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4. Operating and Maintenance Costs

The projection of operating and maintenance (O&M) costs is an important part of the planning of New Starts projects. The projections of O&M costs are important for two reasons:

· Cost Effectiveness Measures.  The projection of design-year O&M costs is a critical input to the determination of the New Starts measures of cost effectiveness.

· Financial Planning.  The projections of annual O&M costs are vital to the development of financial plans that cover multiple years of construction and operation of the New Starts projects.

O&M costing approaches should be developed and applied to meet the needs of the New Starts analyses. The FTA has two general requirements for O&M costing.  First, the approaches used for O&M costing should be consistent with best industry practice.  The approaches should reflect the best of the “state-of-the-practice” and need not make advances to the “state-of-the art.”  Second, the O&M costing approaches must be clearly documented to provide a clear understanding of the approaches.  The documentation will be helpful to the FTA in its review of the projected O&M costs and also to local decision makers and members of the general public who are interested in the details of the projections.

The FTA believes the fully allocated cost model is the appropriate approach for O&M costing because it meets the following key O&M costing objectives:

· Sensitive to different costs by mode and service type.  It is commonly understood that O&M costing models should be sensitive to differences in costs among transit modes.  Bus unit hourly costs, for example, are typically lower than hourly unit costs for light rail and heavy rail systems.  However, it also is important that the O&M cost models be sensitive to the types of service being operated within a mode.  For example, the operating costs for local bus service can be quite different from those for express bus service or BRT service.  These differences may be the result of differences in labor utilization (often measured the ratio of pay hours to vehicle hours), types of vehicles used (e.g., conventional buses, articulated buses), and facilities operated (e.g., separate bus lanes for BRT, park-and-ride lots for express buses).  

· Reflects historic operating experience.  O&M cost models should reflect recent operations and the cost experience of the transit system that will operate the transit service addressed in AA and PE. If the transit system operates the mode being considered, the O&M cost model should be based on its current operating experience.  If the transit system does not operate the mode being considered, the O&M cost models should reflect the experience of similar transit operations at other peer transit systems, supplemented, as necessary, by operations and planning judgment.
· Sensitive to future changes in cost factors.  O&M cost models should have the flexibility to address cost factors that will change in the future.  This flexibility is needed particularly when developing financial projections.  Examples of cost factors that might change include inflation, wage changes negotiated in labor agreements, work rules changes which affect the computation of pay time, fringe benefit costs, and fuel costs.

· Provides a transparent model structure.  It is important that the development and application of the O&M cost models be transparent and supportive of the New Starts review process. O&M cost models can be and typically are developed using microcomputer-based spreadsheet applications like Microsoft Excel or Lotus 1-2-3.  With care, these spreadsheet applications can be developed in a manner that allows interested FTA reviewers to probe the models and develop a better understanding than can be gained solely from written documentation.

This chapter discusses the projection of operating and maintenance (O&M) costs for New Starts projects.  It is organized in the following sections:

· Section 4.1 Fully Allocated O&M Costs describes the structure of a fully allocated cost model and discusses its use in forecasting O&M costs

· Section 4.2 O&M Costs for Existing Transit Modes presents the general approaches for model development and forecasting.

· Section 4.3 O&M Cost Models for New Service Types and New Service Modes discusses the challenges and possible approaches related to model development for service alternatives not operated now by the existing system.

· Section 4.4 Documentation Reports outlines the FTA requirements for two technical memoranda — model development and operating forecasts — for the New Starts service alternatives being evaluated.

4.1 Overview of Fully Allocated O&M Cost Models

This overview covers model structure and use in forecasting O&M costs.

4.1.1 Model Structure

A cost allocation model assumes that each expense incurred by a transit system is “driven” by a key supply variable such as revenue hours, revenue miles, and peak vehicles.   A unit cost rate is calculated for each expense line item.  For example, in the sample cost model (Exhibit 1), operator wages increase at a rate of $34.7648 per revenue hour.  

The unit rates are estimated by dividing the annual expense for the expense line item by the value of the driving supply variable for that year.  For example, the operators wage unit cost of $34.7648 = $73,125,275 / 2,103,426 revenue hours.

The unit cost rates for the individual expense line items can be summed by resource variable to produce system resource unit costs.  For example, when the individual unit costs are summed for the sample cost model (Exhibit 1), the following model (or formula) results:

Annual O&M Cost = ($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles) 






       + ($33,176.60 x Peak Vehicles)
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Annual 

Expenses

Revenue 

Hours

Revenue 

Miles

Peak 

Vehicles

Operations

Operators Wages $73,125,275 $34.7648

Operators Fringe Benefits $48,454,239 $23.0359

Transportation Supervisors $11,637,325 $5.5326

Supervisor Fringe Benefits $7,711,119 $3.6660

Contractor Support $255,901 $0.1217

Fuel and Lubricants $7,445,650 $0.3371

Tires and Tubes $170,560 $0.0077

Other Materials and Supplies $467,338 $0.2222

Utilities Cost $4,457 $0.0021

Maintenance

Mechanics Wages $25,295,656 $1.1453

Mechanics Fringe Benefits $16,761,396 $0.7589

Mechanics Supervisors $1,331,350 $0.0603

Supervisor Fringe Benefits $882,179 $0.0399

Contractor Support $1,727,656 $0.0782

Fuel and Lubricants $1,022,737 $0.0463

Vehicle Parts $12,059,944 $0.5460

Utilities Cost $1,418,127 $0.0642

Buildings, Grounds, Facilities

Maintenance Worker Wages $1,970,384 $2,545.72

Worker Fringe Benefits $1,305,615 $1,686.84

Service Supervisors $103,704 $133.98

Supervisor Fringe Benefits $68,716 $88.78

Contractor Support $488,579 $631.24

Administrative Building Materials $280,895 $362.91

Administration

Administrative Wages/Salaries $5,951,103 $7,688.76

Administration Fringe Benefits $3,943,317 $5,094.72

Contractor Support $6,541,070 $8,450.99

Fuel and Lubricants $336,390 $434.61

Office Supplies $1,803,875 $2,330.59

Utilities Cost $607,769 $785.23

Vehicle Liability Insurance $7,132,574 $0.3229

Comprehensive Insurance $1,258,690 $1,626.21

Other Insurance $1,018,579 $1,315.99

Totals $242,582,169 $67.3452 $3.4070 33,176.60   

Resource Variable Values 2,103,426         22,085,973         774              

Annual O&M Cost =($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)

+ ($33.176.60 x Peak Vehicles)

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using

 significantly more detailed expense line items.

Exhibit 1

Sample Bus Fully Allocated Cost Model



Unit Cost Rate

(Consolidated Expense Line Items for Illustration Only1)


The structure of the fully allocated cost model and the calculation of the variable unit costs make spreadsheets a logical method for model development and calibration.  O&M cost models typically are developed using microcomputer-based spreadsheet applications like Microsoft Excel or Lotus 1-2-3.

4.1.2 Use in Forecasting

There are two common issues in forecasting:

· The sources of  input supply variables and 

· Dealing with uncertainty.

The forecasting of O&M costs is based on the final operating plan that is prepared for each service alternative.  This work begins with a detailed definition of each service alternative that includes route layouts, design standards, and a preliminary operating plan.  Based on this detailed definition, an analysis of the service and patronage levels for each alternative is performed.  The analysis involves detailed coding and analysis of transit networks, patronage estimation, and the balancing of transit supply with transit demand. As part of this analysis, the operating plan is refined to optimize performance. 

One product of this effort is the estimation of the operating statistics e.g., vehicle hours, vehicle miles, peak vehicles, which are used as input to the O&M cost models. This work is documented in the required FTA documentation of the travel demand analysis.  It is not discussed in detail in the required FTA documentation on O&M costing.

There are two aspects of uncertainty that should be considered when using O&M costs models.  The common concern is the reasonableness of operating cost projections into the future — the longer the time period, the more uncertain are the projections.  For purposes of project evaluation, the FTA requires the use of constant dollars in the estimation of cost effectiveness measures.  This method ignores the impact of inflation in the evaluation of cost effectiveness. 

While the FTA approach is very appropriate for its evaluation, local communities might conduct a parametric analysis of the forecast O&M costs for the service alternatives being considered.  A simplified analysis might look at the impacts of the following three cost scenarios:

· Low Rate of Cost Increase.  The inflation rate for O&M costs is lower than the assumed general inflation rate for the local area.
· Cost Increases with the general level of inflation.  The inflation rate for O&M costs is the same as the assumed general inflation rate for the local area.
· High Rate of Cost Increase.  The inflation rate for O&M costs is higher than the assumed general inflation rate for the local area.
The inclusion of all O&M costs is another uncertainty concern — Are all O&M costs being considered in the forecasts?  A fully allocated cost model that is based on recent operating experience provides assurance that all expenses now being incurred are being considered.  The transparency of the O&M cost model development and documentation allows the FTA and other interested parties to examine the approach and insure that all expenses are treated reasonably.

4.2 O&M Cost Models for Existing Transit Modes

This section presents the general approaches for model development and forecasting.

4.2.1 General Approach for Model Development

The general approach for the development of an O&M cost model is presented for the case in which a model is needed for an existing mode now operated by a transit system. This type of model can be used to forecast O&M costs for an extension or expansion of existing service. Section 4.3 addresses the development of an O&M cost model for a new service or a mode not now operated by the transit system. 

The development of an O&M cost model can be broken down into the following five steps:

· Select key driving supply variables.

· Assemble recent operations data. 

· Assign a key driving supply variable to each expense line item.

· Assign base year costs for each expense line item to key supply variables and calculate unit costs and productivity ratios for key supply variables.

· Estimate inflation rate for each expense line item resource unit cost and multiply for the forecast year (Financial Planning Only). 

The following paragraphs outline these steps and provide an example of how these steps are applied in the development of the sample bus model shown in Exhibit 1.

4.2.1.1 Step 1: Select Key Driving Supply Variables

O&M costs are related to or are “driven” by different supply variables.  These supply variables can be considered causal in that increases in the supply variables will drive increases in the related expense items.  For example, individual bus O&M costs are driven by supply variables such as:

· Revenue (Vehicle) hours (peak and off-peak) drives operator costs.

· Vehicle (Revenue) miles (by type of vehicle) drives vehicle maintenance and claims costs

· Peak vehicles (by type of vehicle) drives facilities maintenance and some vehicle maintenance costs.

· Route-miles of busway drives some maintenance costs and enforcement costs if the transit property is responsible for maintaining and policing the busways.

· Maintenance facilities drives facilities maintenance and some supervision costs.

· Park-and-ride lots or spaces drives some facilities maintenance costs.

The driving supply variables for rail O&M costs are related, but different from those used for bus O&M cost models.  For example, individual rail O&M costs are driven by supply variables such as:

· Revenue train hours (peak and off-peak) drives operator costs.

· Revenue vehicle miles (by type of vehicle) drives vehicle maintenance and propulsion power costs.

· Peak vehicles (by type of vehicle) drives some vehicle maintenance costs and can be applied as a surrogate for system size.

· Track miles drives track maintenance costs.

· Route miles drives structures costs.

· Stations drives station staffing and station and automatic train control  maintenance costs

· Maintenance facilities and yards drives facilities and building electricity costs.

· Park-and-ride lots or spaces drives facilities maintenance costs.

· Annual passengers drives fare collection costs.

The selection of the key driving supply variables is important for the next step regarding data assembly because it specifies the data items to be collected.  It is important to recognize that these two steps are interactive and not totally sequential since the availability of data limits the key supply variables that can be specified.

For the sample bus fully allocated cost model shown in Exhibit 1, three driving supply variables are selected in this step (Exhibit 2) — revenue hours, revenue miles, and peak vehicles.  

4.2.1.2 Step 2: Assemble Recent Operations Data.

O&M cost allocation models are data-intensive in nature. The level of detail applied in these models depends on the amount of available “off-the-shelf” information. It is important that the cost model reflect the current operating characteristics of the transit agency. Frequently used data sources include:

· Recent annual operating statements

· Service statistics

· National Transit Database

Recent Operating Statements.  The most current operating statement is the best source of expense data for the current operations of the transit system. Operating statements usually have line-item detail of the expenses for the management centers for different modes. 

The expense line items for each management center (e.g., transportation, maintenance, purchasing, human resources) usually provide detailed expense data by typical categories such as wages, salaries, materials and supplies, and fringe benefits.  The level of detail may need to be modified to make the development of the O&M cost model easy to follow and understand. Some level of aggregation may be required to collapse detailed reporting.  For example, wage expenses for five different levels of mechanics (e.g., Mechanic I through Mechanic V) may be collapsed into a single expense line item Mechanics Wages since retaining the more disaggregate cost detail may not add any accuracy or utility to the model. 
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Annual 

Expenses 

(Base Year)

Revenue 

Hours

Revenue 

Miles

Peak 

Vehicles

Operations

Operators Wages $73,125,275 X

Operators Fringe Benefits $48,454,239 X

Transportation Supervisors $11,637,325 X

Supervisor Fringe Benefits $7,711,119 X

Contractor Support $255,901 X

Fuel and Lubricants $7,445,650 X

Tires and Tubes $170,560

Other Materials and Supplies $467,338 X

Utilities Cost $4,457 X

Maintenance

Mechanics Wages $25,295,656 X

Mechanics Fringe Benefits $16,761,396 X

Mechanics Supervisors $1,331,350 X

Supervisor Fringe Benefits $882,179 X

Contractor Support $1,727,656 X

Fuel and Lubricants $1,022,737 X

Vehicle Parts $12,059,944 X

Utilities Cost $1,418,127 X

Buildings, Grounds, Facilities

Maintenance Worker Wages $1,970,384 X

Worker Fringe Benefits $1,305,615 X

Service Supervisors $103,704 X

Supervisor Fringe Benefits $68,716 X

Contractor Support $488,579 X

Administrative Building Materials $280,895 X

Administration

Administrative Wages/Salaries $5,951,103 X

Administration Fringe Benefits $3,943,317 X

Contractor Support $6,541,070 X

Fuel and Lubricants $336,390 X

Office Supplies $1,803,875 X

Utilities Cost $607,769 X

Vehicle Liability Insurance $7,132,574 X

Comprehensive Insurance $1,258,690 X

Other Insurance $1,018,579 X

Totals $242,582,169 -                

Resource Variable Values 2,103,426         22,085,973         774              

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using

significantly more detailed expense line items.

