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Method 2 for Displaying Results: Delays broken down by amounts that the other travelers experienced on inbound or outbound leg of their trips

Total Delay based on time of entry
Delay causad by the inbound |leg
Belay caused by the outbeund leg

i LI "] W okl N A

(whose Inbound leg is 12 & period selacled In Row S8
ardon dlertior
267, 1S

rip) brokeigioWAR, time pe

Graveyard AM. Pre-pk AM. Peak AM. Post-pk Midday Pk BM. Peak P M. Posl-pk
1.646 2.008 3761 3214 2788 4.030 2654
D.0D8 0,366 2137 1.576 1,165 2475 1.022
1.640 1,640 1,624 1.637 1633 1.605 1.636
ribourid wad Outbound values
1.637 1.624
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Balanced Transportation Analyzer

A spreadsheet model to assess benefits, impacts and costs
of time-variable traffic and transit pricing in New York City

Outputs:

® Agency revenues
® Motor vehicle travel speeds

® Time savings to vehicle users (hours and dollar
equivalents)

® VMT and transit ridership

® Emissions and other vehicle externalities




Balanced Transportation Analyzer

A spreadsheet model to assess benefits, impacts and costs
of time-variable traffic and transit pricing in New York City

Inputs:

Baseline motor vehicle data
® Cordon entries
® Time of day and Day of week

® Cordon and non-cordon speeds

Baseline subway and bus data
® Ridership and revenue

® Time of day and Day of week
Elasticities (price and time sensitivities)




P o o mm mm Em Em mm E Em Em EE EE RN R N N EE EE RN M N N M M RN M M N M EE RN M N Em Em EE M RN N Em Em Em R Em Em Em

——————————————————————————————————————————————————————————————————————

Origins '
Ted Kheel vision of free transit, g“*-:ﬁ‘
1960s - 2000s )

“BTA” — Balancing free transit
and congestion pricing

Enhanced BTA 1.1
® Time of day pricing =

— el el |

® Explicit treatment of speed-
volume relationships -2 Z275EE

® Weekends modeled separately from weekdays
® Sensitivity analyses

® Easier to use

——————————————————————————————————————————————————————————————————————
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——————————————————————————————————————————————————————————————————————

Traffic pricing essential to improving vehicle travel
Traffic pricing a revenue source for transit
Time-varied pricing can

® Maximize time savings

® Provide choice

® Ease subway crowding

Instant modeling to screen policies
® Toll changes
® Fare hikes / rollbacks
® Service changes

® Public Space re-allocation

Transparency ® understanding ¥ trust

----------------------------------------------------------------------
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BTA Strengths

Time-variable tolling
® Up to 7 time periods
® Trade-off between toll and scheduling

Weekends separate from weekdays

Time-variable subway pricing
® Up to 24 time periods

Interactivities between driving and transit

Interactivities between traffic speeds and volumes
[rebound effect)

Anyone can use




BTA Limitations

Cordon pricing only
(Manhattan Central Business District)

No geographic differentiation
Carpooling not treated explicitly
Deterministic, not probabilistic




BTA Other Strengths

Toll Incidence (by county)
Cost-Benefit

® Value of time

@® Valuation of reduced pollution, crashes, etc.

Bus Boarding

Delay Costs
Robust w/r/t Elasticities
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——————————————————————————————————————————————————————————————————————

Baseline Vehicle Trip Volumes
CBD trips separated into six types

® Auto work, auto non-work, through-trips, medallion taxi,
truck, bus

® Average trip miles (CBD portion, non-CBD portion)
® Source: Household Interview Survey

® Source: Schaller Consulting

Each trip type separated into seven periods
(covering 24 hrs)

® Source: Manhattan River Crossings

42 trip sub-groups (6 x 7)

----------------------------------------------------------------------
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4

A

Motor Vs worksheet

\
S

’

B. Baselines - Traffic Estimates and Trip Costs disaggregated into different weekday time perlods

This section assigns weekday VMT's for each (rip calegorny 1o diferent sme periods, and establishes basic cost and lime parameters for each combination of tAp type and period.,

