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3.1 History of American vehicle weight and fuel economy standards

The average curb weight' of vehicles on America’s roads is similar now to what it was 50
years ago, around 4,000 pounds. That similarity obscures a period of dramatic transition in
vehicle weight and form factor driven, at least in part, by fuel economy standards. In
addition to providing context on the evolution of larger vehicles in the U.S., the history of
fuel economy regulation and its impact on vehicle size is also suggestive that regulatory
signals and vehicle taxes — even when indirectly related to weight -impact vehicle design
and consumer preferences.
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Figure 1.Average Curb Weight of U.S. Vehicle Sales by Model Year. Data: USEPA.

In 1975, Congress established the first Corporate Average Fuel Economy (CAFE) standard
that went into effect in the late 1970s in response to the 1973 oil embargo. To meet the new
fuel economy standard, manufacturers initially responded with reductions in weight and
power, resulting in an approximately 25 percent decrease in average vehicle curb weight
over five years."?In 1982, an additional “Gas Guzzler Tax” went into effect as part of the
1978 Energy Tax Act that was meant to further improve fuel economy of the American
vehicle fleet. However, exemptions for larger vehicles embedded in the CAFE standard and
the 1978 Energy Tax Act, alongside stricter standards for smaller vehicles, catalyzed a
transition towards larger vehicles.

The differential treatment of vehicle type embedded in the CAFE standards affected more
than just fuel economy. The initial CAFE standard for passenger cars was set at 18.0 mpgin

T Curb weight of the vehicle is its weight with full tank of fuel and standard equipment (no optional
equipment), but no passengers or cargo.



1978 ramping up to 27.5in 1985. From the first CAFE standard, however, trucks were to
meet a different standard. Initially, the 1978 standard was similar to passenger vehicles at
15.8 mpg for 4WD trucks and 17.2 mpg for 2WD trucks compared to 19.0 mpg for
passenger vehicles.? By 1985, however, the standard was much less strict for trucks (19.5
combined 4WD and 2WD) compared to passenger vehicles (27.5 mpg)

/ Vehicle Weight Definitions \

Unladen Weight: weight of the vehicle only, not
including fuel, passengers, cargo, spare wheel and/or
tools (if applicable), or anything else.

Curb Weight: weight of the vehicle with full tank of fuel
and standard equipment (no optional equipment), but
no passengers or cargo.

Gross Vehicle Weight: weight of the vehicle when it is
fully loaded with passengers, cargo, and any fluids.

Gross Vehicle Weight Rating: maximum weight rating

of vehicle when fully loaded, including passengers,
Qrgo, fuel, and trailer tongue weight. /

Figure 2. Different definitions of vehicle weight.

The Gas Guzzler Tax, implemented in 1980, further instituted differential treatment of
passenger vehicles.and trucks. Manufacturers of vehicles that failed to meet the minimum
CAFE standard of 22.5 mpg had to pay a penalty. The collection schedule increased
inversely with fuel economy from $1000 for vehicles with 21.5 -22.5 mpg to $7700 for
vehicles with less than 12.5 mpg.* However, the penalty treated large vehicles differently,
in this case exempting trucks, minivans, and sport utility vehicles entirely because they
were “not widely available in 1978 and were rarely used for non-commercial purposes.”*
Following the implementation of the Gas Guzzler Tax, the declining trend in average curb
weight of the American fleet halted.

While standards accelerated technological improvements that improved the fuel economy
to weight ratio, average vehicle weight grew substantially following the nadirin 1987.°
During the 1980s, the Reagan administration signaled twice (once in 1985 and once in
1989) that it would take a light touch with fuel economy standards and that trucks would
continue to be treated differently. When the Clinton Administration sought to increase fuel
economy for all vehicles, the Republican controlled congress implemented an “anti-fuel
economy rider” to preempt executive action.® The pace of vehicle growth slowed after
changes were implemented by the Bush Administration to create a footprint-based fuel



standard for trucks under 10,000 pounds and with the Obama Administration’s first joint
fuel economy and greenhouse gas emissions rule thatincreased the standard to 54.5 mpg
for cars and trucks by Model Year 2025. Following the Trump Administration’s 2020 repeal
of the Obama-era standards, average vehicle weight again increased in 2021.”
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Figure 3. Share of total production volume delivered for sale in the U.S. Data: USEPA.

During this period, the compaosition of the American vehicle fleet also shifted towards
larger vehicles (Figure 3). The special treatment for minivans, SUVs, and pickup trucks
coincides.in 1980 with the beginning of rapid decline in the share of vehicles produced for
sale in the U.S. that were passenger cars (i.e. sedans and wagons).® In 1984, truck-based
minivans were introduced by Chrysler to exploit the CAFE loophole created for larger
vehicles, which were marketed as an alternative to station wagons.® That same year the
Jeep Cherokee SUV, often called the first modern SUV, was introduced to the market. In
late 1984, the New York Times added “light trucks” to its automotive sales report for the
first time recognizing “the increasing personal use of vehicles such as small pickups and
mini-vans, making them more of a consumer than a commercial product.”’® These
vehicles were larger, safer for their occupants, and more comfortable to travelin. From
1980 to 2022, the share of vehicles produced for sale in America that were sedans or
wagons declined from 83.5% to 26.5%. This market share was replaced primarily by truck
SUVs and to a lesser extent car SUVS (vehicles with an SUV form factor built on a car
chassis).
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Figure 4. Average Curb Weight of U.S. Vehicle Sales by Vehicle Type. Data: USEPA.