Exhibit 2

Sample Bus Fully Allocated Cost Model



(Consolidated Expense Line Items for Illustration Only

1

)

After Completion of Steps 1-3




Some joint expenses, typically fringe benefit expenses and administrative costs, may not be reported by mode.  However, the transit system should have reasonable methods for allocating these expenses by mode because it is required to do this when it submits its annual National Transit Database report (see below).  Examples of variables that are used to allocate joint expenses by mode include:

· Employee wages and salaries (e.g., allocation of fringe benefit expenses)

· Employee count (e.g., allocation of general administration management expenses)  

· Passengers (e.g., allocation of marketing expenses)

· Number of transactions (e.g., allocation of purchasing expenses)

· Claims expenses (e.g., allocation of claims personnel expenses)

· Direct O&M costs (e.g., allocation of general administration management expenses)  

These methods should be reviewed for reasonableness and consistency among expense line items.  As necessary, these allocations should be adjusted and these adjustments should be documented.

Experience in analyzing and projecting future year transit operating costs indicates that some expense line items may not increase at the same rate as the baseline rate of inflation (often defined as the rate of increase of the local Consumer Price Index).   For example, health insurance costs have increased a much higher rate than general inflation in the past few years.  

A review of the cost increases for the past three to five annual operating statements can provide guidance and support for using “incremental” differences from the baseline rate of inflation for specific expense line items.  This analysis may be needed when the O&M cost model is used to project annual operating expenses for cash flow analysis and financial planning.  The data are used in the fifth step 4.2.1.5 Step 5: Estimate Inflation Rate for Each Expense Line Item Resource Unit Cost and Multiply for the Forecast Year.  It is not needed for developing the FTA cost effectiveness measures since the FTA requires the use of constant dollars.

Service Statistics. The service statistics that correspond to the most current operating statement are needed for calibrating the cost model to the base year. These statistics should correspond to the key driving supply variables selected in the previous step 4.2.1.1 Step 1: Select Key Driving Supply Variables.  

The operating statistics maintained by the transit system usually can provide detailed level of service data by:

· Mode

· Type of service (e.g., local, express) 

· Time-of-day

· Day-of-week

· Season of the year

These levels of detail are important to the specification of the driving supply variables in the O&M cost model.  It is important to recognize that the first two development steps are interactive since the availability of data limits the key supply variables that can be specified.

National Transit Database.  The National Transit Database (NTD) is the FTA's primary database for statistics on the transit industry. Recipients of FTA Urbanized Area Formula Program (Section 5307) grants are required by statute to submit annual data to the NTD. Over 600 transit agencies and authorities file annual reports to FTA.  The annual reporting period is the local fiscal year (e.g., July 1 to June 30) for each transit system. 

Consistency comparisons should be made between the data obtained from the most recent operating statement and associated operating statistics and the data submitted in the most recent NTD report.  The NTD, however, is not reported to the level of detail normally used to develop O&M cost models, particularly in the categorization of labor where the NTD has only four separate labor classifications.  An O&M cost model developed with only the NTD’s four labor classifications (vehicle operations, vehicle maintenance, non-vehicle maintenance, administration), would likely have result in significant  aggregation errors.  For this reason, operating budgets are a better source of data for developing and calibrating O&M cost models.  The NTD data may be used as a consistency check on a more aggregate level and as a source of data for the key driving supply variables.
For the sample bus fully allocated cost model, over $242 million is operating expenses is shown by expense line item in Exhibit 2.  The corresponding annual statistics for the three key supply variables — revenue hours, revenue miles, and peak vehicles — are presented at the bottom of the exhibit.

4.2.1.3 Step 3: Assign a Key Driving Supply Variable to Each Expense Line Item

The primary assumption of a fully allocated cost model is that expense line item is logically linked or driven by one of the key supply variables.  Knowledge of how expense line items vary is needed to establish these linkages.

For example, operator labor costs typically are linked to a measure of hours — vehicle/revenue hours for bus service and vehicle/revenue train hours for rail service.  For this reason, expense line items such as Operators Wages and Operators Fringe Benefits are assigned to revenue hours in the sample bus model (Exhibit 2).

Further, most maintenance labor and materials costs as well as fuel expenses and vehicle liability insurance are linked to a measure of miles — vehicle/revenue miles for bus service and vehicle/revenue car miles for rail service.  As a result, expense line items such as Mechanics Wages and Vehicle Liability Insurance are assigned to revenue miles in the sample bus model (Exhibit 2).

Finally, some expense line items such as administrative costs are related to the scale or size of the transit agency and sometimes are linked to peak vehicles — peak buses for bus service and peak cars for rail service.  For this reason, expense line items such as Administrative Salaries/Wages and Utilities Costs are assigned to peak vehicles in the sample bus model (Exhibit 2).

Good judgment and understanding of how expenses are incurred are needed for the assignment of expense line items to the key driving supply variables.  A good expense assignment should be:

· Logical and understandable,

· Defensible and able to pass scrutiny from an outside reviewer, and

· Consistent among the service alternatives and modes being evaluated in the alternatives analysis.

4.2.1.4 Step 4: Assign Base Year Costs for Each Expense Line Item to Key Supply Variables and Calculate Unit Costs and Productivity Ratios for Key Supply Variables

Based on the expense line assignments made in Step 3, expenses from the most current operating statement are assigned to the key supply variables.  Unit costs by expense line item and by variable are calculated using the annual variable statistics for the operating period (Exhibit 3).  For example, in the sample bus fully allocated cost model, the operators wage unit cost of $34.7648 = $73,125,275 / 2,103,426 revenue hours.

The unit cost rates for the individual expense line items are summed by resource variable to produce system resource unit costs.  For example, when the individual unit costs are summed for the sample cost model (Exhibit 3), the following model (or formula) results:

Annual O&M Cost = ($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles) 






       + ($33,176.60 x Peak Vehicles)
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Revenue 

Hours

Revenue 

Miles

Peak 

Vehicles

Resource 

Variable

Resource 

Value

Resource/ 

Supply 

Operators Wages $73,125,275 $34.7648 Work Hours 3,005,496     1.4289        $24.3305

Operators Fringe Benefits $48,454,239 $23.0359 Work Hours 3,005,496     1.4289        $16.1219

Transportation Supervisors Wages $11,637,325 $5.5326 Work Hours 333,944        0.1588        $34.8481

Supervisor Fringe Benefits $7,711,119 $3.6660 Work Hours 333,944        0.1588        $23.0911

Contractor Support $255,901 $0.1217 Revenue Hours 2,103,426     1.0000       $0.1217

Fuel $7,445,650 $0.3371 Gallons 7,776,902     0.3521 $0.9574

Tires and Tubes $170,560 $0.0077 Revenue Miles 22,085,973   1.0000       $0.0077

Other Materials and Supplies $467,338 $0.2222 Revenue Hours 2,103,426     1.0000       $0.2222

Utilities Cost $4,457 $0.0021 Revenue Hours 2,103,426     1.0000       $0.0021

Mechanics Wages $25,295,656 $1.1453 Work Hours 922,138        0.0418        $27.4315

Mechanics Fringe Benefits $16,761,396 $0.7589 Work Hours 922,138        0.0418        $18.1767

Mechanics Supervisors $1,331,350 $0.0603 Work Hours 38,422          0.0017        $34.6504

Mech Supervisor Fringe Benefits $882,179 $0.0399 Work Hours 38,422          0.0017        $22.9600

Contractor Support $1,727,656 $0.0782 Revenue Miles 22,085,973   1.0000       $0.0782

Fuel and Lubricants $1,022,737 $0.0463 Revenue Miles 22,085,973   1.0000       $0.0463

Vehicle Parts $12,059,944 $0.5460 Revenue Miles 22,085,973   1.0000       $0.5460

Utilities Cost $1,418,127 $0.0642 Revenue Miles 22,085,973   1.0000       $0.0642

Maintenance Worker Wages $1,970,384 $2,545.72Work Hours 66,701          86.177        $29.5406

Worker Fringe Benefits $1,305,615 $1,686.84Work Hours 66,701          86.177        $19.5742

Maint Worker Supervisors $103,704 $133.98Work Hours 2,779            3.591          $37.3143

M Worker Sup Fringe Benefits $68,716 $88.78Work Hours 2,779            3.591          $24.7251

Contractor Support $488,579 $631.24Peak Vehicles 774               1.0000       $631.24

Administrative Building Materials $280,895 $362.91Peak Vehicles 774               1.0000       $362.91

Administrative Wages/Salaries $5,951,103 $7,688.76Work Hours 291,440        376.537      $20.42

Administration Fringe Benefits $3,943,317 $5,094.72Work Hours 291,440        376.537      $13.53

Contractor Support $6,541,070 $8,450.99Peak Vehicles 774               1.0000       $8,450.99

Fuel and Lubricants $336,390 $434.61Peak Vehicles 774               1.0000       $434.61

Office Supplies $1,803,875 $2,330.59Peak Vehicles 774               1.0000       $2,330.59

Utilities Cost $607,769 $785.23Peak Vehicles 774               1.0000       $785.23

Vehicle Liability Insurance $7,132,574 $0.3229 Revenue Miles 22,085,973   1.0000       $0.3229

Comprehensive Insurance $1,258,690 $1,626.21Peak Vehicles 774               1.0000       $1,626.21

Other Insurance $1,018,579 $1,315.99Peak Vehicles 774               1.0000       $1,315.99

Totals $242,582,169 $67.3452 $3.4070 $33,176.60

Resource Variable Values 2,103,426      22,085,973 774                  

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using  significantly more detailed expense line items.

Annual Expenses 

(Base Year)

Buildings, Grounds, Facilities

Administration

Resource 

Unit Cost

Exhibit 3

Sample Bus Fully Allocated Cost Model

Base Year Calibration 

(Consolidated Expense Line Items for Illustration Only

1

)



Operations

Maintenance

Productivity Ratio Supply Variable Unit Cost Rate

This step also includes the derivation of the two basic factors that affect future unit costs — productivity ratios and resource unit costs.  When these two factors (1) are substituted in the basic cost allocation model (2), a detailed “resource build-up model” results (3) which represents costs in a series of equations (one for each expense line item).

For example, in the sample bus fully allocated cost model, the operators wage unit cost equals the product of: 1) 1.4289 pay hours/revenue hour (productivity ratio) and 2) $24.3305 per pay hour (resource unit cost).  The productivity ratio of 1.4289 = 3,005,496 pay hours / 2,103,426 revenue hours.  The resource unit cost of $24.3305 = $73,125,275 / 3,005,496 pay hours.  

The sample bus fully allocated cost model also shows the difficulty of computing productivity ratios for many expense line items.  While some expense line items have natural productivity ratios (e.g., fuel and gallons, operators wages and work hours), many expense line items do not.  For example, operations contractor support and vehicle parts and cannot be quantified in a single unit.  Their productivity ratios are expressed directly in terms of cost per supply variable (e.g., $ per revenue hour and $ per revenue mile, respectively)

The cost model that is derived at the end of this step can be used to forecast O&M costs in constant dollars such as when the FTA cost effectiveness measures are forecast.  However, an additional step may be needed for financial planning purposes.  The adjustments needed for financial planning are described in the next and final step.
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Resource 

Variable Value

Resource/ 
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Annual 

Inflation

Resource       

Unit Cost Cost

Resource      

Unit Cost Cost

Operators Wages Revenue HoursWork Hours 3,005,496       1.4289         $24.3305 3% $25.0604 $784,262 $52.4710 $1,642,071

Operators Fringe Benefits Revenue HoursWork Hours 3,005,496       1.4289         $16.1219 4% $16.7668 $524,713 $44.6974 $1,398,798

Transportation Supervisors Wages Revenue HoursWork Hours 333,944          0.1588         $34.8481 4% $36.2421 $126,021 $96.6154 $335,951

Supervisor Fringe Benefits Revenue HoursWork Hours 333,944          0.1588         $23.0911 4% $24.0147 $83,504 $64.0193 $222,608

Contractor Support Revenue HoursRevenue Hours 2,103,426      1.0000        $0.1217 4% $0.1265 $2,771 $0.3373 $7,387

Fuel Revenue Miles Gallons 7,776,902       0.3521 $0.9574 4% $0.9957 $117,698 $2.6544 $313,765

Tires and Tubes Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0077 5% $0.0081 $2,722 $0.0275 $9,218

Other Materials and Supplies Revenue HoursRevenue Hours 2,103,426      1.0000        $0.2222 4% $0.2311 $5,061 $0.6160 $13,491

Utilities Cost Revenue HoursRevenue Hours 2,103,426      1.0000        $0.0021 4% $0.0022 $48 $0.0059 $129

Mechanics Wages Revenue Miles Work Hours 922,138          0.0418         $27.4315 3% $28.2545 $396,021 $59.1586 $829,180

Mechanics Fringe Benefits Revenue Miles Work Hours 922,138          0.0418         $18.1767 4% $18.9037 $264,959 $50.3943 $706,337

