











Texas fleet fuel economies were estimated by using the same equations. The ratios for
VMT and BTU consumption were atered to better reflect the Texas vehicle fleet. Texas vehicle
registration information is from the Texas Vehicle Title and Registration Division (VTR)
database. For example, the following equation was used to estimate BTUs consumed by cars.

BTUcartx = BTUcarus x # Carsyrr
# Carsys

These indirect Texas fuel economy calculations were necessary due to lack of Texas data
on fuel consumption and VMT. Table 4.3 shows the Cambridge Systematics present fuel
economy estimate as well as ours. The difference between 17.9 and 18.03 is small, and given the
assumptionsin our calculations, not significant.

Table 4.4: Comparison of Current Fuel Economy Estimations
Fuel Economy

Sour ce (MPG)
Cambridge Systematics 17.9
U.S. Fleet Average (VMT weighted) 18.03
TX Fleet Average (VMT weighted) 18.03
U.S. Fleet Average (BTU weighted) 15.77
TX Fleet Average (BTU weighted) 16.00

The BTU weighted figures are much lower. Figure 4.4 shows the impact on future
revenue of using these MPG figures.

Figure 4.7: Assumptions of Present Fuel Efficiency and Effects on Revenue Projections
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Changing present fuel economy from 17.9 to 18.03 mpg has little impact on the projected
revenue. Conversely, when applying the “low” fuel economy scenario of 16.00 mpg, total
revenue significantly decreased by about $420 million. When applying the “medium” scenario,
the revenue decreased by about $230 million and by about $150 million when applying the
“high” scenario. (Note: The figure shows a substantial decrease in revenue projected to occur
between the 2008-2010 timeframe, as a result of changes in The Texas Mobility Fund. The 2008
value of thisfund is $2.6 million, but diminishesto $1.1 million in 2009 and $0 thereafter.)

A gradual increase from 2010-2035 for the low scenario is also depicted in the graph, due
to population growth causing increases in vehicle registrations and vehicle-miles traveled
(VMT). When applying the low scenario, fuel tax revenue increases mainly because of increased
VMT, which grows at a substantially faster rate than the rate at which fuel economy can
improve. In the medium and high scenarios, fuel economy improvement rates overcome
population growth and VMT, resulting in adecrease in fuel tax revenue.

4.4 Cambridge Systematics Fuel Economy Projections

The fuel economy projections used by the JACK model are from a Cambridge
Systematics (CS) study, cited as Cambridge Systematics, 2008. Primary model inputs include
vehicle fleet composition, proportion of new vehiclesin fleet, future market penetration rates for
diesel and hybrid vehicles, fuel economy growth rates by vehicle type (and any policies forcing a
change in these trends), and fleet-wide VMT growth rate (weighted by vehicle fleet
composition). Of these inputs, fuel economy growth rates and market penetration were
determined by CS to be the most sensitive.

4.4.1 CS Fuel economy scenarios

Nine scenarios were considered by CS, consisting of combinations of low, medium, and
high projections of fuel economy growth (MPG) and market penetration (MP) of hybrids and
diesel vehicles. The scenarios are the following:

e Low MPand low MPG

e Low MP and high MPG

e Low MP and medium MPG

e Medium MP and low MPG

e Medium MP and high MPG

e Medium MP and medium MPG

e High MP and low MPG

e High MP and high MPG

e High MP and medium MPG

All nine scenarios assume that 7% of vehicles are new and that fleet compositions are

comprised of 51% cars, 40% light-duty trucks, and 9% heavy-duty vehicles. High and low

market penetration assumptions derived from a TechCast survey (that included input from
Business Week and Bosch Corporation). The CS assumptions of hybrid market penetration are



shown in Table 4.4. The medium values for scenarios are simply the arithmetic averages of low
and high values. As a basis for comparison, the current market penetration of hybrid vehiclesis
2.5%, and that of diesel is0.1% (EPA 420-S-08-003).

Table 4.5: Market Penetration of Hybrid and Diesel Vehicles (%)

Hybrid (high) 1.6 2.5
Diesel (high) 3.6 0.1 6 20
Hybrid (low) 1.6 2.5 4 15
Diesel (Ilow) 3 0.1 6 20

Source: Cambridge Systematics, 2008, and EPA 420-S-08-003

High fuel economy growth rate assumptions utilized in the CS model applied trends from
1983 to 2003 for diesel and gasoline passenger cars, as well as for heavy-duty vehicles. In
addition, the hybrid vehicle fuel economy was assumed to increase by 19.5% per year, achieving
agoa of 100 mpg by 2012. Gasoline truck fuel economy was assumed to increase by 7.1% per
year, reflecting new Corporate Average Fuel Economy (CAFE) standards that require an
achievement of 24 mpg by 2011. The low fuel economy growth rate assumptions assumed trends
from 1983 to 2003 for al vehicle types, except for light-duty trucks, which are assumed to still
meet 2011 standards. These fuel economy projections did not include the recent change in CAFE
standards, requiring new vehicle fleets to reach 35 mpg by 2020.

The fuel economy projections for each vehicle type were averaged by CS, weighted by
the vehicle fleet composition (51% cars, 40% light duty trucks, and 9% heavy duty trucks). This
fleet composition is based on Texas vehicle registration data, with trucks separated into light and
heavy duty categories using U.S. truck VMT data derived from the Cambridge Systematics
report. This same fleet composition is used for gasoline and diesel vehicles. However, this
methodology is problematic because the majority of diesel vehicles, 92%, are heavy duty
vehicles (Davis and Diegel 2008).

Moreover, because the fuel economy estimates are being used to predict fuel
consumption, we believe it would be better to use a fleet composition based specifically on the
Texas fuel consumption or VMT data, rather than vehicle registrations. For example, heavy-duty
vehicles only represent 10% of vehicle registrations, but consume 20% of diesel and gasoline
fuel (in BTU). Because the portion of fuel economy that the heavy-duty vehicles comprisesis so
small, basing average fleet wide fuel economy on vehicle registrations would result in values that
are too high, resulting in biased values. As a result, using the 2035 assumptions of the
Cambridge Systematics fuel economy projection model provided a 41 mpg when applying the
“low” scenario, 74.7 mpg using the “medium” scenario, and 114.4 mpg using the “high”
scenario.

4.4.2 Critiquing and M odifying the Cambridge Systematics M odel

In critiquing the Cambridge Systematics spreadsheet for fuel economy projections, we
used the data provided as a base and applied the input assumptions adjusting them to address the
aforementioned issues. When applying the new assumptions, fleet wide fuel economy
projections for the year 2035 were estimated to be in the range of 29.0-55.3 mpg in contrast to
the 2006 fleet wide fuel economy of 17.9 mpg, and Cambridge Systematics projections
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previously identified. With regard to assumptions, the most substantial differences occurred
primarily where:

e the average fuel economy growth of conventional vehicles was adjusted (higher) to
include the 2007 CAFE standards for light duty vehicles;

¢ where the assumptions regarding current hybrid vehicle fuel economy was adjusted;

e and where the fleet composition was adjusted to reflect vehicle miles traveled
(VMT) and fuel type.

It should be noted that the distinction between the low-end and high-end projections is
the assumption on hybrid fuel economy growth. The high-end model assumes that hybrid cars
will progress at a rate to meet 100 mpg by 2025 (due to market penetration of plug-in hybrid
vehicles). We think that thisis an optimistic, but achievable goal assuming that plug-in hybrids
dominate the hybrid market by the end of the study period (2025). The following steps outline
the modifications made to the Cambridge Systematics model for estimating future fleets fuel
economy.

1. Fuel economy growth rates were modified to meet 2020 CAFE requirements: fleet
average of 35 mpg by 2020, and a minimum of 27.5 for al light-duty vehicles (LDV).
This was interpreted as cars achieving 35 mpg by 2020, and trucks meeting 27.5 mpg by
2020 (after meeting 24 mpg by 2011)

1
2. Rate for gasoline cars from 2006 to 2020 = I(i)(“)l —1 , where 19.3 is the fue

19.3

economy in 2006 (Cambridge Systematics 2008), 35 is the target for 2020, and 14 is the
number of years to accomplish thisimprovement.

27.5)(5

3. Rate for gasoline trucks from 2011 to 2020 = [(7 )l — 1, where 24 is the fuel

economy required in 2011, 27.5 is the mpg required in 2020, and 9 is the number of years

to accomplish this improvement.
1

4. Rate for hybrid cars from 2006 to 2025 = [(ﬂ)(ﬁ)l — 1, where 36.3 is the average

36.3

hybrid fleet fuel economy for model year 2009 Department of Energy (DOE 2008), 100
is anticipated fuel economy of hybrids in 2025 (assuming PHEV's will be a substantial
portion of market), and 19 is the number of years to accomplish this improvement. This
rate was only used in the “high” forecast, and is the only difference between the high and
low forecasts. This rate of fuel economy improvement for hybrid vehicles changed from
1.4% (current rate of improvement) to 5.5%.

5. The fuel economy improvement rate for diesel cars and trucks were determined with
similar formulas. Table 4.5 shows the fuel economy improvement rates used in the
Cambridge Systematics model, and Table 4.6 shows the modification of these rates to
include new 2020 CAFE standards.
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Table 4.6: Cambridge Systematics Fuel Economy I mprovement Rates

2006-2012 2012-2030
Conventional Gasoline Car

Conventional Diesel Car
Conventional Gasoline Truck
Conventional Diesal Truck

Table4.7: Modified Fuel Economy Improvement Rates

| 2006-2012 2012-2020 2020-2025
Conventional GasolineCar | 4.3% 4.3% 1.4%
Conventional Diesel Car 1.9% 1.9% 1.4%
Conventional Gasoline Truck | 7.1% 1.5% 1.3%
Conventional Diesel Truck | 1.3% 1.5% 1.3%

When applying these modified fuel economy improvement rates in the Cambridge model
and keeping al other assumptions constant, the 2025 prediction for fleet-wide fuel economy
increases from 27.1 mpg to 31.7 mpg.

1. Thefleet composition used in calculating VMT growth was altered based on VMT, rather
than registered vehicles. The fleet composition used in the Cambridge model based on
registered vehicles (and then VMT of truck types) was 51% cars, 40% light trucks, and
9% heavy trucks.

a. Using U.S. VMT data, the fleet composition is 56% cars, 36% LDT, and 8% HDT
(FHWA 2008).

b. Asaconsequence of using the U.S. VMT data, this adjusted annual VMT growth
to 1.100% (up from 1.067%).

c. When using this fleet composition, with all other assumptions kept the same, the
2025 fleet wide fuel economy decreases very dightly from 27.1 mpg to 27 mpg.

2. The fleet composition used in averaging the fuel economy of different fuel types was
altered based fuel consumption (Davis & Diegel 2008):

d. Diesel car = 1%, light trucks = 7%, heavy trucks = 92%

e. Gasoline car = 55%, light trucks = 42%, heavy trucks = 3%

f. Thesevalueswere used in “MPG New Forecast” Tabs.

g. When using these fleet compositions to calculate the future market shares of
gasoline and diesel vehicles, with all other assumptions kept the same, the 2025
fleet wide fuel economy estimates decrease from 27.1 mpg to 25.8 mpg.

3. The current (2009) fuel economy of hybrids was also adjusted by averaging the fuel

economy achieved by car hybrids and LDT hybrids using combined city and highway
fuel economy (DOE, 2008).
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h. The average fuel economy of hybrid cars in 2009 is 36.3 mpg (up from 34.4
mpog),

i. Thefuel economy of hybrid trucksSUVsis 24.8 mpg (down from 30 mpg).

J. When using these values for present hybrid vehicle fuel economy, with all other
assumptions kept the same, the 2025 fleet wide fuel economy decreases very
slightly from 27.1 mpg to 27 mpg.

4. Results:
k. When including all 4 assumption changes, the high-end forecast of fleet wide fuel
economy in 2035 is 55.3 mpg.
[. When including all assumption changes, except the increased rate of hybrid fuel
economy improvements, the low-end forecast of fleet wide fuel economy in 2035
i$29.0 mpg.

Evidenced from the results of these modifications to the origina Cambridge Systematics
assumptions, changes to the present fuel economy and overall fleet composition do not have a
considerable effect on the fuel economy projections. However, modifying the rate of fuel
economy improvements, and changing fleet composition to reflect fuel type resultsin arelatively
large effect on the fuel economy projections.

It should be noted however, that that the assumptions having the least amount of certainty
have the most substantial affects on the fuel economy projections. For example, the rate of
hybrid vehicle fuel economy improvements, and their corresponding market penetrations, has a
relatively large impact on fleet wide fuel economy projections. Increasing the rate of fuel
economy improvement to 100 mpg hybrid fleet in 2025 (thanks to plug-ins) increases the fleet
wide 2035 fuel economy from 29.0 mpg to 55.3 mpg. This same effect would be seen if the
model included a rapid increase in the efficiency and market penetration of other alternative
vehicle technologies such as fuel cell vehicles and bio-fueled vehicles.

In general, because these fuel economy projections are lower than the Cambridge
Systematics fuel economy projections, the JACK-estimated 2035 revenue will be higher. Table
4.7 shows total revenue projections for year 2035 using our recommended low and high
projections in comparison to the Cambridge Systematics' low, medium, and high projections; the
differences are quite dramatic.

Table 4.8: The Effect of Fuel Economy Projections on 2035 Revenue

New Scenario | Ot& Revenue Cambridge Total Revenue
($Billion) Systematics Scenario ($Billion)
Low 9.4 Low 78
Med 6.0
High 6.8 High 53
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4.5 JACK Usage of Non-CS M PG Scenarios

A critical part of the JACK Model revenue prediction is the yearly average mpg
calculation, which is also closely linked to the Reduction Rate utilized in the calculation as one
of two main components generating revenues from fuel taxes, SMFT and the FMFT. For model
revenue accuracy predictions, it is critical to achieve the most accurate Reduction Rate as
possible. In using the JACK model, one can choose between pre-determined scenarios, or enter
one’'s own value for the year 2035 to generate a prediction of average mpg for a given year.
Figure 4.5 shows how the mpg varies with several scenarios pre-determined.
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Figure 4.8: MPG Evolution on Pre-Determined JACK Scenarios

The three scenarios depicted above are the values obtained when applying the “low,”
“med,” “high,” or “LM” in the 2035 mpg box. For the purposes of revenue predictions, the
model allows for the selection of one of these scenarios, which then provides a correlated value
for the average mpg calculation for each year.

