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1. USER GUIDE 

This User Guide provides a full description of the different model components along with 
detailed instructions on how to use the model. The overall structure of the model is presented in 
Section 1.2, while Sections 1.3.1 through 1.3.7 provide guidance on how to use each component 
of the model. 

1.1 Introduction 

The purpose of the model developed by HDR for the Michigan Department of Transportation is 
to quantify the benefits of local bus transit service,1 which consist of the following: 

• Transportation cost savings (out-of-pocket cost savings; travel time cost savings; accident 
cost savings; and environmental emission cost savings); and 

• Low-cost mobility benefits, which consist of (i) affordable mobility benefits (the 
economic value to access services such as healthcare, education, retail and attractions) 
and (ii) cross-sector benefits (budget savings for welfare and social services, such as 
unemployment and homecare, due to the presence of transit). 

These benefits are estimated for all key socioeconomic sectors based on a breakdown of 
ridership by trip purpose: work; healthcare; education; shopping, recreation and tourism; and 
other. They can also be estimated at different geographical or jurisdictional levels. More 
precisely, the model assesses the benefits of transit at the agency level, at the agency type level, 
at the urban/nonurban level or at the state level (i.e., all agencies combined). Transit agencies are 
aggregated into seven agency types based on the classification currently used in the Public 
Transportation Management System (PTMS): urban metro, urban large, urban medium, urban 
small, nonurban county, nonurban city and nonurban township. 

In addition to transit benefits, the model measures the impacts on the State economy resulting 
from: (i) transit operation and maintenance expenses (excluding depreciation); and (ii) out-of-
pocket cost savings accruing to transit riders. 

1.2 Overview of the Model 

The economic model is a “stand alone” spreadsheet-based model designed so that it can be used 
with minimal direction and minimal data entry. In other words, it is not linked to external files, 
contains all the model inputs and requires minimal proficiency in Excel. 

The economic model was developed as a Microsoft Excel workbook with fifteen (15) sheets that 
are briefly described below. To facilitate both user navigation and the update of the model, color 
codes are used. In general, blue font denotes a cell that contains a formula and thus should not be 
updated. Black font denotes a cell that does not contain a formula (e.g., model inputs). Sheet tabs 
are also color coded (red, yellow, green, etc.) to help the user.   

                                                 
1 Note that detailed information on the data and the methodology used to develop the model can be found in the final 
report for Phase 1 prepared by HDR for Michigan Department of Transportation, Economic and Community Benefits 

of Local Bus Transit Service (Phase One) Final Report, June 2009. 
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1. START:  General structure and logic of the model; brief description of model 
components; and hyperlinks to each sheet. 

Control Panel sheets (Red sheet tabs): 

2. INSTRUCTIONS:  Step-by-step instructions for using the Control Panel. 

3. CONTROL PANEL:  Selection of level of analysis and other options (year of analysis, 
risk analysis and estimation of emissions cost savings); user-specified input values for 
quick update or scenario analysis; and summary output tables and charts. 

Input sheets (Yellow sheet tabs): 

4. OPERATIONS:  Operations statistics at the agency level. 

5. I-O RESULTS:  Input-output results for different economic impact metrics (output, value 
added, employment and tax revenue) over the 2008 – 2012 period. 

6. OTHER DATA:  Other model inputs (such as trip purpose) by transit agency type. 

7. METRO SURVEY:  Survey results for Detroit Department of Transportation and 
SMART. 

Calculation sheets (Green sheet tabs): 

8. BEN-AGENCY:  Calculations of transit benefits by socioeconomic sector and benefit 
category at the agency level only. 

9. BEN-URBAN:  Calculations of transit benefits by socioeconomic sector and benefit 
category for urban agencies. 

10. BEN-NONURBAN:  Calculations of transit benefits by socioeconomic sector and benefit 
category for nonurban agencies. 

11. IMPACTS:  Calculations of economic impacts resulting from transit operating and 
maintenance expenses and the re-spending of out-of-pocket cost savings accruing to 
transit riders. 

12. @RISK:  List of risk variables and detailed risk analysis statistics from @RISK. 

Though the Calculation sheets can be viewed, they are protected to ensure the integrity of the 

formulas and the methodology. Their contents cannot be modified unless the protection is 
deactivated. The current password to unprotect/protect the sheets is ‘rapid’. It can be changed 
by the user after the sheets have been unprotected. 

Results sheets (Blue sheet tabs): 

13. TABLES:  Tables summarizing all the results of the analysis. 
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14. GRAPHS:  Graphs representing key analysis results. 