Not only did the American fleet transition to larger vehicles, but these vehicle classes also
grew in size over the past 35 years. While all vehicle classes have gotten heavier since
1985, larger vehicles have grown more rapidly. In particular, pickup trucks have increased
in curb weight dramatically from around 3,500 pounds on average in the mid-1980s to over
5,000 poundsin 2022. Truck SUVs and vans have also increased in size compared to
passenger vehicles. Recognizing the relationship between vehicle mass, kinetic energy,
and risk of passenger injury in a collision, the transition from smaller sedans to larger
trucks and SUVs over the past four decades brings with it concerns for road safety in
America, particularly for vulnerable road users.

3.2 California Vehicle Fleet

In our national analysis above, we used national vehicle production data from USEPA to
analyze how both weight and vehicle type of new model year vehicles have shifted over
time. National production data is helpful because it is available as far back as 1975 and
helps to convey long-term shifts of vehicles sold by year. On the other hand, national
production data is limited by two factors: 1) it does not necessarily reflect conditionsiin
California; and 2) it only captures new vehicles sold and not the make-up of the existing
fleet on the road, which may be dominated by older vehicles. To address these
deficiencies, we constructed a dataset of the vehicles attributes for all vehicles registered



in the state of California over the past 14 years. Using these data, itis possible for us to
present insights on how the vehicles registered to drive on California’s roads have changed
over the past decade, with sub-analyses by vehicle type and by county of registration.

Methodology

We received annual registration data from the California Department of Motor Vehicles
(DMV) for all available years (2010-2023, excluding 2012 which the DMV was not able to
share). We joined 10-digit truncated VIN numbers from the registration data with a
separate dataset from Teoalida'' that includes vehicle curb weight; height, and ground
clearance using model year, make, model, and trim as common attributes. We used the
NHTSA vPIC VIN decoder'? to fill gaps in VIN-vehicle modelmatching. With the exception of
2010, fewer than 10 percent of all registrations were not. matched to a vehicle model year,
make, model, and trim. While we use the most complete data possible, some of the
vehicles were missing height, ground clearance, and/or curb weight information. For both
vehicle height and curb weight, completeness ranged from roughly 75% to 90% depending
on the registration year and the vehicle type considered. Ground clearance was less
complete in our joined dataset with 50% to 75% coverage over the time period.

For analyses by vehicle type, we used the FTP NHTSA vPIC.decoder to batch decode
unique 10-digit truncated VINs and pull vehicle type information (variable “bodyclass”).
We then aggregated body type into five vehicle types for analysis: car, pickup, SUV, van,
and other. For the urbanicity analyses, we coded each county in California with a
urbanicity value (i.e. urban; suburban, or rural) based onthe California State Association of
Counties County Caucuses list.”® We then used the county registration field available in
the registration data provided by DMV to categorize each registration with respect to
urbanicity.

The DMV’s method for classifying vehicles (i.e. personal, commercial, government, and
rental) by ownership has shifted over time. To eliminate the impacts of these changes on
our analysis, we analyze the entire California registered fleet across the 2010 to 2023 time
period.

Total Vehicles Registrations by Year

In 2023, there were just under 31 million vehicles registered in California, or approximately
1.42 vehicles registered for every resident of California.’ The number of registered vehicles
statewide has increased 12.6 percent from 2010 to 2023, increasing at a rate faster than
population growth (in 2010, there were 1.35 registered vehicles for every California).
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Figure 5. Total number of vehicle registrations in California by
model year, make, model, and trim.

little over one percent of registrations cross all years studied. By
DMV definition, commercial vehicles a i re designed, used, or
maintained primarily to transport propert compensation, or profit.”'®
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Figure 6. Distribution of California Vehicle Registrations by Ownership Type, 2023.



Vehicles Registrations by Year by Vehicle Type

As discussed in the previous section, national vehicle production data indicates that there
has been a transition over the past two decades from cars to, primarily, sport utility
vehicles. These sales data, however, do not reflect the distribution of the actual vehicle
fleet on the road as it can take more than a decade for a vehicle to be retired from
operation.

