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Based on the level of effort and constraints of the project, it was determined that an elasticity
based approach would be used to estimate the impact of fees imposed on emerging modes on
vehicle miles traveled (VMT) and emissions in Colorado. This appendix aims to describe in
greater detail the process and assumptions that informed the elasticity-based impact analysis.

An elasticity is a measure of the responsiveness of demand to a good or service to an
incremental price change, while everything else remains the same. In practice, researchers
estimate an approximate value for elasticities using observable data. Own-price elasticities are
values that relate the demand for a good or service to the price of that good or service.
Cross-price elasticities are values that relate the demand for a good or service to the price of
another good or service, a supplement or a complement.

For the purposes of this study, a literature review was performed to gather information on
elasticities and the relationships between the demand for emerging modes of interest and the
price for these modes. In the time available, the project team exhausted the research available
on demand for emerging modes (transportation network companies (TNCs), rideshare services,
taxis, car rentals, car shares, and residential delivery services) that included estimation of price
elasticities. The report provides a review of the findings. Table 1 provides a high-level summary
of all relevant elasticities pulled from the literature.
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Table 1. Compiled Emerging Mode Elasticities from the literature

Study

Location

Data

Demand

Elasticity measure

Fare

Flores-Guri (2003) via Hensher

& Rose (2014) New York, USA Time series (1990-99) Taxi services Kilometer driven -1.05
All taxi users: -1.14

R dal . (1998) v Business: -0.76

ouwendal et al. via . ) . .

Hensher & Rose (2014) The Netherlands SP (collected in 1997) Taxi services Number of trips Going out: s
G(_)lng to th(_a . 069
railway station:

Brisbane: -0.36

Queensland Transport (2000) Queen_sland, N/A Taxi services Number of trips

via Hensher & Rose (2014) Australia e
Other cities: -0.5
All taxi users: -0.36

Booz Allen Hamilton (2003) via . . . . . . i

Hensher & Rose (2014) Canberra, Australia SP (collected in 2002) Taxi services Number of trips Peak hour: 0.23
Off peak: -0.41
Tourism -1.478
Business -0.645

. . . ) . Day to day

Hensher & Rose (2014) Melbourne, Australia ~ SP (collected in 2012) Taxi services Number of trips activity -0.753
Night time travel  -1.132
Weighted 1.042
average

Schaller (1999) New York, USA Time series (1990-96) Taxi services Number of trips met -0.22

Stated preference
Toner (2010) Four UK cities (SP)/transfer price Taxi services Number of trips -0.8

(collected in 1989-91)
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Study Location Data Demand Elasticity measure Fare
l1to1l.2 -0.52
12t01.3 -0.34
13tol4 -0.58
14t015 -0.49
15t01.6 -0.50
16tol.7 -0.68
1.7t01.8 -0.89
19-23 -1.01
2.4-3.0 -0.25

Number of trips
Cohen et al. (2016) Four US cities Time series (2015) Uber (TNC) purchased w.r.t. surge

multiplier threshold 31-50 -0.65
Evening rush -0.50
Morning rush -0.52

Slow nighttime -0.53

Weekday day -0.46
Weekday

evening -0.54
Weekend day -0.66
Weel_<end 054
evening

Weekend event -0.55

Menezes & Uzagaliveva (2013)  azores, Portugal Survey collected in 2007 Car rental Duration of car rental -0.36

Palmer-Tous et al. (2007) Mallorca, Spain Survey collected in 2007 Car rental Duration of car rental -0.34
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Study Location Data Demand Elasticity measure Fare
Industry data from one
Anderson et al. (2004) Denver, Colorado company at the Denver Car rental Duration of car rental -0.07
International Airport
Single
passenger -1.4
i i i rideshare
Copenhagen Economics (2015) n/a Slum_m_aryl_of price ;a(;(' SEMCGSI Number of trips
elasticity literature ideshare Two or more
passenger -1.0
rideshare
Car share
Carteni et al. (2016) Southern Italy SP survey (park-and-share  Number of trips -0.85
service)
- hased Limited service 0.13
; ood purchase restaurants ~
Okrent & Alston (2012) us Consumer_ Expe_ndlture away from Meals
Survey paired with CPIs home Full service 196
restaurant )
(95% CI) Low
. Food purchased . . End -0.23
Andreyeva et al. (2010) us Slum_m_aryl_of price away from '\E"e‘?” Price Elasticity _
elasticity literature home stimate (95% CI) High
-1.76
End
Online Amazon and Retail
Goolsbee & Chevalier (2003) n/a Barnes & Noble book Sales -0.5

sales collected in 2001

(book sales)
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Generally, there is a large spread in the elasticity values, and great variation in the particulars of
the studies from which relevant elasticities were available (only a handful of the available
specifics for any given study are included in the table above). No single value is obviously
applicable for one of the emerging modes of interest. There is also no obvious choice for the
Colorado urban or rural markets.