When a value is entered as a 2035 predicted MPG, the system has, of course, no pre-
determined scenario to rely on; instead it uses a straight line fit for the intervening years. The
annual increase is the difference between the projected mpg and the current mpg, divided by the
27 years that the model predicts. The problem with this approach is that it does not match the
other exponential growth lines, creating possibly large errors in intervening years. The
researchers recommend a change in the JACK model to use an exponential fitted line on a user-
inputted MPG.
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4.6 Effects of Commuter Choiceson Fuel Tax Revenue

Fuel tax revenue is a function of fuel consumption, which in turn depends on commuter
choices. Commuter behavior is affected by a multitude of factors, but two are likely to play
strong rolesin the future: fuel prices and environmental concerns.

4.6.1 Fud Pricesand VMT

In the U.S,, relatively low gas prices from 1982 through 2004 helped spur the growth of
driving. Figure 4.6 shows the real price of gasoline since 1991 in inflation-adjusted 2008 dollars.
Prices were flat until 2003, but saw a 100% increase from then to 2008.
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Source: Energy Information Administration
Figure 4.9: Real price of gasoline since 1991 in inflation adjusted 2008 dollars

The effects of recent gas price increases on commuters in the Austin—San Marcos
Metropolitan Region of Texas are depicted in Figure 4.7. The colors show the average household
spending on gasoline in 2000 and 2008, respectively. Tellingly, the area spending less than
$1600 per household has shrunk to just the urban core, while commuters in the suburbs have
seen their expenses grow from about $2000 to over $3800.
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Figure 4.10: Comparison of Household Spending on Gasoline in 2000 and 2008

Previously stable gas prices and rising incomes had fueled growth in personal travel.
Between 1984 and 2001, real per capitaincomes increased by 28 percent, while the per mile cost
of car travel fell by 42 percent (Polzin, 2006). In the early 1980s, the average American drove
fewer than 20 miles per day, but by 2004, this figure had increased to 27 miles per day. But in
the past three years, vehicle travel per capitain the U.S. has begun to decline, as shown in Figure
4.8.

According to the U.S. Department of Transportation, total vehicle miles traveled per
person per day reached a peak of 27.6 in 2005 and declined to 27.2 in 2007. This represents a
departure from the trend between 1990 and 2003. The U.S. DOT reported that Americans drove
10.7 billion fewer VMT in September 2008 than the same month in 2007, a total of 4.4% less,
for the 11™ straight month of lower VMT. Over this 11-month period, there has been 90 billion
fewer VMT (Transport Topics, 2008). The decline in driving has had the effect of reducing gas
sales (Campoy, 2008). As aresult of this continued decline, the Federal Highway Trust Fund has
collected $3 hillion less between October 2007 and September 2008, yet its spending has
increased by $2 billion (Transport Topics, 2008). These events forced the federal government to
inject $8 billion into the Federal Highway Trust Fund in September 2008 to keep it solvent.
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Figure4.11: VMT per person per day in the US 1982-2007

Experts estimate that while gas consumption might decline only about 2 to 3 percent in
response to a 10 percent increase in fuel prices in the short run, in the long run, gas consumption
would be likely to decline 8 to 10 percent in response to that level of increase. Families that
spend a large portion of their income on gas are being deprived of flexibility and are also losing
the ability to absorb the costs. The popularity of alternative transportation modes has increased.

Use of public transit in Austin, for example, has rapidly increased compared to last year.
Capital Metro reported plans to purchase an additional eight new buses to expand its growth due
to increased ridership (it reported a 12 percent growth in ridership in July compared to June
2008) (Capital Metro, 2008). It can be inferred that an increase in fuel price does affect the mode
choice of consumers, and Capital Metro is an example herein Texas.

Consumer decision making in vehicle purchases is also changing. October reports of
vehicle sales in 2008 show manufacturers experiencing deep declines due to the financial
downturn in the global economy since September 2008 (Bunkley, 2008). For example, GM
reported a 45% decline in sales and Ford a 30% decline. Even manufacturers with efficient fleets
reported considerable drops with sales falling 33% at Nissan, 25% at Honda, 31% at Hyundali,
and 23% at Toyota. Current commuter trends toward economical means of travel will continue
and this will affect housing choices.

4.6.2 Housing Choices

Decisions about where to live or work, which neighborhood to move to, and which job to
take all profoundly influence travel behavior in the long run (Congressional Budget Office,
2002). Low gas prices in the past encouraged suburban sprawl, as families chose cheaper and
larger exurban housing. Living in the suburbs resulted in long commutes by these households,
leading to high fuel consumption. However, as fuel prices increased over the last few years, the
cost of transportation increased. Cortright (2008) noted that:
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“...households most affected by the rise in gas prices were those who had stretched
the family budget to buy a house on the suburban fringe. These families spent a
higher fraction of their income on gas than the typical household and had less
flexibility to accommodate the higher price of gas than others. And for the same
reasons, as gas prices rose, houses in these far-flung neighborhoods tended to lose
their market appeal first and fastest.”

Urban form is highly influential in shaping automobile expenditures, and compact mixed
use developments generally are associated with lower rates of vehicle ownership and auto-
dependency; people who live in low-density suburbs drive much farther than those living in
cities (Bureau of Transportation Statistics, 2003). Figure 4.9 illustrates this relationship.
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Figure 4.12: Density Reduces Vehicle Miles Traveled

Cities with the lowest vehicle miles traveled are cities that have incorporated
neighborhoods with a “combination of density, a mix of land uses and transportation alternatives
that enable households to travel less. Almost all of these places are located in the more central
and close-in neighborhoods of these metropolitan areas’ (Cortright, 2008, p.18). Cortright also
reported that

“over aperiod of years, individual households have substantial alternatives to reduce
their energy consumption. Households can, for example, purchase vehicles with higher
fuel efficiency. But the high mobility of American households also gives them huge
opportunities to reduce their fuel consumption. The average American moves once every
seven years. Even before the big run up in gas prices, many Americans were already
moving to take a new job or to shorten their commute to an existing job.”
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In 2005, about 4 million people moved in connection with a new job and 1.3 million
people moved to shorten their commute (Bureau of the Census 2006). A 2005 Harris Poll
showed that 28 percent of the population responded to high gas prices by looking for a place to
live closer to work (Harris Interactive Incorporated 2005). A Gallup poll taken in 2007 showed
that 10 percent of the population reported changing jobs to shorten their commute in response to
higher gas prices (Overberg and Copeland 2007). The opportunity for moving households closer
to their jobs is extraordinary. One estimate is that the typical household drives three to seven
times farther than if they lived in the nearest similar neighborhood to their place of work (Anas,
Arnott et al. 1998).

In cities across the United States, living in denser, revitalized neighborhoods is becoming
increasingly popular. In the future, the most desirable places to live will most likely be in the
urban core (Brueckner, 2005). It is likely that elevated gas prices will continue to draw people
back to places in the state or city that are most fuel-efficient neighborhood. For example, a study
conducted in 2006 by the Center for Transit Oriented Development (CTOD) found that more and
more households want to live near transit oriented development. Further, by 2030 the CTOD
projects that 16 million households will want to live near transit (based on data collected in
2000).

Urban trends like New Urbanism, Smart Growth, and Transit-Oriented Development
being promoted by agencies like the EPA (EPA, 2008) are likely to shape our behavior too. New
Urbanism and Smart Growth call for an integrated, environmentally sensitive approach to land
use and transportation planning that promotes public transit, walking, and mixed land use
features [e.g., homes, offices, and shops (NAHB, 2008)]. As transportation is a derived demand,
elasticity of demand is dependent upon land use and the availability of other non-auto modes of
transport. For example, Kahn (Kahn, 2000) found that suburban households drove 31 to 35%
more than their urban counterparts.

The U.S. Department of Energy’s forecast for annual oil prices in 2009 is $92 per barrel
compared to a 2007 average of $72 per barrel (Energy Information Administration 2008). Given
that these forecasts represent marked changes from the housing and energy outlooks of just afew
years ago, it seems likely that the pattern of changes we are seeing in consumer behavior are
likely to continue into the future (Cortright, 2008).

4.6.3 Driving choices

Commuter responses to fuel prices are a critical element in reviewing future travel
demand. Hughes, Knittel, and Sperling (Hughes et a., 2008) found evidence of a shift in the
short-run price elasticity of gasoline demand. The authors studied the price and income
elasticities of two datasets covering the periods November 1975 through November 1980 and
March 2001 through March 2006. They found strong evidence of a structural change in the
demand for gasoline, with the demand being significantly more inelastic in the period from
2001-2006 compared to 1975 through 1980. They postulate that the shift in short run elasticity
may include “more permanent changes, in the vehicle stock (e.g., the purchase of more fuel
efficient vehicles).”

Hughes et a. also found a negative coefficient on the interaction between increasing
incomes and changes in gas prices with greater sensitivity to price changes for groups with
higher incomes. They postulate that part of this sensitivity may be because as incomes rise,
discretionary trips increase, while those at the lower income spectrum have aready minimized
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trips, leaving little room for adjustment to higher prices. The responses to increased fuel pricesin
2008, which also impacted food prices, may change this elasticity dynamic for future commuters.
Another areathat providesinsight into the impact of oil price on transportation demand is
the review of transportation costs as part of logistics costs. Simchi-Levi notes that since 2003
transportation costs as a percentage of total logistics costs have increased to almost 52% of
constituent costs. Simchi-Levi found that for every $10 increase in per barrel of oil there was an
additional $0.04 cents per mile increase in transportation rates (Simchi-Levi, 2008). Simchi-Levi
found that the tipping point in the elasticity for one manufacturer came at the $150-a-barrel
mark. At this point, as shown in Figure 4.10, the group would move from five distribution
centers to seven to cut diesel costs. This change would also impact diesel tax revenues, and other
registration revenues as trucking resources shift to these new distribution center routes.

Oil price vs. inventory carrying and facility costs
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Figure 4.13: Scenario of Distribution Center Shifts at $75 and $200 a barrel

4.7 Market Penetration of Alternatively Fueled Vehicles

Shifting to an alternative vehicle mix that is less reliant on gasoline will require many
activities to happen. According to U.S. Congressman LIoyd Doggett, it will require “a shift from
our over-dependence on fossil fuels, but also our over-dependence on fossilized thinking” (U.S.
Congressman Doggett, 2008).

4.7.1 Fuel Efficiency and Fuel Consumption

Figure 4.11 shows historical trends in fleet efficiency. Two distinct phases are seen: the
1968-1985 period with improving efficiency and smaller vehicles, followed by the 1986-2003
period, with decreasing efficiency. At first, consumers traded size for greater efficiency, but then
accepted static efficiency for larger vehicles.
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Exhiblt 6
Two Phases of Fleet Ffficiency
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Figure 4.14: Fleet Efficiency: Two Phasesin U.S

The types of vehicles in the fleet have a strong effect on overall fuel consumption. In
studying scenarios for U.S. gasoline demand, Booz Allen Hamilton analyzed how the gasoline
supply would look under three assumptions for the penetration of hybrid vehicle engine
technologies. As shown in Figure 4.12, under high adaptation of the technology, supply drops
from an estimated 11 billion barrels a day in 2025 to under 8 billion barrels a day (lower than
current rates). Clearly, gasoline demand drops if there is high hybrid penetration. But even at
medium penetration, gasoline consumption flattens, with serious consequences for gas tax

revenues.
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Figure 4.15: Gasoline Supply Under 3 Hybrid Assumptions
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4.7.2 Changes Required to Business Practices

The shift to alternative fuel vehiclesis till a* picture for the future” according to many
experienced pundits. For example, at a recent alternative car exposition held in Austin, Texas, Ed
Kajer (Kger, 2008) noted that for the past 20 years we have seen many technologies put forward
that would revolutionize the car industry. However, none have come to fruition and he posited a
few factors that lie behind this. Number one was a sustainable business case was never made for
the mgjor automobile manufacturers to become a partner. He aso noted that there were multiple
critical stepsthat would have to align in a perfect symmetry for an alternative fuel vehicle market
penetration to occur. This ran the gamut from being able to make it out from under R& D costs,
battery maturity (if electric vehicles were the chosen technology), through volume manufacture
to credit availability for purchasers. Looking specifically at plug-in-hybrids, for example, the
biggest issue today is energy delivery and storage, which Kajer called a ‘game changer’ in this
market. Kgjer noted that battery use, time to charge, residual value, and cost to charge were all
key components here.

Market penetration of hybrid and alternative vehicles will require new business
approaches. Sven Thesen of Better Place Project noted that for their electric vehicle project the
traditional business plan was “turned on its head” (Thesen, 2008). Better Place has worked with
Nissan/Renault to retool afactory in Turkey and expects to produce 150,000 electric vehicles by
2012 for its two initial market roll-outs in Israel and Denmark. The difference is in Figure 4.13,
which compares traditional market driven scenario to Better Place’ s accelerated roll-out scenario.

Better Place’s Accelerated Scenario

Percent of PHEV Market Penetration

Traditional Market-Driven Scenario

Years

Source: Thesen, 2008
Figure 4.16: Accelerated Business Scenario

However, there are costs and risk with bridging this gap. Better Place has also opted to
target countries as opposed to states or smaller jurisdictions for their roll-out. Another factor that
complicates this business model (as an atypical model that might be translated for the vehicle
manufacture industry) is that the roll-out of these plans is occurring in countries that have small,
relatively homogenous populations, as well as shorter commute trips. They are also assisted by
the short shipping distance and delivery time from factory to market.
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Mark Duval (Duvall, 2008) noted that if the U.S. market achieved 1 million plug-in
vehicles within the next eight years he would consider this to be “success.” This was because
currently there are:

¢ No large scale manufacturers (especialy here in the U.S.) producing components to
make the roll-out easy, compatible, and reasonably priced.

