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ABSTRACT 

 

Over the coming years the transportation system in the United States will likely undergo a 

profound shift, from a predominantly fossil fuel based system to one where most personal 

vehicles are electric. This shift will not occur all at once, but it may occur suddenly. The 

environmental benefits of reduced greenhouse gas emissions, as well as the increase in the costs 

of vehicle ownership, of this shift will be felt differently by everyone. This thesis analyzes the 

difference that households in urban, suburban, and rural will see in this shift to electric vehicles 

from fossil fuel powered vehicles. Largely due to the increase in miles driven in suburban and 

rural areas, households in urban areas will have less reductions with a smaller increase in cost-

burden from personal vehicles, with rural households at the other end of the spectrum. However, 

urban households see a greater reduction in emissions per dollar spent in the transition than 

suburban and rural households. 
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1. Introduction 

Recent years on planet Earth have seemed increasingly turbulent, with social unrest across the 

world and an unprecedented global pandemic. Compounding the sense of unease is the ever-

steady march of climate change, catalyzing record setting wildfires and floods. The United States 

has lagged behind other countries in developing policies aimed at the climate crisis over the last 

30 years, however the next decade will be critical for reducing carbon emissions and avoiding 

the worst outcomes of climate change (IPCC, 2019).  

Addressing climate change requires action on many fronts, including: the electric grid, 

land use patterns agricultural practices, and transportation. Transportation is the most carbon-

intensive sector of the US economy as of 2017, accounting for nearly a third of all national 

emissions (EPA, 2020). Drilling down into emissions data further shows that 59% (roughly 20% 

of all emissions) comes from light duty vehicles (passenger cars) and 23% (roughly 8%) from 

medium- and heavy-duty trucks (including some personal vehicles and commercial vehicles). 

Experts agree that moving quickly and decisively to reduce these emissions will be crucial in the 

nation’s effort to fight the climate crisis and have begun drafting and implementing policies to do 

so. California is moving in this direction, recently moving to ban carbon-fueled vehicles by 2035 

(Plumer & Cowan, 2020). 

Efforts to reduce these emissions generally fall into two categories: reducing the number 

of trips people make in their personal vehicles and eliminating the carbon emissions from those 

personal vehicle trips. Policies aimed at reducing the number of trips taken in personal vehicles 

will likely focus, in the short term, on increasing the viability of public transit and active 

transportation infrastructure (i.e. pedestrian and bicycle facilities). In the long term, this may 
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involve changing land use patterns across the country by increasing investment in denser, more 

affordable, and more accessible urban centers. These facilities may also have to serve the senior 

and disabled communities, since mobility is a greater challenge for them. Until then, most 

Americans are likely to remain reliant on their personal vehicles for daily transportation. Electric 

vehicles (EV) are quickly expanding their market share compared to traditional internal 

combustion engine vehicles (ICE) (EEI, 2019). EVs produce no tailpipe emissions, and thus their 

greenhouse gas emissions are tied directly to the energy mix of the of the charging station they 

plug into. As the electric sector moves increasingly into renewables, this means the carbon 

footprint of transportation will decrease significantly. 

The transition’s impacts will likely be spread unevenly: people in urban areas are likely 

to have a greater number of transportation options at their disposal while households in rural 

areas will likely rely more heavily on EVs. Due to the high initial cost of EVs, wealthy 

households are in a better position to transition, while low- and middle-class households are 

more likely to struggle without help from policy incentives.   

This thesis explores the increased need for EVs in rural and suburban areas and compares 

them to urban areas. This thesis calculates the carbon intensity for personal transportation by 

census tracts in the United States and assess the regressive costs faced by households in low-

income areas with limited access to public transit as these places may potentially be more reliant 

on the purchase of electric vehicles. Finally, this thesis estimates the cost per census tract of the 

transition to electric vehicles controlling for socioeconomic factors. 
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2. Background and Literature Review 