15. SOURCES:  List of data sources and references used in the model. 

The only sheets that should be modified by the user are the ‘CONTROL PANEL’, 

‘OPERATIONS’ and ‘OTHER DATA’ sheets. 

1.3 Detailed Presentation and Instructions 

The following sub-sections explain in detail the different model components and provide 
instructions on how to install the economic model (Section 1.3.1) and enter/update input values 
(Sections 1.3.3 and 1.3.4). 

1.3.1 Installation 

There is no installation per se. The model is a stand-alone, spreadsheet-based model. Simply 
copy the file “MDOT Transit Benefit Model.xls” to a local folder and double click to open it. 

It is highly recommended to make a backup copy of the original file. It is also recommended to 

make copies of the file whenever major updates are made to the model inputs. 

1.3.2 Model Structure 

The first sheet, ‘START,’ shows the structure and the general organization of the workbook, just 
like a table of contents. The purpose of this sheet is to help the user navigate through the model. 
The ‘START’ sheet contains: (i) a flowchart representing the estimation process and how the 
different worksheets are linked together; and (ii) a brief description of each sheet. 

Note that each element of the flowchart contains a hyperlink that enables the user to go directly 
to the desired sheet (think of the hyperlink as a shortcut). When pointing to a cell that contains a 
hyperlink, the pointer becomes a hand , indicating that the cell is something that can be clicked. 
For instance, by clicking on ‘CONTROL PANEL’, the user can go directly to the ‘CONTROL 
PANEL’ sheet. At the upper left corner of every sheet there is also a hyperlink to return directly 
to the ‘START’ sheet at any time. 

A snapshot of the ‘START’ sheet is shown in Figure 1 on the following page. 
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Figure 1: START Sheet 

 

 

1.3.3 Control Panel 

The Control Panel is the main model component. At a minimum, the ‘CONTROL PANEL’ sheet 
is the only sheet that needs to be used. It contains a few necessary inputs that are requested to 
conduct the analysis: the user needs to select the level of analysis (a 2-step process described 
below), the type of service and the year of analysis (for economic impacts). In addition, the user 
has the option to conduct a risk analysis in @RISK2 and to estimate emissions cost savings. Once 
this is done, the estimation of transit benefits and economic impacts is completed. 

In addition, the ‘CONTROL PANEL’ sheet displays key results of the analysis in tabular and 
graphical formats and enables the user to modify a few key model variables (such as the 
percentage of trips for work purposes) to test “what if” scenarios at the agency level or transit 
agency type level. Note that any user input value entered in the ‘CONTROL PANEL’ sheet will 
be accounted for in the calculation of benefits without changing the corresponding default value 
(in ‘OPERATIONS’ and ‘OTHER DATA’ sheets). 

For systems that have urban and non-urban portions, the analysis can only be performed one 
at a time. Therefore, the results should be combined by the user to obtain the benefits for the 
entire system. 

                                                 
2 @RISK a risk analysis tool that works as an add-in for Microsoft Excel. It can be purchased from Palisade 
Corporation. 
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Detailed instructions on how to use the Control Panel are provided in the ‘INSTRUCTIONS’ 
sheet and are reproduced below: 

1. On the worksheet named CONTROL PANEL, first select the Level of Analysis (1). This 
allows the user to choose whether to estimate the benefits at the transit agency level, at 
the state level, or at some other aggregation level. Click on cell C4 and using the drop 
down menu, select State, Transit Agency Type, Agency or Urban/Non-Urban. 

2. Next, on the CONTROL PANEL sheet, click on cell G4.  Using the drop down menu that 
appears, select the secondary Level of Analysis (2).  If State was selected in Step 1, State 
must be selected here as well.  If Transit Agency Type was selected, choose one of the 7 
transit agency types.  If Urban/Non-Urban was selected, choose Urban or Non-Urban.  If 
Agency was selected, choose one of the transit agencies. 

3. Choose the Service Type to be analyzed using the drop down menu in cell I4. Select Line 
Haul, Demand Response, or All. 

4. Choose the Year of Analysis using the drop down menu in cell C10. The Year of 
Analysis determines the correct set of multipliers to be used in the economic impact 
analysis. If 2010 is selected, the multipliers for 2010 will be used in the calculations and 
the economic impacts will be expressed in 2010 dollars. 

5. To estimate benefits at the most likely values, choose No in the drop down menu in cell 
E10 under Risk Analysis.  To estimate benefits in a risk analysis framework, choose Yes 
here. Users who wish to conduct a risk analysis need to install the @RISK application 

(a MS Excel add-in) on their machines and unprotect the worksheets before running a 

simulation. 