¢ Projects will need public funding for profit companies to enter the market.

e The smart-grid is not yet in place and the current grid is not yet sophisticated enough to
supply electricity to users at different cost rates and hours.

e End user infrastructure is not in place and will require readily available financing. For
example, citieswill need to be able to issue bonds to finance plug-in- infrastructure.

4.7.3 Improvements Required in Battery Technology

Another issue is the capacity of batteries as a fuel source, especially in terms of their
charging and discharging cycles. According to recent analysis by Boskovitch (Boskovitch, 2008)
to deliver hybrid functionality, batteries must be capable of regular deep discharge at
approximately ~70-80% of operation (DOD). This means the battery must maximize energy
content and deliver full power even while DOD is occurring. A typical electric car uses around
250-350 watt-hours per mile. However, the battery requirements for plug-in hybrids require a
combination of charging and discharging cycles over and above watt hours per mile used in
regular electric vehicles. Plug-in hybrid batteries also must operate at a variable DOD and must
be optimized for shallow DOD over along life span. As Figure 4.14 shows, achieving 300 Kwhr
by 2010 is optimistic, based on the current DOD capacity of batteries, battery size, and their
energy storage capacity. For a plug-in to achieve a 40-mile range, at a 50% DOD, at 500 kWh,
will cost around $20,000.

Current Battery Cost Estimate (0005 USD)

~300 $/KWhr - 2010 {optimistic)
~240 $/KWhr - USABC @ 100k (PHEV Sys)

® 500 $/kWh
800 $/kWh 13.2 13.2

,q33 33270

. N
10 Mile, 10 Mile, 40 Mile, 40 Mile,
80% DOD 50% DOD 80% DOD 50% DOD

Source: Boskovitch, Ricardo Inc, 2008
Figure 4.17: Battery Costs Estimates in Thousands of US$H
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Boskovitch notes that battery cost is still a contentious subject, driven by “differing views
on materials, costs, rate of technical improvement, permissible depth of discharge (DOD), range
etc.” (Boskovitch, 2008).

4.7.4 Buyer Costs

Another mgjor hurdle that will have to be overcome is the extra costs that alternative fuel
vehicles pose for a consumer. For example, a collaborative project by Ricardo, QinetiQ, and PSA
Puegeot Citroen found that a parallel hybrid-electric diesel represented an improvement of about
30% in fuel economy. However, the extra costs for the additional hybrid powertrain came in at
approximately US $5,600 more than a conventiona vehicle (Green Car Congress). Booz Allen
Hamilton estimated the breakeven point of the Lexus Hybrid versus conventional vehicle to sit at
around $2.55 a gallon as shown in Figure 4.15.

Lexus Hybrid SUV Breakeven Fuel Cost
5 year life
55,000 — 5y )
Conventional

% $50,000
]
E Hybrid
[
w  $45000
=
=N
@
2
£ $40,000 Breakeven fuel
A price $2.55 /gal
£
S $35000 4 Note: Breakeven fuel price
e over 7 year life $1.80/gal

$30,000 U LI RN RN I RRRR R RN L RRRE LI RRRR R RRRER RN RN anyn|

1.50 2.00 2.60 3.00 3.60 4.00 4,50 5.00
Fuel Price ($ per Gallon)

Mote: Assumes Hybrid Bx 400 with net purchase price premium of $3,200 ($2,800 price premium
offset by hybrid tax deduction valued at $500) over 2.3L Scyl conventional Rx 330, With 52% city/
38% highway driving split, tybrid averages 38mpg; Corwentional averages 20mpg. 12,000 driving
miles per year.
Source: Edmund.com, Booz Allen Hamilton analysis

Source: Quarls Booz Allen Hamilton 2004
Figure 4.18: Breakeven Fuel Cost

Ricardo also looked at the payback period for a plug-in-hybrid electric vehicle (PHEV)
and found that even at $6 a gallon it will be ailmost three years before an owner breaks even
(Figure 4.16). This calculation also depends on the number of vehicles manufactured. Break-
even will occur faster as manufacturing totals increase and the purchase price of these vehicles
begins to lessen.
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PHEV20 Payback Period with Gasoline Price Increases
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Source: Boskovitch, Ricardo, 2008
Figure 4.19: Payback period for a Plug In Hybrid with Automatic Gas Price Increases

4.7.5 Popularity of alternative fuel vehicles

The use of electric vehicles (EV) has many potential public policy benefits, including
reducing the U.S. dependence on foreign oil, particularly because only 3 percent of electricity
generated in the U.S. is derived from petroleum. Instead of operating on a gas or diesel engine,
an electric vehicle is powered by an electric motor that is supplied energy through a battery
charged with a central charging station installed in the vehicle owner’s garage or from a portable
charger. However, experts warn that the viability of the EV on along term basis is questioned,
especialy in states like California, where electricity costs are rising. Furthermore, the market
penetration of the EV has not been well received, especialy by customers. In 1998, only about
3,500 privately owned EVs were in use, primarily in California. Today, there are only a handful
of automotive manufacturers that produce EV's and the mgjority of those are on a lease basis or
only available for purchase in fleets.

Although hybrid vehicles have been sold in the United States since the Honda Insight was
introduced to the market in 1999, sales for the vehicle didn’t substantially take off until around
2005, as shown in Figure 4.17. In 2007, approximately 350,000 hybrid sales were sold, an
increase of about 40% over total 2006 sales (U.S. Department of Energy, 2008). California
remained the top state for hybrid registrations in 2007, with 26 percent of the market share,
followed by Florida (5.5 percent), New York (5 percent), and Texas (4.9 percent). Texas added
37 percent more hybrid vehicles compared to 2006, according to the data collected by R.L. Polk
& Co. (Houston Business Journal, 2008).
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Hybrid Sales Graph

330,000

2000 2001 2002 2003 2004 2005 2006 2007*
*Not including 1 month of Camry Hybrid sales.3 months of GS450h sales

Source: Electric Drive Transportation Association.
Figure 4.20: Hybrid SalesU.S

Despite increasing sales of hybrids and growing interest,

“industry analysts say a combination of factors, including often-hefty price premiums
and an acceptance by consumers of $3-per-gallon gasoline, will temper sales of
hybrids this year...recent introduction of new hybrids like the Saturn Green Line
Auraand Vue and the Chevrolet Tahoe Hybrid SU have boosted sales but not enough
for experts to predict the long term sales according to a J.D. Power and Associates’
(Ann Arbor Business Review, 2008).

As Figure 4.18 shows, the relative importance that consumers have placed on fuel
efficiency began to shift dramatically upwards only as gas prices increased after 2000.

100% : :
== 1 Overall exterior styling

90% - =#- 2 Overall Quality
§ 80% == 3 Visibility
g 70% ittt === 4 Qverall status the vehicle projects
g. 60% — / /a == 5 | ow monthly payments
; , /—' =e= § Low price compared to competition
% 50% ‘/.// == 11 Seating capacity
E 40% — =—e— 14 |nterior features (e.g. cupholders)

30% =&= 18 Overall fuel economy

20% Nsaurca: CMW Marketing Research, Inc. ——— 22 OVera" SafEty

1994 1996 1998 2000 2002 2004 2006 2008
Source: Boskovitch, Ricardo 2008
Figure 4.21: Consumer Preferences when Purchasing a Vehicle
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4.7.6 Themix of fuels going forward

The next issue that will play a pivotal role in development of alternative fueled vehicles
is the availability of alternative fuels. For example, UBS Investments and Ricardo Inc. in 2007
noted that they were ‘bullish’ on improved diesel vehicle penetration in the U.S. (UBS, 2007). In
this investment update on global auto research they recommended shifting into diesel
commodities. This was based on a projected forecast of 1.5 million diesel sales by 2012.

Ethanol was also seen throughout 2006/2007 as a fuel for the future, with GM and other
manufacturers creating large FlexFuel car campaigns (GM, 2008). However, as can be seen in
Figure 4.19, while ethanol’ s cost competitiveness could match the spot price of gasoline in 2005,
other factors come into play in increasing its market share over the long run. The biggest of these
is that the infrastructure to supply ethanol is still in infancy at multiple stages along the supply
and distribution curve and at the end-point—the consumer. While ethanol plant construction took
off in 2007, the dramatic increase in the cost of corn led to a backlash against an industry using a
food staple for the food and feed industry to produce vehicular fuels (Monbiot, 2007).

Ethanol Cost Competitiveness

2004 U.S. Average Ethanol—1.71 cpg
180 2005 Spot Gasoline 170 cpg
wo T T T T T T
140 124
120 —
100
80 72

50 —

U.S. Cents per Gallon

40
20 -

O -
Brazil Brazil U.S. Caom Brazil

Sugar-Based Sugar-Based Local Sugar-Based
Local via Carib Direct

— —
=

Landed U.S. East Coast

Source: Quarls at Booz Allen Hamilton, 2004
Figure 4.22: Ethanol’s Cost Competitiveness

Admittedly part of the shift to ethanol was to implement the Renewable Fuel Standards
(RFS) mandates passed under the Energy Policy Act of 2005, which mandates RFS of 7.5 billion
galons by 2012. Governor Rick Perry of Texas requested an exemption from the EPA for this
statewide fuel objective and was turned down by the EPA in the summer of 2008. As 2008 draws
to the close the ethanol industry is now reportedly seeing its first bankruptcies. Vera Sun, one of
the nation’s largest ethanol producers, announced at the end of October 2008 that it had filed for
bankruptcy (Galbraith, 2008). Figure 4.20 shows ethanol plantsin the U.S. as well as those under
construction in 2007.
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I Cornucopia

Ethamal plants:
& Operating
& Under construction

Source: ethanal.ong

Source: The Economist
Figure 4.23: Ethanol Plant Construction

Because of its corrosive nature, ethanol cannot be distributed through existing pipelines
in the U.S. Therefore, ethanol is reliant for its supply chain on the rail industry for the long-haul,
and the trucking industry to the final distribution points (Rocky, 2007). Figure 4.21 shows that
ethanol increased its share of railroad traffic after 2004.

Railroad Ethanol Traffic
is Rising Fast

(U.S. Rail Carloads of Ethanol)
150,000

125,000
100,000

75,000

50,000
25,000

0
'00 01 02 03 ‘04 '05 ‘06 'O7e

e — estimate Source: STB Waybill Sample and AAR estimates

Source: Rockey, AAR, 2007
Figure 4.24: Railroad Ethanol Shipments 200-2007

The biggest hurdle to still be overcome is the need for destination terminals if biofuels
are to hold market share. Figure 4.22 shows the Association of American Railroad analysis on
the need for destination terminals.
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Need for Destination Terminals

U.S. Ethanol Biorefinery Locations
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Figure 4.25: Destination Terminals for Biofuelsin the U.S

Plug-in hybrids also have ‘fuel’ issues as their potential implementation into the market
place is reviewed. The major issue upon this industry is the ability of the electricity
manufacturing industry to be able to supply electricity at competitive prices, without overloading
the U.S. electricity grid.

4.8 Through the Crystal Ball

The research team developed a range of likely fleet-wide fuel efficiencies for Texas
through 2035. This endeavor is very unscientific because of the many unknown variables, such
as future innovative technologies and unforeseen policy changes, particularly with the onset of a
new presidency. Looking to Europe doesn’'t help as a predictor because Europe has different
emissions legidlation, different vehicle safety standards, and a different freight delivery system
than the U.S.

In addition, two other factors are completely unpredictable:

1. Land use patternsthat could dramatically change and alter commuting patterns.
2. The effect of demographic changeson VMT.

Our extensive literature review and analysis of market penetration of fuel efficient as well
as hybrid vehicles (both light duty and heavy duty) does not indicate a ‘dramatic’ shift in the
U.S. fleet. Seven things must occur to improve market penetration and drive the shift to greater
fuel efficiency:

1. The public demands greater fuel efficiency.

2. Legidation is pushed through—continuously—that mandates a shift to higher fuel
economy across the entire fleet, not just the small light sub-compact fleet where it
currently has the most effect.

104



3. Technological breakthroughs occur that lead to dramatic uptake of alternative-fuel
vehicles.

Consumers demand such vehicles.
Such vehicles are manufactured in sufficient quantities to lower the prices.
Manufacturers drop the current *hybrid’ premiums.

N o g &

Consumers have access to easy credit to make a 3-5 year breakeven period attractive.

Assuming CAFE requirements do not change very much in the near future, new carsin
2020 will achieve 35 mpg and new light-duty trucks will achieve 27.5 mpg. The rate of
improvement in heavy-duty vehicle fuel economy is nearly zero, so it can be assumed that 2020
fuel economy will be equal to present fuel economy (5.5 mpg). From 2020 through 2035, we
assume that fuel economy will improve at historic rates to 43-55 mpg for cars, 33-45 mpg for
light-duty trucks, and 6-8 mpg for heavy-duty trucks. Weighting based on VMT and BTU, 2020
new vehicle average fuel economy will be only 26-35 mpg, and 2035 new vehicle average fuel
economy will be 35-45 mpg.

4.9 Chapter Conclusion

The JACK model for projecting TXDOT revenue, along with its embedded Cambridge
Systematics model for projecting Texas fleet fuel economy, is quite complex and has many
assumptions. Among them, those directly pertaining to fuel economy and fuel consumption were
examined in this chapter.

JACK assumes that 25% of fuel revenue is from diesel, and then uses this to calculate an
average fuel tax rate of 19.9 cents per gallon. Because the proportion of diesel consumed has,
and likely will, change over time, the model should be more sensitive to these potential changes.
It would be more accurate to calcul ate revenue from each fuel type separately.