The United State trails only China in global greenhouse gas emissions and is 4th in per capita 

emissions (behind Saudi Arabia, Kazakhstan, and Australia) (UCS, 2020). In 2017, 

transportation overtook electricity generation to become the sector of the economy responsible 

for the highest level of greenhouse gas emissions in the US, accounting for nearly a third of all 

emissions (EPA, 2020). Reducing the national emissions from personal transportation is likely to 

require a net reduction of vehicle miles traveled (VMT) in personal vehicles and nullifying 

tailpipe emissions from the “stubborn VMT” in personal vehicles. Encouraging individuals to 

mode-shift from their personal vehicles to public transit or active transportation can be an 

effective way to reduce VMT in urban and certain suburban settings, however it is not a panacea 

(Chen & Wang, 2016). Replacing trips taken in ICE vehicles with ZEVs will be needed as well 

in order to reduce tailpipe emissions nationally (Gonzalez Palencia, et al, 2016).   

It is unlikely that the transition to ZEVs would be dictated by the invisible hand of the 

market, therefore strong government incentives is be needed (Bakker & Farla, 2015) 

(Contestabile et al., 2017) (Melton et al., 2017). For every $1,000 of subsidies provided by the 

government, EV adoption increases by 5%-14% (Wang, 2020). These policies are likely to be at 

the national level; a patchwork of state and local policies would less effective and more costly 

for consumers (Sykes & Axsen, 2017). The federal government first attempted to reduce vehicle 

fuel emissions through legislation in the 1970s with the introduction of the Corporate Average 

Fuel Economy (CAFÉ) standards (DOT, 2014). This program sets fuel efficiency requirements 

for automakers in the US, requiring all vehicles sold by any particular automaker to maintain a 

certain efficiency average. This was ramped up by President Obama in 2010 but was walked 

back several years later by the President Trump administration. As EVs and other ZEVs have 
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come online over the past decades, the federal government and most states have put tax credits 

and other incentives in place for prospective consumers (DOE, 2020), with only California 

moving toward an outright ban on gasoline-powered cars.  

Due to many factors, including the relatively far spread of population and employment 

centers and the lack of investment in public transit nationally, Americans are heavily reliant on 

personal vehicles for trips to-and-from work (“commuting trips”) and all other travel.  The 

charts, tables, and maps below show the extent of car dependency. 

VMT has trended up since WWII, correlating strongly with increase in GDP (NASEM, 

2014). This includes a decrease in VMT in economic downturns, since individuals commute less 

when they are working fewer hours and have less disposable income. Transportation planners 

project VMT to grow at a slower rate than before over the next few decades, however this 

change in travel patterns will change with increased investment in public transit and shifts in 

land use. 

EVs are far from perfect, however they remain the most feasible way to eliminate tailpipe 

emissions in the near-term (Gonzalez Palencia et al, 2016). There are other vehicle fuel sources 

that reduce tailpipe emissions (such as compressed natural gas, fuel cell, or biodiesel) Each of 

these sources may play a role in a future transportation system, however EVs have the most 

potential in terms of reduced emissions and availability. (DOE, 2020). 

It is worth noting that eliminating tailpipe emissions will not automatically nullify carbon 

emissions from transportation or come without certain Faustian bargains. Switching to ZEVs 

shifts emissions to the electric sector, which—depending on where the vehicle charges—uses a 

mix of carbon intensive sources (predominantly coal and natural gas), nuclear power (no carbon 
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emissions), or alternative power (hydroelectric power, solar, wind, geothermal, etc.) (McLaren et 

al, 2016). Continuing to reduce carbon emissions from the electric sector will be needed, despite 

the added demand and potential complications (Habib et al, 2015) (Artech House, 2017). There 

are cities and utilities exploring this area (Jimenez & Flores, 2015), however it falls beyond the 

scope of this thesis.  

There are also pitfalls with EV and battery manufacturing. The life-cycle carbon 

emissions for EVs are considerably lower than for ICEs, but they are not zero (Hausfather, 

2019). Activists bemoan the environmental costs of mining the rare earth metals needed to 

develop the batteries EVs depend on and the challenges faced in disposing and recycling 

materials from the batteries, not to mention the social costs put on laborers working in the mines 

in dangerous conditions with low wages (CRS, 2020). Many also worry that switching to EVs 

without changing land use patterns or consumer preferences will exacerbate issues cities face and 

ultimately negate the benefits EVs provide. But personal vehicle use will not disappear in the 

foreseeable future and transitioning from ICEs to ZEVs will be necessary. 

