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Memorandum 

TO: Lou Thompson and John Chalker—California High Speed Rail Peer Review Group 

FROM: Jeff Buxbaum, David Kurth—Cambridge Systematics 

 Thierry Prate – Parsons Brinckerhoff 

DATE: April 20, 2012 

RE: California High Speed Rail Project 
Ridership and Revenue Model Sensitivity Tests and Extreme Downside Scenario 

This memo covers two related topics: 

1. A demonstration of the sensitivity of the travel demand model to specific conditions 
identified by members of the California High-Speed Rail Peer Review Group (PRG.) 

2. Preparing a ridership and revenue forecast for an extreme downside scenario. 

Our analysis of these is provided below.  Model run summaries for the model runs that are 
referenced are in Appendix A. 

Sensitivity Tests 

CS prepared two sensitivity tests: 

1. Assuming an average fleet fuel economy of 50 miles per gallon; and  

2. Assuming reduced frequency on the Peninsula 

Both sensitivity tests were based on model runs prepared for the draft 2012 Business Plan as 
documented in the CS Technical Memorandum dated October 19, 2011, specifically, model run 
35, which represented the high case for the business plan.1  We used the draft business plan 
model run as a base because it had been published at the time this work was initiated.  The 
focus of the analysis is on the comparison between the two runs, rather than the ridership value 
of the sensitivity test itself, since the Revised Business Plan uses different assumptions.  Since 

                                                   
1 The Phase 1 High ridership and revenue forecasts used for the Draft Business Plan were  based on Run 

14b,  however  after  the  Plan was published,  CS made a  small  technical  correction.   The corrected run 
was Run 35.  We use the corrected run for the sensitivity test comparisons in this memo. 
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these sensitivity tests compare outcomes from the Draft Business Plan, we use 2010 dollars for 
the comparison, since this was used in the Draft Business Plan. 

Average Fleet Fuel Economy of 50 MPG (Run 49) 

The Ridership and Revenue (R&R) model uses an operating cost per mile composed of fuel and 
non-fuel components.  The cost per mile related to fuel is a function of both fuel economy and 
price.  For the Draft Business Plan, we used a cost per mile of 25 cents in 2005$, composed of 16 
cents for fuel (based on about $4.00 per gallon) and 9 cents for non-fuel.  In this sensitivity test 
(and in the model runs for the Revised Business Plan) we kept the 9 cents per mile constant 
regardless of fuel price and efficiency and doubled the fuel component of cost to 50 miles per 
gallon.  Table 1 provides the specifics 

Table 1:  Comparison of Auto Operating Cost Assumptions: 
Run 35 and Run 48 

 Draft Business Plan 
(Run 35) 

50 MPG test  
(Run 49) 

Price per gallon (2005$) $3.80 $3.80 
Miles per gallon 23.8 50.0 
Fuel cost per mile (2005$) $0.16 $0.08 
Non-auto operating cost (2005$) $0.09 $0.09 
Total cost /mile (2005$) $0.25 $0.17 
Total cost /mile (2011$) $0.29 $0.19 
 

The overall effect of the higher fuel economy is a reduction in ridership of 16 percent and 
revenue of 19 percent from the original run (see Table 2).  The larger impacts are on the longer 
distance movements (in the 18 to 24 percent range on revenue,) with lower impacts for 
intraregional movements.   
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Table 2: Year 2030 Annual Region-to-Region Ridership and Revenue (millions) 
50 MPG Fuel Efficiency Sensitivity Test 
Revenue in 2010 Dollars 

Market 

Run 10-035 
Phase 1  

 

Run 12-049 
Phase 1 

 
Percentage Difference 

HST 
Ridership 

HST 
Revenues 

HST 
Ridership 

HST 
Revenues 

HST 
Ridership 

HST 
Revenues 

1 LA basin - Sacramento 1.8 $143 1.3 $108 -24% -24% 
2 LA basin - San Diego 0.2 $6 0.1 $5 -18% -15% 
3 LA  basin- Bay Area 8.5 $683 6.9 $559 -18% -18% 
4 Sacramento - Bay Area 0.0 $0 0.0 $0 0% -15% 
5 San Diego- Sacramento 0.0 $2 0.0 $2 0% -2% 
6 San Diego- Bay Area 1.9 $153 1.7 $134 -13% -13% 
7 Bay Area - San Joaquin Valley 5.5 $396 4.2 $307 -22% -22% 
8 San Joaquin Valley - LA basin 5.2 $362 4.1 $286 -21% -21% 
9 Sacramento - San Joaquin Valley 0.4 $32 0.3 $26 -17% -19% 

