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7.0 Benefit/Cost Analysis

This section presents detailed instructions on how to conduct benefit-cost analysis using a
spreadsheet tool developed for the Phase I evaluation; this tool can readily be used in
future evaluations of ramp metering or other traffic management strategies. The objective
of the benefit/cost analysis is to extrapolate the findings from the analysis of selected cor-
ridors to provide estimates of the system-wide benefits and costs of the ramp metering
system. Impacts of ramp metering are quantified using the collected field data. The ramp
metering system’s capital, operating, and maintenance costs are also quantified, and com-
pared against the system’s benefits.

B 7.1 Extrapolating Field Data

This section describes the steps necessary to apply the study area impacts to the entire
Twin Cities ramp metering system; impacts of ramp metering include system travel time,
travel time reliability, and safety.

711 Segment Categorization

The key to the benefit/cost analysis process is to determine how similar each freeway
segment in the region is to the selected study corridors. This “categorization” of freeway
sections allows for the extrapolation of the measured impacts of the study corridors to the
rest of the Twin Cities metropolitan area freeway system to provide systemwide evalua-
tion results. In Phase I of the evaluation, the four basic types of freeway corridors are
defined as follows:

1. Type A - Freeway section representing the 1-494/1-694 beltline, which has a high per-
centage of heavy commercial and recreational traffic. The commuter traffic on the cor-
ridor type is generally suburb-to-suburb commuters.

2. Type B - Radial freeway outside the 1-494/1-694 beltline with a major geographic con-
straint that does not allow for alternate routes (i.e., major freeway river crossing).

3. Type C - Intercity connector freeway corridor that carries traffic moving between
major business and commercial zones. This type of freeway has a fairly even direc-
tional split of traffic throughout the a.m. and p.m. peak periods.
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4. Type D - Radial freeway inside the 1-494/1-694 beltline that carries traffic to/from a
downtown or suburban work center.

Each corridor is generally divided into three to four segments, which may or may not
share the same characteristics of the neighboring segments. In coordination with
Mn/DOT and the advisory committee, the evaluation team has categorized all freeway
segments within the Twin Cities region. Table 7.1 lists the results of this task.

Table 7.1 Twin Cities Corridor Categorization

% Attributable to Category Study

Corridor/Between Type A Type B Type C Type D  Corridor
I-35E

[-35 Junction and TH77 60% 40% No

TH77 and 1-494 60% 40% No

1-494 and Downtown St. Paul 10% 90% No

Downtown St. Paul and 1-694 100% Yes
1-35W

[-35 Junction and 1-494 100% Yes

1-494 and Downtown Minneapolis 30% 70% No

Downtown Minneapolis and 1-694 10% 90% No

I-694 and Lexington 80% 20% No
1-94

Century Avenue and Downtown St. Paul 10% 10% 80% No

Downtown St. Paul and Downtown

Minneapolis 100% Yes

Downtown Minneapolis and 1-694 30% 70% No
1-94 (I-694)

1-694 Junction and CR30 100% No
1-394

Downtown Minneapolis and TH100 60% 40% No

TH100 and TH169 30% 70% No

TH169 and 1-494 10% 90% No
1-494

Mississippi River and TH54 90% 10% No

TH5 and TH169 25% 75% No

TH169 and 1-394 80% 20% No

1-394 and 1-94 Junction 100% Yes
1-694

[-35W and I-94 Junction 100% No
TH10

University and Round Lake (Anoka Co.) 80% 20% Yes
TH36

I-35E and I-35W 10% 20% 70% No
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Table 7.1 Twin Cities Corridor Categorization (continued)

% Attributable to Category Study

Corridor/Between Type A Type B Type C Type D  Corridor
TH62

TH55 and I-35W 10% 70% 20% No

1-35W and TH100 10% 70% 20% No

TH100 and 1-494 20% 70% 10% No
TH77

I-35E and 1-494 100% No

1-494 and TH62 10% 90% No
TH100

1-494 and TH62 70% 30% No

TH62 and 1-394 70% 30% No
TH169

1-494 and TH62 40% 60% No

TH62 and 1-394 5% 40% 55% No

1-394 and 1-94/1-694 15% 20% 65% No

Use of the Spreadsheet Tool
Using a Microsoft Excel™ spreadsheet, the analyst may enter the resulting categorization
into the appropriate cells, segment-by-segment. This worksheet is automatically linked to

the other worksheets to obtain the estimated impacts of ramp metering at each corridor.
Figure 7.1 illustrates a sample view of the categorization worksheet.