Mechanics Supervisors Revenue Miles Work Hours 38,422            0.0017         $34.6504 4% $36.0364 $21,046 $96.0671 $56,104

Mech Supervisor Fringe Benefits Revenue Miles Work Hours 38,422            0.0017         $22.9600 4% $23.8784 $13,945 $63.6560 $37,176

Contractor Support Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0782 4% $0.0814 $27,310 $0.2169 $72,805

Fuel and Lubricants Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0463 4% $0.0482 $16,167 $0.1284 $43,099

Vehicle Parts Revenue Miles Revenue Miles 22,085,973    1.0000        $0.5460 4% $0.5679 $190,640 $1.5139 $508,214

Utilities Cost Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0642 4% $0.0668 $22,417 $0.1780 $59,761

Maintenance Worker Wages Peak Vehicles Work Hours 66,701            86.177         $29.5406 3% $30.4269 $31,465 $63.7071 $65,881

Worker Fringe Benefits Peak Vehicles Work Hours 66,701            86.177         $19.5742 4% $20.3572 $21,052 $54.2689 $56,121

Maint Worker Supervisors Peak Vehicles Work Hours 2,779              3.591           $37.3143 4% $38.8069 $1,672 $103.4529 $4,458

M Worker Sup Fringe Benefits Peak Vehicles Work Hours 2,779              3.591           $24.7251 4% $25.7141 $1,108 $68.5496 $2,954

Contractor Support Peak Vehicles Peak Vehicles 774                1.0000        $631.24 4% $656.4886 $7,878 $1,750.0911 $21,001

Administrative Building Materials Peak Vehicles Peak Vehicles 774                1.0000        $362.91 4% $377.4300 $4,529 $1,006.1665 $12,074

Administrative Wages/Salaries Peak Vehicles Work Hours 291,440          376.537       $20.42 4% $21.2364 $95,956 $56.6129 $255,802

Administration Fringe Benefits Peak Vehicles Admin W/S 291,440          376.537       $13.53 4% $14.0717 $63,582 $37.5128 $169,500

Contractor Support Peak Vehicles Peak Vehicles 774                1.0000        $8,450.99 4% $8,789.0346 $105,468 $23,430.1278 $281,162

Fuel and Lubricants Peak Vehicles Peak Vehicles 774                1.0000        $434.61 4% $451.9969 $5,424 $1,204.9498 $14,459

Office Supplies Peak Vehicles Peak Vehicles 774                1.0000        $2,330.59 4% $2,423.8114 $29,086 $6,461.4844 $77,538

Utilities Cost Peak Vehicles Peak Vehicles 774                1.0000        $785.23 4% $816.6405 $9,800 $2,177.0300 $26,124

Vehicle Liability Insurance Revenue Miles Revenue Miles 22,085,973    1.0000        $0.3229 4% $0.3359 $112,749 $0.8954 $300,572

Comprehensive Insurance Peak Vehicles Peak Vehicles 774                1.0000        $1,626.21 4% $1,691.2630 $20,295 $4,508.6305 $54,104

Other Insurance Peak Vehicles Peak Vehicles 774                1.0000        $1,315.99 4% $1,368.6333 $16,424 $3,648.5523 $43,783

Totals $3,125,793 $7,641,627

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using significantly more detailed expense line items.
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Sample Bus Fully Allocated Cost Model
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(Consolidated Expense Line Items for Illustration Only
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4.2.1.5 Step 5: Estimate Inflation Rate for Each Expense Line Item Resource Unit Cost and Multiply for the Forecast Year 

O&M cost model estimates need to account for projected inflation in future years.  For many expense line items, a general rate of inflation typically is assumed.  However, key expenses such as labor costs, health care benefits, fuel prices and the like can deviate significantly from the core rate of inflation and should be evaluated separately.  Considering various inflation scenarios and uncertainties for key cost drivers is a normal part of responsible financial analysis for both agency financial planning and for project evaluation.  A review of the cost increases for the past three to five annual operating statements may provide guidance and support for using “incremental” differences from the baseline rate of inflation for specific expense line items.  Also, known future changes such as wage increases contained in collective bargaining agreements and rates set in long-term fuel contracts also would provide support.
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Operators Wages X Revenue HoursWork Hours 1.5717          $24.3305 3% $25.0604 $1,315,263

Operators Fringe Benefits X Revenue HoursWork Hours 1.5717          $16.1219 4% $16.7668 $879,980

Transportation Supervisors Wages Revenue HoursWork Hours 0.1588          $34.8481 4% $36.2421 $192,133

Supervisor Fringe Benefits Revenue HoursWork Hours 0.1588          $23.0911 4% $24.0147 $127,311

Station Agent Wages X Stations Work Hours 5,840            $20.4352 3% $21.0483 $245,844

Station Agent Fringe Benefits X Stations Work Hours 5,840            $13.6916 4% $14.2393 $166,315

Contractor Support Revenue HoursRevenue Hours 1.0000         $0.1217 4% $0.1265 $4,225

Fuel X Revenue Miles Gallons 0.3201 $0.9574 4% $0.9957 $180,915

Tires and Tubes X Revenue Miles Revenue Miles 1.0000         $0.0079 5% $0.0083 $4,723

Other Materials and Supplies Revenue HoursRevenue Hours 1.0000         $0.2222 4% $0.2311 $7,716

Utilities Cost Revenue HoursRevenue Hours 1.0000         $0.0021 4% $0.0022 $74

Mechanics Wages X Revenue Miles Work Hours 0.0459          $27.4315 3% $28.2545 $736,632

Mechanics Fringe Benefits X Revenue Miles Work Hours 0.0459          $18.1767 4% $18.9037 $492,846

Mechanics Supervisors X Revenue Miles Work Hours 0.0019          $34.6504 4% $36.0364 $39,147

Mech Supervisor Fringe Benefits X Revenue Miles Work Hours 0.0019          $22.9600 4% $23.8784 $25,939

Contractor Support Revenue Miles Revenue Miles 1.0000         $0.0782 4% $0.0814 $46,181

Fuel and Lubricants Revenue Miles Revenue Miles 1.0000         $0.0463 4% $0.0482 $27,338

Vehicle Parts X Revenue Miles Revenue Miles 1.0000         $0.4478 4% $0.4657 $264,343

Utilities Cost Revenue Miles Revenue Miles 1.0000         $0.0642 4% $0.0668 $37,907

Maintenance Worker Wages Peak Vehicles Work Hours 86.177          $29.5406 3% $30.4269 $31,465

Worker Fringe Benefits Peak Vehicles Work Hours 86.177          $19.5742 4% $20.3572 $21,052

Station Worker Wages X Stations Work Hours 405               $29.5406 3% $30.4269 $24,646

Station Worker Fringe Benefits X Stations Work Hours 405               $19.5742 4% $20.3572 $16,489

Maint Worker Supervisors Peak Vehicles Work Hours 3.591            $37.3143 4% $38.8069 $1,672

M Worker Sup Fringe Benefits Peak Vehicles Work Hours 3.591            $24.7251 4% $25.7141 $1,108

Contractor Support Peak Vehicles Peak Vehicles 1.0000         $631.24 4% $656.4886 $7,878

Administrative Building Materials Peak Vehicles Peak Vehicles 1.0000         $362.91 4% $377.4300 $4,529

Administrative Wages/Salaries Peak Vehicles Work Hours 376.537        $20.42 4% $21.2364 $95,956

Administration Fringe Benefits Peak Vehicles Admin W/S 376.537        $13.53 4% $14.0717 $63,582

Contractor Support Peak Vehicles Peak Vehicles 1.0000         $8,450.99 4% $8,789.0346 $105,468

Fuel and Lubricants Peak Vehicles Peak Vehicles 1.0000         $434.61 4% $451.9969 $5,424

Office Supplies Peak Vehicles Peak Vehicles 1.0000         $2,330.59 4% $2,423.8114 $29,086

Utilities Cost Peak Vehicles Peak Vehicles 1.0000         $785.23 4% $816.6405 $9,800

Station Utilities X Stations Kilowatt Hours 5,281            $0.0894 4% $0.0930 $982

Vehicle Liability Insurance Revenue Miles Revenue Miles 1.0000         $0.3229 4% $0.3359 $190,658

Comprehensive Insurance Peak Vehicles Peak Vehicles 1.0000         $1,626.21 4% $1,691.2630 $20,295

Station Insurance X Stations Stations 1.0000         $5,281.45 4% $5,492.7080 $10,985

Other Insurance Peak Vehicles Peak Vehicles 1.0000         $1,315.99 4% $1,368.6333 $16,424

Totals $5,452,331

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using significantly more detailed expense line items.
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A general annual inflation rate of 4.0 percent is assumed in the sample bus model shown in Exhibit 4.  Most of the resource unit costs, developed in the previous step (Exhibit 3) are increased by 4.0 percent for Year 1.  For example, the resource unit cost for the expense line operators wages of $24.3305 per work hour (2005) was increased by 4.0 percent to $25.0604 for 2006.   However, annual inflation rates of 3.0 percent are used for the two expense line items Operators Wages and Mechanics Wages to reflect provisions of the current collective bargaining agreements. An inflation rate of 5.0 percent is used for the expense line item tires and tubes to reflect recent operating experience.

4.2.2 General Approach to Forecasting 

The general approach involves the direct estimation of O&M costs and consideration of the implicit assumptions involved when using a fully allocated O&M cost model for forecasting.

4.2.2.1 Forecasting Procedure

The forecasting procedure involves two steps:

· Prepare estimates of the key driving supply variables,

· Develop forecasts of inflation rates, and 

· Estimate O&M costs 

The estimates of the key driving supply variables is an output of the travel demand analysis.  The demand analysis involves the refinement of the operating plan with an objective of maximizing performance. The key driving supply variables are an output of this process.  

The O&M costs are estimated using the forecasted supply variables and the O&M cost model.  The supply variables are multiplied by their corresponding unit costs and the products then are summed.

For example, a local bus service is being considered as one alternative for serving a high density travel corridor.  A travel demand analysis has been performed and the following annual operating statistics have been forecast — 21,902 revenue hours, 335,700 revenue miles, and 12 peak vehicles.

The productivity ratios (resource/supply) and resource unit costs for the O&M cost model developed in Section 4.2.1 (Exhibit 4) are multiplied by the appropriate annual operating statistics.  For example, the estimated 2006 O&M cost for the expense line item operators wages is estimated as follows:


2006 O&M Cost = 1.4289 work hours/revenue hour x $25.064 /work hour x 21,902 revenue hours

   
2006 O&M Cost = $784, 262 

The total forecast cost in constant base year dollars is $3,125,793 for this alternative (Exhibit 4).  

The estimated 2030 cost for the expense line item operators wages is estimated similarly using an inflated 2030 resource unit cost:

  
2030 O&M Cost = 1.4289 work hours/revenue hour x $52.4710 /work hour x 21,902 revenue hours

   
2030 O&M Cost = $1,642,071

The forecast O&M cost for 2030 is $7,641,627 (Exhibit 4).  This cost is based on the inflation assumed and shown in Exhibit 4 — an overall annual inflation of 4.0 percent with a 3.0 percent annual increase in operators and mechanics wages and a 5.0 percent annual increase tires and tubes.

4.2.2.2 Implicit Forecasting Assumptions

While the application of the O&M fully allocated cost model is very straightforward and simple, there are two key assumptions that must be carefully considered:

· All costs are variable in the long-term (20 years) and

· Current productivities will continue in the long-term.

All costs are variable in the long-term (20 years).  
Fully allocated operating cost analysis is based on the assumption that, in the long-term, all costs, including “fixed” administrative and overhead costs are “variable and directly related to the quantity of service provided.  This assumption is strongly supported by the cost experience of transit properties that have implemented new fixed guideway systems.  Some may argue that certain costs must remain fixed.  For example, the position of the General Manager (GM) os one cost that seems to be fixed.  There can only be one GM so no matter how large the transit agency becomes.  However, it is clearly the case that large agency GM’s earn substantially more money than small agency GM’s.  Therefore, it is still reasonable to assume that, in the long term, all costs are variable with the amount of service provided.
For the purposes of a cash flow analysis in financial planning, however, it may be appropriate to consider incremental costing approaches, particularly for near-term operations where some costs may truly be fixed.  Incremental costing only includes cost items considered variable in its forecasts.  Generally, many administrative and overhead costs are considered fixed in the near-term and only are treated as variable as the analysis period becomes long-term.  

Thus, it may be correct to project costs on an incremental basis for an analysis of near-term operational changes.  However, from the standpoint of comparing alternatives using a 20 to 30-year planning horizon, all costs should be assumed to be variable and fully-allocated within the costing model. 
[image: image6.emf]O&M Cost=(Supply Variable Units) x(Resources/Supply Variable Unit) x(Cost/Resource Unit)
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Current productivities will continue in the long-term.  There are two basic factors that affect future unit costs — productivity ratios and resource unit costs.  
Supply Variable Units are the key driving supply variables and typically include revenue miles, revenue hours, peak vehicles, yards, stations, garages, track miles, and passengers. They are derived from both the final operating plan and from the physical descriptions of the service alternatives. 

Cost/Resource Unit or resource unit costs are expressed in such terms as "average annual wages per mechanic" and "average price per gallon of diesel fuel." They are also derived from recent operating records, supplemented where necessary with data from other transit operations.  These resource unit costs also are assumed to remain constant in the calibration of the O&M cost model for the base year.  However, the resource unit cost may change in the future.  This situation is considered and addressed in the use of O&M cost models for financial planning discussed in Section 4.2.1.5 Step 5: Estimate Inflation Rate for Each Expense Line Item Resource Unit Cost and Multiply for the Forecast Year (Financial Planning Only). 