Another important assumption is the current Texas fleet fuel economy. The JACK model
default value is 17.9 mpg, which was obtained from the Cambridge Systematics analysis.
Calculations show that this is a reasonabl e assumption when weighting by vehicletypeand VMT
but is biased by a high of 2 mpg when weighting by vehicle type and fuel consumption (in BTU).
This 2 mpg difference changes total 2035 revenue by $150-420 million, depending on the fuel
economy projection scenario chosen (high, medium, or low).

Choosing a fuel economy projection can alter 2035 total revenue substantially. The
difference between the low and high scenario is over $2.5 hillion dollars in 2035. However, it
should be noted that even in the low scenario, total revenue is projected to decrease by $1.3
billion from 2008 to 2035, according to the JACK model.

In addition, other changes in human behavior, vehicle and travel choices, vehicle
technologies available, and demographic factors have the potential to impact vehicle fleet fuel
economy, aswell as vehicle milestraveled. All of these cannot be easily or accurately quantified,
making a prediction of future fuel efficiency mostly guesswork.

The JACK model utilizes arange of future fuel efficiencies: the low end at 41.0 mpg (by
2030) and on the high end, 114.4 mpg. The research team’s projection is that by 2035 Texas will
see a composite fleet fuel efficiency of around 35 mpg on the low end to around 45 mpg on the
high end.
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Chapter 5. Construction Inflation Rates

5.1 Introduction

For effective budgeting of highway projects, it isimportant to closely monitor changesin
highway construction costs. For this purpose TXDOT maintains a Highway Construction Index
(HCI) that compares the cost of business in a defined period to the cost of business in the base
year (1997). This chapter provides a review of the HCI, and the development of a method to
forecast highway construction inflation.

5.1.1 Background

During the last several years the construction industry has been experiencing a higher
inflation rate than the overall economy. According to Bureau of Labor Statistics (BLS), inflation
in highway and street construction is much higher than residential construction, non-residential
construction, and the overall economy. The cost of highway construction materials such as fuel,
steel, concrete and oil-based materials has been rising higher than general inflation. From the
year 2003 to 2007, the cumulative increase in highway and street construction cost was around
43%, agreat contrast to the 28% increase in residential and non-residential construction and 13%
for the overall economy.

5.1.2 Chapter Scope

Task 5: Develop a methodology for estimating a range of future construction inflation
rates.

A. ldentify the appropriateness of one or more symptomatic indicators of construction
inflation rates for use in projecting such rates.

B. Develop a confidence bands for the relationship between symptomatic indicator(s)
and the construction inflation rate.
This chapter is organized as follows:
¢ Review of TxDOT’ s Highway Construction Index
o Comparison of HCI with other cost indexes
o |dentification of symptomatic indicators of construction inflation rates.

e Forecasting of construction inflation.

5.2 HCI Review

TxDOT maintains a Highway Construction Index (HCI) to compare the cost of business
in a defined period to the cost of business in base year 1997. Thisindex is a weighted average of
four representative categories in highway construction costs that are divided into elements and
further subdivided into control items.
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5.2.1 Control Items

These control items, 34 in total, are considered to be representative of the bid items that
are usually included in a highway construction project. Table 5.1 shows the various control items

that are included in the HCI.

Table5.1: Highway Cost Index Control Items

HCI Item Definition

Category Element Control Item
Earthwork Excavation Roadway Excavation
Embankment Roadway Embankment
Subgrade and Base Course Lime Treated Subgrade or Base Lime
Lime Treatment
Plant Mix
Cement Treated Subgrade or Base Cement
Cement Treatment
Cement Treatment PIt Mix
Asphalt Treated Subgrade or Base Asphalt Treatment Plt Mix
Flexible Base Flexible Base
Surfacing Surface Treatment Surface Treatment Asphalt
Surface Treatment Aggregate
Bituminous Mixtures Hot Mix Asphaltic Concrete
Concrete Pavement Continuous Reinforced Concrete
Pavement
Jointed Reinforced Concrete Pavement
Jointed Non-Reinforced Concrete
Pavement
Structures Structural Concrete Class A Concrete

Class C Concrete

Class S Concrete

Bridge Rail (Rigid)

Bridge Slab

Metal for Structures

Metal for Structures

Precast Prestressed Conc Structural

Regular Beams

Members Box Beams
Foundations Steel H Piling
Concrete Piling
Drilled Shafts
Drainage Corrugated Metal Pipe
Reinforced Concrete Pipe
Reinforced Concrete Pipe (Sewer)
Concrete Box Culvert
Concrete Box Sewer
Riprap Concrete Riprap
Retaining Walls Retaining Walls

Source: Technical Memo: Review and Analyze the Current Methodology of Developing the HCI” by Anderson and

Damnjanovic

The composite HCI index is built up from the item level, to the element level, to the
category level, and then finally to the functional level or composite index, representing all 34

items.
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5.2.2 Calculating the HCI
Figure 5.1 and Table 5.2 demonstrate the cal culation process for the HCI.

Base year ltem Base year Base year
weight Element weight Category weight
l Element l Category Functional
ltem Index ——|
Index Index Index

HCI Calculation

Figure 5.1: Calculation Process for HCI

Table5.2: Calculation Processfor HCI

1. Current Item Index = (Current Period Unit Price / Base period unit price) X 100

Current Period Unit Price = Current period total $/ Current period total quantity
Base period unit price = Base period total $/ Base period total quantity

2. Element Index = Sum of element index components

Element Index Component = (Base year Item weight X Current item index) /100

Base year item weight = (Base period $ for item / Sum of all base period $ for al itemsin
index) X 100

Base period $ = Base period unit price X Base period quantity

3. Category Index = Sum of category index components

Category index components = (Base period element weight X Element Index ) / 100
Base period element weight = Base period $ for element / Sum of all base period $ for al
elementsin category

4. Functional Index = Sum of functional areaindex components

Functional Area index component = (Base period category weight X Category Index )/
100

Base period category weight = Base period $ for category / Sum of all base period $ for
all categoriesin functional area

Source: Anderson and Damnjanovic

TxDOT calculates the HCI in terms of one month, three month, and twelve month
moving average. As shown in Figure 5.2, the one month moving average graph has a lot of
spikes while the twelve month moving average graph is fairly smooth. Hence the twelve month
moving average graph will be used for the purpose of evaluation and comparison.
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Figure5.2: TXDOT HCI Since 1997

5.2.3 Control Itemsand Weights

Table 5.3 lists the HCI control items according to their weightage by cost on the final
index value. From this table we can see that Hot Mix Asphalt Concrete has the largest cost
weightage. Asthisitem isin the surfacing category, that particular category gets the largest cost

weighage among all. If we look at element cost weightage in the surfacing category, we find that
the bituminous mixture has the largest weightage.
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Table5.3: Cost Weightage of HCI control items

Total

SN | Item Weightage
1 | HMAC 26.83
2 | Flexible base 7.66
3 | Continuous Re concrete pavement 6.95
4 | Surface treatment aggregate 4.80
5 | Roadway Embankment 4.61
6 | Surface treatment asphalt 4.55
7 | Jointed non Re concrete pavement 411
8 | Retaining wall 4.00
9 | Roadway Excavation 3.43
10 | Regular Beam 3.17
11 | Bridge Slab 2.99
12 | ClassC 2.74
13 | Concrete Box Culvert 251
14 | Reinforced Concrete Pipe (Sewer) 2.16
15 | Drilled shaft 2.02
16 | Lime 1.90
17 | Metal for structure 1.86
18 | Concrete Riprap 1.65
19 | Plant Mix 1.55
20 | Asphalt stabilized base 1.55
21 | Lime Treatment 1.49
22 | Bridge Rail 1.40
23 | Reinforced Concrete Pipe 1.35
24 | Concrete Box Sewer 1.18
25 | Cement 0.67
26 | Concrete Piling 0.62
27 | Jointed Re concrete pavement 0.54
28 | Cement Treatment 0.51
29 | Box Beam 0.47
30 |ClassS 0.46
31 | Corrugated Metal Pipe 0.13
32 | ClassA 0.09
33 | Plant Mix 0.04
34 | Steel H Piling 0.02

Figures 5.3 and 5.4 illustrate the comparative weights of the four primary item categoriesin HCI,
and the comparative weights of three primary types of surfacing.
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It is clear that surfacing-related items such as hot mixed asphalt concrete, flexible base,
continuous reinforcement concrete pavement, etc. are the items causing the greatest impact on
highway construction cost. These items are mainly composed of petroleum-related products and
steel, which have seen a sharp price increase during the last three to four years. This finding
explains why the HCI hasincreased in recent years.

5.3 Comparison of HCI with other cost indexes

Like Texas, other states and agencies also maintain their own cost indexes to record the
highway construction cost over the years. For example, the construction industry weekly
magazine Engineering News Record (ENR) has published construction cost indexes going back
to 1913. All of these cost indexes are calculated in different ways but their final objective is the
same, that is, to track the construction trend. In this section, we will compare the HCI to other
indexesto determineif it is a reasonable measure of construction inflation.

The purpose of comparison of the HCI with other indexes is to check whether the
construction cost trend obtained by the HCI is similar to trends obtained by other indexes.
Though these indexes are from different states, construction cost trends should not be
substantially different, as the components used for highway construction are similar from state to
state, and they should be closely related to national indexes.

5.3.1 Construction Cost | ndexes

The Federal Highway Administration (FHWA) prepares a cost index for all states and
one composite index for all federal projects. The Producer Price Index (PPI) of the Bureau of
Labor Statistics (BLS) of US Department of Labor contains various data to track the construction
cost at a national level. For highways, the BLS prepares the BHWY-Highway and Street
Construction.

The data used by the BLS for the PPI is quite different from all the rest because it
calculates industry data required for material and services of a particular type of construction.
The index includes the prices of materials and services used directly or indirectly in highway
construction from more than 180 industries. It does not include labor cost and it is only available
at the national level.

We have selected several available indexes for the purpose of comparison with a base
year of 1997 because the HCI data is available from that date onwards. Other indexes are
converted to this base year using Equation 1.

Index of Year X (for base 1997) = (Index valuefor Year X /Index value for 1997)* 100

The states chosen for our comparison are Washington, California, Colorado, Oregon, and
Utah and at the national level, FHWA, PPl — Highway and street construction and ENR
construction cost index. The reason these states were chosen over the others is because these
were the only DOTSs that published an annual highway construction cost index. Figure 5.5
presents a graph comparing these indexes.
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Figure 5.5: Comparison of indexes

The graph shows that, from the year 1997 to 2003 all indices are increasing at an almost
flat rate, but after the year 2003 there are sudden changes in the trend of all the indexes. After
2006 al indexes either started flattening or started decreasing. The reason for this will be
analyzed in the next section. Here we notice that Texas HCI is slightly higher than all the indexes
except for the California construction cost index. Also, the ENR construction cost index doesn’t
exhibit a significant change after 2003 and its change is much less than other indexes probably
because the ENR index combines all types of construction.

5.3.2 IsHCI Different from Other Indexes?

Although it is evident by looking at the graph that the HCI trend is close to al other
indexes, we wanted to check the amount of variance in the same direction. For this process we
did an analysis of variance (ANOVA) in two samples. The first sample includes the HCI and
second sample does not. The ENR construction cost index was not included because it is not
specific to highway construction.

Overview of ANOVA
1. Itisastatistical method to compare population parameter between two or more samples.

2. This is done with an ANOVA table. This table basically compares two sources of
variation: the variation within each population against the variation among sample means
from the different populations. If the latter variation is large relative to the former, then
there is evidence of differences between population means. The key value in the ANOVA
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table is the p-value, i.e., the probability that the means are different. A small p-value is
evidence of different population means. Besides the ANOVA table, it is informative to
look at confidence intervals for al differences between pairs of means. Confidence
intervals that do not include O are evidence of means that are not equal.

3. The test statistic is based on the Fisher or F-Distribution of the sample (for ratios with
different degrees of freedom in the numerator and denominator)
F = MS getween /M S within
where MS = Mean Square
Large F value indicates that the samples are different.

4. Assumption:
e Random samples are independent

e Population variance are equal (largest / smallest < 4)

e Thedistribution in each group is Normal.

Performing ANOVA

From the data collected, al the samples are independent and the largest and smallest
variance ratio is less than four except in the case of California. But, because it is present in both
samples it can be used for our comparison. For normality test, performing the quantile-quantile
(Q-Q) test on Cadlifornia would be sufficient to say that all other indexes are aso normally
distributed because the California cost index has the largest variation after 2003 (see Figure 5.6).
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Figure 5.6: Q-Q normal plot of California

In the above Q-Q plot for California, we see that most of the data are distributed along a
line at 45 degree from axes. The trend line is aso very close to a 45 degree line. Hence, we can
say that the data exhibits a normal distribution.

Tables 5.4 and 5.5 present the results of the samples.
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Table5.4: First Sample (Without HCI)

Summary stats for samples

FHWA PPl WSDOT Cadlifornia Colorado  Oregon Utah
Sample sizes 11 11 11 11 11 11 11
Sample means 119509 117.744 112492 146.409 132.762 115891  109.914
Sample standard deviations 19.626  19.885 29.101 48.941 35.242 26.424 35.972
Sample variances 385.197 395430 846.879 2395199 1241.973 698.222 1294.015
Weights for pooled variance 0.143 0.143 0.143 0.143 0.143 0.143 0.143
Number of samples 7
Total sample size 7
Grand mean 122.103
Pooled variance 1036.702
Pooled standard deviation 32.198

OneWay ANOVA table

Source SS DF MS F p-value
Between variation 11106.206 6 1851.034 1.786 0.1146
Within variation 72569.141 70 1036.702
Total variation 83675.347 76

Confidenceintervalsfor mean differences
Confidence level 95.0%

Table5.5: Second Sample (With HCI)

Summary stats for samples

HCI FHWA PPl WSDOT Caifornia Colorado  Oregon Utah

Sample sizes 11 11 11 11 11 11 11 11
Sample means 135.035 119.509 117.744 112492 146.409 132.762 115.891 109.914
Sample standard deviations 32411  19.626 19.885 29.101 48.941 35242 26424 35.972
Sample variances 1050.500 385.197 395430 846.879 2395199 1241973 698.222 1294.015
Weights for pooled variance 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125
Number of samples 8

Total sample size 88

Grand mean 123.720

Pooled variance 1038.427

Pooled standard deviation 32.225

OneWay ANOVA table

Source SS DF MS F p-value

Between variation 12715.973 7 1816.568 1.749 0.1093

Within variation 83074.140 80 1038.427

Total variation 95790.113 87

Confidence intervals for mean differences
Confidence level 95.0%

Clearly, the F distribution of the second sample is less than for the first sample, which
means that the variance of HCI falls somewhere in the combined variance of the group.
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Observing the trend in the chart and by analysis of variance, we can say that HCI behaves
similarly to other indexes.