In Figure 7, we present the share of total California vehicle registrations by vehicle type,
with a focus on the four vehicle types with the largest share of registrations: car, SUV,
pickup, and van. We can see that the makeup of the Californiavehicle fleetis indeed
shifting away from cars. The high occurred in 2015, when cars (defined as: sedans,
convertibles, wagons, and hatchbacks) accounted for 44.7 percent of vehicles on the road.
Over the past 14 years, the share of California registrations that are sport utility vehicles
has increased concurrently, from 19.6 percentin 2010 to 32.5 percentin 2023. Pickup
truck share has grown more modestly from 14.5percent in 2010 to 14.9 percent in 2023
while van share has dropped from 6.6 percent to 4.7 percent«ln the following sections, we
explore what this transition from cars to SUVs means for the weight and size of the vehicle
fleet.
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Figure 7. California Vehicle Registrations by Year and Vehicle Type.

As of 2023, the car is still the most popular vehicle type on California’s roads. With the
current trajectories, however, SUVs are likely to overtake cars sometime in this decade in
terms of number of registrations. The dominance of cars in the California vehicle fleet is
also demonstrated when examining the top 15 vehicles sold by year.



Rank 2010 2010 [ 2012 2013 2014 2015 2016
1 [Honda Accord Honda Accord Honda Accord Honda Accord Honda Accord Honda Accord
2 |Toyota Camry Toyota Camry Honda Civic Honda Civic Honda Civic Honda Civic
3 |Honda Civic Honda Civic Toyota Camry Toyota Camry Toyota Camry Toyota Camry
4 [Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla
Il Ford F-150 ord 0 ord 0 ord 0 oyota Tacoma oyota Tacoma
]l Toyota Tacoma oyota Tacoma oyota Tacoma oyota Tacoma ord 0 ord 0
7 |Ford Explorer Nissan Altima Nissan Altima Nissan Altima Nissan Altima Nissan Altima
8 |Nissan Altima e erado 1500 e erado 1500 e SN BV VR Toyota Prius Toyota Prius
Xl Chevy Silverado 1500 Ford Explorer Honda CR-V Toyota Prius Honda CR-V Honda CR-V
j[*}ll Ford Ranger Ford Explorer Honda CR-V e erado 1500 e erado 1500

Ford Mustang Ford Ranger Toyota Prius Ford Explorer Toyota Sienna Toyota Sienna
12 |Toyota 4runner Toyota Prius Toyota Sienna Ford Explorer Nissan Sentra
13 |Ford Expedition Honda Odyssey Honda Odyssey Ford Explorer

Nissan Sentra Nissan Sentra Honda Odysse
Toyota Tundra Toyota Tundra

14 |Toyota Sienna Toyota 4runner
jE:lll Dodge Ram 1500 Ford Mustang |Tayota 4runner

Rank 2017 2018 2019 2020 2021 2022 2023
1 |Honda Accord Honda Civic Honda Civic Honda Civic Honda Civic Honda Civic Honda Civic
2 |Honda Civic Honda Accord Henda Accord Honda Accord Honda Accord Toyota Camry Toyota Camry
3 |Toyota Camry Toyota Camry Toyota Camry Toyota Camry Toyota Camry Honda Accord Honda Accord
4 |Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla Toyota Corolla
5 oyota Tacoma oyota Tacoma oyota Tacoma oyota Tacoma oyota Tacoma oyota Tacoma oyota Tacoma
6 ord 0 ord 0 ord 0 ord 0 ord 0 ord 0 Honda CR-V
7 |Honda CR-V Honda CR-V Honda CR-V Honda CR-V Honda CR-V Honda CR-V ord 0
8 |Toyota Prius Toyota Prius Toyota Prius Toyota RAV4 Toyota RAV4 Toyota RAV4 Toyota RAV4
[ TV R E Ol Nissan Altima Nissan Altima Toyota Prius Toyota Prius Toyota Prius Toyota Prius
10 |Nissan Altima Toyota RAV4 Toyota RAV4 Nissan Altima Chevy Silverado 1500 Chevy Silverado 1500 Chevy Silverado 1500
11 |Toyota Sienna Chevy Silverado 1500 Chevy Silverado 1500 Chevy Silverado 1500 [N[EEERNRIGNE] Nissan Altima Nissan Altima
12 |Toyota RAV4 Toyota Sienna Toyota Sienna Toyota Sienna Toyota Sienna Toyota Sienna Toyota Sienna
13 [Nissan Sentra Nissan Sentra Nissan Sentra Nissan Sentra Nissan Sentra Lexus RX Tesla Model 3
14 [Honda Odysse Honda Odysse Honda Odysse Toyota Tundra Toyota Tundra

Toyota Tundra

Toyota Tundra Toyota Tundra
[ tegend | Sedan I Van [ s

Toyota Tundra Toyota Tundra

Figure 8. Top 15 most popular vehicles registered in California by registration year.

The most popular vehicles registered in California have consistently been a mix of cars,
pickup trucks, SUVs, and vans for the full 2010-2023 period. For every year analyzed, the
top four most registered vehicles were a mix of Honda and Toyota compact and full-size
sedans. Comparing 2023 to 2010, seven of the top 15 registered vehicles were sedans in
2023 and sixwere sedans in 2010. Pickup trucks are also consistently popular in the
California vehicle fleet. The number five and six most popular vehicles were consistently
pickup trucks; five of the top 15 vehicles were pickups in 2010 and four were pickup trucks
in 2023. Finally, while SUVs have remained population throughout the period, we also
observe a transition in the most common SUV registrations from large SUVs built on a truck
platform early in the period (e.g. Toyota 4runner and Ford Expedition) to smaller SUVs built
on a car platform (e.g. Honda CR-V and Toyota RAV4).