10 San Diego - San Joaquin Valley 0.1 $4 0.1 $4 -17% -11% 
11 within Bay Area Peninsula* 3.3 $59 3.0 $55 -7% -8% 
12 within North LA basin* 3.1 $85 2.9 $79 -7% -7% 
14 within South LA basin* 1.2 $28 1.1 $26 -6% -6% 
15 North LA - South LA* 2.8 $78 2.6 $72 -7% -8% 
18 within San Diego region 0.0 $0 0.0 $0 0% 0% 
19 within San Joaquin Valley 0.5 $32 0.4 $26 -19% -18% 
20 Other  4.6 $293 3.7 $230 -20% -21% 
  Total 39.0 $2,357 32.6 $1,920 -16% -19% 
  within San Diego region 0.0 $0 0.0 $0 0% 0% 
  within entire LA basin 7.1 $191 6.6 $177 -7% -7% 
  within entire MTC 3.3 $59 3.0 $55 -7% -8% 
  within other regions 0.0 $0 0.0 $0 0% 0% 
  Total between regions 28.6 $2,107 22.9 $1,688 -20% -20% 
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Reduced Frequency on Peninsula (Run 48) 

This sensitivity test evaluates the implications of lower frequency of service on the Peninsula 
defined as in Table 3. 

Table 3:  Summary Comparison of Run Patterns: Run 35 and Run 48 

 Run 35  
(Draft Business Plan) 

Run 48 
(Sensitivity Test) 

Service Peak Off Peak Peak Off Peak 

San Francisco Transbay-SCAG 4 4 2 3 

San Francisco 4th and King to SCAG 1 0 1 0 

San Jose – SCAG 0 0 2 1 

Merced-SCAG 1 1 1 1 

Merced-San Francisco 1 1 1 1 

 

Details of the run patterns for both Runs 48 and 35 are in the appendix 

The reduction in frequency on the Peninsula is expected to reduce both ridership and revenue 
by 5 percent (Table 4).  For the large LA Basin to Bay Area market, the reduction is expected to 
be 7 percent, while the market within the Bay Area Peninsula is expected to drop by 12 percent 
for ridership and 13 percent for revenue. 
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Table 4: Year 2030 Annual Region-to-Region Ridership and Revenue (millions) 
Peninsula Frequency Sensitivity Test 
Revenue in 2010 Dollars 

Market 

Run 10-035 
Phase 1  

 

Run 12-048 
Phase 1 

 
Percentage Difference 

HST 
Ridership 

HST 
Revenues 

HST 
Ridership 

HST 
Revenues 

HST 
Ridership 

HST 
Revenues 

1 LA basin - Sacramento 1.8 $143 1.6 $127 -10% -11% 
2 LA basin - San Diego 0.2 $6 0.2 $6 0% 0% 
3 LA  basin- Bay Area 8.5 $683 7.8 $633 -7% -7% 
4 Sacramento - Bay Area 0.0 $0 0.0 $0 0% 30% 
5 San Diego- Sacramento 0.0 $2 0.0 $2 -33% -18% 
6 San Diego- Bay Area 1.9 $153 1.7 $136 -12% -11% 
7 Bay Area - San Joaquin Valley 5.5 $396 5.2 $376 -5% -5% 
8 San Joaquin Valley - LA basin 5.2 $362 5.2 $360 0% 0% 
9 Sacramento - San Joaquin Valley 0.4 $32 0.3 $26 -20% -18% 