Resources/Service Unit is a productivity ratio expressed, for example, in such terms as "mechanic work hours per vehicle mile" for vehicle-mechanic labor and "gallons of diesel fuel per vehicle-mile" for fuel costs. These productivity ratios can be derived from operating records of recent years. These productivity ratios are assumed to remain constant in the calibration of the O&M cost model.   

Unlike the case for resource unit costs, the general approach for developing O&M cost models described earlier does not address what should be done if the productivity ratio is expected to change in the future and “violate” the assumption that the ratio will be constant.  Examples of situations when productivity ratio for an expense line item may change in the future include:

· More peaked service for the service alternative may require the use of a higher productivity ratio of actual pay hours per revenue hour for the expense line item related to operators’ wages.  The service alternative might be considered a new service type 

· Change in type of vehicles operated such as more intensive use of articulated buses may require use of a lower productivity ratio of gallons per revenue mile for the expense line item related to fuel.

· Change in technology that improves fuel economy or changes the labor required to provide equivalent service.
· Change in operating procedures such as added staff to manage platform crowding on a rail system experiencing ridership growth may require lower labor productivity factors.
· The operation of a new mode such as light rail will require different productivity ratios for maintenance and vehicle operation than those now observed for the bus operation.

The treatment of productivity ratios is the key challenge in the development and application of O&M cost models.  The challenge is to answer two key questions:

· Should the existing productivity ratios that are imbedded in the O&M cost models for the current service operations apply to the service alternative being evaluated?  

· What should be done for a service alternative when it is expected that the future productivity ratios for selected expense line items will change in the future?   

These important questions are discussed in the next section.

4.3 O&M Cost Models for New Service Types and New Service Modes

Many New Starts service alternatives involve transit services that differ either operationally and/or technologically from current services. The O&M cost models for these services should be based on recent operating experience at the transit system, but selected productivity ratios should be modified and, in some cases, new expense line items should be added, to reflect these differences.  

This section addresses the development of O&M cost models when it is expected that the O&M cost model based on current operations must be revised.  It is organized into three parts:

· Application:  New Service Types and New Modes

· General Approach to Model Development

· Key Issues in Model Development

4.3.1 Application:  New Service Types and New Modes

The service alternatives can differ from existing services in two basic ways — new service types and new service modes. The most obvious case is when the service alternative involves a new service mode not now operated by the transit system.  Many transit systems only operate bus and demand response services.  However, higher-capacity modes such as light rail, heavy rail, and commuter rail may be considered as service alternatives.  

It is obvious that the O&M cost models for these new modes will differ significantly from the operating structure for the current bus service.  New functions will need to be performed (e.g., track, signal, and station maintenance) and these expense line items must be estimated.  Current expense items (e.g., vehicle maintenance, propulsion power) will have different productivities (e.g., parts/mile) and possibly resource unit costs (e.g., cost per gallon) which must be revised.  

Some basic cost relationships are likely to continue such as fringe benefit costs and general administrative overhead.  However, in most cases, many changes and enhancements must be made to develop a reasonable O&M cost model.

The less obvious case is when the service alternative involves the same mode now operated by a transit system, but a new service type is provided.  The most frequent case is bus.  The new service type may have a different operating schedule such as more peaked service (affecting the operator productivity ratio) or higher speed operations (affecting productivity ratios related to maintenance and fuel consumption).  The service alternative also may involve the operation of vehicles with different operating characteristics such as higher capacity (e.g., articulated buses) or different fuel sources (e.g., hybrid buses).  

Most of the cost relationships are likely to be valid for the service alternative since they are based on current operations. However, in most cases, modifications to specific, high cost expense line items such as operator wages must be made to develop a reasonable O&M cost model.  

The O&M cost models to evaluate new service types and new service mode alternatives represent a continuum of change from current operations.  At one end are models for new service types that require few changes from current operations.  At the other end are models for new modes that require many changes from current operations and the addition of new expense line items.  In the middle are dramatic new service types for existing modes such as bus rapid transit.  Many BRT alternatives are similar to new modes in that new expense line items must be added to the cost model.

4.3.2 General Approach to Model Development

The general approach for the development of an O&M cost model is presented for a new service type or new mode not now operated by the transit system.  This presentation assumes that the reader is familiar with the basic steps for developing an O&M cost model as described in Section 4.2.1.

The development of an O&M cost model for a new service type or new mode can broken down into the following three steps:

· Develop O&M cost models for modes now operated by the transit system.

· Adjust productivity ratios for selected activities that are part of current operations.

· Add expense line item unit costs for activities that are not part of current operations

The following paragraphs outline these steps and use the example presented in Section 4.2 (Exhibit 3) to show how these steps are applied.

4.3.2.1 Step 1: Develop O&M Cost Models for Modes Now Operated by the Transit System

The development of O&M costs models for existing modes is the starting point for costing new service types and new modes.  Many of the expense line item costs will be used “as is” in the O&M cost models developed for new service types for an existing mode.  Many of the productivity ratios for existing expense line items will be “borrowed” for use in new expense line items in the O&M cost models developed for new modes.

This work follows the development tasks outlined in Section 4.2.1.  However, special attention should be given to the first two tasks — select key driving supply variables and assemble recent operations data.

Select Key Driving Supply Variables.  This task is particularly important for O&M cost models for new service types for existing modes.  If the productivity ratios for selected line item expense ratios are expected to change in the future for the new service type, one solution is to select different key driving supply variables.  For example, if the new service type involves more peak service than is now operated, the variable revenue hours might be replaced by two new variables peak revenue hours and off-peak revenue hours.  This task, therefore, may be interactive with the next step — 4.3.2.2 Adjust Productivity Ratios for Selected Activities that are Part of Current Operations.

Assemble Recent Operations Data.    The work in this task is expanded because data are needed to calculate the productivity ratios and resource unit costs for key expense line items that will be addressed in the next two steps — 4.3.2.2 Adjust Productivity Ratios for Selected Activities that are Part of Current Operations and 4.3.2.3 Add Expense Line Items for Activities that are not Part of Current Operations.  This task, therefore, may be interactive with these two steps.
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Data on resources are needed.  Examples include employee headcounts, operator pay hours, and gallons of fuel.  These data must be obtained from the internal records of the transit system.   

4.3.2.2 Step 2: Adjust Productivity Ratios for Selected Activities that are Part of Current Operations

The expense item unit costs for some activities now performed in current operations may not be valid for the service alternative being evaluated.  In this step, these unit costs are revised by adjusting their productivity ratios to be consistent with the operational characteristics of the service alternative.  These revisions may be based on detailed analysis of current operations or on experiences at other transit systems.

For example, the sample O&M cost model developed in Section 4.2 is for the current bus operations.  This model would need to be revised for a service alternative that involved the provision of BRT service.  The proposed BRT service differs from the local system as follows:

· The BRT alternative has more peak service affecting the operator productivity ratio.

· The BRT alternative operates at higher speeds affecting productivity ratios related to maintenance and fuel consumption.  

As shown in Exhibit 5, the productivity ratios (or resource unit costs) for the following expense line items were adjusted to reflect the operating differences for the BRT service alternative:

· Operators Wages and Operators Fringe Benefits — 1.4289 (Exhibit 3) to 1.5717 work hours per revenue hour

· Fuel — 0.3521 to 0.3201 gallons per revenue mile

· Tires and Tubes — $0.0077 to $0.0081 per revenue mile (resource unit cost)

· Mechanics Wages  and Mechanics Fringe Benefits — 0.0418 to 0.0459 work hours per revenue mile

· Mechanics Supervisors and Mechanics Supervisors Fringe Benefits — 0.0017 to 0.0019 work hours per revenue mile

· Vehicle Parts — $0.5460 to $0.4478 per revenue mile (resource unit cost)

4.3.2.3 Step 3: Add Expense Line Item Unit Costs for Activities that are not Part of Current Operations

The expense item unit costs for some activities that would be performed for a service alternative may not be part of current of operations.  In this step, the expense line item unit costs for these new activities are added to the O&M cost model.  

Generally, these new unit costs are based on the operational experience of other transit systems.  Sometimes, the new unit costs are based on the current operations, but in a different mode.  For example, the current cost experience with station cleaning for an existing heavy rail service may be “borrowed” and used for a light rail service alternative.  Also, the productivity ratio of operator fringe benefits to operator wage expenses for current bus operations might be borrowed” and used for a light rail service alternative.

Sometimes, the addition of these expense line items requires the addition of a key service driving variable.  For example, miles of busway and stations are examples of key service driving variables that might be added to a conventional bus O&M cost model when that model is adapted for forecasting the O&M costs of a BRT alternative.  Passengers might be added as measure as driving variable for automated fare collection costs at transit stations.

This step was applied to the sample O&M cost model for the BRT service alternative discussed in the previous step.  The proposed alternative will involve the operation of two stations at the terminal ends of the BRT service. However, no stations are now operated as part of existing bus service.  

It was decided that the key driving supply variable stations is the best driver and it was added to the O&M cost model (Exhibit 5).  A survey was conducted of similar transit systems with BRT systems and productivity ratios and resource unit costs were added for the following expense line item unit costs:  

· Station agent wages 

· Station Agent Fringe Benefits 

· Station Utilities 
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Station Worker Wages (Facility Maintenance) 

· Station Worker Fringe Benefits(Facility Maintenance) 

· Station Insurance 

At the completion of these three steps, the O&M costs for the service alternative can be estimated using the forecasted supply variables and the O&M cost model.  The supply variables are multiplied by their corresponding unit costs and the products then are summed.

For example, the BRT service is being considered as one alternative for serving a high density travel corridor.  A travel demand analysis has been performed and the following annual operating statistics have been forecast — 33,392 revenue hours, 567,664 revenue miles, 12 peak vehicles, and two stations.

The productivity ratios (resource/supply) and resource unit costs for the O&M cost model (Exhibit 5) are multiplied by the appropriate annual operating statistics.  For example, the estimated 2006 O&M cost for the expense line item operators wages is estimated as follows:


2006 O&M Cost = 1.5717 work hours/revenue hour x $25.064 /work hour x 33,392 revenue hours

   
2006 O&M Cost = $1,315,263

The total forecast cost is $5,452,331 in constant base year dollars for this alternative (Exhibit 5).
4.3.3 Key Issues in Model Development

· The fundamental problem in model development is identifying expenses that will behave differently for the service alternative being analyzed when compared to current operations.  O&M cost projections are based on the assumption that the current rates of consumption and productivity will continue in the future.  These important assumptions should be reviewed for key cost items. 

The analysis should focus on the unit costs for selected expense line items that were derived for the current service operation. Two factors should be examined — the productivity ratio and the resource unit cost.  As discussed earlier, the unit cost for an expense line item i is the product of these two factors:
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The analysis should focus on key functional areas that are most likely to have a material impact on the O&M costs of the agency.  This might usefully be defines as any expense that represents more than five percent of total operating expenses of the agency.  Expenses that typically fall in this category include:

· Revenue operator wages

· Vehicle maintenance wages

· Revenue vehicle fuel or propulsion power

· Electricity (rail modes)

· Revenue vehicle parts

Finally, expense items that are known to be different than the current service operation should be addressed.

There are two generic remedies for the identified expense line items.  The first is a detailed examination of current operations.  Different productivity factors may be derived or different key driving supply variables may be specified.  

The second remedy is to “borrow” experiences from other transit systems. This remedy generally is used for activities that are not a part of current operations.  These borrowed productivities must be adjusted, typically to reflect the local cost environment of the transit system.

The remaining portions of this section outline common expense issues that should be addressed when developing O&M cost models for different service alternatives.   Common remedies also are provided.  This is not an exhaustive listing of issues or common remedies.

4.3.3.1 Different Service Profiles

The service profile (vehicles in service by time of day) may be different for the service alternative than it is for current operations.  The degree of peaking can significantly affect operator cost and can be measured by the peak-base ratio — the maximum number of vehicles operated during morning and evening peak (rush) hours divided by the number of vehicles operated during the midday.  The higher the peak-base ratio, generally, the higher is the ratio of operator pay hours to vehicle (revenue) hours operated.  This occurs because more drivers are assigned split assignments (runs) that involve spread premium and guarantee payments in addition to platform payments — pay for operating the vehicle.    For example, the ratio of scheduled pay hours to platform hours may be 1.08 for one-piece runs and 1.20 for split assignments.

Two approaches have been used to address the peaking problem.  One approach is to adjust the unit cost for the expense line item operators wages by using a different value for the productivity ratio pay hours per revenue hour.   For example, the scheduled pay hours/revenue hour ratio of 1.12 for current operations might be adjusted to a projected ratio of 1.21 for the service alternative.  
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This adjustment requires the collection of scheduled pay hours as part of the development of the O&M cost model for current operations.  It also requirea that an operator schedule be cut for the service alternative so that the scheduled pay hours/revenue hour ratio can be estimated.

The second approach is to model peak and off-peak hours separately.  In the sample bus O&M cost model shown in Exhibit 3, this would mean replacing the key driving supply variable revenue hours by two new variables peak revenue hours and off-peak revenue hours.  This approach typically requires the collection and assignment of scheduled pay hours as part of the development of the O&M cost model for current operations.

4.3.3.2 Operator Wage Differentials

Sometimes, the operators of new service types or new service modes are paid a wage premium.  For example, operators on a proposed BRT service might be paid $1.00 per hour more regular bus operators because they will be operating articulated buses.  Or, operators of a new light rail service may be paid $1.50 per hour more than bus operators.  

One common approach to this problem is to adjust the unit cost for the expense line item operators wages by using a different value for the resource unit cost cost per pay hour.   For example, the cost per pay hour of $24.32 for current operations might be adjusted to a projected unit cost of $25.82 projected for the service alternative.  