SR RVUUTY SRR ALL MOTOR VEHICLE TRIFS
~ Peole. Tols In chargng pernods ane easily vaned (mn User
Inputs worksheot), bul make-up of the perods, i.e., hours in Gravayand A.M. Pra-pk AM, Prak AM, Post-pk Midday Pi PM. Paak
; EIE_I_!:H'.I.I_:ifI:KEId. : : ; 11 pm - 5 am 5 am - B am Eam -9 am 9 am - 10 am ilam-2 pm 2 pm-Bpm
Hours in pariod B 1 3 1 4 B

Pericds were drawn 1o group similar hourly volumes of vehicles enterng CBD. See By Hours worksheed. Uiser may change, bul some spreadshes! reprogramming of By Hoars is required

1. Basaline Auto Cordon Crossings, inbound = Trips and VMT

Duaily condon auto entries (figunes are sehicles, nol persons) 75,6681 30,533 176,092 52,082 168,036 272,736
Each figura in first colurmn block is sum of respective figures. in subsequent column blocks for the six tnip types. Sources for thase Sgures ane shawn further ta nght

%'s of daily auto crossings into cordon in respeclive penods T 4% 20% % 19% %

Hourly cordon entries (vehicles) 12,647 30,533 58,697 52,092 42,000 45 456
Fiow B3 figures divided by Row 79 figures

Hourly cordon entries as % of maximum howrly condon entries 22% 5% 100% 89% TE% %
These percentages will help aslimate traflic speeds within respeclive periods, since speeds ane essankially & function of iraflic volumes (densities).

Cordon VMT from cordan entries 136,520 49,002 268,873 79,535 263,103 437 641

Daily cordon anlries in Row 83 imes Cordon WVMT per anlry in Row 48

2. Baseline Aute Cordon Crossings, outbound — Trips and YMT

Daily condon auto return trips (figures Bre vahicles, nol persons) 103,368 20,975 120,903 38,020 151,180 313,928
Each figure in first calumn block is sum of respective figures. in subsequent column blocks for the six trip types. Sources for (hose Sgures ans shawn further ta rght

%'s of daily sulo return rips from cordon in respective periods 12% 2% 145 4% 1% 36%

Hourly cordon return trips (igures ane vehicles, not persons) 17.228 20,975 40,301 38,020 a1, 795 52,521

Cordon VMT from condon retum trips (pesiod relurn trips x cordan VMT per ertry) 164,153 236 197,348 61,857 243,574 501.116

Daily cordan retum trips in Row 54 times Cordon YMWT per eniry [which is same as par meturn] in Row 48,

3. Baseline Auto Travel in Cordon that Didn’t Cross Cordon - VMT

% af 24-h volume that sccurs in reapective period 10,5% 2.9% 16.6% 5.1% 18.2% 34,1%
Calculabed as mean ol inbound and oulbound parcaniages lor respective periods. in By Hours worksheat
Cordon VMT from motor vehicle trips that didn't cross cordon 114,442 31,220 180,027 54,872 197 536 360,833

P.M. Post-pk
Bpm- 11 pm

3

4,830

1%
31,610

54%

161,300

121,828
144

40,609
183,797

12.T%

137,740

Totals

24

100% i

1
1
1
1
BT0,201 i
1
1
1,306,082
1
BTO,201 i
100% 1

1,396,082 ;

100%

1,085,771
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——————————————————————————————————————————————————————————————————————

Baseline Motor Vehicle Trip Costs

Out-of-pocket trip cost for all 42 sub-groups

® Tolls
Average of tolled and untolled crossings

® Parking
Average of unpaid, metered and private

® Gas
Reflects impacts of travel speeds on mpg

® Other
Perceived expected value of crashes, tickets, etc.

----------------------------------------------------------------------
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Baseline Motor Vehicle Speeds

CBD
® PlaNYC: 6 am - 6 pm average = 8 mph

® Speed-volume relationship: U-C economist Ken Small
(Toronto observations)

Cordon
7 Weekday Periods | Speeds

Graveyard

A.M. Pre-peak
A.M. Peak

A.M. Post-peak
Midday Peak
P.M. Peak

P.M. Post-peak

Traffic-wghtd avg
6am -6 pm
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Baseline Motor Vehicle Speeds
CBD