5.3.31stheHCI Closer tothe FHWA Index or to the PPI?

By general observation of the earlier chart, it appears that the HCI is more closely related
to the FHWA cost index than to the PPI. We will verify it by doing analysis of variance on two
samples, first between the HCI and the FHWA index (Table 5.6), then between the HCI and the
PPI-Highway and Street construction (Table 5.7).

Table5.6: HClI & FHWA

Summary stats for samples
HCI FHWA
Sample sizes 11 11
Sample means 135.035 119.509
Sample standard deviations 32411 19.626
Sample variances 1050.500 385.197
Weights for pooled variance 0.500 0.500
Number of samples 2
Total sample size 22
Grand mean 127.272
Pooled variance 717.849
Pooled standard deviation 26.793
OneWay ANOVA table
Source SS DF MS F p-value
Between variation 1325.964 1 1325.964 1.847 0.1892
Within variation 14356.970 20 717.849
Total variation 15682.935 21
Confidence intervals for mean differences
Confidence level 95.0%
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Table5.7: HCI & PPI

Summary stats for samples
HCI PPI
Sample sizes 11 11
Sample means 135.035 117.744
Sample standard deviations 32411 19.885
Sample variances 1050.500 395.430
Weights for pooled variance 0.500 0.500
Number of samples 2
Total sample size 22
Grand mean 126.390
Pooled variance 722.965
Pooled standard deviation 26.888
OneWay ANOVA table
Source SS DF MS F p-value
Between variation 1644.459 1 1644.459 2.275 0.1471
Within variation 14459.296 20  722.965
Total variation 16103.755 21
Confidence intervals for mean differences
Confidence level 95.0%

The lower F-value for the first indicates that the HCI is closer to the FHWA index than it
isto the PPI-Highway and Street construction. This means that the HCI is an acceptable measure
of highway construction inflation.

5.4 Indicators of construction inflation
In this section we identify some elements that may be causes of construction inflation.

5.4.1 Construction Inputs

According to BLS, the cost of inputs to construction industries increased at about the
same rate as other prices in the overall economy up until the year 2003. After that year those
inputs started increasing rapidly, as shown in Figure 5.7.
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Figure5.7: Cost Index of BLS Construction Inputs Compared to CPI and HCI, 1997-2007

From 1997 to 2007 inputs to construction industries increased 35% while general
inflation (cumulative percentage increase) was 29%. In the same time period the HCI increased
88.8%. After year 2003, all indices started increasing rapidly. However, the HCI showed an
actual decrease after 2006. To see the changes after 2003 in better detail, the above data is re-
plotted with base year 2003 in Figure 5.8.
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Figure 5.8: Cost Index of BLS Construction Inputs Compared to CPI and HCI, 2003-2007

From 2003 to 2007, the cumulative increase in inputs to construction industries was
28.8% while for genera inflation it was 12.7%, and for the HCI it was 57.8%. Clearly, inputs to
construction industries are increasing faster than the overall economy in the period from 2003 to
2007 and therefore forcing up the HCI.
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5.4.2 Effect of Inputs on Segments of the Construction Industry

Other forces could also be pushing up the HCI, or the HCI could be exaggerating the
effects. In Figure 5.9 we look at different segments of the construction industry to see how they

have reacted to increasing costs of inputs.
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Figure 5.9: Cost Indexes of PPI Construction Inputs and BLS Segments, 1987-2007

We see that, from 1987 to 2003, highway and street construction, heavy construction,
residential construction, and non-residential construction all increased at almost the same rates,
about 38%. However, in just four years from 2003-2007 the rates all jumped. Figure 5.10 shows

these recent increases in more detail, with the CPI included for comparison.
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Figure 5.10: Cost Indexes of CPI and BLS Segments, 2003-2007

From 2003 to 2007, highway and street construction increased 43%, heavy construction
37%, residential 28%, and non-residential 27%, while the CPI increased just 12%. Of all types of
construction, highway and street construction experienced the greatest increase. So, what are the
forces causing highway construction costs to increase faster than other types of construction and
the general economy?

5.4.3 Effects of Specific Construction Inputs

We can start by examining in more depth the inputs to construction. Figure 5.11 shows
the cost indexes of four construction inputs over the period 1987-2007: No. 2 diesel, steel mill
products, concrete products, and petroleum-based products.
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Figure 5.11: Cost Indexes of Construction Inputs, 1987-2007

Price increases in these materials were fairly smooth from 1987 to 2002. However, diesel
and petroleum products started increasing rapidly after 2002 while steel mill products and
concrete products started increasing after 2003. For example, diesel fuel price per galon
increased from $1.40 in December 2002 to $4.25 in December 2007. This chart indicates that
diesel and petroleum product prices are the most influential forces in construction inflation. The
increases in non-petroleum items appear to depend on the amount of energy input for those
items: for example, from 1987 to 2007 the increase in steel prices tracks petroleum and diesel
increases, increasing at about 20% of their rate.

Figure 5.12 overlays the cost increases in a number of construction materials with the
HCI and the CPI for the period 2003-2007.
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Figure 5.12: Cost Indexes of Construction Inputs, 2003-2007 with CPI and HCI

From the year 2003 to 2007, copper and brass mill shapes increased 169%, No. 2 diesel
fuel increased 133%, petroleum refineries 120%, steel mill products 67%, asphalt paving mixture
and block manufacturing 51%, and concrete products 32%. Clearly, increasing material prices
have been forcing up the HCI. On the other hand, labor costs have been increasing more
sedately, as seen in Figure 5.13. The increase in labor wage rates has been ailmost constant for
the last seven yearsin al sectors, at about 3.5% per year.
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Figure 5.13: Employment Cost Index, 2001-2008

5.4.4 Effect of Energy Priceson Construction Inflation

The foregoing showed that increases in material prices are the primary forces in
construction inflation. The relative level of energy input for those materials appears to determine
the price increases. For example, residential construction has less petroleum-related inputs than
heavy construction, accounting for its lower inflation rates. According to Association of General
Contractor (AGC), petroleum refineries, asphalt products, and petroleum lubricating oil and
grease manufacturing (NAICS code 324) accounted for only 7% of the single-unit residential
index, but 38% of the highway PPI. This difference appears to be the reason why highway and
street construction has seen higher inflation than all other types of construction.

By way of illustration, consider the effect of fuel prices. Contractors pay fuel surcharges
on delivery of materials. In addition to this, fuel also affects other prices that are not material-
intensive, such as excavation. Diesel is used in cranes, dozers, and other earth moving
equipment. Excavation cost, as demonstrated in Figure 5.14, has also experienced significant
increases since 2003. The chart shows excavation cost in $/CY for Washington, California,
Colorado, and for FHWA. There is a sudden increase after 2003 and then a decrease after 2006,
which follows almost the same pattern as fuel cost trends.
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Figure 5.14: Changes in Excavation Costs (Effect of Diesel Prices)

From this analysis, it is clear that diesel, petroleum-related products, and steel prices are
affecting construction cost because the construction cost trend is following the same pattern as
cost trends of these materials. However, to predict the amount by which these materials are
affecting the construction cost, we must know the relative weighting of these materialsin overall
highway construction cost.

5.4.5 Contribution of Specific Inputsto Construction Inflation
The following is a summary of findings on the weights of cost components from sources:

1. Labor accounts for roughly half (50%) of the cost of a construction project. (Source:
AGC Construction inflation alert march 2008)

2. Petroleum refineries, asphalt products and petroleum lubricating oil and grease
manufacturing (NAICS code 324) accounted for 38% of the highway PPI. (Source: AGC
Construction inflation alert march 2008). Because PPl includes only non-labor
components of construction, 38% of the non-labor costs (50%) is equivalent to 19% of
overall construction. Therefore, petroleum related products contributed about 19% to
construction costs in 2008.

3. Concrete and related materials compose 27.3% of PPl non-labor construction cost. Again
using 50% for non-labor costs, concrete related materials contribute around 13.7% of
total cost.

4. Steel and related materials correspond to 12.6% of non-labor cost. Again using 50% for
non-labor costs, steel related materials contribute around 6.3% of total cost. For
comparison, WSDOT estimates that reinforcement and structural steel costs range from
4% to 13% of total cost (Source: WSDOT).
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The weightage of the above components are in the range of findings of AGC, BLS, and
WSDOT. We verified by plotting an index based on these weightages vs. HCI and PPI-highway
and street and construction. Starting from base year 1997, we obtained the percentage price
changes for each component from the corresponding PPIs. For labor we used the employment
cost index of all construction workers. For concrete and related materials we used the PPl for
concrete ingredients and related products; for asphalt, the PPI for Petroleum and coal products;
for fuel, the PPI for No. 2 Diesdl; for Steel, the PPI for Iron and Steel; and for other materials we
used the PPI for All Commodities. Table 5.8 shows the percentage changes in respective
components from 1998 to 2007. The combined percentage change is the weightage average of all
the components.

Table5.8: Percentage Increase Year Over Year in PPI of Selected Construction

Components

Yearly % increasein highway cost components

Component %age | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
Labor 50 0 35 35 35 35 3.7 4 4.1 3.1 3.3 31
Petroleum & related 19 0| 2255 | 1584 | 4688 | -6.65 | -6.17 | 2348 | 22.87 | 3369 | 17.51 | 10.53
Steel 6.3 0| -316| -694 | 228| -592| 401 | 649 | 3366 | 536| 9.00 | 7.83
Concrete and related 13.7 0| 357 309 | 225| 224 | 222 139 | 341 | 875 1055 742
Other 11 0| 155| 219 | 337| 282| 160| 230| 267| 337 | 323| 286

Table 5.9 shows the calculated composite cost index based on the respective weights of
selected components and PPl cost increases for the period 1997-2007.

Table5.9: Composite Cost Index Using Selected Components and PPI, 1997-2007

Y ear Index % Change
1997 100
1998 | 97.9266 | -2.073430
1999 | 102.8102 | 4.987020
2000 | 114.6106 | 11.477880
2001 | 115.4478 | 0.730447
2002 | 117.0752 | 1.409690
2003 | 125.6380 | 7.313887
2004 | 137.2930 | 9.276679
2005 | 150.8287 | 9.858957
2006 | 161.9069 | 7.344869
2007 | 170.6101 | 5.375467

Figure 5.15 shows the calculated ‘ new index’ and compares it to the HCI and PPI.
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Figure 5.15: Composite Cost Index Compared to HCI and PPI

The new index is very close to the HCI and PPI. That means that our assumptions of
weightage exhibit fairly good results. Hence, we can conclude that the components described
above are symptomatic indicators of construction inflation. However, it must be noted that the
weights assumed for construction components were based on cost weights in 2008 and are
inherently affected by actual prices in any given year. Thus, if the price of cement were to
suddenly skyrocket, the weightage of the concrete element would increase significantly and
further exaggerate the effect. The same thing would happen if one year, say, the amount of steel
used were to double. That is why indexes such as HCI, which are based on fixed weightages,
tend to show exaggerated swings. However, there is no other easy way to estimate component
weights or to combine component effects.

5.5 Forecasting of construction inflation

The highway construction inflation rate is an important input in expenditure estimation in
the JACK model, as the purchasing power of highway funds depends on the inflation rate. Take
the nationa highway construction between 2003 and 2005, for example. Nominal expenditures
increased moderately, but real expenditures declined significantly due to the high rates of
highway construction inflation. Thus, proper forecast of the highway construction inflation rates
will improve the accuracy in expenditure estimation in the JACK model, and thus provides a
more reliable tool for decision makers. In this section, the development of a methodology for
forecasting highway construction inflation is discussed.

5.5.1 Published Forecasts

At the federal level, the FHWA has published a Bid Price Index (BPI) forecasting 2.0%-
2.5% annual inflation rate for next 10 years. Severa states also make predictions based on the
construction market characteristics in their states. For example, Ohio DOT has published its
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predicted inflation rate through 2010, as shown in Figure 5.16. Their linear predictions are based
upon the experience and understanding of the changes affecting the construction industry in
Ohio. Also, it is mentioned in the report that they believe that the most important cost drivers of
construction cost inflation for the next five years will be energy, steel, and cement. The
prediction has a median value of 5% from 2005 to 2010, much higher than the BPI.
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Figure 5.16: Predicted Compounded Inflation Growth CY2005-CY2010 from ODOT

5.5.2 Forecasting Techniques

Generdly, inflation rate is hard to forecast. There are lots of macroeconomic models that
have been developed to explain and predict the inflation rate (CPI). Among all of those models,
forecasts based on past inflation, which includes univariate time series models such as ARIMA
models and, more recently, nonlinear or time-varying univariate models, is one of the best
performing models.

In this research we adopted similar approaches to analysis of highway inflation rate, and
HCI was treated as a univariate indicator of highway construction inflation in Texas. Results
show that using available HCI data, univariate models are not suitable for predicting HCI and the
results were unsatisfactory. One of the main reasons is that a stationary process is an important
assumption of any time series model, but the process is not stationary if we treat HCI as a
stochastic process. Autocorrelation anaysis, which is a mathematical tool to detect non-
randomness in data and further identify an appropriate time series model if the data are not
random, is the normal way to test autocorrelation.