10 San Diego - San Joaquin Valley 0.1 $4 0.1 $4 0% 1% 
11 within Bay Area Peninsula* 3.3 $59 2.9 $52 -12% -13% 
12 within North LA basin* 3.1 $85 3.1 $85 0% 0% 
14 within South LA basin* 1.2 $28 1.2 $28 0% 0% 
15 North LA - South LA* 2.8 $78 2.8 $78 0% 0% 
18 within San Diego region 0.0 $0 0.0 $0 0% 0% 
19 within San Joaquin Valley 0.5 $32 0.5 $32 0% 0% 
20 Other  4.6 $293 4.6 $292 -1% -1% 
  Total 39.0 $2,357 37.2 $2,236 -5% -5% 
  within San Diego region 0.0 $0 0.0 $0 0% 0% 
  within entire LA basin 7.1 $191 7.1 $191 0% 0% 
  within entire MTC 3.3 $59 2.9 $52 -12% -13% 
  within other regions 0.0 $0 0.0 $0 0% 0% 
  Total between regions 28.6 $2,107 27.2 $1,993 -5% -5% 

 

Model Elasticities 

Elasticities are econometric measures of the change in demand for a product based on the 
change in price for that product.  For travel forecasting purposes, the change in demand is 
defined by the change in trips on a specified mode based on the change in one of the factors 
affecting mode choice2,3.  For travel demand models, elasticities provide measures of the 

                                                   
2 Appendix B provides a more detailed explanation of elasticities as used for travel demand forecasting. 
3 There are several different methods for estimating elasticities.  In this memorandum, we have estimated 

the elasticities using the log-arc formula: 
 

=
( )
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sensitivity of a model that can be compared with model elasticities from other regions, observed 
elasticities based on empirical experiments, or simply as reasonableness tests. 

Elasticities can be either negative or positive.  Negative elasticities mean that demand decreases 
as “price” increases or vice-versa while positive elasticities mean that the demand changes in 
the same direction as the price.  An elasticity with an absolute value less than 1.0 suggests that 
the percent change in demand is less than the percent change in price.  Models with elasticities 
greater than -1.0 and less than 1.0 are said to be inelastic; those with elasticities less than or 
equal to -1.0 or greater than or equal to 1.0 are said to be elastic. 

For mode choice models, two types of elasticities can be estimated: 

 Direct-elasticities measure the change in demand for a mode based on the change in a factor 
affecting travel on that mode; 

 Cross-elasticities measure the change in demand for a mode based on the change in a factor 
affecting travel on a competing mode. 

The elasticities reported in this memorandum might be called “aggregate elasticities.”  They 
have been based on the change in the total mode share (for high speed rail) versus an overall 
change in a specific factor affecting mode choice.  They have been estimated by comparing the 
mode shares for an alternative scenario with a changed input assumption to the mode shares 
for a base scenario without the changed input assumption.  Only one input assumption has 
been changed in each test.  For example, high-speed rail travel times for the alternative scenario 
might have been increased by 10 percent over the travel times in the base scenario for all 
interchanges.  Changes such as removing high speed rail from stations north of San Jose have 
not been tested since different interchanges would have been affected in different ways.  In this 
example, interchanges served by the San Jose station or stations south of San Jose in the base 
scenario would have been unaffected by the change while interchanges served by stations north 
of San Jose in the base scenario would have been greatly affected. 

Even though aggregate elasticities have been estimated, elasticities are, by nature, “point” 
values.  The estimated values are dependent on the values of the mode shares and all factors 
affecting those shares in the base scenario.  If “disaggregate” elasticities for two different 
interchanges were estimated, one with a ninety percent mode share in the base scenario and one 
with a ten percent mode share, the elasticities would be different even if the change in the input 
factor for the alternative scenario was the same for the two interchanges.  Thus, estimated 
elasticities for the High Speed Rail model can vary, depending on the scenario used as the base 
scenario. 

Calculated Model Elasticities 

Elasticities have been estimated for the High Speed Rail model a number of times.  Elasticities 
were originally estimated for the Peer Review Panel in May 2011 and are documented in a 
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memorandum ”Response to Task 3.2 - February 2012 Revision”4.  Additional elasticities have 
been estimated based on business plan runs that have changed only one input variable (such as 
auto operating cost) uniformly for all interchanges or in response to specific elasticity test 
requests (e.g. high speed rail alternative specific constant ten percent more onerous).   