Vehicles Registrations by Urbanicity and by Vehicle Type

To better understandthe potential drivers of these inter-county differences in trends, we
analyzed how the distribution of vehicle types differs in rural vs urban counties. We also
explore how the distribution of vehicles has shifted over time by comparing 2010 to 2023
vehicle registration data (see Figure 9).

We found that pickup trucks account for approximately twice the share of vehicle
registrations in rural counties compared to urban counties. In 2010, 24.4 percent of rural
county registrations were pickup trucks compared to only 12.9 percent of urban county
registrations. Further, over the past 14 years, the share of urban county registrations that



are pickup trucks has held steady at 12.9 percent whereas the share in rural counties has
grown to 27.4 percent.
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Figure 9. Distribution of Registered Vehicle Types by Urbanicity of County and Year.

Conversely, cars account for a larger share of urban vehicle registrations than rural (43.9
percentvs 29.4 percent in 2010). The share of both urban and rural registrations that are
cars has declined by roughly three percentage points in both from 2010 to 2023. Similarly,
both urban and rural counties have also seen a dramatic shift in SUV registrations.
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Interestingly, SUVs appear to the be the only vehicle type for which the share of vehicle
registrations is the same for urban and rural counties. In 2010, 18.9 percent of rural
registrations were SUVs compared to 19.9 percent in urban counties. Over the 2010 to
2023 period, the share increased 50 percent in both county types to 30.4 percent of all
registrations in rural counties and 33.2 percent in urban counties.

Overall, the key differences between urban and rural counties are that pickup truck
registrations are much higher in rural areas and car registrations are much higher in urban
areas. SUVs seem to transcend urban-rural divides and represent a similar share of total
registrations in both types of counties. Registrations in suburban counties, not visualized
here, reflect the middle of the urban-rural distribution. In 2023, 35.1 percent of suburban
registrations were cars, 20.7 percent pickups, 30.4 percent SUVs, and 4.1 percentvans.

Change in Vehicle Size Attributes of the California Vehicle Fleet

The shift from cars and vans to SUVs and pickup-trucks is likely to have implications for the
size and weight of the California vehicle fleet as these types of vehicles are larger. Using
2023 data, we can see that the mean height, ground clearance, and curb weight differs by
vehicle type (see Figure 10). At the most extreme, the average pickup truck registered in
California is 47 percent heavier, 26 percent taller, and 59 percent higher than the average
car. While smaller, SUVs are also considerably larger than cars. The average SUV
registered in California is 27 percent heavier, 19 percent taller, and 42 percent higher than
the average car.

Sedan
Height: 57.3inches
3,170 pounds Clearance: 5.7 inches

Curb Weight: 3,170 pounds

Sport Utility Vehicle

Height: 68.1inches
Clearance: 7.9inches
Curb Weight: 4,020 pounds

4,020 pounds

Van
4,400 pounds Height: 70.1inches
Clearance: 5.6inches

Curb Weight: 4,400 pounds

Pickup Truck
Height: 72.4inches
4,650 pounds Clearance: 8.9inches

Curb Weight: 4,650 pounds
Figure 10. Average height, ground clearance, and curb weight by vehicle type in 2023 for the California vehicle fleet.

These vehicle attributes matter for road safety. As discussed in earlier section of this
report, the differential in vehicle size is an important factor in the severity of vehicle
crashes, particularly in crashes that involve a vehicle and vulnerable road user. Higher
vehicles with more ground clearance have higher impact points, which are associated with
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higher risk of serious injury for pedestrians.'®' A large clearance differential in two-vehicle
crashes may increase the likelihood of an overlap crash where the higher vehicle moves up
and over the lower vehicle. When a heavier vehicle strikes a lighter one, the risk of fatality
increases as the transfer of kinetic energy is greater.’ Heavier vehicles are also more likely
to injure vulnerable road users in a crash.220:21

To explore the implications of a changing vehicle fleet further, we used the vehicle
registration data to calculate the height, ground clearance, and curb weight of every
vehicle registered in California. We then aggregated these data by registration year to
understand how the vehicle fleet is shifting over time. We observe that the California
vehicle fleet, in aggregate, has increased in the average height (2.3 percent), ground
clearance (2.5 percent), and curb weight (4.8 percent) over the 2010 to 2023 period (see
Figure 11).
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Figure 11. Change in Vehicle Size of the California Vehicle Fleet from 2010-2023.

In Figure 12, we examine how the California fleet has shifted over time broken down by
vehicle type. Across the board, pickup trucks and cars have grown more over the past 14
years than SUVs. The average curb weight of pickup trucks registered in California has
grown 6.8 percent from 2010 to 2023, with cars growing 3.0 percent in comparison.
Similarly, pickups have grown just under 3 percent in height and ground clearance over the
study period and cars have grown a more modest 1-2 percent.