Forty-six elasticity values were extracted from sixteen research papers (34 of the elasticities
were sourced from 12 primary research papers). Half the studies are less than 10 years old, the
oldest study was published in 1998, accessed as a secondary source through a more recent
study. Table 2 describes the number of elasticities found for each emerging mode. Note that for
some papers, there was no differentiation between rideshare services, TNCs, and taxi services.
For the paper on car shares, it was unclear if the program discussed was a non-peer to peer or
peer to peer car share program.

Table 2. Count of elasticities and research papers by mode

Number of elasticities Number of papers Number of papers less
than 10 years old
Taxi services 17 7 2
TNC 18 1 1
Car rental 3 3 1
Taxi/rideshare 2 1 1
Car share 1 1 1
Food away from home (FAFH) 4 2 2
Retail 1 1 0
Total 46 16 8

In absolute value, the two largest relevant elasticities found in the literature are intended to
represent changes in demand for “food purchased away from home” with price changes. The
next largest represents demand for taxi services for “going out” based on data from The
Netherlands in the late 1990’s. The lowest elasticities are represented by an approximate
elasticity from a study on rental cars from one company at the Denver International Airport, the
second lowest represents demand for a type of “food away from home”, and the third lowest
was estimated for taxi services in New York City in the early 1990’s. All the elasticities are
graphed together in Figure 1, by mode. The elasticities are grouped toward the lower (in
absolute value) end of the range. The average is around -0.7; the median about -0.5.
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Figure 1. Spread of elasticities from the literature on demand for emerging modes.
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The analysis assumes one constant elasticity for all emerging modes, as there is not enough
evidence in the literature to assume demand responses are significantly different on average
across modes. The constant elasticity-based approach to estimating the impacts of the fee
structures on emerging modes will perform fairly well as long as changes in price are relatively
small (and this is the case for the fee structures tested).

The project team determined that two elasticities should be tested with the fee structures in the
analysis, one high and one low, to represent the range of responsiveness evidenced in the
literature. Ideally, the values would be representative of the wide range but not skewed by
excessively large values exhibited in a specific sub-market. The project team aimed for the high
elasticity (in absolute value, and representing a more elastic demand) to approximate the 85"
percentile of the distribution of elasticities. Similarly, the team aimed for the low elasticity (in
absolute value, and representing a less elastic demand) to approximate the 15™" percentile of
the distribution. Based on the spread of elasticities from the literature, a qualitative analysis with
these aims in mind and professional judgement resulted in the values of -1.0 for the more elastic
demand scenario, and -0.3 for the less elastic demand scenario.

The additional simplifying assumptions are explored in the report, and are briefly reiterated here:

1) Elasticity of demand does not vary across travel mode, trip purpose, vehicle fuel
efficiency, or between rural and urban areas, largely due to a lack of research and data
on demand behaviors.
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2) Travelers/consumers will perceive the price change incurred by the fee, which motivates
them to change their travel behavior (thereby decrease VMT and trips).

3) Prices (and attractiveness) of the emerging modes, relative to each other, does not
change, such that demand does not shift between emerging modes under the fee

structure.
a. Incentives applied to shared rides and zero emission vehicles (ZEVs) violate this
assumption.

b. Flat fees applied to modes with different magnitudes of fares and prices, or
mileage-based fees applied to modes with different price-per-mile costs and
fares, violate this assumption.

4) Trip lengths will not change under the fee structure, such that the percent change in trips
equals the percent change in vehicle miles.