[image: image11.emf](1)Cost/Service Variable Unit = (Resources/Supply Variable Unit) x (Cost/Resource Unit)

                                      Productivity Ratio                  Resource Unit Cost

(2)O&M Cost=(Supply Variable Units) x(Cost/Supply Variable Unit)

(3)O&M Cost=(Supply Variable Units) x(Resources/Supply Variable Unit) x(Cost/Resource Unit)

Productivity Ratio Resource Unit Cost


Caution is needed before making these adjustments.  There should be some reasonable basis for the assumption of wage differentials such provisions in current labor agreements or stated and approved policy of the transit system. 

The adjustment for wage differentials should not be used when it is expected that senior drivers will choose and work on a service alternative only because they feel the job is more desirable than other jobs.  While the average wage cost will be higher for the service alternative, there will be a corresponding drop in the average wage costs for existing services.  The wage differential adjustment only should used when a specific wage premium is paid to all operators.  

4.3.3.3 Different Mix of Vehicles

Some service alternatives may require a different mix of vehicles than are currently operated.  For example, a BRT service alternative may call for the use of articulated vehicles while now the transit system operates a mix of conventional and articulated buses.   

The use of a different mix of vehicles can affect a number of expense line items related to the following activities:

· Mechanical labor covering inspections, preventive maintenance, and repair,

· Usage or consumption of parts, and

· Fuel consumption.

One common approach to this problem is to model these vehicle-related costs by type of vehicle such as conventional 40-foot buses and articulated buses.  Like the problem of different service profiles, the vehicle-specific miles variables are substituted for the general miles variable.  In the sample bus O&M cost model shown in Exhibit 3, if there are two types of buses — conventional and articulated, this would mean replacing the key driving supply variable revenue miles  by two new variables conventional bus revenue miles and articulated revenue miles.  This approach requires the collection of vehicle-specific cost data as part of the development of the O&M cost model for current operations.

4.3.3.4 Activities Not Conducted in Current Operations

Many service alternatives may include activities that are new to the transit system and are not part of current operations.  This often is true when the service alternatives involve a new mode, particularly rail modes.  Transit systems that only operate buses generally do not perform capital-intensive activities such as:

· Guideway and structures maintenance

· Signals and vehicle movement control

· Power operations and maintenance

· Station operations and maintenance

The general approach is to base O&M costs for activities new to a transit system on recent operational experience in the transit industry.   This experience should be based on the “average” transit system.  Usually favorable or unfavorable “outliers” should be avoided.  Only when no experience is available, are engineering estimates used.

The costs related to a new activity can be divided into two categories:

· Direct expenses that are a function of the key driving supply variables such as hours and miles.  Employee wages and commodities consumed such as fuel, track ties, and vehicle parts are examples.

· Indirect expenses are a function of the direct expenses.  Fringe benefits, supervisory expenses, and administrative support activities are examples.

For direct expenses, the detailed “resource build-up approach” is used to apply industry experience for the new activity to the service alternative. This means using appropriate productivity ratios that relate resources consumed or expended with key driving supply variables.  It also means adjusting the industry experience for local conditions such as:

· Labor rates,

· Absenteeism, and

· Local resource unit costs.

For example, the expense item unit cost for station employee wages is based on the industry productivity ratio adjusted for local labor rates and absenteeism.

[image: image12.emf]Wages/Station = Scheduled Pay Hours/Station x Actual Pay Hours/Scheduled Pay Hours x (Cost/Actual Pay Hour)
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 The adjustments of industry experience generally require more detailed analysis during the development of the O&M cost model for current operations.  Productivity ratios must be developed, as appropriate, for labor rates, absenteeism, and resource costs.

[image: image13.emf]O&M Cost=(Supply Variable Units) x(Resources/Supply Variable Unit) x(Cost/Resource Unit)

Productivity Ratio Resource Unit Cost

Indirect expenses for new activities are estimated based on their linkage to the direct expenses.  For example, some fringe benefit expenses related to station employees may be driven by employee wages.  The indirect expense productivity ratios (e.g., fringe benefits as a percent of wages) are based on analysis of current operations.  The indirect expenses are estimated based on the productivity ratio for current operations and the direct expense resource unit cost adjusted for local conditions. 

Again, the estimation of indirect costs generally requires more detailed analysis during the development of the O&M cost model for current operations.  Productivity ratios must be developed, as appropriate, for indirect cost drivers.

4.4 Documentation Reports

This section outlines the FTA requirements for two technical memoranda — model development and operating forecasts — for the New Starts service alternatives being evaluated.   The FTA emphasis in these memoranda is on content and clear presentation.  Long and elaborate memoranda are neither required nor desired.

4.4.1 Memorandum on O&M Cost Models

The memorandum on O&M costing summarizes the development of the cost allocation models for each transit mode and type of service to be considered. The report should summarize the results of each activity that was described in Sections 4.2.1 and 4.3.2.1.  The report should be organized as follows:

· Overview of Service Alternatives Being Evaluated.  This discussion should describe each service alternative being considered in terms of mode, type of service, level of service, vehicle type, important technology, and other characteristics that may be important to development of O&M cost models. The discussion should indicate the modeling approach that was used for each service alternative — either based on existing service or building for a new type of service or new mode.  It also should indicate if some alternatives will use the same O&M model because the alternatives employ the same mode and type of service.

· Development of O&M Cost Model for Existing Service.  One chapter should be prepared for each O&M cost model.  This chapter should summarize the model development work outlined in Section 4.2.1 as follows:

· Selection of Key Driving Supply Variables (4.2.1.1).   A short rationale should be provided for the key variables and related to how the service alternative relates to the existing service provided.

· Data Assembled (4.2.1.2).  A short summary of the data assembled should be provided including any data problems and how they were addressed.  Comments should be on how the transit system allocates joint expenses by mode and what adjustments, if any, were made to these allocations.

· Assignment of Expense Items (4.2.1.3).  The summary of this work task should focus on the assignment of the expense line items to key supply variables.  A complete table should be provided that shows the expense assignment as shown in Exhibit 2.    The expense line items should be aggregated to logical categories.  For example, wages for individual pay categories of full and part time drivers should be aggregated into two expense line items — full time wages and part time wages.  

· Calculations of Unit Costs (4.2.1.4).  A table showing the resultant productivity ratios and resource unit costs should be presented as shown in Exhibit 3.

· Estimation of Inflation Rates (4.2.1.5).  A short rationale should be provided for the general inflation rate and the “incremental” differences from the general rate for specific expense line items.  A summary table that shows the inflation rates for each expense line item should be prepared.

· Development of O&M Cost Model for New Service Types and New Service Modes.  One chapter should be prepared for each O&M cost model.  This chapter should summarize the model development work outlined in Section 4.3.2 as follows:

· Development of O&M Cost Model for Existing Service. (4.2.1.1).   This summary should reference the development summarized in another chapter and highlight the special attention given to two tasks — Select Key Driving Supply Variables and Assemble Recent Operations Data.

· Adjustment of Productivity Ratios (4.3.2.2) and Addition of New Expense Line Items (4.3.2.3).  The discussion in this section should address how the productivity factors derived for the existing service operation were adjusted,  how new expense line items were added to reflect better the service alternative being developed and the resultant revised productivity ratios and resource unit costs.  Each adjustment and should be documented including the sources for the expense line item adjustment and additions.  A summary table should be prepared as shown in Exhibit 5. 

The discussion should specifically address the following expense items:

· Revenue operator wages

· Vehicle maintenance wages

· Revenue vehicle fuel or propulsion power

· Electricity (rail modes)

· Revenue vehicle parts

· Expense line items that exceed five percent of total operating costs

A short rationale should be provided if no adjustments or additions are made to the listed expense items.

· Estimation of Inflation Rates (4.2.1.5).  A short rationale should be provided for the general inflation rate and the “incremental” differences from the general rate for specific expense line items.

4.4.2 Memorandum on Forecasts of O&M Costs

This memorandum summarizes the forecast of O&M costs for each service alternative development of the cost allocation models for each transit mode and type of service to be considered. The report should summarize the results of each activity that was described in Sections 4.2.2.  The report should be organized as follows:

· Overview of Service Alternatives Being Evaluated.  This overview is the same as is required for the previous memorandum.   It should describe each service alternative being considered in terms of mode, type of service, level of service, vehicle type, important technology, and other characteristics that may be important to development of O&M cost models. The discussion should indicate the modeling approach that was used for each service alternative — either based on existing service or building for a new type of service or new mode.  It also should indicate if some alternatives will use the same O&M model because the alternatives employ the same mode and type of service.  

· Summary of Projected Costs for Each Service Alternative.  This summary should provide the following information for each service alternative:
· Values for key driving supply variables

· Supply variable unit costs

· Total cost by supply variable

· Total cost

· Cost per revenue hour

The summary should be provided in table format.

· Discussion of Costs.  The reasonableness of each O&M cost forecasts should be discussed in terms of current operations and in comparison with peer systems.  Also, the O&M cost forecasts for the all service alternatives should be compared and contrasted.
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[image: image14.emf]Expense Line Item

Annual 

Expenses

Revenue 

Hours

Revenue 

Miles

Peak 

Vehicles

Operations

Operators Wages $73,125,275 $34.7648

Operators Fringe Benefits $48,454,239 $23.0359

Transportation Supervisors $11,637,325 $5.5326

Supervisor Fringe Benefits $7,711,119 $3.6660

Contractor Support $255,901 $0.1217

Fuel and Lubricants $7,445,650 $0.3371

Tires and Tubes $170,560 $0.0077

Other Materials and Supplies $467,338 $0.2222

Utilities Cost $4,457 $0.0021

Maintenance

Mechanics Wages $25,295,656 $1.1453

Mechanics Fringe Benefits $16,761,396 $0.7589

Mechanics Supervisors $1,331,350 $0.0603

Supervisor Fringe Benefits $882,179 $0.0399

Contractor Support $1,727,656 $0.0782

Fuel and Lubricants $1,022,737 $0.0463

Vehicle Parts $12,059,944 $0.5460

Utilities Cost $1,418,127 $0.0642

Buildings, Grounds, Facilities

Maintenance Worker Wages $1,970,384 $2,545.72

Worker Fringe Benefits $1,305,615 $1,686.84

Service Supervisors $103,704 $133.98

Supervisor Fringe Benefits $68,716 $88.78

Contractor Support $488,579 $631.24

Administrative Building Materials $280,895 $362.91

Administration

Administrative Wages/Salaries $5,951,103 $7,688.76

Administration Fringe Benefits $3,943,317 $5,094.72

Contractor Support $6,541,070 $8,450.99

Fuel and Lubricants $336,390 $434.61

Office Supplies $1,803,875 $2,330.59

Utilities Cost $607,769 $785.23

Vehicle Liability Insurance $7,132,574 $0.3229

Comprehensive Insurance $1,258,690 $1,626.21

Other Insurance $1,018,579 $1,315.99

Totals $242,582,169 $67.3452 $3.4070 33,176.60   

Resource Variable Values 2,103,426         22,085,973         774              

Annual O&M Cost =($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)

+ ($33.176.60 x Peak Vehicles)

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using

 significantly more detailed expense line items.

Exhibit 1

Sample Bus Fully Allocated Cost Model



Unit Cost Rate

(Consolidated Expense Line Items for Illustration Only1)

[image: image15.emf]Expense Line Item

Resource 

Variable

Resource/ 

Supply 

Annual 

Inflation

Resource 

Unit Cost Cost

Operators Wages X Revenue HoursWork Hours 1.5717          $24.3305 3% $25.0604 $1,315,263

Operators Fringe Benefits X Revenue HoursWork Hours 1.5717          $16.1219 4% $16.7668 $879,980

Transportation Supervisors Wages Revenue HoursWork Hours 0.1588          $34.8481 4% $36.2421 $192,133

Supervisor Fringe Benefits Revenue HoursWork Hours 0.1588          $23.0911 4% $24.0147 $127,311

Station Agent Wages X Stations Work Hours 5,840            $20.4352 3% $21.0483 $245,844

Station Agent Fringe Benefits X Stations Work Hours 5,840            $13.6916 4% $14.2393 $166,315

Contractor Support Revenue HoursRevenue Hours 1.0000         $0.1217 4% $0.1265 $4,225

Fuel X Revenue Miles Gallons 0.3201 $0.9574 4% $0.9957 $180,915

Tires and Tubes X Revenue Miles Revenue Miles 1.0000         $0.0079 5% $0.0083 $4,723

Other Materials and Supplies Revenue HoursRevenue Hours 1.0000         $0.2222 4% $0.2311 $7,716

Utilities Cost Revenue HoursRevenue Hours 1.0000         $0.0021 4% $0.0022 $74

Mechanics Wages X Revenue Miles Work Hours 0.0459          $27.4315 3% $28.2545 $736,632

Mechanics Fringe Benefits X Revenue Miles Work Hours 0.0459          $18.1767 4% $18.9037 $492,846

Mechanics Supervisors X Revenue Miles Work Hours 0.0019          $34.6504 4% $36.0364 $39,147

Mech Supervisor Fringe Benefits X Revenue Miles Work Hours 0.0019          $22.9600 4% $23.8784 $25,939

Contractor Support Revenue Miles Revenue Miles 1.0000         $0.0782 4% $0.0814 $46,181

Fuel and Lubricants Revenue Miles Revenue Miles 1.0000         $0.0463 4% $0.0482 $27,338

Vehicle Parts X Revenue Miles Revenue Miles 1.0000         $0.4478 4% $0.4657 $264,343

Utilities Cost Revenue Miles Revenue Miles 1.0000         $0.0642 4% $0.0668 $37,907