Perhaps most notably, sport utility vehicles registered in California have decreased in size
from 2010 to 2023; -1.7 percent in height; -2.4 percent in ground clearance, and -2.3
percent in curb weight. While it is not possible to conclusively determine why SUVs are
deviating from the trend set by pickup trucks and cars, the most likely explanation is that
the makeup of SUVs has been shifting over the period to include smaller SUVs. We observe
this transition in the top 15 vehicles registered in California over the years (see Figure 8).
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The popularity of large SUVs in 2010, like the Ford Expedition and Toyota 4Runner, gave
way to smaller SUVs like the Honda CR-V and Toyota RAV4 in 2023. However, these
popular smaller SUVs have themselves also increased in size over time, mainly with regard
to curb weight. The curb weight of the Honda CR-V EX AWD trim, for example, increased
12.3% from 2000 to 2023 and the Toyota RAV4 base AWD model has increased roughly
19% in curb weight over the same period. The size difference between small and large
SUVs is still quite present, though. A 2023 Toyota 4Runner is 6.4% taller, 26.7% heavier,
and has 11.6% more ground clearance than a 2023 Toyota RAV4.
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Figure 12. Change in Curb Weight, Height, and Ground Clearance of the California Vehicle Fleet from 2010-2023 by
Vehicle Type.

This analysis suggests that it may be important to differentiate between large and small
SUVs going forward. Historically, the easiest way to differential within the SUV category
was “car SUVs” and “truck SUVs.” These distinctions were developed because car SUVs
were builton a car chassis that differed from truck SUVs built on truck chassis. As
automobile manufacturers have moved away from manufacturing cars in general, the car
SUV vs truck SUV distinction has become more challenging to implement.

Change in Vehicle Size Attributes by Vehicle Type and Urbanicity for the California Fleet

We also explored how curb weight, height, and ground clearance of the California vehicle
fleet have shifted overtime by urbanity. Each registered vehicle was assigned an urban-
rural-suburban designation based on the county in which it was registered according to the
California State Association of Counties County Caucuses list.”®* We observed an
incremental relationship between urbanicity and the rate of vehicle growth across the
board. Vehicles registered in rural counties are growing fastest with respect to height,
ground clearance, and, most pronounced, curb weight. Vehicles in suburban counties
were growing next fastest for all three vehicles attributes analyzed, followed by urban
counties.
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The observed differences in the transition in size of the vehicle fleet across these three
attributes by urbanicity may have significance for improving road safety. In addition to
differing with respect to population density, road density, road type, and other
infrastructural factors, rural, suburban, and urban counties also differ with respect to the
vehicles on the road. As noted above, rural counties have nearly twice the share of pickup
truck registrations as urban counties do and a similar share of SUV registrations.

The differences observed here in the rate of change in curb weight may reflect the growing
size of specific models of trucks and SUVs that are more popular in some counties than
others. In concern with the registration analysis above, the differing rate of change in curb
weight, height, and clearance in rural vs suburban vs urban counties suggests that the
impacts of any policy or intervention focused on these attributes may affect residents
differently across different county types.

Curb Weight Height Ground Clearance
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Figure 13. Change in Curb Weight, Height, and Ground Clearance of the California Vehicle Fleet from 2010-2023 by
Urbanity, Registered Personal Vehicles.

Crash Safety Features

Vehicle safety technology has also become an increasingly important aspect of vehicle
design and manufacturing. Referred to as advanced driver assistance systems (ADAS ),
these vehicle safety features can broadly be broken into two categories: 1) systems that
alert a driver of a potentially dangerous situation; and, 2) systems that are capable of
operating the vehicle (see Figure 14). Technologies in category one are generally designed
to notify the driver so that the driver can take action and include systems like: forward and
rear collision warning, lane departure warning, pedestrian detection warning, and blind
spot warning. The second category of technologies is similar to the first, but includes the
ability for the vehicle to take over to avoid a crash. These intervention technologies
include: automatic emergency braking, pedestrian automatic emergency braking, adaptive
cruise control, blind spot intervention, curve speed correction, and lane keeping
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assistance. None of these technologies is currently required by law to be standard on 2024
model year vehicles (though in practice a number are); however, earlier in 2024, NHTSA
issued a final decision that automated emergency braking would be required to be
standard on model year 2029 vehicles. However, itis not clear if the new federal
administration will uphold the existing NHTSA final ruling. %2

Advanced Driver Assistance Systems

Alert Systems Operational Systems

Forward Collision Warning Automatic Emergency Braking
Rear Collision Warning Intersection Automatic Emergency Braking
Lane Departure Warning Lane Keeping Assistance

Lane Centering Assistance
Pedestrian Detection Warning Pedestrian Automatic Emergency Braking
Blind Spot Warning Blind Spot Intervention

Curve Speed Correction

Adaptive Cruise Control

Active Driving Assistance

Figure 14. Types of Advanced Driver Assistance Systems.