The costs of electric vehicles are falling rapidly due to improvements in battery 

technology however prices are still relatively high and beyond the means of many Americans 

(Stewart, 2019). Despite the lower operating cost of EVs and the long-run savings of EV 

adoption (Slowik et al, 2019), the high up-front cost is a barrier for many households. The cost of 

the infrastructure that goes with the car can also be a deterrent for potential purchasers.  This has 

led to EVs being perceived as a luxury product, largely for upper middle-class individuals 

signaling their environmental bona fides or flaunting their wealth (Vithanage, 2020). Through a 

mix of tax credits and other incentives this divide is changing, but there remains an 

uncomfortable reality: until the millions of lower- and middle-class Americans who rely on their 
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personal vehicles to get to work can reasonably afford an EV, the elimination of tailpipe 

greenhouse gas emissions is a pipedream. This is especially pronounced in rural and suburban 

areas where average trips are longer and range anxiety is a greater factor. 

Greenhouse gas emissions vary across geographic and socioeconomic lines, for 

transportation and most other categories (Green & Knittel, 2020). The potential for reduction in 

low-cost carbon emissions also vary across these lines and create the potential for households 

(typically low-income) to face higher transition costs to low- and no-carbon lifestyles. This can 

be especially confounding in transportation, due to the bimodal income distribution of public 

transit ridership (i.e. wealthy individuals are able to afford to live in urban areas with strong 

transit options and many poor households are solely reliant on transit, while middle-class 

individuals are more car-reliant) (Anderson, 2016). Socially conscious climate policy must 

address these inequities as well, and the next sections will explore this issue in depth. 

3. Data and Methodology 

This thesis analyzes greenhouse gas emissions from personal vehicles using a variety of factors 

calculated at the census tract level, including: urbanization (urban, suburban, rural), miles 

traveled per vehicle per year, and vehicle type. The proportion of vehicle types is held constant 

within each urbanization category. Miles travelled per vehicle per year is for an average vehicle 

within a census tract. This information is also used to create an annual cost estimate for personal 

vehicle ownership and use. This cost analysis will be compared with census data to show areas 

where economic disparities exist in this transition (if any). This includes examining: household 

income, age distribution, poverty rate, and employment rate.  
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The main data source is the 2017 Local Area Transportation Characteristics for 

Households (LATCH) Survey produced by The Bureau of Transportation Statistics (BTS). The 

LATCH survey was developed to estimate average weekday household trips and vehicle miles 

travelled, for both persons and vehicles, for each census tract in the country. The model develops 

census tract estimation using the National Household Travel Survey (NHTS) data along with 

American Community Survey (ACS) data from the Census Bureau. The model divides the 

NHTS data into six geographic regions (Northeast, Midwest, South Atlantic, East South Central 

& West South Central, Mountain, Pacific), classifies these areas as urban/suburban/rural, and 

then estimates average weekday household: person miles traveled, person trips, vehicle miles 

traveled, and vehicle trips for each geographic area. The BTS model then transfers the estimates 

to individual Census tracts using the household and demographic data from the ACS for each 

Census tract. The 2012-2016 ACS 5-year estimate is used for this dataset. 

The thesis also uses demographic, socioeconomic, and commuting data from the 2012-

2016 ACS 5-Year Estimate and 2017 NHTS. While there is more recent information available 

for these data sources, this research uses the same data source as the LATCH data to remain 

consistent.  

Vehicle cost and greenhouse gas emission factors are calculated using the Carbon 

Counter 2021, developed by the MIT Trancik Lab (https://www.carboncounter.com/#!/explore). 