Maintenance Worker Wages Peak Vehicles Work Hours 86.177          $29.5406 3% $30.4269 $31,465

Worker Fringe Benefits Peak Vehicles Work Hours 86.177          $19.5742 4% $20.3572 $21,052

Station Worker Wages X Stations Work Hours 405               $29.5406 3% $30.4269 $24,646

Station Worker Fringe Benefits X Stations Work Hours 405               $19.5742 4% $20.3572 $16,489

Maint Worker Supervisors Peak Vehicles Work Hours 3.591            $37.3143 4% $38.8069 $1,672

M Worker Sup Fringe Benefits Peak Vehicles Work Hours 3.591            $24.7251 4% $25.7141 $1,108

Contractor Support Peak Vehicles Peak Vehicles 1.0000         $631.24 4% $656.4886 $7,878

Administrative Building Materials Peak Vehicles Peak Vehicles 1.0000         $362.91 4% $377.4300 $4,529

Administrative Wages/Salaries Peak Vehicles Work Hours 376.537        $20.42 4% $21.2364 $95,956

Administration Fringe Benefits Peak Vehicles Admin W/S 376.537        $13.53 4% $14.0717 $63,582

Contractor Support Peak Vehicles Peak Vehicles 1.0000         $8,450.99 4% $8,789.0346 $105,468

Fuel and Lubricants Peak Vehicles Peak Vehicles 1.0000         $434.61 4% $451.9969 $5,424

Office Supplies Peak Vehicles Peak Vehicles 1.0000         $2,330.59 4% $2,423.8114 $29,086

Utilities Cost Peak Vehicles Peak Vehicles 1.0000         $785.23 4% $816.6405 $9,800

Station Utilities X Stations Kilowatt Hours 5,281            $0.0894 4% $0.0930 $982

Vehicle Liability Insurance Revenue Miles Revenue Miles 1.0000         $0.3229 4% $0.3359 $190,658

Comprehensive Insurance Peak Vehicles Peak Vehicles 1.0000         $1,626.21 4% $1,691.2630 $20,295

Station Insurance X Stations Stations 1.0000         $5,281.45 4% $5,492.7080 $10,985

Other Insurance Peak Vehicles Peak Vehicles 1.0000         $1,315.99 4% $1,368.6333 $16,424

Totals $5,452,331

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using significantly more detailed expense line items.

Revenue Hours 33,392               

Revenue Miles 567,664             

Peak Vehicles 12                      

Stations 2                        



Operations

Maintenance

Buildings, Grounds, Facilities

Administration



Existing 

Unit Cost 

Adjusted 

New Unit 

Cost 

Added 

Supply 

Variable

Productivity Ratio

Resource 

Unit Cost

2006

Exhibit 5

Sample Bus Fully Allocated Cost Model

After Completion of Steps 1-4

(Consolidated Expense Line Items for Illustration Only

1

)

[image: image16.emf]Expense Line Item

Resource 

Variable Value

Resource/ 

Supply 

Annual 

Inflation

Resource       

Unit Cost Cost

Resource      

Unit Cost Cost

Operators Wages Revenue HoursWork Hours 3,005,496       1.4289         $24.3305 3% $25.0604 $784,262 $52.4710 $1,642,071

Operators Fringe Benefits Revenue HoursWork Hours 3,005,496       1.4289         $16.1219 4% $16.7668 $524,713 $44.6974 $1,398,798

Transportation Supervisors Wages Revenue HoursWork Hours 333,944          0.1588         $34.8481 4% $36.2421 $126,021 $96.6154 $335,951

Supervisor Fringe Benefits Revenue HoursWork Hours 333,944          0.1588         $23.0911 4% $24.0147 $83,504 $64.0193 $222,608

Contractor Support Revenue HoursRevenue Hours 2,103,426      1.0000        $0.1217 4% $0.1265 $2,771 $0.3373 $7,387

Fuel Revenue Miles Gallons 7,776,902       0.3521 $0.9574 4% $0.9957 $117,698 $2.6544 $313,765

Tires and Tubes Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0077 5% $0.0081 $2,722 $0.0275 $9,218

Other Materials and Supplies Revenue HoursRevenue Hours 2,103,426      1.0000        $0.2222 4% $0.2311 $5,061 $0.6160 $13,491

Utilities Cost Revenue HoursRevenue Hours 2,103,426      1.0000        $0.0021 4% $0.0022 $48 $0.0059 $129

Mechanics Wages Revenue Miles Work Hours 922,138          0.0418         $27.4315 3% $28.2545 $396,021 $59.1586 $829,180

Mechanics Fringe Benefits Revenue Miles Work Hours 922,138          0.0418         $18.1767 4% $18.9037 $264,959 $50.3943 $706,337

Mechanics Supervisors Revenue Miles Work Hours 38,422            0.0017         $34.6504 4% $36.0364 $21,046 $96.0671 $56,104

Mech Supervisor Fringe Benefits Revenue Miles Work Hours 38,422            0.0017         $22.9600 4% $23.8784 $13,945 $63.6560 $37,176

Contractor Support Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0782 4% $0.0814 $27,310 $0.2169 $72,805

Fuel and Lubricants Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0463 4% $0.0482 $16,167 $0.1284 $43,099

Vehicle Parts Revenue Miles Revenue Miles 22,085,973    1.0000        $0.5460 4% $0.5679 $190,640 $1.5139 $508,214

Utilities Cost Revenue Miles Revenue Miles 22,085,973    1.0000        $0.0642 4% $0.0668 $22,417 $0.1780 $59,761

Maintenance Worker Wages Peak Vehicles Work Hours 66,701            86.177         $29.5406 3% $30.4269 $31,465 $63.7071 $65,881

Worker Fringe Benefits Peak Vehicles Work Hours 66,701            86.177         $19.5742 4% $20.3572 $21,052 $54.2689 $56,121

Maint Worker Supervisors Peak Vehicles Work Hours 2,779              3.591           $37.3143 4% $38.8069 $1,672 $103.4529 $4,458

M Worker Sup Fringe Benefits Peak Vehicles Work Hours 2,779              3.591           $24.7251 4% $25.7141 $1,108 $68.5496 $2,954

Contractor Support Peak Vehicles Peak Vehicles 774                1.0000        $631.24 4% $656.4886 $7,878 $1,750.0911 $21,001

Administrative Building Materials Peak Vehicles Peak Vehicles 774                1.0000        $362.91 4% $377.4300 $4,529 $1,006.1665 $12,074

Administrative Wages/Salaries Peak Vehicles Work Hours 291,440          376.537       $20.42 4% $21.2364 $95,956 $56.6129 $255,802

Administration Fringe Benefits Peak Vehicles Admin W/S 291,440          376.537       $13.53 4% $14.0717 $63,582 $37.5128 $169,500

Contractor Support Peak Vehicles Peak Vehicles 774                1.0000        $8,450.99 4% $8,789.0346 $105,468 $23,430.1278 $281,162

Fuel and Lubricants Peak Vehicles Peak Vehicles 774                1.0000        $434.61 4% $451.9969 $5,424 $1,204.9498 $14,459

Office Supplies Peak Vehicles Peak Vehicles 774                1.0000        $2,330.59 4% $2,423.8114 $29,086 $6,461.4844 $77,538

Utilities Cost Peak Vehicles Peak Vehicles 774                1.0000        $785.23 4% $816.6405 $9,800 $2,177.0300 $26,124

Vehicle Liability Insurance Revenue Miles Revenue Miles 22,085,973    1.0000        $0.3229 4% $0.3359 $112,749 $0.8954 $300,572

Comprehensive Insurance Peak Vehicles Peak Vehicles 774                1.0000        $1,626.21 4% $1,691.2630 $20,295 $4,508.6305 $54,104

Other Insurance Peak Vehicles Peak Vehicles 774                1.0000        $1,315.99 4% $1,368.6333 $16,424 $3,648.5523 $43,783

Totals $3,125,793 $7,641,627

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using significantly more detailed expense line items.

Revenue Hours 21,902               Revenue Hours 21,902               

Revenue Miles 335,700             Revenue Miles 335,700             

Peak Vehicles 12                      Peak Vehicles 12                      
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Unit Cost

2006 2030
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Exhibit 4

Sample Bus Fully Allocated Cost Model

FY 2006 and FY2030 Forecasts

(Consolidated Expense Line Items for Illustration Only

1

)

[image: image17.emf]Expense Line Item

Annual 

Expenses 

(Base Year)

Revenue 

Hours

Revenue 

Miles

Peak 

Vehicles

Operations

Operators Wages $73,125,275 X

Operators Fringe Benefits $48,454,239 X

Transportation Supervisors $11,637,325 X

Supervisor Fringe Benefits $7,711,119 X

Contractor Support $255,901 X

Fuel and Lubricants $7,445,650 X

Tires and Tubes $170,560

Other Materials and Supplies $467,338 X

Utilities Cost $4,457 X

Maintenance

Mechanics Wages $25,295,656 X

Mechanics Fringe Benefits $16,761,396 X

Mechanics Supervisors $1,331,350 X

Supervisor Fringe Benefits $882,179 X

Contractor Support $1,727,656 X

Fuel and Lubricants $1,022,737 X

Vehicle Parts $12,059,944 X

Utilities Cost $1,418,127 X

Buildings, Grounds, Facilities

Maintenance Worker Wages $1,970,384 X

Worker Fringe Benefits $1,305,615 X

Service Supervisors $103,704 X

Supervisor Fringe Benefits $68,716 X

Contractor Support $488,579 X

Administrative Building Materials $280,895 X

Administration

Administrative Wages/Salaries $5,951,103 X

Administration Fringe Benefits $3,943,317 X

Contractor Support $6,541,070 X

Fuel and Lubricants $336,390 X

Office Supplies $1,803,875 X

Utilities Cost $607,769 X

Vehicle Liability Insurance $7,132,574 X

Comprehensive Insurance $1,258,690 X

Other Insurance $1,018,579 X

Totals $242,582,169 -                

Resource Variable Values 2,103,426         22,085,973         774              

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using

significantly more detailed expense line items.

Exhibit 2

Sample Bus Fully Allocated Cost Model



(Consolidated Expense Line Items for Illustration Only

1

)

After Completion of Steps 1-3

[image: image18.wmf]Cost/Revenue Hour = (Scheduled Pay Hours/Revenue Hour) x (Cost/Pay Hour)

            Unit Cost                   Productivity Ratio                     Resource Unit Cost

[image: image19.emf]Cost/Service Variable Unit = (Resources/Service Variable Unit) x (Cost/Resource Unit)

            Unit Cost                           Productivity Ratio                  Resource Unit Cost

[image: image20.emf]Cost/Service Variable Unit = (Resources/Service Variable Unit) x (Cost/Resource Unit)

            Unit Cost                           Productivity Ratio                  Resource Unit Cost

[image: image21.emf](1)Cost/Service Variable Unit = (Resources/Supply Variable Unit) x (Cost/Resource Unit)

                                      Productivity Ratio                  Resource Unit Cost

(2)O&M Cost=(Supply Variable Units) x(Cost/Supply Variable Unit)

(3)O&M Cost=(Supply Variable Units) x(Resources/Supply Variable Unit) x(Cost/Resource Unit)

Productivity Ratio Resource Unit Cost

[image: image22.emf]Fringes Benefits/Station= Fringe Benefits/Wages x Wages/Station

Local Productivity Ratio Direct Expenses

[image: image23.emf]Expense Line Item

Revenue 

Hours

Revenue 

Miles

Peak 

Vehicles

Resource 

Variable

Resource 

Value

Resource/ 

Supply 

Operators Wages $73,125,275 $34.7648 Work Hours 3,005,496     1.4289        $24.3305

Operators Fringe Benefits $48,454,239 $23.0359 Work Hours 3,005,496     1.4289        $16.1219

Transportation Supervisors Wages $11,637,325 $5.5326 Work Hours 333,944        0.1588        $34.8481

Supervisor Fringe Benefits $7,711,119 $3.6660 Work Hours 333,944        0.1588        $23.0911

Contractor Support $255,901 $0.1217 Revenue Hours 2,103,426     1.0000       $0.1217

Fuel $7,445,650 $0.3371 Gallons 7,776,902     0.3521 $0.9574

Tires and Tubes $170,560 $0.0077 Revenue Miles 22,085,973   1.0000       $0.0077

Other Materials and Supplies $467,338 $0.2222 Revenue Hours 2,103,426     1.0000       $0.2222

Utilities Cost $4,457 $0.0021 Revenue Hours 2,103,426     1.0000       $0.0021

Mechanics Wages $25,295,656 $1.1453 Work Hours 922,138        0.0418        $27.4315

Mechanics Fringe Benefits $16,761,396 $0.7589 Work Hours 922,138        0.0418        $18.1767

Mechanics Supervisors $1,331,350 $0.0603 Work Hours 38,422          0.0017        $34.6504

Mech Supervisor Fringe Benefits $882,179 $0.0399 Work Hours 38,422          0.0017        $22.9600

Contractor Support $1,727,656 $0.0782 Revenue Miles 22,085,973   1.0000       $0.0782

Fuel and Lubricants $1,022,737 $0.0463 Revenue Miles 22,085,973   1.0000       $0.0463

Vehicle Parts $12,059,944 $0.5460 Revenue Miles 22,085,973   1.0000       $0.5460

Utilities Cost $1,418,127 $0.0642 Revenue Miles 22,085,973   1.0000       $0.0642

Maintenance Worker Wages $1,970,384 $2,545.72Work Hours 66,701          86.177        $29.5406

Worker Fringe Benefits $1,305,615 $1,686.84Work Hours 66,701          86.177        $19.5742