Cordon Speeds: Variation with Traffic Volume

30
Baseline A.M. and P.M. peak values
are approximately 220 thousand.
25 ‘Graveyard’ shift value is roughly

\ 70 thousand.
20
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Baseline Motor Vehicle Speeds

non-CBD
® PlaNYC 6 am - 6 pm average = 18.22 mph

® Speed-volume relationship: Santa Clara (CA) freeways

Non-Cordon
7 Weekday Periods | Speeds

Graveyard

A.M. Pre-peak
A.M. Peak

A.M. Post-peak

Midday Peak
P.M. Peak

P.M. Post-peak

Traffic-wghtd avg
6am-6pm
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Toll Impacts on Traffic (Round 1)
% Change in trip cost due to cordon toll

Change in number
of trips

Price-Elasticity: Illustrative Effect of Travel Price on Demand

Each curve corresponds to a par-
ticular price-elasticity. Their non-
linearity captures the exponential
character of elasticity functions,
which in turn reflects the under-
lying Law of Diminishing Returns.

N
2
>

Time-switching
propensity between
periods

o
X

Increase in Trip Volume
N
o
X

Trip attraction .
[or repulsion] from -40%  -20% 0%  20%  40%  60%  80%  100%
bus/subway

Combine to calculate new trip levels
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Rebound Effect

New volumes ® new traffic speeds
® Speed-volume relationships (CBD and non-CBD)

New traffic times (CBD and non-CBD)
New trip volumes (via time-elasticity)

Iterate

Rebound Effect
150,000

100,000

Cordon Entries, Change from Previous

Time-Volume Iteration
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Rebound Effect

Worksheet Data Flow

baseli change in CBD
vehizseeégﬁies entries due to toll decrease in traffic
increase _'.
into CBD : 2 due to sx.l_bway
: {price-elasticity attraction
(input data) & time switching)

trip distance
{estimated)

hourly VMT change calculate speed

—p based on trip —P based on hourly

distance estimates VMT

v

calculate trip times }‘

rebound effect: (distance/speed)
change in traffic
due to changes in
travel times
(time-elasticity) Final:
T + CBD VMT
e e e e e e = == = = = =+ tOll revenue
convergence * speeds
* time saved
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Subways

Similar approach to motor vehicles
® 24 one-hour periods
® Price elasticities (work and non-work trips)
® Time elasticities (work and non-work trips)
® Time-switching propensity between periods

® Trip attraction (or repulsion) from autos
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Time-Switching
Port Authority study of 2001 variable-pricing

® Price-elasticity applied to toll ratios between periods

® Asymmetrical — more trips switch earlier

Puget Sound Regional Council Traffic Choices Study

® Time-switching: function of toll and time differences

Adapt PA and PSRC to NYC roads and subways

® Normalize for income

® Adjust for subway lesser price-elasticity
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Time-Shifting of Cordon Trips
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Some Time-Shifting Results
Subways

Hourly Subway Ridership Entering and Leaving the CBD (Weekdays)

500,000

Ridership increases
400,000 -—ngrgexce'pt L Change

8-9 a.m. and 5-6 p.m. OBaseline

300,000

200,000

100,000

-100,000
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——————————————————————————————————————————————————————————————————————

Delay Costs: Time
Not a tolling issue (“upstream” of tolls)

Model recalculates speeds if 100 additional cars
enter CBD

® Speeds within CBD
® Speeds outside CBD

® Return legs distributed randomly
Calculate new trip times
New vs. Old time = total delay

“Delta” divided by 100 = time delays from one extra
trip

----------------------------------------------------------------------
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Time Delays :
1

1

1

Weekday .
1

:

1

Delays Caused by One Additional Vehicle ®nbound ™ Outbound :

45 :

4 :

1

3.5 :

1

w 3 :
g 1
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015 4 1
1
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0.5 - :

1
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Time Delays :
1

1

1

Weekend :
1

1

1

Delays Caused by One Additional Vehicle ® Inbound ™ Outbound :

3 |

1

1

2.5 !