This tool is based on research conducted on vehicle cost and emissions data in 2014 and 2017, 

with annual updates of the web tool (Miotti, et al., 2016). Greenhouse gas emissions account for 

emissions from production, fuel production, and fuel use. Vehicle cost information includes 

acquisition depreciation, fuel and electricity, and maintenance; vehicle cost does not include state 

https://www.carboncounter.com/#!/explore
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and local fees (e.g. registration fees and fuel excise taxes) or insurance. Federal tax credits are 

not included except where noted. All vehicles in the analysis are from model year 2021.  

Dependent Variables 

The data described above will be used to estimate the annual greenhouse gas emissions from 

personal vehicle and cost of personal vehicle use at the census tract level (census tract totals are 

divided by total households and total population to estimate emissions per household and per 

person). These will show estimated current emissions and cost, the estimated emissions and cost 

if all personal vehicles were EVs without any change in travel patterns, and the delta between 

these estimates. Together, these variables will demonstrate the potential emission reductions 

from a switch to EVs and which groups will be most impacted economically.  

Independent Variables 

Census tracts will be the main geographic unit of analysis, as defined by the 2010 US Census as 

“relatively permanent subdivisions of a county or equivalent entity” with population around 

4,000 (U.S. Census Bureau, 2019). Land use is defined as rural, suburban, and urban as 

determined by population density and proximity to an urban area. Miles per person, miles per 

vehicle, trips per person, and trips per vehicle are provided by LATCH as weekday averages, 

extrapolated to annual estimates assuming that the average weekday accounts for 15.6% of all 

weekly trips (as shown in the NHTS). Households is total households per census tract. 

Household income is measured in 2012 dollars, shown as the median per census tract. Vehicles 

is the estimated vehicles per census tract (up to 4 per household, additional vehicles are not 

included due to lack data). Poverty rate is the proportion of households below 100% of the 

poverty line. Commute is the mode of transportation used by individuals to get to work or 
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school. Vehicle type is defined as small, medium, or large using representative vehicles in 

Carbon Counter 2021 for which both electric and hybrid and/or traditional vehicle data is 

available. 

 In order for comparisons to be uniform and as inclusive as possible, both costs and 

greenhouse gas emissions were annualized (i.e. costs and emissions incurred from production are 

spread over the life of the vehicle). Annual emissions and costs are calculated as follows: 

𝑎𝑛𝑛𝑢𝑎𝑙 𝐺𝐻𝐺 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑘𝑔𝐶𝑂2𝑒𝑞

=  ∑ 𝑡𝑜𝑡𝑎𝑙 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠𝑖,𝑗(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖,𝑗

𝑖

𝑗

+ 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑢𝑠𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖,𝑗(𝑉𝑀𝑇 − 2000)) 

𝑎𝑛𝑛𝑢𝑎𝑙 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑐𝑜𝑠𝑡

=  ∑ 𝑡𝑜𝑡𝑎𝑙 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠𝑖,𝑗(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛𝑖,𝑗

𝑖

𝑗

+ 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑢𝑠𝑒 𝑐𝑜𝑠𝑡𝑠𝑖,𝑗(𝑉𝑀𝑇 − 2000)) 

 Annual greenhouse gas emissions are measured in kgCO2eq unless otherwise noted 

(CO2eq is always used, but the magnitude varies). Cost is calculated in US dollars, discounted at 

4% per year (consistent with the model this analysis builds on). i represents urbanization (i.e. 

urban, suburban, rural) and j represents vehicle size (i.e. small, medium, large). VMT represents 

average miles per vehicle; due to constrains with the model this analysis is built on 2,000 miles 

per year is the baseline rather than 0. 
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Empirical Strategy 

This analysis is a secondary data analysis to assess the difference in efficacy, cost, and efficiency 

of switching to electric vehicles. 

 The descriptive analysis examines vehicle ownership trends and household travel trends 

at the census tract level, as well as other socioeconomic statistics. This thesis then uses analysis 

of variance (ANOVA) to estimate the difference between households and individuals in rural, 

suburban, and urban census tracts. ANOVA is used to compare the change in costs and 

greenhouse gas emissions, as well as the economic efficiency of those emissions reductions 

between these three groups, where the alpha level (α) is set at 5% significance.  