Further, it should be noted that this analysis does not consider emerging issues in behavioral
economics, such as consumer choice or preference, loss aversion, reactions to small versus
large financial incentives, and reactions to marketing campaigns. Additionally, the analysis does
not account for shifts in demand from emerging modes to personal vehicles or transit under the
fee structure.
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the study’s estimates and conclusions. As a result of their analysis, Rose and Hensher

10



Elasticity-Based Approach to Fee Structure Impact Estimation — Technical Appendix

come to the conclusion of a number of PEDs with respect to the cost of taxi fare. In the
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September). Their paper suggests that a fixed-rate of taxation on rental hires would
result in decreased congestion and an increased overall transport efficiency. Their
elasticities vary, depending on the model that is observed. They report a price elasticity
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the writers report elasticities from a secondary perspective. There are several “main data
sources” listed in the paper, including the National Health and Nutrition Examination
Survey (NHANES), USDA ERS’s Food Expenditure Series, the National Household
Food Acquisition and Purchase Survey (FOodAPS), the Consumer Expenditure Survey,
and the U.S. Census Bureau’s Monthly Retail Trade. Referencing Okrent and Alston
(2012), it's reported that the demand for limited service restaurants were nearly perfectly
inelastic to changes in price (-0.13), while demand for meals from full-service restaurants
exhibited price elasticity (-1.96). In additional secondary reporting, it is stated that
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Richards and Mancino (2013) found the price elasticity of demand between -0.5 and -0.9
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283.

This study was intended to examine the effects that travel/trip demand incurs (regarding
the availability and market for taxi services), as a result of increases to taxi fares. Data
on taximeter and odometer readings were provided by the Taxi and Limousine
Commission. Schaller used this data to estimate fare revenue and service availability
within the study. He also states that the elasticity of trip demand with respect to the price
of ridership is estimated to be -0.22, while the elasticity of overall [taxi] service
availability with respect to fares is -0.28.
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Peer-to-Transport Services. Copenhagen Economics.

In 2015, Copenhagen Economics was commissioned by Uber to perform an economics
impact analysis of having “a well-functioning peer-to-peer transport service in the
Nordics.” Their study compiles findings from academic studies for bus ridership, and
peer-to-peer transport service providers like Uber, TaxiKurir (2015), and Topcab (2015).
The study ultimately results in a deep dive into the economic benefits that are realized
as a result of car-sharing options becoming an “increasingly more viable mode of
transportation.” They use a price elasticity of -1.4 for ridesharing with a single passenger
and an elasticity of -1.0 for ridesharing with two or more passengers based on a
literature review of primary research. Stefandotter et al. also cite Ward (2002) for a price
elasticity of -2.67 with respect to the trip demand for taxi services, as a high end of the
range of the demand elasticity for such services.

Toner, J.P. (2010) The Welfare Effects of Taxicab Regulation in English Towns. Institute for
Transport Studies. University of Leeds.

Jeremy Toner conducted this study in order to analyze his model of the taxi industry,
which demonstrates that “socially undesirable outcomes” would ultimately be the product
of an “infeasible” price competition (i.e. numerous taxis operating at exorbitant prices).
For data, Toner included one of his old studies in addition to a series of State Preference
and Transfer Price experiments in four English cities (Toner, 2010: p. 306). He reports
an aggregate price elasticity of demand (with respect to fare price) at -0.8.
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Additional results on emissions from the Fee Structure Impact Analysis

This appendix contains additional results on emissions from the analysis of fee structures on
emerging modes. Vehicle emissions from internal combustion engines (ICEs) are assumed to
decrease proportionately with ICE vehicle miles traveled (VMT) under the fee structure. Zero-
emission vehicles (ZEVs) are assumed to have zero emissions, so this analysis does not
account for the emissions from upstream energy generation required for ZEV operation.

Reduced emissions (short tons of CO2.) in 2030 are monetized based on dollar values for the

Social Cost of Carbon (per metric ton of CO,) from the USDOT Benefit-Cost Analysis Guidance
for Discretionary Grant Programs (2018). Unit values are converted to short tons and inflated to
2019 dollars (using the Gross Domestic Product Price Index from the Office of Management and
Budget Historical Tables) which results in a unit value of $0.95 per short ton of CO2. emissions.

Table 1 presents the dollar value of reduced emissions by mode generated by the various fee
structures, together with the level of emissions and the percentage change in emissions for a
given emerging mode. As with the results presented in the main report, the high end of
estimated impacts is represented by the high fee structure combined with the more responsive
demand scenario, and the low end is represented by the low fee structure combined with the
less responsive demand scenario.