1

® 2 :
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o 1
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1

1
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1

1
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1 1
1 1
1 1
1 1
1 = = 1
1 1
: Delays, breakdown by time period :
1 1
1 1
: Weekday :
1 1
1 1
1 1
: Graveyard | A.M.Pre-pk | A.M. Peak | A.M. Post-pk | Middday Pk | P.M. Peak | P.M. Post-pk :
I 6 hour(s) 1 hourl(s) 3 hour(s) | 1 hour(s) 4 hourl(s) 4 hour(s) | 6 hour(s) TOTAL I

1
: e 0.007 0.290 0.068 0.205 0.915 0.146 .
1 1
i A.M. Pre-pk FEZ o250 0.068 0.205 0.915 0.146 :
1
! A.M. Peak 2.407 0.068 0.205 0.915 0.146 !
! A.M. Post-pk 0.290 1.634 0.205 0.915 0.146 !
! Midday Pk 0.290  0.068 (1360 ERIE 0.146 !
: P.M. Peak 0290  0.068 0205  [FEIEII o.14¢ :

1
: P.M. Post-pk 0.290 0.068 0.205 0.915 (1168 | .
1 1
: TOTAL 3.55 2.70 2.22 5.31 2.36 :
1 1
1 1
I - - - I
! Hours of delay caused by one additional cordon trip !

1
: .
1 1
1 1
1 1
1 1
1 1
1 1
1 1
= ~ - ol
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: Delay Valuation :
1 1
1 = 1
: Costs per vehicle-hour |
: Weekdays | Weekends :
1 1
! Within CBD  [EAR:L) $29.33 :
: Outside CBD [FiyHL; $19.55 :
: \
1 . 1
: Delay costs per trip :
| |
1 1
: Delay Costs Attributable to One Automobile entering CBD :
: $140 :
! $120 1
1 . 1
. o :
: $80 [ ;gsjol')n(c-)ur :
: o L oo |
I $40 || traffic I
1 1
1 $20 — 1
. " :
| 3 5 § 3 & 5 & !
| N A A |
3 ] . s :
: §of ff & f g :
1 1
(8 ~. .- o
Y [
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1 1
: Delays Vary with Baseline :
| - |
1 1
: Traffic Level :
: :
1 1
1 1
1 1
! Delay Amount is Sensitive to Traffic Volume !
! o 40% - !
1 2 1
' L 20% '
1 1
1 ~ 1
\ s 0% \

=
: a & 5% less traffic :
| S -20% !
&

: &l ®.10% less traffic :
1 .E '40% 1
[ Q [
1 ? 1
[ g -60% 1
1 o 1
1 2 1
: -80% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
! 10% 6% 2% 2% 6% -10% -14% -18%  -22% !
! % Change in Traffic Volume !
1 1
1 1
1 1
1 1
1 1
5 ~. . o



BTA: Key Elasticities

I O -
Work Trips | Trips (across CBD)
Transit Volume w/r/t Transit Cost | -9.0% | -23.4% |
Transit Volume w/r/t Transit Time | -50.0% | -55.0% |
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Vary with Delay-Cost

Toll Design
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Toll Design: Features
Toll levels (weekday / weekend / time of day)

Does toll increase or replace current tolls?
Truck toll (vis-a-vis autos)

Taxi surcharge (drop / mileage / time)

Taxi industry’s share of surcharge $$
Street space reclaimed from autos
Subway and bus fares

Make in-city commuter bus/rail free?

Baseline traffic reduction
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Revenue Impacts
Kheel-Komanoff Plan

Revenue Gains (and Losses)

Comm
Transit Rail &
Farebox 30 Expr Bus

Admin
Savings
Fare

$ millions per year
o

I $ millions

Surcharge

Net
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CBD Vehicle Speed Impacts

Kheel-Komanoff Plan

Gain in Vehicle Speeds Within CBD (Weekdays)

1%
+—r—

25%

M pm-5am 5am-6am

6 am-9am

9am-10am 10am-2pm 2pm-8pm

8 pm-11 pm
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Benefits
Kheel-Komanoff Plan

Net Benefits, by Category

w
c
i}
£
@
N
®
S
c
c
<

Fiscal Time Mobility Insurance
Savings

Enviro

Health

Category
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Once a certain traffic density 1= surpassed, every driver
contributes involuntarily to a slowing of traffic. The me

S that the individual driver steals from all the others by
“._slowing them down iz greater many himes over than the
time he or she might have hoped to gain by taking the car.

Wolfgang Sachs, Far f ove af the Acfomalvie
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