Table 5 summarizes high-speed rail model direct elasticities and cross-elasticities for scenarios 
that have included the high-speed rail mode.  Direct elasticities are shown in bold italics. In 
some cases, the elasticities have been estimated for business/commute travel and for 
recreation/other travel separately as well as composite elasticities for all travel. In general, most 
direct and cross-elasticities from this model are in the inelastic range.  There are a few 
exceptions such as direct elasticities of air travel for recreation/other travel with respect 
changes in air fares, the direct elasticity of high speed rail travel with respect changes in high 
speed rail travel time, and the direct elasticity of business/commute high speed rail travel with 
respect changes in the high speed rail alternative specific constant. 

Table 5.  Summary of High Speed Rail Model Elasticities 

Input Variable Changed Trip Purpose 
Mode 

Auto CVR Air HSR 

Auto Cost Decreased 19 Percent, from 21 
Cents/Mile to 17 Cents/Mile (2005 Dollars) 

Business / Commute -0.04 0.46 0.20 0.38 
Recreation / Other -0.02 0.44 0.51 0.68 
All Purposes -0.03 0.45 0.43 0.62 

Auto Cost Decreased 19 Percent, from 25 
Cents/Mile to 17 Cents/Mile (2005 Dollars) 

Business / Commute -0.03 0.58 0.20 0.43 
Recreation / Other -0.03 0.55 0.52 0.73 
All Purposes -0.04 0.58 0.35 0.59 

Air Fare Decreased by 10 Percent 
Business / Commute 0.01 0.00 -0.39 0.16 
Recreation / Other 0.01 0.01 -0.98 0.44 
All Purposes 0.01 0.00 -0.68 0.31 

Air Fare Increased by 10 Percent 
Business / Commute 0.01 0.00 -0.44 0.17 
Recreation / Other 0.01 0.01 -1.15 0.45 
All Purposes 0.01 0.00 -0.77 0.32 

HSR Travel Time Increased by 33 Percent All Purposes 0.05 0.25 0.70 -0.97 
HSR Travel Time Increased by 50 Percent All Purposes 0.05 0.24 0.67 -1.05 
HSR Cost Decreased by 25 Percent All Purposes 0.04 0.22 0.37 -0.53 
HSR Cost Increased by 25 Percent All Purposes 0.04 0.23 0.44 -0.71 
HSR Headway Increased by 25 Percent All Purposes 0.01 0.07 0.12 -0.22 
HSR Headway Increased by 33 Percent All Purposes 0.02 0.07 0.12 -0.22 

HSR Alternative Specific Constant Made 10 
Percent More Onerous 

Business / Commute 0.06 0.01 0.62 -2.96 
Recreation / Other 0.01 0.00 0.04 -0.16 
All Purposes 0.03 0.01 0.34 -1.37 

Source:  Cambridge Systematics 

                                                   
4 The memorandum was updated in February 2012 to correct two tables unrelated to the elasticity 

analysis. 
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Elasticities from other Sources 

Elasticities from a Swiss study were reported in the second report of the Peer Review Panel are 
shown in Exhibit 1.  While the Swiss elasticities are somewhat different than those estimated for 
the High Speed Rail model, they do have the common characteristic that they are generally in 
the inelastic range. 

Exhibit 1.  Reported Elasticities from a Swiss Study 

 

Source:  Independent Peer Review of the California High-Speed Rail Ridership and Revenue 
Forecasting Process, Findings and Recommendations from April-July 2011 Review Period, 
August 1, 2011. 

Extreme Downside Scenario 

This scenario was intended to test the ridership and revenue implications of a whole series of 
downside events lining up at the same time.  We tested these events using the Initial Operating 
Segment phase since the Business Plan showed that the finances were most fragile at this time.   

This scenario was compared to the IOS scenario used in the Revised Business Plan.  Table 6 
summarizes the difference in assumptions between the Revised Business Plan (Run 41d) and 
the Extreme Downside Scenario (Run 53.)  Since the Revised Business Plans expressed dollars at 
the 2011 level, this comparison does so as well. 