7.1.2 Extrapolation Factors

The expansion factors serve as the underlying assumptions for the systemwide extrapola-
tion. These factors include:

e Crash rates (by severity) per 100 million vehicle miles of travel (VMT) from the 1998
Minnesota Motor Vehicles Crash Facts;

¢ Change in number of crashes during the study periods;
e Peak-hour-to-peak-period freeway volume expansion factor;
e Ramp-to-freeway volume factor; and

e Average vehicle occupancy (AVO).
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Figure 7.1 Sample View of the Corridor Categorization Worksheet
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Use of the Spreadsheet Tool

In a Microsoft Excel™ spreadsheet, the user enters the desired extrapolation factors for
crash rates, reduction in crashes during the study periods, peak-period mainline volume,
and peak-period ramp volume conversion factors. This worksheet is automatically linked
to the extrapolation worksheets to obtain the estimated impacts of ramp metering at each
corridor. Figure 7.2 illustrates a sample view of the extrapolation factor worksheet.

7.1.3 Extrapolation Worksheets

With the corridor categories and the extrapolation factors in place, now the extrapolation
process may begin. The extrapolation can be applied for each segment of a corridor, so as
to obtain more discrete impacts of the ramp metering system. For each segment, the fol-
lowing inputs are needed:
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Figure 7.2 Sample View of the Extrapolation Factor Worksheet

EdMicrosoft Excel - benefits.xls =
J File Edt Wew Insert Format Tools Data Window Help _|E'|_)‘
IDeHERY|$BRB |2 o

Jnrial .10 - .

G11 | =]
A B8] C | D [ E T F [ & T ®H [ T T 4 [

| 1 |Twin Cities Ramp Meter Study
| 2 | Benefit'Cost Estimation - Rate Assumptions

3
| 4
| & | Type of Crash Accident Rates (Per 100,000,000 VMT)

5]
|7 | Fatality Crashes 1173
| 8 | Injury Crashes
ER Severe 6.2213
| 10 Maderate 251373

11 Minar 38.1768 I _|
|12 Froperty Damage Crashes 146.1899

13
E Change in Accident Rate -9.09%

15
E Peak Period Expansion Ratio of Peak Period to Peak Hour

17
| 18] All Roadways 2857

19
| 20 Ramp Volume Conversion Avg. Ramp Vol Avg Mainline Volume

2
22| All Roadways 10.21%
El
| 24 | Person Hours Conversion Avg. Veh Occupancy (AVO) = Travel Time

25
| 26 | All Vehicles 118
27
26
29
Ed
31|
32

33
14 [« |» [M]% Corridors 3 Rates & 1-35E am f AMSummary £ [-35E pm £ PMSummary 4 Environment £ Benefi | 1|

Segment length;

e Number of ramp meters;

e Average peak-period freeway volume;

e Average peak-period freeway speed;

e Average peak-period ramp volume; and

e Estimated change in freeway volume (assumed to be zero).

The resulting output from this process includes changes in peak-period freeway speed,

travel time, travel time reliability, volume, ramp delay, and segment-wide VMT and vehi-
cle-hours of travel (VHT).

Use of the Spreadsheet Tool

A Microsoft Excel™ worksheet is needed for each corridor analyzed. Figure 7.3 shows a
sample view of the extrapolation worksheet for corridor I-35E during the morning peak
period.  Within this worksheet, each segment is listed, along with its corridor
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categorization based on the categorization worksheet described in Section 7.1.1. The ana-
lyst should enter the input only for segments with active metering in this particular time period.
For example, since the ramp meters on I-35E northbound between 1-695 and downtown
St. Paul are not active during the morning peak, no impacts estimation is needed for this
segment.

Figure 7.3 Sample View of the Extrapolation Worksheet
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The user may enter the average peak-period freeway volumes into the appropriate cells; if
the peak-period volumes are not known, peak-hour volumes may be used multiplied by
the peak-hour-to-peak-period expansion factor contained in the extrapolation expansion
factor worksheet (Section 7.1.2). Likewise, when the average peak-period ramp volumes
are not known, users may utilize the peak-period freeway volumes multiplied by the
ramp-to-freeway volume factor.

Based on these user inputs, as well as links to the field data summary, corridor categori-
zation, and extrapolation factors worksheets, the impacts of ramp metering for this corri-
dor will be automatically calculated. At the far right column, the sum of the changes in
VHT, ramp delay, corridor travel time, and travel time reliability for this corridor will be
displayed.
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7.1.4 Extrapolation Summary Worksheet

The extrapolated systemwide changes in facility speed, vehicle travel time, travel time
variability, and number of accidents are summed across all metered corridors, all seg-
ments, and all directions. The summaries are separated by periods of operation (a.m. and
p-m. peak periods), and are used as a basis to estimate the monetary value of the benefits.
Output measures from this worksheet include:

e Average VMT;

e Average VHT;

e Change in VHT;

e Change in variability (hours);

e Change in crashes (by severity);

e Change in ramp delay average (hours);

e Change in ramp delay standard deviation (hours);
e Change in total travel time average (hours); and

e Change in total travel time standard deviation (hours).

