1 — Random Run 2 — Fuel Only Run 3 - Fuel &
Health
# of vehicles 126 126 126
Unproductive time 216h 25 (17.0%) 216h 25 (17.0%) 218h 22 (17.2%)
Health cost 32 998 18 926 (-43%) 15 991 (-52%)
Motivation Scheduling Exposure Integration Conclusions



Scheduling scenario results
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Run 1 — Random Run 2 — Fuel Only Run 3 - Fuel &
Health
# of vehicles 126 126 126
Unproductive time 216h 25 (17.0%) 216h 25 (17.0%) 218h 22 (17.2%)
Health cost 32998 18 926 (-43%) 15 991 (-52%)

Garage — Veh. type

Burnaby — 60 Adv 4 veh | 12.7 hrs/ 8/ 17.8
day
Burnaby — 60 Base 24 | 114 20 / 91
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Scheduling scenario results
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Run 1 — Random Run 2 — Fuel Only Run 3 - Fuel &
Health
# of vehicles 126 126 126
Unproductive time 216h 25 (17.0%) 216h 25 (17.0%) 218h 22 (17.2%)
Health cost 32998 18 926 (-43%) 15 991 (-52%)

Garage — Veh. type

Burnaby — 60 Adv 4 veh | 12.7 hrs/ 8/ 17.8
day

Burnaby — 60 Base 24 | 114 20 / 91

Vancouver - 40 Hyb 1/ 6.4 2/ 18.1

Vancouver — 40 Adv 18 / 11.5 18 / 15.8

Vancouver — 40 Base 29 / 101 30/ 114

Vancouver -40 Old 15 /1 12.5 13 1 24
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What's going on here: GHGs vs CACs
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In conclusion, "It's the exposure, stupid”
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Outcomes and conclusions
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« Consideration of exposure can be integrated
into existing bus scheduling frameworks

« In our scenario, we halved exposure to criteria air
pollutants at minimal additional cost

 Bus investments and operations are often far
from optimal to minimize exposure.

* Focus on simplest (least cost) available technologies
to effect improvements in exposure

« If we're asking people to step out of their
cars, we should focus on cleaning up key
proximate sources of pollution.
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