Table 6:  Extreme Downside Case Assumptions 
    Compared to IOS in Revised Business Plan 
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Revised Business Plan 
Run (12-041d) 

Extreme Downside Scenario 
(Run 12-053) 

North Terminal Merced Same 

South Terminal San Fernando Same 

HST Fare Policy 83% of San Francisco-Los 
Angeles airfares with lower 
rates for shorter distances 

Same 

CVR Fare Policy Actual 2011 Same 

Socioeconomic 
Forecast 

Based on 2011 Moody’s 
Analytics Forecast for 2030 Same 

Trip Rate 2011 Survey Same 

Conventional Rail 
Connections 

Existing Amtrak San Joaquin 
service terminates at Merced 
(service to Bakersfield 
discontinued 

Same 

Auto Operating Cost 
(2011$) 20 cents/mile 18 cents/mile 

Air Fare Policy Actual 2009 10% Less than actual 2009 

HSR Summary 4 peak TPH (2 in offpeak) 3 peak TPH (2 in offpeak) 

Dedicated Peak Coach 
Service 

South:  
• 4 peak BPH from San 
Fernando to LAUS, to West LA, 
and to Santa Anita 
North: 
• 4 peak BPH from Merced to 
Sacramento, to San Francisco, 
and to San Jose 

South:  
• 3 peak BPH from San 
Fernando to LAUS, to West LA, 
and to Santa Anita 
North: 
• 3 peak BPH from Merced to 
Sacramento, to San Francisco, 
and to San Jose 

HST Average Travel 
Time (Merced-San 
Fernando) 

126 minutes 140 minutes 

HST constant in mode 
choice model Original 10 percent lower than original 

 

The Extreme Downside case would be expected to reduce ridership for the IOS to 4.7 million 
riders per year, 27 percent below that shown for the low scenario in the Revised Business Plan 
(Table 7).  The revenue for this scenario is expected to be $338 million per year, which is 28 
percent below the IOS low case in the Revised Business Plan. 
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Table 7: Year 2030 Annual Region-to-Region Ridership and Revenue (millions) 
Extreme Downside Scenario of Initial Operating Segment (IOS) 
Revenue in 2011 Dollars 

    Market 

Run 12-041d 
IOS  

 

Run 12-053 
IOS 

 

Percentage 
Difference 

HST 
Ridership 

HST 
Revenue 

HST 
Ridership 

HST 
Revenue 

HST 
Ridership 

HST 
Revenue 

1 LA basin - Sacramento 0.2 $19 0.1 $12 -42% -40% 
2 LA basin - San Diego 0.1 $1 0.0 $1 -20% -18% 
3 LA  basin- Bay Area 1.2 $97 0.7 $55 -44% -44% 
4 Sacramento - Bay Area 0.0 $0 0.0 $0 0% 0% 
5 San Diego- Sacramento 0.0 $0 0.0 $0 0% -57% 
6 San Diego- Bay Area 0.0 $2 0.0 $1 -67% -55% 

7 
Bay Area - San Joaquin 
Valley 0.2 $10 0.1 $7 -33% -32% 

8 
San Joaquin Valley - LA 
basin 3.8 $267 3.1 $214 -19% -20% 

9 
Sacramento - San Joaquin 
Valley 0.0 $2 0.0 $1 -33% -46% 

10 
San Diego - San Joaquin 
Valley 0.0 $0 0.0 $0 -100% -28% 

11 within Bay Area Peninsula* 0.0 $0 0.0 $0 0% 0% 
12 within North LA basin* 0.7 $20 0.7 $20 -2% -1% 
14 within South LA basin* 0.0 $0 0.0 $0 0% 0% 
15 North LA - South LA* 0.0 $0 0.0 $0 0% 0% 
18 within San Diego region 0.0 $0 0.0 $0 0% 0% 
19 within San Joaquin Valley 0.1 $6 0.1 $4 -38% -36% 
20 Other  0.7 $59 0.5 $43 -28% -28% 

  Total 7.1 $486 5.3 $357 -25% -26% 

  within San Diego region 0.0 $0 0.0 $0 0% 0% 
  within entire LA basin 0.7 $20 0.7 $20 -2% -1% 
  within entire MTC 0.0 $0 0.0 $0 0% 0% 
  within other regions 0.0 $0 0.0 $0 0% 0% 

  Total between regions 6.4 $466 4.7 $338 -27% -28% 
 

Probability of the Extreme Downside Case 

The analysis above demonstrates that the Extreme Downside case would result in revenues 
about 28 percent lower than the IOS Low scenario.  While enlightening, this does not tell us 
how likely the Extreme Downside case is to occur.   