Use of the Spreadsheet Tool

Using Microsoft Excel™, one summary worksheet for the a.m. peak and one worksheet for
the p.m. peak are used to estimate the systemwide changes. No inputs are necessary for
this worksheet, since all entries are automatically linked and calculated from previous
worksheets. Figure 7.4 shows a view of the summary of ramp metering impacts during
the a.m. peak.

B 7.2 Environmental Impacts

The environmental impacts can be estimated using the average speed and total VMT for
the entire Twin Cities region. In this analysis, the emission rates and fuel consumption
rates were obtained from the U.S. Environmental Protection Agency’s Mobile 5A model,
taking into account the freeway average speeds.

The environmental impacts are calculated by simply multiplying the corridor segment
VMT with the individual emissions and fuel consumption rates. This model predicts the
amount of emissions/fuel based on different vehicle types, the amount of travel, and the
speed of travel. It is assumed that the mix of vehicle types remains constant across study
periods, therefore, only the amount and speed of travel varies. The appropriate rates for
emissions (expressed in grams per vehicle mile traveled (VMT)) are obtained based on
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Figure 7.4 Sample View of the Extrapolation Summary Worksheet
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observed speeds from the Mobile 5A model. The emissions analyzed include Hydrocarbons
(HC), Carbon Monoxide (CO), and Nitrous Oxides (NOx). The emissions rates are
applied to the observed VMT for the appropriate analysis scenario, totals are converted
into tons of emissions, and emissions monetary cost values are applied (as recommended
by the Federal Highway Administration (FHWA)) to the incremental difference between
the analysis scenario.

Fuel use was calculated similarly with FHWA fuel use rates being obtained for the
observed speeds for the analysis scenarios. A monetary value of fuel cost per gallon is
then applied to the incremental difference of estimated fuel consumption in the two
analysis scenarios.

Use of the Spreadsheet Tool

In this Microsoft Excel™ spreadsheet, the default emission and fuel consumption rates
have been entered. To change these, the user may enter any desired new rates, and the
resulting environmental impacts will be automatically updated. Figure 7.5 illustrates a
sample view of the environmental impacts worksheet.

7-8 Cambridge Systematics, Inc.



______________________________________________________________________
Mn/DOT Ramp Meter Evaluation — Phase II Evaluation Report

Figure 7.5 Sample View of the Environmental Impacts Worksheet
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B 7.3 Estimation of Benefits and Costs

Once the impacts of ramp metering are extrapolated to the entire region, systemwide
monetary benefits can be calculated.

7.3.1 Estimation of Benefits

Established per unit dollar values are applied to the sum of the changes in performance
measures. For example, the estimated change in Vehicle Hours Traveled (VHT) is multi-
plied with the Average Vehicle Occupancy (AVO) rate to estimate the change in person
hours of travel. A value of travel time (assumed at $9.85 per hour) is applied to the
change in person hours of travel to determine the incremental dollar value of the impact,
regardless of the positive or negative nature of the impact.
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The dollar values for each impact category are summed to estimate the average daily
impact value for the entire ramp metering system. This figure is then multiplied by
247 days or the number of workdays per year the ramp metering system is operated to
provide the annual benefit/impact estimate. This annual benefit figure forms the basis for
comparison with the ramp metering system costs. Crash and emission unit values were
obtained from ITS Deployment Analysis System (IDAS) and the 1998 Minnesota Motor
Vehicles Crash Facts.

Use of the Spreadsheet Tool

In this Microsoft Excel™ spreadsheet, the default monetary values of time, crashes, and
environmental impacts have been entered. To change these values, the user should sim-
ply enter any new desired values and the resulting benefits will be automatically updated.
Figure 7.6 shows a sample view of the benefit estimation worksheet.

Figure 7.6 Sample View of the Benefit Estimation Worksheet
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7.3.2 Estimation of Costs

In order to provide a meaningful comparison of ramp metering costs and benefits, an
annual estimate of system-related costs is required. This snapshot estimate of current
system costs was calculated by analyzing deployment cost information for Mn/DOT’s
various subsystems related to congestion management. Historical expenditures, as well as
recent “per unit” contract bid costs, are used to construct the capital equipment cost of the
system. The annual capital costs are estimated by dividing the total equipment deploy-
ment costs by the useful life of the equipment.

In addition to the capital cost of deploying the ramp metering system, Mn/DOT incurs
ongoing expenses related to the day-to-day operation and maintenance of the system
components. Labor and overhead cost estimates for operations, maintenance, and
administrative and managerial personnel are based on records from the Minnesota State
Activity-Based Accounting System, which tracks labor hours by activity. Additional costs,
including facility costs, utility expenses, replacement equipment, and the value of research
contracts, are also included in the cost estimate. These ongoing operation and mainte-
nance costs are added with the annual capital costs to estimate the denominator for the
benefit/cost comparison.
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