6. To estimate emissions cost savings, choose Yes in the drop down menu in cell G10 under 
Estimation of Emissions Cost Savings.  Otherwise choose No. 

7. Review the default inputs given for your selections made in Steps 1-5 shown in cells E13, 
E15, E17, E19, E21 and E23. Rather than modifying these values in the appropriate 
model input sheet, these values can instead be updated in the User Input column. This 
overrides the Default Input and makes the User Input the Value in Use. This will allow 
users to perform “what if” scenario analysis. 

8. View benefits estimated for selections made in the section labeled Key Results, as well as 
the pie graphs shown on this sheet. 

A snapshot of the ‘CONTROL PANEL’ sheet is shown in Figure 2 on the following page. 
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Figure 2: CONTROL PANEL Sheet 

 

 

1.3.4 Model Inputs 

Model data and assumptions are stored in four separate sheets: ‘I-O RESULTS’, 
‘OPERATIONS’, ‘OTHER DATA’ and ‘METRO SURVEY’. 

Economic multipliers to estimate the impacts of out-of-pocket cost savings and transit operation 
and maintenance expenses (excluding depreciation) are available in ‘I-O RESULTS’. These 
multipliers are the results of the input-output analysis conducted by HDR in IMPLAN (see 
Section 3.2 of Phase 1 Final Report).3 They are broken down by impact metric (output, value 
added, employment and tax revenue), by type of effect (direct, indirect and induced) and by year 
(2008 through 2012). These results should not be modified, therefore the sheet is protected. 

A snapshot of the ‘I-O RESULTS’ sheet is shown in Figure 3 on the following page. 

 

                                                 
3 The multipliers are estimated for $1 million in transit O&M expenses (excluding depreciation) and $1 million in 
out-of-pocket cost savings (accruing to households using public transit). More precisely, the multipliers tell us the 
effects on the Michigan economy of: 1) $1 million spent in the public transit sector; and 2) the portion of $1 million 
in savings that is actually re-spent by households using public transit. More information on economic impact 
analysis is provided in Section 3.2 of Phase 1 Final Report. 
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Figure 3: I-O RESULTS Sheet 

 

 

Transit operations data at the agency level should be entered in the ‘OPERATIONS’ sheet (to the 
right of column C, as shown in Figure 4). Transit agency names and associated agency types are 
provided in column B and column C, respectively. Agencies should have all the operations data 
readily available. Most of it can also be extracted from PTMS (population, passengers, total 
miles, fatal accidents, total expenses and fare revenue). Users should ensure that the PTMS 

data provided in the ‘OPERATIONS’ sheet is up-to-date and accurate before conducting an 
analysis. The other information (average trip length, injuries, distribution of the fleet by power 
source, etc.) can be obtained from FTA’s National Transit Database (NTD). Note that data on 
rural transit systems is now available (upon request) from the NTD. 
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Figure 4: OPERATIONS Sheet 

 

 

Once the operations data is entered, it is automatically aggregated (sum or weighted average 
depending on the type of variable) by agency type at the bottom of the sheet, as shown in Figure 
5 below. 

Figure 5: OPERATIONS Sheet – Totals 

 

 

The remaining model inputs are stored in the ‘OTHER DATA’ sheet (Figure 6), which is 
organized by agency type (column G through column AA) and the ‘METRO SURVEY’ sheet 
(survey results for Detroit Department of Transportation and SMART only). Note, however, that 
many assumptions are common to all agency types. This is the case for all emissions rates (e.g., 
NOx emissions per vehicle mile for diesel powered buses). The values in use, based on the level 
of analysis selected in the ‘CONTROL PANEL’ sheet (see Section 1.3.3), are automatically 
shown in columns C through F. 
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To conduct a risk analysis, the most likely value along with low (or “pessimistic”) and high (or 
“optimistic”) values associated with each variable are required. Otherwise, only the median 

value (or most likely value) is necessary. For more information, refer to the Primer on Risk 
Analysis (Appendix C of Phase 1 Final Report). 

Figure 6: OTHER DATA Sheet 

 

 

1.3.5 Calculations 

The calculations for estimating transit benefits and economic impacts are performed in ‘BEN-
AGENCY’ (Figure 7), ‘BEN-URBAN’, ‘BEN-NONURBAN’ and ‘IMPACTS’ (Figure 8), 
respectively. Transit benefits are broken down by socioeconomic sector (work, healthcare, retail, 
education and other) and by benefit category (out-of-pocket cost savings, travel time savings, 
accident cost savings, emissions cost savings and low-cost mobility benefits). Economic impacts 
are broken down by impact metric (output, value added, employment and tax revenue) and by 
type of effect (direct, indirect and induced). 

