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11. Why use a Cost Model? Why use a Cost Model? 
2. Conventional Model Types 

• Fully Allocated Causal Factor Models 
• Temporal Variation Models 
• I  l Fi  d V  i bl  C  M dIncremental Fixed Variable Cost Modells 

3. New Approaches 
• HASTUS - MACRO 
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COST ESTIMATION



C Subs a ocat o a o u sd ct o s

A. Predict cost change associated with a service change 
-- concerned with marginal (incremental) costs 
-- different results over different time periods 
-- routine performance monitoring/service policy triggersroutine performance monitoring/service policy triggers 

B. Predict cost change associated with change in production 

pprocess


-- introduce part-time operators

-- contract out maintenance work

-- contract out suburban routes
contract out suburban routes

-- new fare technology


C. Subsidy allocation among j g jurisdictionsdy 
-- fairly allocate joint or overhead costs 
-- often critical to participation decision in regional transit 
authority and even route level of service authority and even route level of service 
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Why Use a Cost Model?y



Capital Costs: 
Vehicles 
FiFixed f d facilitility consttructiti on -- ttrackk, garages, sttati  tions 
Other long term physical assets 

Operating Costs: 
Labor wagges and benefits

Materials and supplies

Agency administration

Oth i d i ti
Other expenses incurred in operations 
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Classification of Transit System Expenses



Modes Operating Expense 
(millions) 

Capital Expenses 
(millions) 

Bus 17,307.5 3,291.0 
Heavy Rail 5,888.3 4,690.6 
Commuter Rail Commuter Rail 4 014 7 4,014.7 2 446 4 2,446.4 
Light Rail 1,169.5 3,041.7 
Paratransit 4,420.8, 747.7 
Total 32,800.8 14,217.4 

Source: APTA Fact Book 2009 for 2007 
1.258J/11.541J/ESD.226J Spring 2010,Nigel Wilson Lecture 10 4 

National Transit Profile (2007)( )



(Milli
Operating Expenses 

f D ll ) 2007(Millions of Dollars) - 2007
Expense by Function Total Transit Agency Expenses 
Vehicle Operation 15,069.5 
Vehicle Maintenance 5,801.3 
Non-Vehicle Maintenance 3,062.5 
General Administration General Administration 4,599.6 4,599.6 
Purchased Transportation 4,267.9 

Total 32,800.8 

Expense by Type Total Transit Agency Expenses 
Operators' salaries and wages 12,807.9 
Fringe Benefits 8,915.5 
S iServices 1 958 1 1,958.1 
Materials and Supplies 3,754.2 
Utilities 1,122.2 
Casualty & Liabilityy y 792.9 
Purchased Transportation 4,267.9 
Other -817.9 
Total Transit Agency Expenses 32,800.8 

Source: APTA Fact Book 2009 for 2007 
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A. Fully allocated causal factor models 

B. Temporal variation models 

CC. I  l fi  d/  i bl  d l 
Incremental fixed/variable cost models 
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Types of Cost Modelsyp



Steps:Steps: 
1.	 Select causal factors: e.g. vehicle hours, vehicle miles, and 

peak vehicles. 

2.	 Assign each expense type to appropriate factor. e.g. operator 
wages and benefits assigned to vehicle hours, fuel assigned 
to vehicle miles administration assigned to peak vehicles to vehicle miles, administration assigned to peak vehicles 

3.	 Calculate average costs per unit of Factor A, B, and C: 

A = costs assigned to vehicle hours etc.


total vehicle hours


4.	 Define cost model as: 
cost = (A * vehicle hours) + B * (vehicle miles) + (C * peak vehicles) 

1.258J/11.541J/ESD.226J Spring 2010,Nigel Wilson	 Lecture 10 7 

Fully Allocated Causal Factor Modelsy



Basis of Assignment F/V Cost Assigned  
($ Mill) 

% of Total Operating Stat. 
(Annual) 

Unit Costs 

Rev. Veh Hours V 79.0 45.5 2.13 million 37.13 

F 5.7 3.3 2.69 

Rev. Veh Miles V 50.0 28.8 22.0 million 2.27 

F 3.0 1.7 0.14 

Peak Vehicles F 35.9 20.7 775 $46,323 

Total 173.6 

Fully Allocated Approach: 

MBTA 1996 Cost Model: Motor Bus


Possible Cost Models:

Full Annual Cost = (39.82 * Rev Veh Hrs + 2.41 * Rev Veh Miles) x 1.261


Full Annual Cost Full Annual Cost = (39.82 Rev Veh Hrs 2.41 Rev Veh Miles) (46,323 Peak Veh)
(39.82 * Rev Veh Hrs + 2.41 * Rev Veh Miles) + (46,323 * Peak Veh) 

Variable Annual Cost = (37.13 * Rev Veh Hrs + 2.27 * Rev Veh Miles) 
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Temporal Variation Modelsp 

Steps:Steps: 
1. Follow fully allocated causal factor model procedure for all 

except operator ((crew)) costs. 

2. To estimate operator costs, select a sample of runs, then for 
each 30-minute time period t:

a) identify all runs, i, with at least 15 minutes of vehicle time in period t


b) for each run i compute the average pay per vehicle hour by dividing 
daily pay Wi by vehicle hours Hi daily pay Wi by vehicle hours Hi 

c) find the minimum, average and maximum pay per vehicle hour in 
period t. Average given by: 
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The Driver Requirement for One MBTA Garage 

HerzenbergHerzenberg, A : A.: Methods of Estimating the Costs of Drivers Wages for Bus Service.Methods of Estimating the Costs of Drivers' Wages for Bus Service 
Transportation Research Record 947, 1983, pp. 7-14. 
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From Herzenberg, A. Method for Estimating the Costs
of Drivers’ Wages for Bus Services.In Transportation

0, Research Record 947, Figure 1, p. 9 and Figure 2
p. 11. Copyright, National Academy of Sciences 10 
Washington, D.C., 1983. Reproduced with permission 

of the Transportation Research Board.



Driver Runs for One MBTA Garage 

HerzenbergHerzenberg, A : A.: Methods of Estimating the Costs of Drivers Wages for Bus ServicMethods of Estimating the Costs of Drivers' Wages for Bus Service e.
From Herzenberg, A. Method for Estimating the Costs
of Drivers’ Wages for Bus Services.In Transportation
Research Record 947, Figure 1, p. 9 and Figure 2
p. 11. Copyright, National Academy of Sciences 11 
Washington, D.C., 1983. Reproduced with permission
of the Transportation Research Board.

Transportation Research Record 947, 1983, pp. 7-14. 
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Wage per Platform Hour for MBTA Driversg p
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Cost Estimation Exercise 

For an agency which cannot employ part-time operators, the following 
t  t h  b  d t  i d b  d  l i f i ti  operator costs have been determined based on an analysis of existing 

operator runs: 

Peak Off-peak Combined 
Minimum cost/operator hour $30 $30 $30 
Average cost/operator hour $38 $31 $35 
Maximum cost/operator hour $45 $33 $45Maximum cost/operator hour $45 $33 $45 

What would you estimate the incremental cost impact per operator hour 
to be for the following possible service changes: to be for the following possible service changes:

a) Proportional increases in both peak and off peak services.

b) Proportional decreases in both peak and off peak services.

c)) Increases in peak period services only.

d) Decreases in peak period services only.

e) Increases in off peak period services only.

f) Decreases in off peak period services only.
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Allocation of Fixed Costs Example: 
MBTA Bus (1996) 

Total fixed costs to be allocated (see p. 7) Total fixed costs to be allocated (see p. 7) = $44.6 mill $44.6 mill 

Weekday Sat Sun 
Peak Base Evening 

# Buses operating 775 375 250 375 250 
Hours/day 4.5 6 4 12 12 

A.	 Allocate share of fixed costs for 250 buses across all time periods: 
Share of fixed costs to be allocated 250/775 = 32% 
Fixed costs to be allocated = 44.6 * 0.32 = $14.4 mill Fixed costs to be allocated 44.6 0.32 $14.4 mill

Annual bus hours operated by 250 buses 


= 250(wkday hrs + Sat hrs + Sun hrs)

= 250(14.5*250 + 12*58 + 12*57)

= 1.25 mill


AAverage CCost/bus hhour = $11.52t/b 	 $11  52  
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Allocation of Fixed Costs Example:

MBTA Bus (1996)


