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North Carolina Vehicle Fleet Analysis

This Technical Memorandum (Tech Memo) describes the results and analysis methodology used to
describe the vehicle fleet in North Carolina. This analysis forms a precursor step to the financial
evaluation of fuel tax and mileage-based user fee revenues to come. The results summarize our
analysis of registration data for vehicles assigned to census tracts including:

1) vehicles per household,

2) fuel type,

3) fuel efficiency, and

4) vehicle age.

The description of the methodology for carrying out this analysis is provided in Appendix 1 and
includes the data and procedures used for data cleaning and assembly.

Vehicles Per Household

After grouping registration data assigned to census tracts by their respective geographic classes, we
analyzed the results for statistical and spatial patterns. We complemented this analysis of
registration data with survey response data from the American Community Survey (ACS)' on the
number of vehicles available to households.

Across the different geographies, the number of vehicles per household based on registration data
and based on ACS data were generally consistent (Table 1 and Figure 1). The distribution of
vehicles per household among the various geographies follows a perhaps unsurprising pattern: large
urban areas tend to have the fewest vehicles per household, while rural areas tend to have more.
However, the distribution is skewed: all but large metropolitan (LM) urban areas are clustered close
to the overall mean.

This may be explained by somewhat dramatic differences in settlement pattern, with large
metropolitan urban areas being much denser and offering residents much greater destination
accessibility without an automobile even than smaller urban areas. However, almost 70 percent of
households and over 70 percent of vehicles reside in suburban or mixed geographies.

" This ACS data is also used by our VMT estimation process based on the Local Area Transportation Characteristics of Households (LATCH) research
done by the Bureau of Transportation Statistics.
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Table 1: Household Vehicles by Geography

Share of Share of Avg Registered

Geography  Households Total Ize'g;stered Vehicles Vehicles per Avg ACS Vehlhd;;
(%) Vehicles (%) Household per Househo

LM Urban 10.1 476,563 7.2 1.20 1.52

LM Suburban 32.6 2,114,379 32.0 1.70 1.81

Small Urban 8.2 516,767 7.8 1.622 1.68

Mixed 359 2,587,034 39.2 1.86 1.98

Rural 13.1 907,479 13.7 1.76 2.07

All Urban? 50.9 3,107,709 47.1 1.59 1.73

Overall 6,602,222 1.71 1.88

The ACS data estimated the vehicles per household figures slightly higher in the most and least
dense geographies — large metropolitan urban and rural, respectively. These small differences may
be related to sampling error: whereas the registration data is a vehicle census in North Carolina, the
ACS uses sampling to estimate its reported values for the population, and thus is prone to
systematic over- or underestimates based on statistical assumptions and the survey response rate.
These errors tend to be larger at the margins, in this case at the urban and rural extremes.
Alternatively, vehicles filtered out as assumed to be part of the commercial fleet may in reality have
been for personal use, and thus skewed the results (see Appendix 1).

Figure 1: Vehicles per Household Comparison to VINs Assigned per Household by Geography
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2 There was an outlier Small Urban tract that contained only two households according to the US Census but contained 600 vehicles. We excluded the
resulting 300 vehicles per household in that tract for this calculation — with this outlier tract the result was 3.22 vehicles per household. This tract
entirely contains US Marine Corps Base Camp Lejeune, which likely explains the extremely large number of vehicles.

3 This is the combination of Large Metro Urban, Large Metro Suburban, and Small Urban.
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Figure 2: Vehicles per Household
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Fuel Type

Fuel type comparisons showed a relatively consistent pattern between North Carolina geographies
(Table 2). As might be expected, gasoline represents the primary fuel type across the fleet —
between 94-96 percent. Diesel fuel powers nearly three times as large a share of rural vehicles as
urban vehicles and represents a mere 1.5 percent of the fleet in large urban areas. This tripling
appears to be mirrored in reductions in gasoline-powered vehicles for the same geographies. In all,
conventional fuels dominate, which reflects national fleet composition.

The registration data also included hybrid and battery-electric vehicles. Hybrid vehicles have a low
penetration in large urban and suburban geographies (<3 percent), and a lower 1 percent of the
small urban, mixed, and rural geographies. Electric vehicles today still represent only a very small
share of the North Carolina fleet — between 0.15-0.19 percent of large metropolitan fleets. While the
other geographies do have a considerable number of electric vehicles, they represent a near-zero
proportion of the fleet.