To estimate the probabilities of the downside would require estimating the probabilities of the 
factors that make up that scenario occurring.  Table 8 shows the probabilities that would need to 
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be estimated.  Ideally, these probabilities would be estimated by a group of independent experts 
representing different topical specialties, with the aim of achieving consensus, perhaps through 
a Delphi technique. This analysis is being carried out at the present time and the results will be 
presented in an addendum to this  memorandum. As an illustrative example, however, we have 
populated the table with extremely conservative assumptions regarding the probability of each 
of these events occurring.  The product of these probabilities is 5 percent. 

Table 8:  Probability of Individual Components of Extreme Downside Occurring 
Template for Analysis and Illustrative Probability 

Risk factor Illustrative 
Probability 

Airfare 10% lower than 2009 levels (real terms), or lower 45% 

Motor fuel costs at 18 cents per mile in 2011 dollars, or lower.  The current high 
and low range for the BP forecasts is 20 cents, which was based on 
$2.60/gallon gas and 27 mpg.   The 18 cents put together the low gas price and 
high fuel efficiency assumption ($2.60 and 33.6 mpg) 

45% 

High speed rail constant reduced by 10%, or lower 45% 

10 percent increase in train run times 75% 

Reduce peak trains per hour from 4 to 3 75% 

 

Impact on Profitability and Breakeven 

The Extreme Downside Case shows an impact of -28% on total revenue. Applied to the IOS 
medium case in 2026, this would result in a drop from $1,020 million to $735 in YOE dollars, as 
shown in Exhibit 2. In the same year, total Operating & Maintenance costs are forecasted to be 
$547 million in YOE. Even with an O&M expense sensitivity of  30%, the system still shows a 
positive cash flow from operations of about $25 million in 2026. 
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Exhibit 2.  Extreme Downside Case and 30% Increase in O&M Costs  
in 2026 – in millions of $YOE 

 

The breakeven analysis is detailed in Chapter 7 of the Revised Business Plan, Funding & 
Financing. The analysis identifies the revenue necessary to balance the minimum operating and 
maintenance costs needed to run the system. 

A final sensitivity test was performed on the revenue and O&M projections to compare the 
results with the breakeven forecast. In this analysis a -35% impact was applied to the IOS 
medium case. It is important to note that the Extreme Downside Case forecasted a decrease of 
28% on revenue only. To simulate an increase of 35% in O&M  costs, we applied an equivalent 
decrease in revenues. This allowed us to have a direct comparison with the breakeven 
projections determined in the Revised Business Plan.  Table 9 presents a comparison of the 
results with the breakeven projections for 2022 through 2030. 

Table 9:  Revenue and Breakeven projection (-35% revenue and +35% O&M) in millions of 
$YOE 

  2022 2023 2024 2025 2026 2027 2028 2029 2030 
Revenue  $207  $286  $370  $460  $557  $814  $926  $1,140  $1,305  

Breakeven  $218  $225  $231  $238  $245  $253  $260  $268  $276  
Profit / Loss  ($11) $61  $139  $222  $311  $561  $666  $872  $1,029  
Source: Parsons Brinckerhoff Analysis based on IOS Medium Case Revenue Projections 
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In 2026, once the system has reached steady state operation (post ramp-up) and  under this 
extreme range of sensitivities,  the system generates over $300 million positive cash flow over 
breakeven. 

As mentioned earlier, the calculation of the probability of the Extreme Downside case is 
currently in progress. The illustrative example shown in Table 8, while using very conservative 
examples, gives a sense of the improbability of the Extreme Downside Case. A combined 
increase of 35% of the O&M expenses with the Extreme Downside Case further reduces the 
possibility of such an event.  
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Appendix A 

Model Run Output Summaries 
 

 Run 35: Draft Business Plan Phase 1 
 Run 49: Sensitivity Test, Phase 1, 50 MPG 
 Run 48: Sensitivity Test, Phase 1, Reduced frequency on Peninsula 

 
 Run 41b: Revised Business Plan, IOS 
 Run 53: Extreme Downside Case, IOS 
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Appendix B 

Elasticity Discussion and Formulation 
 

(Source:  TCRP Report 95, Appendix A) 
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