In a literature review of studies on the effectiveness of ADAS, Aleksa et al. (2024) identified
five studies that found that ADAS related to warning and braking had the greatest potential
to reduce road injuries and crashes.? Several studies have found that forward collision
warning and automated emergency braking could prevent around 30 percent of passenger
vehicle crashes. In another government-industry study focused on the U.S., vehicles with
forward collision.warning and automatic emergency braking were found to reduce front-to-
rear crashes by half and vehicles with lane-keeping assistance have a reduced rate of
single-vehicle crashes with injuries.?*?” The implications for improved vulnerable road user
safety, however, are less conclusive. The same U.S. study did not find a statistically
significant improvement in pedestrian safety with pedestrian automatic emergency
braking.?* A different research study focused exclusively on the effectiveness of automatic
emergency braking systems on pedestrian risk found a 25 to 27 percent reduction in
pedestrian crash risk.?® While there are several studies aimed at estimating how effective
these technologies are at reducing road injury, there is a notable opportunity for additional
research specifically focused on vulnerable road users.

Penetration of Advanced Driver Assistance Systems in the Vehicle Fleet

Due to data limitations and incomplete data in the NHTSA vPIC system, we were unable to
estimate the penetration of crash safety features in the California vehicle fleet using the
DMV vehicle registration data matched with vehicle attribute data.
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Figure 15. Penetration of advanced driver-assistance systems, 2015-2023. PARTS data collected and reported by MITRE.

As a proxy, we leverage data made available by the Partnership for Analytics Research in
Traffic Safety (PARTS) to estimate penetration of these technologies in new model year
vehicles sold in the United States. PARTS is a partnership between eight automobile
manufacturers and NHTSA in which “participants voluntarily share applicable safety-
related data for collaborative safety analysis.”?° The government-industry initiative is
operated by a third-party, MITRE, that aggregates and reports on data collected from
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manufacturers on advanced driver assistance systems (ADAS). Collectively, data reported
to PARTS from manufacturers include vehicles from all vehicle types and cover roughly 80
percent of vehicle market share.*

Over the better part of the past decade, there has been a dramatic increase in penetration
rates for ADAS in new vehicle models (see Figure 15). Notably, over 90 percent of 2023
model year vehicles shipped with Forward Collision Warning, Automatic Emergency
Braking, Pedestrian Detection Warning with Automatic Emergency Braking, and Lane
Departure Warning. Blind spot intervention has the lowest penetration in new model year
vehicles with only 26 percent of 2023 vehicles shippingwith that system, though 73
percent had blind spot warning. It is encouraging that the systems found most likely to
reduce crashes in the existing literature, forward.collision warning and automatic
emergency braking, are the most prevalent on hew model year vehicles.

Several caveats are notable, however. Firstly, with regardto ADAS, technology penetration
is important, but so is efficacy. Measuring continued improvement in the technology at
preventing crashes and injuries is arguably more important going forward as penetration
approaches 100 percent. The PARTS initiative is focused on studying the efficacy of these
technologies going forward, however, initial results are mixed across the suite of ADAS.?°
Secondly, as noted earlier in the report, it takes the U.S. fleet roughly 12 years to turn over.
This means that even if every single new model year vehicle shipped with all ADAS
standard, it would be‘over a decade before all the vehicles on the road were operating with
these systems. Finally, with the exception of pedestrian detection and pedestrian
automatic emergency braking, most ADAS and associated efficacy studies are focused on
vehicle-to-vehicle collisions. That is notto say these systems would not be helpful at
reducing vulnerable road user injuries, but this has not been the focus of most academic
research on these technologies. More research is needed to understand how effective
these technologies are at reducing vulnerable road user injuries resulting from vehicle
crashes.

3.3 Current California Passenger Vehicle Weight Classes and Fees

The California Department of Motor Vehicles (DMV) collects weight-related fees at vehicle
registration that are applied in addition to other registration fees. Fee amounts are
determined by the vehicle’s classification as passenger or commercial, with fees based on
the vehicle’s unladen weight?, number of axles, and fuel type.

Currently, fees are only applied to commercially registered vehicles with the exception of
pickup trucks. Pickup trucks are treated as commercial vehicles for the purpose of a

2 Unladen weight is defined as the total weight of the vehicle only and does not include fuel, passengers,
cargo, spare wheel and/or tools (if applicable), or anything else. It is close to the definition of curb weight,
which also excludes passengers and cargo, but includes fuel, spare tire, and anything else that comes
standard on the vehicle.
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weight-based fee and charged a fee based on their unladen weight according to the
schedule below as long as they have a bed less than nine feet long, unladen weight of less
than 8,001 pounds, and are rated to tow less than 11,500 pounds. Pickup trucks that do
not meet these exceptions are treated as “motor trucks” and are assessed a fee based on
the weight and towing capacity via a declaration of gross vehicle weight form (Reg-400)
designed for larger commercial vehicles.