Table 1. Results on Emissions from the Impact of Fee Packages on Emerging Modes in 2030

Mileage-Based Fee Flat Fee Percentage-Based Fee
Low-End High-End Low-End High-End Low-End High-End
Impact Impact Impact Impact Impact Impact
TNCs - single
Daily CO2e emissions (tons) 874 854 874 853 874 853
Value of daily reduced
emissionst $1.92 $21.16 $1.94 $21.69 $1.99 $21.88
Percent change in daily -0.23% -2.55% -0.23% -2.62% -0.24% -2.64%
emissions
TNCs - pooled
Daily CO2e emissions (tons) 131 128 131 128 131 129
Value of daily reduced
emissions $0.23 $3.01 $0.21 $2.59 $0.11 $1.36
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Mileage-Based Fee Flat Fee Percentage-Based Fee
Low-End High-End Low-End High-End Low-End High-End
Impact Impact Impact Impact Impact Impact
Percent change in daily 018% | -243% | -017% | -2.09% | -0.09% |  -1.10%
emissions
Peer-to-Peer Car Share
Daily CO2e emissions (tons) 1 1 1 1 1 1
Value of daily reduced
emissions’ $0.00 $0.03 $0.00 $0.02 $0.00 $0.02
Percent change in daily -0.31% -3.44% -0.20% -2.29% -0.24% -2.64%
emissions
Non Peer-to-Peer Car Share
Daily CO2e emissions (tons) 5 5 5 5 5 5
Value of daily reduced
emissionst $0.01 $0.13 $0.02 $0.19 $0.01 $0.13
Percent change in daily 025% | 277% | -0.35% | -3.98% |  -0.24% -2.64%
emissions
Taxis
Daily CO2e emissions (tons) 18 18 18 18 18 18
Value of daily reduced
emissionst $0.02 $0.25 $0.03 $0.31 $0.04 $0.46
Percent change in daily -0.13% -1.45% -0.16% -1.80% -0.24% -2.64%
emissions
Car Rentals
Daily CO2e emissions (tons) 1,380 1,339 1,383 1,376 1,380 1,347
Value of daily reduced
emissionst $3.85 $42.30 $0.68 $7.66 $3.14 $34.54
Percent change in deily -0.29% -3.23% -0.05% -0.59% -0.24% -2.64%
emissions
Residential Delivery
Daily CO2e emissions (tons) n/a n/a n/a n/a 688 672
Val_ue_of d?'ly redUGEH n/a n/a n/a n/a $1.57 $17.22
emissions
Percent change in daily n/a n/a n/a n/a -0.24% -2.64%
emissions
Total*
Daily CO2e emissions (tons) 3,099 3,034 3,102 3,071 3,098 3,025
Value of daily reduced
emissionst $6.04 $66.89 $2.87 $32.46 $6.86 $75.61
Percent change in daily -0.21% -2.28% -0.10% -1.11% -0.23% -2.58%
emissions

* Includes residential delivery emissions, for which the analysis does not estimate an impact from the mileage-based
and flat fee structures.
T Valued in undiscounted 2019 dollars.
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The percentage increase of the fee over the base fare is presented in Table 2 and Table 3 for
ICE vehicles and ZEVs, respectively.

Table 2. Results on Emissions from the Impact of Fee Packages on Emerging Modes in 2030

Mileage based fee Flat fee
ICE vehicles Low High Low High
TNCs - single 0.77% 2.32% 0.78% 2.38%
TNCs - pooled 0.61% 2.21% 0.56% 1.90%
Taxis 0.44% 1.31% 0.53% 1.63%
Non-Peer Car Share 0.84% 2.52% 1.18% 3.61%
Peer-to-Peer Car Share 1.04% 3.13% 0.68% 2.09%
Car Rental 0.98% 2.94% 0.17% 0.53%

Table 3. Results on Emissions from the Impact of Fee Packages on Emerging Modes in 2030

Mileage based fee Flat fee
ZEVs Low High Low High
TNCs - single 0.43% 1.55% 0.39% 1.33%
TNCs - pooled 0.00% 1.11% 0.00% 0.14%
Taxis 0.24% 0.88% 0.27% 0.91%
Non-Peer Car Share 0.47% 1.68% 0.59% 2.02%
Peer-to-Peer Car Share 0.58% 2.09% 0.34% 1.17%
Car Rental 0.54% 1.96% 0.09% 0.30%
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