Figure 5.17 shows the results of autocorrelation analysis using 1987-based HCI data from
1987 to 2003. The coefficients that are autocorrelations for data values at varying time lag decay
quite slowly, indicating that the whole process is not stationary and the future value is hard to
predict based only on available historical data.
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Figure 5.17: Autocorrelation analysis using HCI data from 1987 to 2003

5.5.3 Our Methodology
Thus, we considered a practical method to forecast HCI, which can include our earlier

findings on highway construction inflation, and the-state-of-the-art in predicting commaodity
price, labor cost, and other inflation indicators from other research. There are three main steps of
this methodol ogy:

1.

| dentify weight of most important indicators:

These were presented in the previous section. The weights of the five most important
indicators—fuel, asphalt, steel, aggregate and concrete, and labor—were estimated.
Correlations between fuel index and asphalt were obtained from historical data.

Forecast an inflation range for each indicator:

Labor — According to BLS s Employment Cost Index (ECI), labor cost isincreasing at an
almost constant rate of 3.5% for last 5 to 6 years. We will consider 3.5% for future
predictions.

Petroleum and Related — Energy Information Administration (Official energy statistics
from U.S. Government) has predicted diesel fuel prices for 30 years (Figure 5.18).
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Figure 5.18: Diesel fuel price predictions

The chart shows that diesel fuel prices are going to drop after next year then will return to
2007 prices for the future. According to EIA, for the next 30 years the price for crude oil will
drop dramatically and then come up again by the year 2017 and level off through the year 2030
(Figure 5.19).

% Change in Crude oil price

=——% Change in Crude oil price

Source: http://www.eia.doe.gov/oiaf/forecasting.html
Figure 5.19: Crude oil price predictions

The petroleum and related products price is mainly dominated by diesel and crude oil
prices. Figure 5.18 and Figure 5.19 show that diesel and crude oil prices will be following almost
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same pattern for next 30 years. For prediction purposes, we will use the crude oil price prediction
asit haslessvariancein its projected values.

Steel: According to AGC, sted demand is going to continue for the next few years.
Hence, for the percentage increase, we will take the median of the last 10 years, and then
after 2017, when percent changes in oil price increase are going to level off, we will take
the same percentage increase as crude oil. Therefore, from 2008 to 2017, we will use a
4% increase and from 2018 to 2030 a 1.7% increase.

Concrete and related products: This material is also affected by demand; hence, we will
take the median of the last 10 years. That means a 3.1% increase.

Other Material: 2.75% (Median of CPI for the last 10 years)

Table 5.10 summarizes the projected percentage inflation in each component with its
estimated standard deviation to provide upper and lower bounds. The distribution of projected
percentage change for labor for each year is assumed as lognormal distribution, considering that
the yearly change for labor cost is usually positive. Distributions for other components are
assumed as normal distribution.
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Table5.10: Projected Percentage Inflation for Major Construction Components

Wit. Labor Petroleum Stedl Concrete Other
Mean | STDV | Mean | STDV | Mean | STDV | Mean | STDV | Mean | STDV

Y ear 50 19 6.3 13.7 11
2009 | 35 1 -7.93 2 4 2 3.1 1 2.75 1
2010 35 1 -3.81 2 4 2 31 1 2.75 1
2011 | 35 1 -3.82 2 4 2 31 1 2.75 1
2012 | 35 1 -3.97 2 4 2 3.1 1 2.75 1
2013 35 1 -4.04 2 4 2 31 1 2.75 1
2014 | 35 1 -4.42 2 4 2 3.1 1 2.75 1
2015 | 35 1 -4.57 2 4 2 3.1 1 2.75 1
2016 | 35 1 -4.83 2 4 2 3.1 1 2.75 1
2017 | 35 1 0.28 2 4 2 31 1 2.75 1
2018 | 35 1 1.53 2 1.7 2 3.1 1 2.75 1
2019 | 35 1 1.59 2 1.7 2 3.1 1 2.75 1
2020 35 1 1.34 2 1.7 2 31 1 2.75 1
2021 | 35 1 145 2 1.7 2 3.1 1 2.75 1
2022 | 35 1 15 2 1.7 2 3.1 1 2.75 1
2023 | 35 1 1.56 2 1.7 2 3.1 1 2.75 1
2024 | 35 1 1.62 2 1.7 2 31 1 2.75 1
2025 | 35 1 1.65 2 1.7 2 3.1 1 2.75 1
2026 | 35 1 1.72 2 1.7 2 3.1 1 2.75 1
2027 35 1 1.89 2 1.7 2 31 1 2.75 1
2028 | 35 1 1.79 2 1.7 2 3.1 1 2.75 1
2029 | 35 1 1.79 2 1.7 2 3.1 1 2.75 1
2030 | 35 1 1.73 2 1.7 2 3.1 1 2.75 1
2031 | 35 1 1.73 2 1.7 2 31 1 2.75 1
2032 | 35 1 1.73 2 1.7 2 3.1 1 2.75 1
2033 | 35 1 1.73 2 1.7 2 3.1 1 2.75 1
2034 | 35 1 1.73 2 1.7 2 31 1 2.75 1
2035| 35 1 1.73 2 1.7 2 3.1 1 2.75 1

3. Conduct a Monte Carlo Simulation:

A Monte Carlo simulation is a process of using a random number generator to simulate a
value of a variable based on its statistical distribution, mean, and standard deviation. For each
year and each component, a series of values are generated to provide a confidence band. In this
case we selected a lower bound of 5% and an upper bound of 95%, which gives us a 90%
confidence that the estimate will be between the lower and upper values.
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5.5.4 Simulation Results

Table 5.11 shows the results of the projected highway construction inflation rates, which
were calculated by a Monte Carlo ssimulation.

Table5.11: Projected Highway Construction Inflation Rates

Y early Inflation Rates (%) Accumulated Inflation Rates (%)
Year | Average | High(95%) | Low(5%) | STDV | Average | High(95%) | Low (5%)
2009 1.25 2.99 -0.08 0.67 101.25 102.99 99.92
2010 2.03 3.86 0.66 0.69 103.31 106.97 100.58
2011 2.04 3.85 0.64 0.70 105.41 111.08 101.22
2012 197 3.63 0.70 0.64 107.49 115.12 101.93
2013 1.93 4.00 0.34 0.81 109.56 119.72 102.28
2014 1.98 3.88 0.52 0.73 111.73 124.37 102.81
2015 1.93 3.76 0.53 0.70 113.89 129.04 103.36
2016 1.67 3.38 0.36 0.66 115.79 133.40 103.73
2017 2.73 4.43 1.43 0.65 118.95 139.31 105.21
2018 2.86 4.59 153 0.67 122.35 145.71 106.82
2019 2.90 4.65 1.56 0.67 125.90 152.48 108.49
2020 2.84 4.60 1.49 0.68 129.48 159.50 110.10
2021 2.86 4.71 1.45 0.71 133.18 167.01 111.70
2022 2.89 4.75 1.45 0.72 137.03 174.94 113.32
2023 2.89 4.63 1.55 0.67 140.99 183.04 115.08
2024 291 4.75 1.49 0.71 145.09 191.74 116.79
2025 2.93 477 151 0.71 149.35 200.88 118.55
2026 2.92 4.73 1.52 0.70 153.71 210.38 120.36
2027 3.00 4.67 171 0.64 158.32 220.21 12241
2028 2.96 4.76 1.57 0.69 163.00 | 230.69 124.34
2029 2.93 4.74 155 0.69 167.78 241.63 126.26
2030 2.90 4.70 152 0.69 172.65 252.98 128.18
2031 2.92 4.69 1.55 0.68 177.69 264.85 130.17
2032 2.92 4.73 152 0.70 182.87 277.37 132.15
2033 2.90 4.70 1.52 0.69 188.18 290.41 134.16
2034 2.92 4.69 155 0.68 193.67 304.03 136.24
2035 2.90 4.65 1.56 0.67 199.29 318.17 138.36

The results are graphed in Figures 5.20 and 5.21.
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Yearly Inflation Rates
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Figure 5.20: Projected Yearly Inflation Rates from 2009 to 2035
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Figure 5.21: Projected Accumulated Inflation Rates from 2009 to 2035

Using these results, Table 5.12 gives our predictions for the HCI up to the year 2035.
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Table5.12: HCI Forecast up to 2035

HCI
Year | Average | High | Low

1997 100
1998 108.82
1999 115.83
2000 116.17
2001 122.87
2002 118.52
2003 119.64
2004 134.96
2005 167.78
2006 191.99
2007 188.81
2008 209.87

2009 | 21249 | 216.15| 209.70

2010 | 216.82| 22450 | 211.09

2011 | 22122 | 23312 | 21243

2012 | 22559 | 24160 | 213.92

2013 | 22993 | 251.26| 214.66

2014 | 23449 | 261.02 | 215.77

2015 | 239.02| 270.82| 216.92

2016 | 24301 | 27997 | 217.70

2017 | 249.64 | 29237 | 220.80

2018 | 256.78 | 305.80 | 224.18

2019 | 26423 | 320.01| 227.69

2020 | 27174 | 33474 | 23107

2021 | 27950 | 350.50 | 23442

2022 | 28758 | 367.15| 237.82

2023 | 29590 | 384.15| 24152

2024 | 30450 | 40240 | 24511

2025 | 31344 | 42159 | 248.80

2026 | 32259 | 44152 | 252.60

2027 | 33227 | 462.15| 256.90

2028 | 342.09| 484.15| 260.95

2029 | 35212 | 507.11| 264.98

2030 | 362.34| 530.93| 269.01

2031 | 37292 | 555.84| 273.19

2032 | 38379 | 58212 | 27734

2033 | 39493 | 609.48 | 281.56

2034 | 40646 | 638.07 | 28593

2035 | 41825| 667.74| 290.38
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A graph of the projected HCI is shown in Figure 5.22, for a more visua appraisal of the

inflation rate.
o
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Figure 5.22: Projected HCI up to 2035

Starting from an index of 100 in base year 1997, the predicted HCI for the year 2035 is
418.25, with a 90% confidence interval of 290.38 to 667.74. Starting from the year 2008 HCI of
209.87, the predicted construction inflation rate over the next 27 years is equivaent to 2.6% per
year compounded, with a 90% confidence range of 1.15% to 4.4%.

5.5.5 Projection of Expensesin JACK

When our projected inflation isinserted in the JACK Model, a distribution of revenue vs.
total maintenance and overhead expenses is obtained. Figure 5.23 demonstrates how the
expenses vary depending on three different scenarios: 1) construction inflation is not accounted
for; 2) the inflation rate used is based on our prediction; and 3) the inflation rate used is set as the
default input in the current version of the JACK Model.

Considering that the JACK Model treats the inflation rate as a constant in the estimation
process, we used the constant 2.6% compounding rate as the new input, which gives equivalent
accumulated inflation compared with our projected rates for the next 27 years. The revenue
remains the same on all scenarios, as the inflation is considered in estimation of expenses but not
for the revenue. In addition, from the comparison between the scenario using our projection
which is 2.6% and the one using the default value of 5%, it leads to an overall difference of
$16.65 hillion in the accumulated maintenance and overhead expenses estimation through 2009
to 2035.
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Revenue V.S. Total Maintenance and Overhead Expenses from JACK Model using
Different Inflation Rates
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Figure 5.23: Revenue vs. Total Maintenance and Overhead Expenses from JACK Model

5.6 Chapter Conclusion

Based on our findings regarding construction inflation, we come to the following

conclusions:

1. After analyzing the trends of diesel, petroleum-related products, and steel, we conclude
that prices of these materials can be used as symptomatic indicators for the prediction of
construction inflation as they al follow the same trend as construction costs.

a. According to Association of General Contractor (AGC), petroleum refineries,

asphalt products and petroleum lubricating oil and grease manufacturing (NAICS
code 324) accounted for 38% of the highway PPI but only 7% of the single-unit
residential index. Increases in petroleum-related products are much higher than
any other type of construction ingredients. This is the reason why an increase in
highway and street construction is higher than all other types of construction.

Diesdl is used in various equipments, such as tower cranes, dozers, earth movers,
etc. Contractors also pay fuel surcharges on delivery of materials. In addition to
this, fuel also affects other material prices that are not directly related. For
example, excavation cost in some states has also experienced significant increases
in 2003, though it is not related to any specific material. This increase in cost is
related to an increased in fuel charges for excavation and disposal.

The index for steel mill products went up fairly smoothly from 1987 to 2002.
However, steel mill products started increasing after 2003 and are predicted to
continue the same trend.

2. Generdly, inflation rate is hard to forecast. With the use of an autocorrelation analysis
using HCI data from 1987 (base year) to 2003, the coefficients decay very slowly; this
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indicates that the process is not stationary and that it is hard to predict a future value
based only on historical data.

3. A practical method to forecast the HCI for future years is to identify the weight of the
most relevant indicators from raw commodities in the development of the HCI and
reliable forecasts for each of them, and use a Monte Carlo simulation to compute the
average value and confidence bands of the predicted HCI.

4. Starting from an index of 100 in base year 1997, the predicted HCI for the year 2035 is
418.25, with a 95% confidence interval of 290.38 to 667.74. Starting from the year 2008
HCI of 209.87, the predicted construction inflation rate over the next 27 yearsis 2.6% per
year compounded, with a 95% confidence range of 1.15% to 4.4%.
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Chapter 6. Benchmarking Texas Vehicle Registration Fees

6.1 Introduction

Vehicle registration fees and motor fuel taxes are the primary sources of revenue for
many state departments of transportation (DOTS) in the U.S. In 2007, vehicle registration fees
contributed about $1 billion to the Texas highway fund revenue of amost $6 billion. This
chapter focuses on comparing Texas vehicle registration fees to those in other states.

6.1.1 Chapter Scope

Research Work Plan Task 6: In coordination with TXDOT Vehicle Titles and Registration
(VTR) review the studies and data VTR has gathered on current state vehicle registration fees
throughout the U. S. and compare those fees with vehicle registration fees (for both personal and
commercia vehicles) in Texas.