Maint Worker Supervisors $103,704 $133.98Work Hours 2,779            3.591          $37.3143

M Worker Sup Fringe Benefits $68,716 $88.78Work Hours 2,779            3.591          $24.7251

Contractor Support $488,579 $631.24Peak Vehicles 774               1.0000       $631.24

Administrative Building Materials $280,895 $362.91Peak Vehicles 774               1.0000       $362.91

Administrative Wages/Salaries $5,951,103 $7,688.76Work Hours 291,440        376.537      $20.42

Administration Fringe Benefits $3,943,317 $5,094.72Work Hours 291,440        376.537      $13.53

Contractor Support $6,541,070 $8,450.99Peak Vehicles 774               1.0000       $8,450.99

Fuel and Lubricants $336,390 $434.61Peak Vehicles 774               1.0000       $434.61

Office Supplies $1,803,875 $2,330.59Peak Vehicles 774               1.0000       $2,330.59

Utilities Cost $607,769 $785.23Peak Vehicles 774               1.0000       $785.23

Vehicle Liability Insurance $7,132,574 $0.3229 Revenue Miles 22,085,973   1.0000       $0.3229

Comprehensive Insurance $1,258,690 $1,626.21Peak Vehicles 774               1.0000       $1,626.21

Other Insurance $1,018,579 $1,315.99Peak Vehicles 774               1.0000       $1,315.99

Totals $242,582,169 $67.3452 $3.4070 $33,176.60

Resource Variable Values 2,103,426      22,085,973 774                  

1 The expense line items are consolidated for illustration.  Typically, cost models are developed using  significantly more detailed expense line items.
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		Exhibit 1

		Sample Bus Fully Allocated Cost Model

		(Consolidated Expense Line Items for Illustration Only1)

						Unit Cost Rate

		Expense Line Item		Annual Expenses		Revenue Hours		Revenue Miles		Peak Vehicles

		Operations

		Operators Wages		$73,125,275		$34.7648

		Operators Fringe Benefits		$48,454,239		$23.0359						56,165,358

		Transportation Supervisors		$11,637,325		$5.5326

		Supervisor Fringe Benefits		$7,711,119		$3.6660

		Contractor Support		$255,901		$0.1217

		Fuel and Lubricants		$7,445,650				$0.3371

		Tires and Tubes		$170,560				$0.0077

		Other Materials and Supplies		$467,338		$0.2222

		Utilities Cost		$4,457		$0.0021

		Maintenance

		Mechanics Wages		$25,295,656				$1.1453				26,627,006

		Mechanics Fringe Benefits		$16,761,396				$0.7589				17,643,575

		Mechanics Supervisors		$1,331,350				$0.0603

		Supervisor Fringe Benefits		$882,179				$0.0399

		Contractor Support		$1,727,656				$0.0782

		Fuel and Lubricants		$1,022,737				$0.0463

		Vehicle Parts		$12,059,944				$0.5460

		Utilities Cost		$1,418,127				$0.0642				14,493

		Buildings, Grounds, Facilities

		Maintenance Worker Wages		$1,970,384						$2,545.72		2,074,088

		Worker Fringe Benefits		$1,305,615						$1,686.84		1,374,331

		Service Supervisors		$103,704						$133.98

		Supervisor Fringe Benefits		$68,716						$88.78

		Contractor Support		$488,579						$631.24

		Administrative Building Materials		$280,895						$362.91

		Administration

		Administrative Wages/Salaries		$5,951,103						$7,688.76

		Administration Fringe Benefits		$3,943,317						$5,094.72

		Contractor Support		$6,541,070						$8,450.99

		Fuel and Lubricants		$336,390						$434.61

		Office Supplies		$1,803,875						$2,330.59

		Utilities Cost		$607,769						$785.23		2,011,403

		Vehicle Liability Insurance		$7,132,574				$0.3229				8,391,264

		Comprehensive Insurance		$1,258,690						$1,626.21

		Other Insurance		$1,018,579						$1,315.99

		Totals		$242,582,169		$67.3452		$3.4070		33,176.60

		Resource Variable Values				2,103,426		22,085,973		774

		Annual O&M Cost =		($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)

				+ ($33.176.60 x Peak Vehicles)

		1 The expense line items are consolidated for illustration.  Typically, cost models are developed using

		significantly more detailed expense line items.
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		Exhibit 4

		Sample Bus Fully Allocated Cost Model

		FY 2006 and FY2030 Forecasts

		(Consolidated Expense Line Items for Illustration Only1)

				Annual Expenses (Base Year)		Supply Variable Unit Cost Rate						Supply Variable		Productivity Ratio						Resource Unit Cost				2006				2030

		Expense Line Item				Revenue Hours		Revenue Miles		Peak Vehicles				Resource Variable		Value		Resource/ Supply				Annual Inflation		Resource       Unit Cost		Cost		Resource      Unit Cost		Cost

		Operations

		Operators Wages		$73,125,275		$34.7648						Revenue Hours		Work Hours		3,005,496		1.4289		$24.3305		3%		$25.0604		$784,262		$52.4710		$1,642,071

		Operators Fringe Benefits		$48,454,239		$23.0359						Revenue Hours		Work Hours		3,005,496		1.4289		$16.1219		4%		$16.7668		$524,713		$44.6974		$1,398,798

		Transportation Supervisors Wages		$11,637,325		$5.5326						Revenue Hours		Work Hours		333,944		0.1588		$34.8481		4%		$36.2421		$126,021		$96.6154		$335,951

		Supervisor Fringe Benefits		$7,711,119		$3.6660						Revenue Hours		Work Hours		333,944		0.1588		$23.0911		4%		$24.0147		$83,504		$64.0193		$222,608

		Contractor Support		$255,901		$0.1217						Revenue Hours		Revenue Hours		2,103,426		1.0000		$0.1217		4%		$0.1265		$2,771		$0.3373		$7,387

		Fuel		$7,445,650				$0.3371				Revenue Miles		Gallons		7,776,902		0.3521		$0.9574		4%		$0.9957		$117,698		$2.6544		$313,765

		Tires and Tubes		$170,560				$0.0077				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0077		5%		$0.0081		$2,722		$0.0275		$9,218

		Other Materials and Supplies		$467,338		$0.2222						Revenue Hours		Revenue Hours		2,103,426		1.0000		$0.2222		4%		$0.2311		$5,061		$0.6160		$13,491

		Utilities Cost		$4,457		$0.0021						Revenue Hours		Revenue Hours		2,103,426		1.0000		$0.0021		4%		$0.0022		$48		$0.0059		$129

		Maintenance

		Mechanics Wages		$25,295,656				$1.1453				Revenue Miles		Work Hours		922,138		0.0418		$27.4315		3%		$28.2545		$396,021		$59.1586		$829,180

		Mechanics Fringe Benefits		$16,761,396				$0.7589				Revenue Miles		Work Hours		922,138		0.0418		$18.1767		4%		$18.9037		$264,959		$50.3943		$706,337

		Mechanics Supervisors		$1,331,350				$0.0603				Revenue Miles		Work Hours		38,422		0.0017		$34.6504		4%		$36.0364		$21,046		$96.0671		$56,104

		Mech Supervisor Fringe Benefits		$882,179				$0.0399				Revenue Miles		Work Hours		38,422		0.0017		$22.9600		4%		$23.8784		$13,945		$63.6560		$37,176

		Contractor Support		$1,727,656				$0.0782				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0782		4%		$0.0814		$27,310		$0.2169		$72,805

		Fuel and Lubricants		$1,022,737				$0.0463				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0463		4%		$0.0482		$16,167		$0.1284		$43,099

		Vehicle Parts		$12,059,944				$0.5460				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.5460		4%		$0.5679		$190,640		$1.5139		$508,214

		Utilities Cost		$1,418,127				$0.0642				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0642		4%		$0.0668		$22,417		$0.1780		$59,761

		Buildings, Grounds, Facilities

		Maintenance Worker Wages		$1,970,384						$2,545.72		Peak Vehicles		Work Hours		66,701		86.177		$29.5406		3%		$30.4269		$31,465		$63.7071		$65,881

		Worker Fringe Benefits		$1,305,615						$1,686.84		Peak Vehicles		Work Hours		66,701		86.177		$19.5742		4%		$20.3572		$21,052		$54.2689		$56,121

		Maint Worker Supervisors		$103,704						$133.98		Peak Vehicles		Work Hours		2,779		3.591		$37.3143		4%		$38.8069		$1,672		$103.4529		$4,458

		M Worker Sup Fringe Benefits		$68,716						$88.78		Peak Vehicles		Work Hours		2,779		3.591		$24.7251		4%		$25.7141		$1,108		$68.5496		$2,954

		Contractor Support		$488,579						$631.24		Peak Vehicles		Peak Vehicles		774		1.0000		$631.24		4%		$656.4886		$7,878		$1,750.0911		$21,001

		Administrative Building Materials		$280,895						$362.91		Peak Vehicles		Peak Vehicles		774		1.0000		$362.91		4%		$377.4300		$4,529		$1,006.1665		$12,074

		Administration

		Administrative Wages/Salaries		$5,951,103						$7,688.76		Peak Vehicles		Work Hours		291,440		376.537		$20.42		4%		$21.2364		$95,956		$56.6129		$255,802

		Administration Fringe Benefits		$3,943,317						$5,094.72		Peak Vehicles		Admin W/S		291,440		376.537		$13.53		4%		$14.0717		$63,582		$37.5128		$169,500

		Contractor Support		$6,541,070						$8,450.99		Peak Vehicles		Peak Vehicles		774		1.0000		$8,450.99		4%		$8,789.0346		$105,468		$23,430.1278		$281,162

		Fuel and Lubricants		$336,390						$434.61		Peak Vehicles		Peak Vehicles		774		1.0000		$434.61		4%		$451.9969		$5,424		$1,204.9498		$14,459

		Office Supplies		$1,803,875						$2,330.59		Peak Vehicles		Peak Vehicles		774		1.0000		$2,330.59		4%		$2,423.8114		$29,086		$6,461.4844		$77,538

		Utilities Cost		$607,769						$785.23		Peak Vehicles		Peak Vehicles		774		1.0000		$785.23		4%		$816.6405		$9,800		$2,177.0300		$26,124

		Vehicle Liability Insurance		$7,132,574				$0.3229				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.3229		4%		$0.3359		$112,749		$0.8954		$300,572

		Comprehensive Insurance		$1,258,690						$1,626.21		Peak Vehicles		Peak Vehicles		774		1.0000		$1,626.21		4%		$1,691.2630		$20,295		$4,508.6305		$54,104

		Other Insurance		$1,018,579						$1,315.99		Peak Vehicles		Peak Vehicles		774		1.0000		$1,315.99		4%		$1,368.6333		$16,424		$3,648.5523		$43,783

		Totals		$242,582,169		$67.3452		$3.4070		$33,176.60																$3,125,793				$7,641,627

		1 The expense line items are consolidated for illustration.  Typically, cost models are developed using significantly more detailed expense line items.				2,103,426		22,085,973		774														Revenue Hours		21,902		Revenue Hours		21,902

																								Revenue Miles		335,700		Revenue Miles		335,700

				($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)																				Peak Vehicles		12		Peak Vehicles		12

				+ ($33.176.60 x Peak Vehicles)

		1 The expense line items are consolidated for illustration.  Typically, cost models are developed  using significantly more detailed expense line items.
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		Exhibit 5

		Sample Bus Fully Allocated Cost Model

		After Completion of Steps 1-4

		(Consolidated Expense Line Items for Illustration Only1)

				Annual Expenses (Base Year)		Supply Variable Unit Cost Rate						Existing Unit Cost Adjusted		New Unit Cost Added		Supply Variable		Productivity Ratio						Resource Unit Cost				2006

		Expense Line Item				Revenue Hours		Revenue Miles		Peak Vehicles								Resource Variable		Value		Resource/ Supply				Annual Inflation		Resource Unit Cost		Cost

		Operations

		Operators Wages		$73,125,275		$34.7648						X				Revenue Hours		Work Hours		3,005,496		1.5717		$24.3305		3%		$25.0604		$1,315,263

		Operators Fringe Benefits		$48,454,239		$23.0359						X				Revenue Hours		Work Hours		3,005,496		1.5717		$16.1219		4%		$16.7668		$879,980

		Transportation Supervisors Wages		$11,637,325		$5.5326										Revenue Hours		Work Hours		333,944		0.1588		$34.8481		4%		$36.2421		$192,133

		Supervisor Fringe Benefits		$7,711,119		$3.6660										Revenue Hours		Work Hours		333,944		0.1588		$23.0911		4%		$24.0147		$127,311

		Station Agent Wages												X		Stations		Work Hours				5,840		$20.4352		3%		$21.0483		$245,844

		Station Agent Fringe Benefits												X		Stations		Work Hours				5,840		$13.6916		4%		$14.2393		$166,315

		Contractor Support		$255,901		$0.1217										Revenue Hours		Revenue Hours		2,103,426		1.0000		$0.1217		4%		$0.1265		$4,225

		Fuel		$7,445,650				$0.3371				X				Revenue Miles		Gallons		7,776,902		0.3201		$0.9574		4%		$0.9957		$180,915

		Tires and Tubes		$170,560				$0.0077				X				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0079		5%		$0.0083		$4,723

		Other Materials and Supplies		$467,338		$0.2222										Revenue Hours		Revenue Hours		2,103,426		1.0000		$0.2222		4%		$0.2311		$7,716

		Utilities Cost		$4,457		$0.0021										Revenue Hours		Revenue Hours		2,103,426		1.0000		$0.0021		4%		$0.0022		$74