Appendix 2 contains maps depicting distributions of each fuel type across North Carolina’s census
tracts. The maps indicate that while gasoline predominates across the state, the largest
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concentrations are in the east, particularly surrounding the 1-95 corridor. Diesel is primarily
concentrated in rural areas and the western half of the state, and most diesel-powered vehicles are
registered in mixed geographies. Hybrid and electric vehicles tend to be more numerous near cities
and especially metropolitan suburbs. However, electric vehicles exhibit a much greater spatial
clustering than hybrid vehicles, which are distributed to rural areas in most parts of the state.

Table 2: Fuel Type Proportion by Geography

Geography

Gas Diesel Hybrid PHEVs Electric
LM Urban 455,614 95.6% 7,064  2.2% 8,884  1.9% 4,095  0.8% 931 0.2%
LM Suburban | 2,009,978 95.1% 54,347  2.6% 32,632 1.5% 14,307  0.7% 3,221 0.2%
Small Urban 495,606 95.9% 14,019  2.7% 4,821 1.0% 2,094  0.4% 235 ~0%
Mixed | 2,437,852 94.2% 110,876  4.3% 25214 1.0% 11,372 0.4% 1,757 ~0%
Rural 857,429 94.5% 41,388  4.5% 5955  0.8% 2,525 0.7% 186 ~0%
All Urban | 2,961,198 95.3% 75,430 2.4% 46,337 1.5% 20,496  0.6% 4,387 0.1%
Overall | 6,256,479  94.7% 227,694 3.4% 77,506 1.2% 34,393 0.5% 6,330 ~0%

Figure 3: Cumulative Percentages of Fuel Types by Geography
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Fuel Efficiency

We analyzed the combined fuel efficiency of different fuel types across the various geographies, as
well as in general for the entire fleet (Table 3). The average fuel economy across the fleet is about
21 miles per gallon (MPG). Diesel vehicles tend to get slightly less than 20 MPG (with more urban
areas closer to 20). Gasoline vehicles average slightly greater than 20 MPG (with more urban areas
over 22). Hybrid vehicles are almost twice as efficient as gasoline vehicles on average.

Mixed and rural geographies represent the majority of low fuel economy vehicles: these two
geographies have more than 60 percent in each of the bottom three fuel efficiency categories (i.e.,
less than 20 MPG), and a majority of vehicles getting less than 25 MPG (Figure 4) However, while
urban and suburban vehicles tend to have higher fuel economies, this is likely because their fleets
tend to be considerably newer than their rural counterparts, as discussed in the next section.

Table 3: Average Fuel Efficiency by Geography (Miles per Gallon of Fuel)

Geography
Gasoline Diesel Hybrid PHEVs Electric* All Vehicles

LM Urban 22.4 19.7 37.5 442 103.1 22.7
LM Suburban 21.7 18.5 36.8 43.8 102.0 21.9
Small Urban 21.1 18.1 37.1 443 99.9 21.1
Mixed 20.6 17.9 37.2 43.9 101.8 20.6
Rural 20.1 17.7 37.3 44.15 99.4 20.1
All Urban 21.7 18.5 37.4 44.5 102.5 21.8
Overall 21.7 18.5 36.9 44.0 102.2 21.1

Figure 4: Cumulative Percentage of Vehicles by Fuel Economy and Geography
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“ Electric vehicle fuel efficiency is given in miles-per-gallon-equivalents (MPGe). MPGe allows comparisons between electric and conventional vehicles,
represented by the miles an electric vehicle can drive on the equivalent energy found in a gallon of gasoline. The metric has some limitations,
namely that conventional engine efficiency varies, so results will also vary. Our study will not use MPGe for any subsequent calculations — these
figures are provided for comparison purposes only. See: https://www.epa.gov/fueleconomy/text-version-electric-vehicle-label
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Figure 5: Combined Fuel Efficiency (MPG)
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Vehicle Age

Registration data provided included model years for each vehicle, which we reformulated as vehicle
age. The average vehicle age increases as the geography becomes more rural, with a small jump
between suburban and small urban areas and a steeper increase in average age in mixed and in
rural areas. Most older vehicles reside in mixed and rural areas (Figure 6).