Commercial Motor Vehicles with Two Axels or Fewer

Unladen Weight (lbs) Annual Supplemental Fee

0-1,999 $8

2,000 - 2,999 $8

3,000 - 4,000 $24

4,001 - 5,000 $80

5,001 - 6,000 $154

6,001 - 7,000 $204

7,001 - 8,000 $257

8,001 - 9,000 $308

9,001 - 10,000 $360

Figure 16. California DMV Commercial Two-Axle Weight Fee Schedule.’’

In addition, businesses may register two-axle passenger type vehicles as commercial
vehicles. For these vehicles, a weight-based fee is applied based on the scale indicated in
Figure 16. Electric vehicles are treated differently and subject to a separate fee table (see
Figure 17).

While not directly relevant for the current approach to collecting weight-based fees,
California does utilize the Federal Highway Administration’s (FHWA) vehicle weight classes
in other applications. For example, the California Energy Commission reports data on zero
emissions vehicle registrations by these weight classes.®? The FHWA vehicle weight
classes are based on GVWR. Light-duty vehicles are broken up into two vehicle classes,
Class 1 (6,000 lbs or less) and Class 2 (6,001 to 10,000 lbs), (see Figure 18). Notably, the
current California weight-based commercial vehicle fees include the same break points
(i.e. 6000 lbs and 10,000 lbs), making it possible to combine the DMV and Energy
Commission vehicle classes if desired.

Commerical Electric Vehicles

Unladen Weight (lbs) Annual Supplemental Fee
0-5,999 $87
6,000 - 9,999 $266
10,000 or more $358

Figure 17. California DMV Commercial Electric Vehicle Fee Schedule.®’

18



LIGHT-DUTY WEIGHT CLASS

Weight class 1 vehicles have a gross vehicle weight rating of less than 6,000 pounds.
Example Models: Toyota Tacoma, Ford Transit Connect, and Chrysler Pacifica.

Class 1 Small Cargo Van  Compact Pickup sUv Minivan
6,000 |b

& less By oty Gy gEn

Weight class 2 vehicles have a gross vehicle weight rating between 6,001 pounds to 10,000 pounds.
Example Models: Ford F-150 Lightning, Rivian R1T, Ford E-Transit-350 Cargo, and Mercedes-Benz eSprinter.

Class 2 Panel Van Standard Pickup Large SUV  Large Passenger Van
6,001 Ib to

Figure 18. FHWA Light-Duty Vehicle Weight Classes, California Energy Commission.**

3.4 National Passenger Vehicle Weight Fees

Potential policies focused on the size and weight of vehicles registered in California may
build upon existing fees and regulations already in place. To that end, we summarize in this
section existing weight-related fees in California.

When someone registers their vehicle in the State of California, they are responsible for
several fees, including: the registration fee, California Highway Patrol fee, vehicle license
fee, transportation improvement fee, any applicable county/district fees, and numerous
additionalfees ranging from a fingerprint ID fee to an abandoned vehicle fee.** As these
fees are dependent on the situation of the registering owner (e.g. in-state vs out of state,
county of registration) and the registered vehicle (e.g. gas vs electric, vehicle cost), itis
easiest to understand the fees in the context of a specific vehicle. To illustrate the fee
structure, belowwe in figure 1, we provide the fee schedule for fees due at registration for
a 2023 Ford F-150 XL (MSRP: $34,585) that is being registered for the first time by an in-
state purchaser in Sacramento, CA. Together, these fees can be considered the fees paid
upon registration of a vehicle in California, but it is notable that they include fees beyond
the explicit “registration.” Fees are collected at the point of registration by the California
Department of Motor Vehicles (DMV and then distributed based on the specific fee.
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Fees due at Registration fora2023 Ford F-150 Pickup XL

Current Registration S 65.00
Current California Highway Patrol S 30.00
Current Weight Fee S 80.00
Current Vehicle License Fee S 224.00
Current County Service Authority for Freeway Emergencies Fee | S 1.00
Current Fingerprint ID Fee S 1.00
Current Smog High Polluter Repair Fee S 6.00
Original Smog Abatement S 6.00
Alt Fuel/Tech Smog Fee S 8.00
Current Air Quality Management District S 6.00
Alt Fuel/Tech Reg Fee S 3.00
Current Vehicle Theft/DUI 2 S 2.00
Current Transportation Improvement Fee S 118.00
Reflectorized License Plate Fee S 1.00
Total (excluding sales taxes) $ 551.00

Figure 19. Fees due at Registration for a Ford F-150 XL

Currently, weight-related fees at vehicle registration are applied in addition to other
registration fees only for commercial vehicles. Fee amounts are determined by the
vehicle’s classification as commercial, with fees based on the vehicle’s unladen weight,
number of axles, and fueltype. Large pickuptrucks are treated as commercial vehicles by
Californiaregulations and therefore subject to an additional weight-based fee.®' Pickup
trucksweighing more than 8,001 lbs. unladen and/or 11,499 |bs. gross vehicle weight
rating (GVWR), which is the maximum operating weight of the vehicle including passengers
and cargo, are subject to the Commercial Vehicle Registration Act (CVRA) fees described
below. (Examples of pickup trucks that meet these criteria include the Chevy Silverado
3500 HD, Ford F-450 Super Duty, and GMC Hummer EV).
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Commercial Motor Vehicles with Two Axels or Fewer