 Finally, to further assess the robustness of our results, we deployed a traditional linear 

regression model to estimate the change in costs and greenhouse gas emissions, as well as the 

cost of emissions reduction for urban, suburban, and rural areas. The regression controls for 

annual trips per person, total vehicles, total population, median household income, whether any 

transit is used for commuting, and the poverty rate.  

4. Empirical Results 

 The LATCH data is grouped in regions (based on U.S. Census Bureau designations and 

combined to consolidate some of the smaller regions, described in Appendix Table 1) and 

urbanization designations (urban, suburban, and rural). The breakdown of region and 

urbanization is shown in Table 1 below (the original data set contained 73,056 census tracts 

however once those with missing variables were removed 70,427 remained). These regions were 

used to create the estimated miles and trips per person and per vehicle figures used in this 

analysis. 
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Table 1: Count of Census Tracts by Region and Urbanization 

 Northeast Midwest 
South 

Atlantic 

South 

Central 
Mountain Pacific Total 

Urban 6,578 6,091, 4,286 3,772 2,435 6,924 30,086 

Suburban 3,177 4,546 4,539 3,338 1,093 1,581 18,274 

Rural 2,984 6,003 4,395 5,120 1,580 1,985 22,067 

Total 12,739 16,640 13,220 12,230 5,108 10,490 70,427 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau.. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data). regions defined in Appendix B. 

  

Tables 2 and 3 show the average demographic and economic characteristics for census 

tracts in each urbanization category, as well as the national average. Households in suburban 

tracts tended to be wealthier than households in urban and rural areas. Urban and rural 

households had similar median incomes, however more urban tracts were concentrations of high 

poverty households (and more urban tracts were concentrations of high wealth). Table 3 breaks 

down average household sizes in a census tract for each urbanization category, as well as the 

number of vehicles per household. Household size has slight variation between urbanization 

categories. Vehicles per household has more significant variation; the average urban census tract 

has twice as many car-free households than suburban or rural tracts, and over 20% fewer total 

vehicles.   
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Table 2: Average Income and Population Characteristics of Census Tracts 

 Urban Suburban Rural National 

Total, Number of Census Tracts 30,086 18,274 22,067 70,427 

Population per Census Tract 4,333 4,560 4,398 4,412 

Number of Households per Census Tract 1,581 1,718 1,635 1,634 

Median Household Income per Census Tract $55,818 $66,815 $55,864 $58,686 

Poverty Rate (100%) 19.1% 13.6% 14.1% 16.1% 

Total, High Poverty (Poverty Rate > 25%) 8,500 2,863 2,453 13,816 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau.. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data) and 2012-2016 American Community Survey 5-Year Estimate. Poverty rate 

defined as individuals below 100% of the poverty line. 

 

Table 3: Average Individuals and Vehicles per Household per Census Tract, by 

Urbanization 

 Urban Suburban Rural National 

1 Member 476 29.7% 465 27.7% 401 24.9% 450 27.7% 

2 Members 481 29.9% 594 34.3% 616 38.0% 553 33.6% 

3 Members 253 16.1% 274 15.8% 253 15.2% 258 15.7% 

4+ Members 372 24.3% 386 22.2% 364 21.9% 373 23.0% 

Total Households 1,581 1,718 1,635 1,634 

0 Vehicles 202 13.8% 99 6.58% 78 4.94% 137 9.16% 

1 Vehicle 609 38.4% 569 33.7% 460 28.1% 552 34.0% 

2 Vehicles 532 32.8% 700 39.7% 656 39.6% 614 36.7% 

3 Vehicles 169 10.6% 249 14.2% 296 18.2% 230 13.9% 

4+ Vehicles 69 4.42% 100 5.76% 145 9.09% 101 6.23% 

Total Vehicles 2,458 3,120 3,242 2,875 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data) and 2012-2016 American Community Survey 5-Year Estimate. 