BB. Allocate share of fixed costs for next 125 buses across all time periods Allocate share of fixed costs for next 125 buses across all time periods 
except Sundays and weekday evenings 
Fixed costs to be allocated = 44.6(125/775) = $7.2 mill 
A l b h d b 125 b 125(10 5*250 12*58)Annual bus hours operated by 125 buses = 125(10.5*250 + 12*58)
Average Cost/bus hour = $17.14 

CC.	 All t i i fi d t t kd k iAllocate remaining fixed costs to weekday peak service: 
Fixed costs to be allocated = $23 mill 

0 42 ill = 0.42 mill 

Annual bus hours operated by peak buses only = 400*4.5*250  = 0.45 mill 
Average Cost/bus hour = $51.11 

D.	 Fixed costs will increase the variable vehicle hourly cost ($36.97) by: 
$11.52 for Sunday/evening service; 
$13.97 for Saturday and weekday base service;  (11.52*250/375 + 17.14*125/375) 
$32 86 for weekday peak service (11 52*250/775 + 17 14*125/775 + 51 11*400/775)$32.86 for weekday peak service (11.52 250/775 + 17.14 125/775 + 51.11 400/775) 
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a ab e Cost ode

Comparison of Traditional 

and Peak/Base Models:


MBTA 1996 Cost Model: Motor Bus


Traditional Model: 
Full Annual Cost = ((39.82*Rev Veh Hrs)+(2.40*Rev Veh Miles)) *1.261 

Variable Cost Model: 
Variable Cost = (37.13*Rev Veh Hrs)+(2.27*Rev Veh Miles) 

Peak Period Model:Peak Period Model: 
Full Annual Peak Cost =  (72.68*Peak Rev Veh Hrs)+(2.40*Peak Rev Veh Miles) 

Off-Peak Period Model:  
Full Annual Base Cost = (52.73*Off-Peak Rev Veh Hrs)+(2.40*Off-Peak Rev Veh Miles) 
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Incremental Fixed/Variable Models 

StepsSteps 
1.	 Classify costs on the basis of variable, semi-variable, and 

fixed as well as the causal factors fixed as well as the causal factors. 

2.	 Determine unit costs for each cell of the matrix. 

Variable Semi-Variable Fixed 
Vehicle Hours X X X 
V hi  l  Mil  Vehicle Miles XX XX XX 
Peak Vehicles X X X 

3.	 Apply the 9 variable cost model. 
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Fixed/Variable Approach Example 
E A i tExpense Assignment 

Resource Cost Type 
EExpense B HBus Hours B  Mil  Bus Miles P k  B  Peak Buses V i  bl  Variable S i V i  bl  Semi-Variable Fi dFixed 
Crew Wages x x 
Vehicle Servicing x x 
Fuel x x 
Tires x x 
Insurance x x 
Traffic Staff x x 
Misc. Traffic Expenses x x 
M i  t  S  iMaintenance Supervisors x x 
Vehicle Maintenance x x 
Workshop Expenses x x 
Tickets x x 
PublicityPublicity xx xx 
Vehicle Depreciation x x 
Licenses x x 
Vehicle Leasing x x 
Administrative Staff Costs Administrative Staff Costs xx xx 
Rent x x 
Building Maintenance x x 
Building Utilities x x 
Staff Cars x x 
General Expenses x x 
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•

New Approach: HASTUS -- Macro pp 

Solve the Crew-Scheduling Problem in Simplified Form
Solve the Crew Scheduling Problem in Simplified Form 
Using Mathematical Programming of Heuristics 
INPUT:	 Vehicle Service Reqquirements ((blocks)) byy 30-Minute 

(approx.) Intervals 
Driver Contract Provisions 
Current Run cutting Practices Current Run-cutting Practices 

PROCEDURE:	 Solves a Linear Programming Relaxation of Run-Cutting 
Problem to Minimize Costs by: 

• Ignoring Integrality Constraints 
• Rounding Off Runs to 30 Minute Intervals 
• Ignoring Spatial IssuesIgnoring Spatial Issues 
• Covering All Vehicle Service Hours 

OUTPUT:	 Estimate a Number of Drivers by Type and Time of Run 
Estimate of Total Cost 

1.258J/11.541J/ESD.226J Spring 2010,Nigel Wilson	 Lecture 10 19 



MIT OpenCourseWare
http://ocw.mit.edu 

1.258J / 11.541J / ESD.226J Public Transportation Systems
Spring 2010 

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

http://ocw.mit.edu
http://ocw.mit.edu/terms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