6.1.2 Background

It isalegal requirement in the U.S. for most types of motor vehicles to be registered with
a state DOT or department of motor vehicles (DMV) if they are to be used on public roads. The
state DOT records the vehicle's details (make, model, vehicle ID, etc.), details of the party
currently responsible for the vehicle (name, address, and other contact information), and the
registration expiration date. The DOT provides a unique number on specified license plates that
must be displayed on the vehicle. In addition, most DOTs now provide a sticker showing the
expiry month/year of registration, plus other data, and require that the sticker be visibly
displayed, either on the plate or inside the windshield. Linking the vehicle ID to its owner and
contact information is a necessity to ensure financial responsibility (Persad et al., 2007).

TXDOT charges vehicle owners in Texas approximately $60-70 annualy to register
passenger vehicles. In addition, there is annual inspection fee of $12.50, with an additional $16
fee for emissions inspection in air-quality non-attainment counties. Using a scale of fees for
different vehicle types, TXDOT raises about $1 billion per year from vehicle registration.

There are significant differences in vehicle registration fees among the states, with the
potential for jurisdiction shopping by vehicle owners. Many states are considering charging
higher registration fees. For example, Colorado has proposed raising its registration fee by $100.
In this chapter we identify peer states comparable to Texas in terms of population, vehicles
registered, and vehicle miles traveled (VMT). We then compute registration revenue scenarios
for Texasif its fees were similar to those in the peer states selected.

6.1.3 Chapter Outline
This chapter is organized as follows:
¢ Vehicleregistration fees around the U.S.
e Jurisdiction shopping by vehicle owners.
o Texas peer states according to population, vehicles registered, and VMT.
o Potential Texas registration revenue scenarios.
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6.2 Vehicle Registration Fees Around the U.S.

6.2.1 Data Sour ce

Data on vehicle registration fees across the U.S. for the year 2006 were obtained from the
FHWA website (FHWA, 2008). More recent data was not available in time for this study. Datais
available in at least five categories. Automobile, Single-Unit truck, 3-Axle truck, 5-Axle truck,
and Twin Semi-Trailer. Some states have more than five vehicle categories, so a typical vehicle
for each of the categories was selected in order to make the data comparable among all states.

6.2.2 Comparison of Registration Fees

Figures 6.1-6.5 show the feesin al states where data was available, for each of the five
vehicle categories. Texas is highlighted in a different color, and the arithmetic average fee is
shown as a horizontal line. Table 6.1 is a summary of the results.

Table6.1: Texas Rankingsin Registration Fees

Category Average Texas lies** Cheapest Most Expensive
. #42 Arizona Hawaii
Autorobile | §  39.07
S 5080 | $ 800|S 167.50
. . #31 Georgia Mississippi
Single-Unit 179.23
g 2 S 180.07 | $ 3800 S 503.50
#17 New Mexico Illinois
3-Axle S 623.36
S 46060 | S 11800 | S 1,538.00
#11 omin, Idaho
sAde | $ 120862 Wyorring
S 85560 | S 12000 | S 3,218.00
omi Idaho
Seri-Twin® | $ 165393 | NotAlowed | “Yomne
S 180.00 | $ 453375

*There are only 17 states that allow this category.

**Thisis ranking from the lowest cost to the highest (a high number means more expensive)

It is seen that Texas is higher than average in automobile fees, about average on single-
unit truck fees, and far lower than most states on multi-axle truck fees. However, truck
registrations in Texas are relatively low because of the practice known as jurisdiction shopping,
as discussed in the next section.
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Figure 6.1: Automobile Registration Fee Data
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3 - AXLE SEMI TRAILER REGISTRATION FEE SCHEDULES 2006

Average: 623.36

1,800

1,600

1,400

OO aLA] fap)
duoh e

ELE L0
uodalp

Bflnan

B [y

BLE|S 07
Bl
EIULEIA 158 40,
olEp|

HEI

EILUN 07 0 3115
aueps]
allysdie map)
ELLIOLE |0
Aaslag map
el
EyEIqap

R R TNE
Lnosss)
EUI[OET O
Aoy, map)
EjoyE] Yo
BUOTLIY
ELESTNES|
EpUoY
puUEls| apoyy
PELEY

oy

E LB Qe |y
aEmE|ai]
pUE e
ELEIpU|
EUI[OJED YInog
EoyE] Yinog
opElojoD
Lo s A,
ffanjuay
LT

T TTRTTRY
aassauua]
I auun’
B LA phsUuE
Bin|

HEfaE H

S}3@ SN oE sEps
USHOISI AR
oas
EILIOf[ET
1ddyssissnay
slaul|

States

Figure 6.3: 3-Axle Trailer Registration Fee Data
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5 - AXLE SEMI TRAILER REGISTRATION FEE SCHEDULES 2006
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6.3 Jurisdiction Shopping

Jurisdiction shopping is the practice of vehicle owners searching for the most convenient
jurisdiction in which to register their vehicles. Most states require that vehicle owners register in
the county of their residence, and that regulation works reasonably well for individual-owned
non-commercial vehicles. But for commercial vehicles such as interstate trucks owned by
corporations, residence is not applicable and the rules are more complex.

6.3.1 Non-Commercial Vehicles

The National Conference of State Legidatures (NCSL) Transportation Program
(Olszonowicz, 1999) reviewed the subject of non-commercial vehicle registration shopping in
1999. Olszonowicz examined recent activities and trends regarding motor vehicle registration
and license plates for 1998-99. He found that some vehicle owners have attempted to avoid
higher taxes in their home state by driving to a neighboring state that has lower taxes to illegally
register their vehicles.

For example, Minnesotans were registering their cars in Wisconsin where a flat fee of
$45 (as of September 1999) was charged. In comparison, registration for an upscale, late-model
vehicle in Minnesota cost at least $300 in 1999. Olszonowicz noted that consequently, the state
patrol was taking action to catch violators, who faced a fine of up to a $3,000 and could even
face one year of imprisonment, and were required to pay the unpaid taxes.

Another trend Olszonowicz found was in registration fee collection methods was the shift
to more user-friendly registration fee renewal processes. Some of these strategies include the
following: the use of technology including internet, telephone, mobile DMVs (providing the
services on the road), automated teller machines, drop boxes, or mail-in registration.

6.3.2 Commercial Vehicles

The number of motor carriers hauling interstate shipments in the United States has risen
dramatically in recent decades. In 2004, Jasek, Ojah, and Hoover produced a report sponsored by
TxDOT on heavy truck registration in Texas, highlighting the issue of jurisdiction shopping
(Jasek, et al., 0-4065, 2004). They found that the proliferation of interstate motor carriers has
given rise to the need for more robust federal and inter-jurisdictional administrative frameworks.
An important development was the establishment in 1973 of the International Registration Plan
(IRP), astreamlined registration regime for motor carriers operating in two or more jurisdictions.
Though differences in truck registration protocol have diminished, discrepancies in registration
cost and procedures persist, encouraging owners to search for more attractive locations to
register their vehicles.

In the past 10 years jurisdiction shopping has contributed to the geographic redistribution
of tens of thousands of truck registrations in the United States (Ojah, 2004). According to Ojah,
annual savings accruing to carriers that shop for base jurisdictions can total thousands of dollars
per vehicle. Savings for large fleets could potentially reach $1 million or more per year.
Unlawful registration practices have been responsible for a considerable amount of jurisdiction
shopping. However, state discrepancies in registration costs and convenience have prompted
some trucking firms to engage in alegitimate form of jurisdiction shopping.
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6.3.3 Fraudulent Jurisdiction Shopping

It is unlawful under the International Registration Plan (IRP) administration to obtain a
cheaper registration. Fraudulent jurisdiction shopping occurs when an owner operator or carrier
exploits lax enforcement of regulations to obtain a cheaper registration. Historically, this activity
has involved corrupt third-party registration agencies and complicit state IRP personnel. In the
Southwest region, registrants sought the financial advantages of registering in “low fee”
jurisdictions such as in Oklahoma during the 1990s, but could not legally do so without
establishing a place of business there. So third-party registration agents in Oklahoma attempted
to circumvent the IRP's Place of Business rules by allowing out-of-state registrants to use their
addresses to qualify for Oklahoma IRP plates. Also, investigations revealed that those addresses
were listed as the established place of business for more than 1000 trucking firms. Such place of
business violations were compounded by widespread mileage estimation fraud.

6.3.4 L egitimate Jurisdiction Shopping

Legitimate jurisdiction shopping occurs when motor carriers with bona fide established
places of business in multiple jurisdictions have the option of selecting where to register their
fleets. This decision may have little to do with where the carrier’s operations are focused. This
type has been also responsible for considerable geographic shifts in apportioned heavy truck
registrations. Although not illegal, this activity is viewed as tantamount to tax evasion. For
example, if atrucking firm accrues most of its mileage in U.S. Midwest but includes a terminal
in Oklahomawhere there is not much activity, thisis skirting the legal system.

The justification for legal base plate shopping lies primarily in the disparity among non-
apportioned fees and taxes that some jurisdictions assess on motor carriers. Non-apportioned fees
deter registrations because only carriers that base plates in a jurisdiction, not those traveling
through it, incur them. The financial stakes involved in a carrier’s base plate decision highlight
the importance of jurisdiction shopping issues for both industry and the public sector. Trucking
firms rationalize their choice of where to register as a business decision; one that they are entitled
to under the provisions of the IRP.

6.3.5 Causes of Jurisdiction Shopping

Jasek found that IRP requires the issuance of one license plate per power unit, the
payment of all registration fees to a single base jurisdiction, and the apportionment
(proportionate distribution) of those fees to the other jurisdictions on the basis of mileage
percentages. The cost of the registration is determined by the gross registered weight of the
vehicle(s), the percentage of miles traveled in each jurisdiction, and the annual apportioned
registration fees in those jurisdictions.

Apportioned Fees

Table 6.2 highlights the formula for apportioning the fees for a tractor trailer operating in
three states. There is little financial advantage to a legitimate carrier for jurisdiction shopping if
only apportioned registration fees are taken into account. However, non-apportioned fees also
play arole, especially those taxes incurred only by trucks that base plates in that jurisdiction, not
by those traveling through.
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Table 6.2: Sample Apportioned Fee Calculation for 80,000 |b Tractor-Trailer

State Mileage % Total Miles Full year Fees Apportioned Fee
Oklahoma 40,000 40 x $954.00 = $381.60

Kansas 30,000 30 x $1735.00 = $520.50
Arkansas 30,000 30 x $1350.00 = $405.00

Totals 100,000 100 $1307.10

Non apportioned Fees

Ad Vaorem Tax is an annual property tax that some jurisdictions assess on motor
carriers. This tax is levied on the purchase price or depreciated value of the carrier’s vehicle(s)
and varies from state and among individual counties and municipalities where the registrants
take advantage here. Jasek found that in Texas ad valorem taxes are locally assessed taxes. A
number of states, including the only three states with over 100,000 apportioned power unit
registrations (Oklahoma, Illinois, and Indianad), either do not have an ad valorem tax or exempt
motor carriers from paying it.

Accessorial and Incidental Fees are added expenses that carriers incur as a result of
registering in a given jurisdiction, for example, excise fees, application fees, and emission
surcharges. Individual charges of this kind often range up to $50. Although the low value of
these fees makes it unlikely that they alone would justify jurisdiction shopping, they can
handicap carriersregistering in certain states.

Registration Convenience

Registration convenience used to be viewed as having little bearing on a motor carrier’s
choice of where to base plate. However, there are three programs (the International Registration
Plan IRP, the International Fuel Tax Agreement IFTA, and the Single State Registration System
SSRS) related to vehicle registration that significantly overlap but are frequently administered
separately by states. Lack of administrative coordination among them imposes a costly burden on
the carrier community. Differing levels of customer service and registration convenience may
also influence a carrier’s decision on where to base plate, but these issues are generally
secondary considerations that figure more prominently in a jurisdiction’s success in retaining
carriers as opposed to attracting them.

6.3.6 Remediesfor Jurisdiction Shopping
Several States have been working in this areato find solutions.

Ad Valorem Tax

Some States tried to discourage this tax evasion by instituting higher fines for offenses or
by tightening the definition of vehicle' s operational base. States such as Maine have apportioned
these fees also in the same fashion as their registration fees.

Accessorial and Incidental Fees

Jasek (Jasek et a., 2003) found that a key to improving this would also include fee
apportionment. Texas already incorporates a 10% diesel vehicle emissions reduction surcharge
into its annual apportioned registration fees. California too imposes an $82 motor vehicle fee,
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$34 registration fee, and $3 cargo theft interdiction program fee on all apportioned carriers
entering the state.

Registration Convenience

Some states have improved registration procedures to reduce registration inconvenience.
For example, employees in Nebraska Motor Carrier Services are trained to handle IFTA, IRP,
and SSRS to administer these programs from the same computer system which eventually saves
state resources and reduce processing delays. Idaho arranged for Joint Program administration
which provides inter-jurisdictional carriers with the additional option of paying for and receiving
receipted copies of the Federal Heavy Vehicle Use Tax (HVUT) at its one — stop shop. Thisis
beneficial asit eliminates the need for carriers to make an extratrip to the tax office.

Finally, Jasek (Jasek et al., 2003) made several recommendations for Texas:

e Fee apportionment, which is favored by industry and the public sector, should be
considered for other fees and taxes such as ad val orem taxes.

o Carriers want a one-stop shop that is streamlined for quicker service. Texas should
explore innovative registration solutions, which would also reduce agency costs.

e Texas should reconsider how plates, especially trailer plates are issued. Frequent plate
issuance for both power units and trailers imposes added administrative costs and
burdens for carriers. This inconvenience increases with the size of fleet. By moving to
permanent plates that need to be replaced only when they become illegible, Texas can
save money for both the state and the carrier.

e Texas should evaluate the initiatives undertaken by other jurisdictions that have
received positive response from the motor carriers such as published newsletter,
online newsletters, participation in workshops and conferences, and videos.