Unladen Weight (Lbs) Annual Supplemental Fee

0-1,999 $8

2,000 - 2,999 $8

3,000 - 4,000 $24

4,001 - 5,000 $80

5,001 - 6,000 $154

6,001 - 7,000 $204

7,001 - 8,000 $257

8,001 - 9,000 $308

9,001 - 10,000 $360

Figure 20. California DMV Commercial Two-Axle Weight Fee Schedule.®

In addition, businesses may register two-axle passenger type vehicles as commercial
vehicles. For these vehicles, a weight-based fee is applied based on the scale indicated in
Figure 16. Electric vehicles are treated differently and subject to a separate fee table (see
Figure 17).

While not directly relevant for the current approach to collecting weight-based fees,
California does utilize the Federal Highway Administration’s (FHWA) vehicle weight classes
in other applications. For example, the California Energy Commission reports data on zero
emissions vehicle registrations by these weight classes.®? The FHWA vehicle weight
classes are based on GVWR. Light-duty vehicles are broken up into two vehicle classes,
Class 1 (6,000 lbs or less) and Class 2 (6,001 to 10,000 lbs), (see Figure 18). Notably, the
current California weight-based commercial vehicle fees include the same break points
(i.e. 6000 lbs and 10,000 lbs), making it possible to combine the DMV and Energy
Commission vehicle classes if desired.

Commerical Electric Vehicles

Unladen Weight (lbs) Annual Supplemental Fee
0-5,999 $87
6,000 - 9,999 $266
10,000 or more $358

Figure 21. California DMV Commercial Electric Vehicle Fee Schedule.®’
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LIGHT-DUTY WEIGHT CLASS

Weight class 1 vehicles have a gross vehicle weight rating of less than 6,000 pounds.
Example Models: Toyota Tacoma, Ford Transit Connect, and Chrysler Pacifica.

Class 1 Small Cargo Van  Compact Pickup sUv Minivan
6,000 |b

& less By oty Gy gEn

Weight class 2 vehicles have a gross vehicle weight rating between 6,001 pounds to 10,000 pounds.
Example Models: Ford F-150 Lightning, Rivian R1T, Ford E-Transit-350 Cargo, and Mercedes-Benz eSprinter.

Class 2 Panel Van Standard Pickup Large SUV  Large Passenger Van
6,001 Ib to

Figure 22. FHWA Light-Duty Vehicle Weight Classes, California Energy Commission.**

3.5 National Passenger Vehicle Weight Fees

Nationally, 25 states and the District of Columbia have some type of weight-based vehicle
fee due at registration that applies to passenger vehicles, with considerable variation (see
Figure 23). In most states, a passenger vehicle weight fee is applied as an additional fee
that increases with defined weight classes, however, some states simply apply different
base registration fees based on weight class. These classes vary by state. In some states,
the weight classes follow the federally defined FHWA classes (see Figure 18). In other
states, the weight classes are more refined. For example, the District of Columbia’s fee
structure includes three distinct weight classes for vehicles under 6,000 pounds.*® Of the
states that collect a weight-based fee, some do so in a conditional way, either applying it to
electric vehicles (e.g. Michigan charges a different fee for electric vehicles under 8,000
pounds and those above, both tied to the gas tax). In California, while no passenger vehicle
weight-based fee is levied, large passenger pickup trucks are treated as commercial
vehicles if their unladed weight exceeds 8,000 pounds regardless of defined use vehicles.
Notably, in Hawaii, the state weight tax is applied on a per-pound basis that increases with
weight classes, effectively applying fees that linearly increase with weight.
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Figure 23. States with Weight-based Fees for Passenger Vehicles, 2024.

To provide additional context on the scale and variation in passenger vehicle fees due at
registration across the U.S., we calculated the effective total fees due at registration for
the best-selling vehicle nationally in 2023: the Ford F-Series pick-up truck.®* Specifically,
we compare fees across states (see Figure 24) for the most affordable trim, the 2023 Ford
F-150 Regular Cab XL pick-up (curb weight: 4,021 pounds; MSRP $34,585). The fees vary
across states, ranging from $13.50 (Arizona) to $562 (New Hampshire) with an average fee
of $110. California’s total fees due at registration (for Sacramento, CA) of $551, which does
include a specific weight-based add-on fee of $80 because the 4,021 pound F-150 XL is
classified as a commercial vehicle under current California law. Hawaii, despite
implementing a weight-based fee, is in the bottom quartile of states with a total fee due at
registration of $66.
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Figure 24. Estimated Vehicle Registration Fees by State for a 2023 Ford F-150 Regular Cab XL (MSRP $34,585).

We searched for height and footprint-based fees and did not find examples of any states
implementing fees with these criteria.
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