		Maintenance

		Mechanics Wages		$25,295,656				$1.1453				X				Revenue Miles		Work Hours		922,138		0.0459		$27.4315		3%		$28.2545		$736,632

		Mechanics Fringe Benefits		$16,761,396				$0.7589				X				Revenue Miles		Work Hours		922,138		0.0459		$18.1767		4%		$18.9037		$492,846

		Mechanics Supervisors		$1,331,350				$0.0603				X				Revenue Miles		Work Hours		38,422		0.0019		$34.6504		4%		$36.0364		$39,147

		Mech Supervisor Fringe Benefits		$882,179				$0.0399				X				Revenue Miles		Work Hours		38,422		0.0019		$22.9600		4%		$23.8784		$25,939

		Contractor Support		$1,727,656				$0.0782								Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0782		4%		$0.0814		$46,181

		Fuel and Lubricants		$1,022,737				$0.0463								Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0463		4%		$0.0482		$27,338

		Vehicle Parts		$12,059,944				$0.5460				X				Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.4478		4%		$0.4657		$264,343

		Utilities Cost		$1,418,127				$0.0642								Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.0642		4%		$0.0668		$37,907

		Buildings, Grounds, Facilities

		Maintenance Worker Wages		$1,970,384						$2,545.72						Peak Vehicles		Work Hours		66,701		86.177		$29.5406		3%		$30.4269		$31,465

		Worker Fringe Benefits		$1,305,615						$1,686.84						Peak Vehicles		Work Hours		66,701		86.177		$19.5742		4%		$20.3572		$21,052

		Station Worker Wages												X		Stations		Work Hours				405		$29.5406		3%		$30.4269		$24,646

		Station Worker Fringe Benefits												X		Stations		Work Hours				405		$19.5742		4%		$20.3572		$16,489

		Maint Worker Supervisors		$103,704						$133.98						Peak Vehicles		Work Hours		2,779		3.591		$37.3143		4%		$38.8069		$1,672

		M Worker Sup Fringe Benefits		$68,716						$88.78						Peak Vehicles		Work Hours		2,779		3.591		$24.7251		4%		$25.7141		$1,108

		Contractor Support		$488,579						$631.24						Peak Vehicles		Peak Vehicles		774		1.0000		$631.24		4%		$656.4886		$7,878

		Administrative Building Materials		$280,895						$362.91						Peak Vehicles		Peak Vehicles		774		1.0000		$362.91		4%		$377.4300		$4,529

		Administration

		Administrative Wages/Salaries		$5,951,103						$7,688.76						Peak Vehicles		Work Hours		291,440		376.537		$20.42		4%		$21.2364		$95,956

		Administration Fringe Benefits		$3,943,317						$5,094.72						Peak Vehicles		Admin W/S		291,440		376.537		$13.53		4%		$14.0717		$63,582

		Contractor Support		$6,541,070						$8,450.99						Peak Vehicles		Peak Vehicles		774		1.0000		$8,450.99		4%		$8,789.0346		$105,468

		Fuel and Lubricants		$336,390						$434.61						Peak Vehicles		Peak Vehicles		774		1.0000		$434.61		4%		$451.9969		$5,424

		Office Supplies		$1,803,875						$2,330.59						Peak Vehicles		Peak Vehicles		774		1.0000		$2,330.59		4%		$2,423.8114		$29,086

		Utilities Cost		$607,769						$785.23						Peak Vehicles		Peak Vehicles		774		1.0000		$785.23		4%		$816.6405		$9,800

		Station Utilities												X		Stations		Kilowatt Hours				5,281		$0.0894		4%		$0.0930		$982

		Vehicle Liability Insurance		$7,132,574				$0.3229								Revenue Miles		Revenue Miles		22,085,973		1.0000		$0.3229		4%		$0.3359		$190,658

		Comprehensive Insurance		$1,258,690						$1,626.21						Peak Vehicles		Peak Vehicles		774		1.0000		$1,626.21		4%		$1,691.2630		$20,295

		Station Insurance												X		Stations		Stations				1.0000		$5,281.45		4%		$5,492.7080		$10,985

		Other Insurance		$1,018,579						$1,315.99						Peak Vehicles		Peak Vehicles		774		1.0000		$1,315.99		4%		$1,368.6333		$16,424

		Totals		$242,582,169		$67.3452		$3.4070		$33,176.60																				$5,452,331

		1 The expense line items are consolidated for illustration.  Typically, cost models are developed using significantly more detailed expense line items.				2,103,426		22,085,973		774																		Revenue Hours		33,392

																												Revenue Miles		567,664

				($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)																								Peak Vehicles		12

																												Stations		2
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		Exhibit 3

		Sample Bus Fully Allocated Cost Model

		Base Year Calibration

		(Consolidated Expense Line Items for Illustration Only1)

				Annual Expenses (Base Year)		Supply Variable Unit Cost Rate						Productivity Ratio						Resource Unit Cost

		Expense Line Item				Revenue Hours		Revenue Miles		Peak Vehicles		Resource Variable		Resource Value		Resource/ Supply

		Operations

		Operators Wages		$73,125,275		$34.7648						Work Hours		3,005,496		1.4289		$24.3305

		Operators Fringe Benefits		$48,454,239		$23.0359						Work Hours		3,005,496		1.4289		$16.1219

		Transportation Supervisors Wages		$11,637,325		$5.5326						Work Hours		333,944		0.1588		$34.8481

		Supervisor Fringe Benefits		$7,711,119		$3.6660						Work Hours		333,944		0.1588		$23.0911

		Contractor Support		$255,901		$0.1217						Revenue Hours		2,103,426		1.0000		$0.1217

		Fuel		$7,445,650				$0.3371				Gallons		7,776,902		0.3521		$0.9574

		Tires and Tubes		$170,560				$0.0077				Revenue Miles		22,085,973		1.0000		$0.0077

		Other Materials and Supplies		$467,338		$0.2222						Revenue Hours		2,103,426		1.0000		$0.2222

		Utilities Cost		$4,457		$0.0021						Revenue Hours		2,103,426		1.0000		$0.0021

		Maintenance

		Mechanics Wages		$25,295,656				$1.1453				Work Hours		922,138		0.0418		$27.4315

		Mechanics Fringe Benefits		$16,761,396				$0.7589				Work Hours		922,138		0.0418		$18.1767

		Mechanics Supervisors		$1,331,350				$0.0603				Work Hours		38,422		0.0017		$34.6504

		Mech Supervisor Fringe Benefits		$882,179				$0.0399				Work Hours		38,422		0.0017		$22.9600

		Contractor Support		$1,727,656				$0.0782				Revenue Miles		22,085,973		1.0000		$0.0782

		Fuel and Lubricants		$1,022,737				$0.0463				Revenue Miles		22,085,973		1.0000		$0.0463

		Vehicle Parts		$12,059,944				$0.5460				Revenue Miles		22,085,973		1.0000		$0.5460

		Utilities Cost		$1,418,127				$0.0642				Revenue Miles		22,085,973		1.0000		$0.0642

		Buildings, Grounds, Facilities

		Maintenance Worker Wages		$1,970,384						$2,545.72		Work Hours		66,701		86.177		$29.5406

		Worker Fringe Benefits		$1,305,615						$1,686.84		Work Hours		66,701		86.177		$19.5742

		Maint Worker Supervisors		$103,704						$133.98		Work Hours		2,779		3.591		$37.3143

		M Worker Sup Fringe Benefits		$68,716						$88.78		Work Hours		2,779		3.591		$24.7251

		Contractor Support		$488,579						$631.24		Peak Vehicles		774		1.0000		$631.24

		Administrative Building Materials		$280,895						$362.91		Peak Vehicles		774		1.0000		$362.91

		Administration

		Administrative Wages/Salaries		$5,951,103						$7,688.76		Work Hours		291,440		376.537		$20.42

		Administration Fringe Benefits		$3,943,317						$5,094.72		Work Hours		291,440		376.537		$13.53

		Contractor Support		$6,541,070						$8,450.99		Peak Vehicles		774		1.0000		$8,450.99

		Fuel and Lubricants		$336,390						$434.61		Peak Vehicles		774		1.0000		$434.61

		Office Supplies		$1,803,875						$2,330.59		Peak Vehicles		774		1.0000		$2,330.59

		Utilities Cost		$607,769						$785.23		Peak Vehicles		774		1.0000		$785.23

		Vehicle Liability Insurance		$7,132,574				$0.3229				Revenue Miles		22,085,973		1.0000		$0.3229

		Comprehensive Insurance		$1,258,690						$1,626.21		Peak Vehicles		774		1.0000		$1,626.21

		Other Insurance		$1,018,579						$1,315.99		Peak Vehicles		774		1.0000		$1,315.99

		Totals		$242,582,169		$67.3452		$3.4070		$33,176.60

		Resource Variable Values				2,103,426		22,085,973		774

		Annual O&M Cost =		($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)

				+ ($33.176.60 x Peak Vehicles)

		1 The expense line items are consolidated for illustration.  Typically, cost models are developed using  significantly more detailed expense line items.
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		O&M Cost		=		(Supply Variable Units)		x		(Resources/Supply Variable Unit)		x		(Cost/Resource Unit)

										Productivity Ratio				Resource Unit Cost
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		(1)		Cost/Service Variable Unit = (Resources/Supply Variable Unit) x (Cost/Resource Unit)

								Productivity Ratio                  Resource Unit Cost

		(2)		O&M Cost		=		(Supply Variable Units)		x		(Cost/Supply Variable Unit)

		(3)		O&M Cost		=		(Supply Variable Units)		x		(Resources/Supply Variable Unit)		x		(Cost/Resource Unit)

												Productivity Ratio				Resource Unit Cost
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		Wages/Station		=		Scheduled Pay Hours/Station		x		Actual Pay Hours/Scheduled Pay Hours		x		(Cost/Actual Pay Hour)

						Industry Average				Local Absenteeism				Local Labor Rate
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		Fringes Benefits/Station		=		Fringe Benefits/Wages		x		Wages/Station

						Local Productivity Ratio				Direct Expenses
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		Cost/Service Variable Unit = (Resources/Service Variable Unit) x (Cost/Resource Unit)

		Unit Cost                           Productivity Ratio                  Resource Unit Cost

		O&M Cost		=		(Service Variable Units)		x		(Cost/Service Variable Unit)

		O&M Cost		=		(Service Variable Units)		x		(Resources/Service Variable Unit)		x		(Cost/Resource Unit)

										Productivity Ratio				Resource Unit Cost
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		Cost/Service Variable Unit = (Resources/Service Variable Unit) x (Cost/Resource Unit)

		Unit Cost                           Productivity Ratio                  Resource Unit Cost

		O&M Cost		=		(Service Variable Units)		x		(Cost/Service Variable Unit)

		O&M Cost		=		(Service Variable Units)		x		(Resources/Service Variable Unit)		x		(Cost/Resource Unit)

										Productivity Ratio				Resource Unit Cost
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		Cost/Revenue Hour = (Scheduled Pay Hours/Revenue Hour) x (Cost/Pay Hour)

		Unit Cost                   Productivity Ratio                     Resource Unit Cost

		O&M Cost		=		(Service Variable Units)		x		(Cost/Service Variable Unit)

		O&M Cost		=		(Service Variable Units)		x		(Resources/Service Variable Unit)		x		(Cost/Resource Unit)

										Productivity Ratio				Resource Unit Cost
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		Exhibit 2

		Sample Bus Fully Allocated Cost Model

		After Completion of Steps 1-3

		(Consolidated Expense Line Items for Illustration Only1)

		Expense Line Item		Annual Expenses (Base Year)		Revenue Hours		Revenue Miles		Peak Vehicles

		Operations

		Operators Wages		$73,125,275		X

		Operators Fringe Benefits		$48,454,239		X						56,165,358

		Transportation Supervisors		$11,637,325		X

		Supervisor Fringe Benefits		$7,711,119		X

		Contractor Support		$255,901		X

		Fuel and Lubricants		$7,445,650				X

		Tires and Tubes		$170,560

		Other Materials and Supplies		$467,338		X

		Utilities Cost		$4,457		X

		Maintenance

		Mechanics Wages		$25,295,656				X				26,627,006

		Mechanics Fringe Benefits		$16,761,396				X				17,643,575

		Mechanics Supervisors		$1,331,350				X

		Supervisor Fringe Benefits		$882,179				X

		Contractor Support		$1,727,656				X

		Fuel and Lubricants		$1,022,737				X

		Vehicle Parts		$12,059,944				X

		Utilities Cost		$1,418,127				X				14,493

		Buildings, Grounds, Facilities

		Maintenance Worker Wages		$1,970,384						X		2,074,088

		Worker Fringe Benefits		$1,305,615						X		1,374,331

		Service Supervisors		$103,704						X

		Supervisor Fringe Benefits		$68,716						X

		Contractor Support		$488,579						X

		Administrative Building Materials		$280,895						X

		Administration

		Administrative Wages/Salaries		$5,951,103						X

		Administration Fringe Benefits		$3,943,317						X

		Contractor Support		$6,541,070						X

		Fuel and Lubricants		$336,390						X

		Office Supplies		$1,803,875						X

		Utilities Cost		$607,769						X		2,011,403

		Vehicle Liability Insurance		$7,132,574				X				8,391,264

		Comprehensive Insurance		$1,258,690						X

		Other Insurance		$1,018,579						X

		Totals		$242,582,169						- 0

		Resource Variable Values				2,103,426		22,085,973		774

		Annual O&M Cost =		($67.3452 x Revenue Hours) + ($3.4070 x Revenue Miles)

				+ ($33.176.60 x Peak Vehicles)

		1 The expense line items are consolidated for illustration.  Typically, cost models are developed using

		significantly more detailed expense line items.