Though these sheets can be viewed, they are protected to ensure the integrity of the formulas and 
the methodology. Their contents cannot be modified unless the protection is deactivated. Even 
though the user does not need to do anything on these sheets, they contain very detailed 
information that could prove useful for the analysis. For instance, economic impacts are 
disaggregated by economic sector at the 2-digit NAICS level. 
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Figure 7: BEN-AGENCY Sheet 

 

 

Figure 8: IMPACTS Sheet 

 

 

The risk analysis of transit benefits and economic impacts is performed in the ‘@RISK’ sheet 
(Figure 9), which is hidden and can be unhidden by the user only. The sheet contains both the 
risk variables (i.e., the variables that are included in the simulation) and detailed statistics on 
simulation results for these variables (percentile values in increments of 5 percent). Detailed 
statistics from @RISK should be pasted in this sheet. Note that risk analysis is optional. Users 

who wish to conduct a risk analysis need to install the @RISK application on their machines. 



 

HDR DECISION ECONOMICS PAGE  ••••  12
 

Figure 9: @RISK Sheet 

 

 

The simulation results for any given risk variable can be graphically represented (bottom chart in 
GRAPHS) by entering the corresponding ID number in cell C68, as shown in Figure 10 below. 
ID numbers associated with risk variables are shown on the same sheet in row 7. This will 
automatically update the values in the chart data range (cells D69 through D91). The results are 
also summarized in TABLES. 

Figure 10: @RISK Sheet – Choice of Risk Variable to Be Graphically Represented 
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1.3.6 Results 

The results of the analysis are presented both in tabular format and in graphical format. The 
‘TABLES’ and ‘GRAPHS’ sheets are linked to the calculation sheets (‘IMPACTS’, ‘BEN-
AGENCY’, ‘BEN-URBAN’ and ‘BEN-NONURBAN’). They are automatically updated when 
an input is changed. 

The ‘TABLES’ sheet contains eleven (11) tables summarizing the results. The first table at the 
top of the sheet (Figure 11) shows a sample of intermediary results (e.g., additional vehicle miles 
in the absence of transit). 

Figure 11: TABLES Sheet – Intermediary Results 

 

 

All other tables show the final results (transit benefits and economic impacts) in various 
configurations. As shown in Figure 12, the benefits of transit are presented by: 

• Socioeconomic sector: work, healthcare, retail, education and other; or 

• Benefit category: 

- Transportation cost savings: out-of-pocket cost savings, travel time savings, 
accident cost savings and emissions cost savings; 

- Low-cost mobility benefits: affordable mobility benefits and cross-sector benefits. 
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Figure 12: TABLES Sheet – Transit Benefits 

 

 

A number of benefit ratios (Figure 13) are also calculated. Total transit benefits are expressed per 
trip, per rider (annually) and per dollar spent on transit O&M. These ratios can be useful to make 
comparisons over time and between agencies or groups of agencies (agency types). 

Figure 13: TABLES Sheet – Benefit Ratios 

 

 

Economic impacts (Figure 14) are aggregated for all industries but are broken down by impact 
metric (output, value added, employment and tax revenue) and by type of effect (direct, indirect 
and induced). The risk-adjusted results (mean, 10th percentile and 90th percentile estimates) for 
the economic impact analyses are also summarized. If the risk analysis option was not selected in 
‘CONTROL PANEL’, the tables will show “N/A” instead of the risk analysis results. 
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Figure 14: TABLES Sheet – Economic Impacts 

 

 

The ‘GRAPHS’ sheet contains seven charts, including five pie charts showing the breakdown of 
benefits in percentages (Figure 15 and Figure 16). Output, employment and tax revenue impacts 
for out-of-pocket cost savings and transit O&M are represented on the same chart. Risk analysis 
results (decumulative probability distribution) are also shown for the desired risk output variable 
(see Section 1.3.5). 

Figure 15: GRAPHS Sheet – Pie Charts 
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Figure 16: GRAPHS Sheet – Economic Impacts and Risk Analysis Results 

 

 

1.3.7 Sources 

The ‘SOURCES’ sheet contains a list of the different references and data sources identified by 
HDR to derive the model inputs. Whenever possible, hyperlinks were provided to facilitate 
future updates of model inputs. 

A snapshot of the ‘SOURCES’ sheet is shown in Figure 17 on the following page. 
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Figure 17: SOURCES Sheet 

 

 