6.4 | dentification of Peer States Comparableto Texas

The objective of this portion of the analysis was to identify states that are comparable to
Texas. Four criteria were selected: Population, Vehicles Registered, VMT, and Registration
Revenue. Data for the year 2006 was obtained from previously cited sources.

6.4.1 Texasand Nearest Ten Statesin Ranking

Figures 6.6-6.13 show the respective data in two ways. In each case the overall 50-state
ranking is shown with Texas highlighted, followed by a chart with the nearest 10 states in
ranking, in more detail.
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Estimates of the Population - July, 2006
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Figure 6.6: Ranking of States by Population
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Figure 6.8: Ranking of States by Vehicles Registered
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State Motor-Vehicle and Motor Carrier Tax Receipts - 2006
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Figure 6.12: Ranking of Sates by Motor Vehicle and Motor Carrier Tax Receipts
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From the charts it is seen that the 10 most comparable states to Texas are (Table 6.3):

Table 6.3: Comparable Statesto Texas by Population, Vehicles, VM T and Revenue

Rank Revenue Population VMT Registered Vehicles
1 California California California California
2 Illinois Texas Texas Texas
3 Texas New York Florida Florida
4 Michigan Florida New York New York
5 Pennsylvania lllinois Georgia Ohio
6 Ohio Penssylvania Ohio Pennsylvania
7 Florida Ohio Pennsylvania lllinois
8 Minnesota Michigan Illinois Georgia
9 New York Georgia Michigan Michigan
10 Wisconsin North Carolina North Carolina Virginia
11 lowa New Jersey Virginia North Carolina

After counting how frequently each of the states appears close to Texas for the four
categories above, we selected the states that appear the most frequently (in descending order):

1.

© O N o g A~ WD

California
Florida
Georgia
[llinois
Michigan

New York
North Carolina
Ohio
Pennsylvania

10. Virginia

These are the most comparable States to Texas regarding these categories. This data was

used for the second part of our analysis.

6.4.2 State Ranking by Revenue Metrics

Figures 6.14-6.16 show a different set of registration revenue metrics: registration dollars
paid per state resident, per vehicle registered, and per mile driven in the state. The average
amount is shown as a horizontal line, and the median state (i.e., the middle state out of al fifty
states) in the ranking is arrowed. The values for the peer states are of particular interest.
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Registration Revenue Divided by Population - 2006
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Figure 6.14: State Registration Revenue Collected per Resident
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Registration Revenue Divided by Number of Vehicles Registered - 2006
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Figure 6.15: State Registration Revenue Collected per Vehicles Registered
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Table 6.4 shows the ranking of Texas in the three metrics calculated. Texasis 21 or 22 in
all three rankings. The peer states identified earlier are highlighted for comparison.

Table 6.4: State Rankingsin Revenue Metrics

Rank Revenue / Vehicle Revenue /VMT |Revenue / Population
1 Hawaii Hawaii lowa
2 California California Hawaii
3 Illinois lowa California
4 lowa Illinois Montana
5 Minnesota Montana North Dakota
6 Colorado Minnesota Minnesota
7 Michigan North Dakota Illinois
8 Montana Alaska Michigan
9 North Dakota Michigan Wyoming
10 Wisconsin South Dakota South Dakota
11 South Dakota Wisconsin Wisconsin
12 Nevada Pennsylvania Vermont
13 Maryland Maryland Alaska
14 Wyoming Ohio Maryland
15 Vermont Washington Oklahoma
16 Pennsylvania Rhode Island Ohio
17 Oklahoma New Hampshire Kansas
18 New Hampshire Vermont Pennsylvania
19 Kansas Kansas New Hampshire
20 Alaska Nevada New Mexico
21 Texas Wyoming Washington
22 Texas Texas

California, Illinois, Michigan, Ohio, and Pennsylvania are five peer states that are
consistently higher than Texas in the revenue metrics.

6.4.3 Potential Texas Registration Revenue Scenarios

Figures 6.17—-6.20 show the expected registration revenue for Texas if the state were to
choose to raise registration fees to a level consistent with the metrics presented. Our calculation
isasfollows:

1. Compute the value per metric for each peer state (Revenue per person, per vehicle,

and per VMT).

2. Multiply the metric of the peer state by the corresponding Texas data (Population,

VMT, and Vehicles Registered).
3. Cadculate the increase in percentage that this revenue represents for Texas.

Note: We did not use the actual vehicle registration rates of the peer states, as Texas will haveto
choose what rates it wants to set based on the preferred metric.
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Expected Registration Revenues
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Figure 6.17: Expected Registration Revenues per Population
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Expected Registration Revenues
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Figure 6.18: Expected Registration Revenues if Texas Used other States Registration Fees
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_ Expected Registration Revenues
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Figure 6.19: Expected Registration Revenues per VMT
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Expected Registration Revenues
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Figure 6.20: Expected Registration Revenues
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6.5 Chapter Conclusion

In this chapter, vehicle registration fees across the U.S. were compared. It was found that
Texas is somewhat higher than average in passenger vehicle fees, but lower than average in truck
fees. Yet, Texas has alower proportion of trucks registered than other states. The primary reason
identified isjurisdiction shopping. On thisissue, two points can be noted:

e Aslong as cost and service discrepancies persist among |RP jurisdictions, interstate
motor carriers will be motivated to search for more accommodating environments
in which to register.

e The provision of broader range of registration options, such as online registration
renewal and fee payment simplifies the registration process and reduces both
registrant and agency costs.

Population, vehicles registered, vehicle miles traveled, and registration revenue in each
state were examined to select ten peer states to Texas for a closer look. Three metrics were
calculated, namely, revenue per person, per vehicle, and per VMT. It was found that Texas was
lower than five peer states on these metrics. These states are California, Illinois, Michigan,
Ohio, and Pennsylvania.

Using these states as benchmarks, we developed several scenarios that the TXDOT can
consider to increase registration revenue. The scenario preferred by TxDOT will depend on the
desirability of increasing the fees for all or some of the vehicle categories.

Finally, it must be noted that, as an alternative to higher registration fees, the idea of a
road access fee has been floated. Vehicle owners would be charged a flat rate for having access
to the road network, a more direct justification of a vehicle registration fee. Along similar lines,
the idea of aroad maintenance fee has been suggested, especially for heavy vehicles.
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Appendix 1. Regulations

State of Texas Legislature, General Appropriations Act, 1998-1999 Biennium.
State of Texas Legislature, General Appropriations Act, 2000-2001 Biennium.
State of Texas Legislature, General Appropriations Act, 2002-2003 Biennium.
State of Texas Legislature, General Appropriations Act, 2004-2005 Biennium.
State of Texas Legislature, General Appropriations Act, 2006-2007 Biennium.
State of Texas Legislature, General Appropriations Act, 2008-2009 Biennium.

Office of the Comptroller, Annual Cash Reports 2001
Office of the Comptroller, Annual Cash Reports 2002
Office of the Comptroller, Annual Cash Reports 2003
Office of the Comptroller, Annual Cash Reports 2004
Office of the Comptroller, Annual Cash Reports 2005
Office of the Comptroller, Annual Cash Reports 2006
Office of the Comptroller, Annual Cash Reports 2007

Texas Congtitution

Texas Transportation Code
Texas Tax Code

Texas Administrative Code
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Appendix 2: Revenues and Expenditures of Fund 6, 2002-2007

Revenue

Federal Receipts Matched -- Transp. Programs
Motor Fuel Lubricants Sales Tax

Motor Vehicle Certificates

Motor Vehicle Registration Fees

Tow Truck Registration

Specia Vehicle Registrations

Motor Vehicle Inspection Fees

Assigned Vehicle Identification Number Fees
Driver License Fees

Driver Record Information Fees

Commercial Transportation Fees

Voluntary Driver License Fee - Donor

State Highway Toll Project Revenue
Abandoned Motor Vehicles

Outdoor Signs On Rural Roads

Equipment Lease To County Automated Registration & Title Syst.
Oil And Gas Lease Bonus

Oil And Gas Lease Renta

Oil Royalties From Other State Lands

Gas Royalties From Other State Lands

Hard Mineral - Prospect And Lease
Royalties Other Hard Minerals

Land Easements

Land Sales

Food And Drug Fees

Controlled Substances Act Forfeited Money
Dormitory, Cafeteria And Merchandise Sales
Federal Receipts Not Matched

Recovery Audit Reibursements - State

Court Costs

Arrest Costs

Judgments And Settlements

Fees For Copies And Filing Of Records
Conference, Seminars And Training Registration Fees
State Grants, Pass Through Revenue

Fees For Administrative Services
Unemployment Taxes
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Unemployment Assessments

Unexpected Contributions

Controlled Substance Reimbursement Of Related Costs
Recoveries From Crime Victim Restitution

Grants - Cities/Counties

Grants/ Donations

Recovery Audit Reimbursements -- Federal

Sale Of Public Building Bonds

Rental Of Lands

Rental (Other)

Sale Of Furniture

Sale Of Buildings

Sale Of Publications/Advertising

Sale Of Surplus Property

Other Surplus Or Salvage Property/Materials Sale
Telecomunications Service From Loca Funds

Sale Of Operating Supplies

Supplies/Equipment

Interagency Sale Of Supplies/Equipment/Services
Supplies/Equipment Local Funds
Supplies/Equipment Federal Funds

Forfeitures

License Suspension Fee, Child Support Obligor
Insurance And Damages

Insurance Recovery After Loss - Other Financing Sources
Returned Checks Fees

Warrants Voided By Statute Of Limitations - Default Fund
Repayment Of Travel Advances

Repayment Of Petty Cash Advances

Repayment Of Loans, Political Subdivision

Default Deposit Adjustments - Suspense

Returned Checks -Default Fund

Political Subdivision Administrative Fees, Failure To Appear
Other Miscellaneous Governmental Revenue
Reimbursements - Third Party

Subrogation Recoveries

Rental Of Housing To State Employees

Issuance Of Commercial Paper

Interest On State Deposits And Treasury Investments
Interest On Local Deposits

Interest (Others)

Sale Of General Obligation/Revenue Bonds
Allocations From Fund 001 To 0002, 0006, 0057
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Interagency Transfers, Federal Pass Trhough Revenue

Other Cash Transfers Between Funds Or Accounts

Other Cash Transfers Within Fund Or Account Between Agencies
Unexpected Cash Balance Forward

Expenditures

Interfund Transfers

Salaries And Wages

Employee Benefits

Supplies And Materials

Other Expenditures

Public Assistance Payments
Intergovernmental Payments
Travel

Professional Services And Fees
Payment Of Principal - Debt Service
Payment Of Interest - Debt Service
Highway Construction

Capital Outlay

Repairs And Maintenance
Communication And Utilities
Rentals And Leases

Claims And Judgments

Cost Of Goods Sold

Printing And Reproductions
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Appendix 3: Recipients of Moniesfrom Fund 6: 1998-2009

General Appropriations Act: Categories Of Expenditures From 1998 To 2009

|. Other Agencies

Office Of The Attorney Genera

Comptroller (Social Security Contributions)
Employees Retirement Syst (Health Program)
Veterans Commission (Retirement Syst)
Veterans Commission (Social Security)

Health And Human Services Commission (Medicaid Match)

Higher Education Employees Group Insurance Contributions
Texas Education Agency
Education Employees (Retirement And Social Security)

Texas Transportation Institute
Texas Transportation Institute (Transportation Safety Centre)
Texas Transportation Institute (Transportation Studies Centre)

Department Of Health -- (100% Ems Grants Specifically Authorized)
Department Of Health (Capital Budget)

Rehabilitation Commission (Retirement Syst)
Rehabilitation Commission (Social Security) -- Support To The Comptroller's Office

Judiciary Section -- Comptroller's Department - Motor Fuel Tax Fraud
Public Integrity Unit

Department Of Criminal Justice (Capital Budget)

Department Of Public Safety (Total Budget)

Department Of Public Safety (Capital Budget)

Acquisition Of Land And Other Real Property (Capital Budget)
Construction Of Buildings And Facilities (Capital Budget)

Repair Or Rehabilitation Of Buildings And Facilities (Capital Budget)
Acquisition Of Information Resource Technologies (Capital Budget)
Transportation Items (Vehicles) (Capital Budget)

Acquisition Of Capital Equipment And Items (Capital Budget)

Sb 1074 Implementation - Cameras (Capital Budget)
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Y outh Commission (Retirement)
Y outh Commission (Social Security)

Texas Workforce Commission Reimbursements To The Unemployment Compensation
Benefit Account (Retirement)

Texas Workforce Commission Reimbursements To The Unemployment Compensation
Benefit Account (Social Security)

Worker's Compensation Commission (Retirement)

Worker's Compensation Commission (Socia Security)

Other Appropriations And Adjustments (Service Transfers)
Other Appropriations And Adjustments (Y ear 2000 Conversion)

State Office Administrative Hearings
Worker's Compensation Commission (Socia Security)

Socia Security And Benefit Replacement Pay
Contingency Appropriations

II. Texas Department Of Transportation

Department Of Transportation (Overall Budget)

Department Of Transportation (Fund 6's Percentage Within The Capital Budget)
Acquisition Of Land & Other Real Property (Capital Budget)

Construction Of Buildings And Facilities (Capital Budget)

Repair And Rehabilitation Of Buildings And Facilities (Capital Budget)
Acquisition Of Information Resource Technologies (Capital Budget)
Transportation Items (Capital Budget)

Acquisition Of Capital Equipment And Items (Capital Budget)

Public Transportation From Fund 6
Rural Transportation Contractors

Urban Public Transportation Contractors
Gross Weight And Axle Fees

Traffic Enforcement Program (Step)
County And Municipal Airports (Texas Transportation Code, Section 22.055)
Aviation Education

Aviation Services
Grant Funds (Remaining As Of 08/31)
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Appropriations For Transportation Services
Reimbursements And Revenue Appropriation
Additional Reimbursements To Fund 6

L ease Payment Airplane

L ease Payment Fuel Trucks

Houston District Office Headquarters
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