Large metropolitan urban, suburban, and small urban areas combined represent barely 50% of the
vehicles in the most recent of model years (2012-2020), whereas other non-urban area vehicles tend
to be older. This may reflect higher disposable incomes in urban areas and their residents’ ability to
afford newer vehicles, or a greater propensity for leasing, which would bias the urban fleet towards
newer vehicles.
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Table 4: Average Vehicle Age by Geography
Geography  Average Age
LM Urban 9.3
LM Suburban 9.7
Small Urban 10.9
Mixed 11.4
Rural 12.2
Overall 10.8
Table 5: Vehicles by Model Year Group by Geography
Geography Number of Vehicles by Model Year Group
1980 1990 2000 2003 2006 2009 2012 2015 2018
-1989 -1999 -2002 -2005 -2008 -2011 -2014 -2017 -2020
LM Urban 3,095 33,207 32,543 52,395 70,725 59,997 87,315 99,287 37,999
LM Suburban 19,532 173,120 154,110 238,518 307,580 249,566 367,496 435,823 168,634
Small Urban 6,661 58,815 48,249 68,397 77,356 55,861 77,037 92,474 31,916
Mixed 47,132 345,202 253,548 343,525 374,226 264,382 367,711 442,887 148,418
Rural 18,334 136,442 101,637 132,802 133,944 86,491 113,105 138,527 46,197
All Urban| 29,288 265,142 234,902 359,310 455,661 365,424 531,848 627,584 238,549
Overall 94,754 746,786 590,087 835,637 963,831 716,297 1,012,664 1,208,998 43,164

Figure 6: Cumulative Percentage of Model Year Groups by Geography
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Figure 7: Average Vehicle Age
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Appendix 1. Methodology and Data Validation

SAS supported NCDOT in preparing an initial dataset of 7,255,439 vehicle registrations. We filtered
and clarified this dataset to ensure a reasonable depiction of the personal vehicle fleet in North
Carolina. First, 207,247 vehicles were removed based on information on Body Style that indicated
these vehicles are likely not used for typical household travel behaviors. Vehicles such as
Ambulances and Buses are not generally considered personal vehicles, and so were excluded.

In similar past work with other states, EBP has conducted a VIN decoding and assignment process.
For North Carolina, the client provided VIN registration data that already included census tract
information as identified by their contractor SAS. As a result, we can join the registration data to our
existing census tract dataset with geographies already assigned in earlier work.

In addition to the initial filtering, 57,261 vehicles were not assigned a census tract in the geocoding
process SAS completed. An additional 388,709 records were identified as duplicates. These groups
of vehicles were excluded as well. The most recent observation for each VIN was retained where a
duplicate was identified. In total, 653,217 records were filtered out of the dataset, leaving 6,602,222
unique vehicle records that were appropriate for analysis.

Tract and class average fuel efficiency is calculated as a harmonic mean to accurately capture how
ratios (miles-per-gallon) should be combined. The census tract specific averages will be used for the
forthcoming financial analysis. This report only is concerned with class level averages.

Number of vehicles, fuel type, and age metrics are simple summarizations calculated by addition of
categories divided by total populations. Age is calculated as Model Year minus 2020.

Table 6: Vehicle Types Excluded from Analysis

Body Style Number of Vehicles Excluded
Ambulance 799

Bus 9,562

Boat Trailers 4
Camping Trailers 2
Cattle/Horse Trailer 1
Hearse 771

House Cars 19,077
Limousines 782

Mobile Home 4
Moped 95

Motorcycle 174,331

Special Mobile Equipment 140
Touring Car 7

Trailers 18

Truck Trailers 398
Utility Trailers 2
Wreckers 1,254

After filtering invalid vehicle records, data from the EPA was used to identify plug-in hybrid electric
vehicles (PHEVs). The makes, models and model years of PHEVs recognized by the EPA were
matched with vehicles in the registration data that were identified as either hybrid or electric vehicles.
Most of these vehicles were identified only as hybrid vehicles in the registration data. The same data
from the EPA was utilized to fill in missing fuel efficiency data for around 30,000 vehicle observations
by matching the make, model and model year of a given registration.
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