 

Tables 4 and 5 show information on commuting patterns for census tracts in each 

urbanization category. Rural and suburban census tracts have roughly similar proportions of 

commuters in each mode, while urban census tracts generally have less reliance on driving alone 

(although that is still the dominant means of getting to work) and more reliance on public transit 

and active transportation. This pattern held for commuters below 100% of the poverty line, who 

https://www.bts.gov/latch/latch-data
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had less reliance on driving alone (but this was still how the majority of commuters got to work). 

In over half of rural census tracts there are no transit users, while roughly 5 out of 6 urban census 

tracts have at least some daily transit usage (1,276 urban census tracts had over 50% transit 

usage, while only 5 suburban and 2 rural census tracts reached this level). 

Table 4: Average Total Commuters within a Census Tract Travel 

 Urban Suburban Rural National 

Drove Alone 1,431 70.2% 1,733 81.0% 1,572 81.5% 1,554 76.5% 

Carpooled 199 10.0% 181 8.81% 181 9.59% 189 9.56% 

Transit 184 9.99% 45 2.41% 14 0.68% 95 5.11% 

Walked 65 3.62% 28 1.61% 33 1.98% 45 2.59% 

Worked from Home 80 3.85% 107 4.64% 89 4.79% 88 4.35% 

Other 47 2.38% 30 1.56% 26 1.43% 36 1.87% 

Total 2,006 2,118 1,915 2,007 
 

 
 

Individuals Below 100% of the Poverty Line 
 

Drove Alone 102 60.2% 87 71.8% 85 72.8% 93 67.1% 

Carpooled 22 12.0% 16 12.4% 16 13.0% 19 12.4% 

Transit 22 12.9% 5 3.73% 2 1.30% 11 6.89% 

Walked 13 6.64% 5 3.89% 5 4.43% 9 5.24% 

Worked from Home 7 4.78% 5 5.34% 6 5.91% 6 5.28% 

Other 7 3.56% 4 2.82% 3 2.55% 5 3.05% 

Total 174 122 118 143 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data) and 2012-2016 American Community Survey 5-Year Estimate. 

 

Table 5: Transit Availability within Census Tracts 
 

Urban Suburban Rural National 

No Transit 4,507 6,368 12,796 23,671 

Some Transit 25,579 11,906 9,271 46,756 

Total 30,086 18,274 22,067 70,427 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey 
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Tables 6 and 7 aggregate estimated weekday and annual travel data from the LATCH 

dataset. The LATCH dataset estimates weekday trips and miles per person and per vehicle. The 

NHTS is used to extrapolate this daily average to an annual estimate (with the average weekday 

accounting for 15.5% of trips and mileage). When aggregated by urbanization, census tracts in 

urban, suburban, and rural areas have roughly equivalent trips per person. Urban census tracts 

have lower trips per vehicle than suburban and rural census tracts. Urban census tracts have 

lower miles per person and vehicle than suburban tracts, which have lower miles per person and 

vehicle than rural tracts. Figure 1 shows the average miles per vehicle for a census tract, showing 

that vehicles in urban census tracts are driven less than those in suburban and rural areas. 

Table 8 breaks this information out for census tracts with high concentrations of poverty, 

defined in this paper as having over 25% of individuals below 100% of the poverty line. 

Consistently across all urbanization categories, high-poverty census tracts had fewer average 

trips and miles travelled and fewer vehicles owned. 

Table 6: Average Estimated Weekday Travel Data per Census Tract 

 Urban Suburban Rural National 

Miles per Person 46.6 57.8 72.4 57.6 

Trips per Person 7.98 8.35 8.01 8.08 

Miles per Vehicle 30.3 41.0 50.93 39.5 

Trips per Vehicle 4.44 5.39 5.28 4.95 

Miles per Vehicle per Person  0.64 0.71 0.70 0.67 

Trips per Vehicle per Person  0.55 0.65 0.66 0.61 

Total Trips per Person 35,239 38,965 35,803 36,382 

Total Miles per Person 208,536 271,967 324,016 261,178 

Total Trips per Vehicle 11,695 17,423 17,410 14,972 

Total Miles per Vehicle 81,018 134,293 168,905 122,379 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey  
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Table 7: Average Estimated Annual Travel Data per Census Tract 

 Urban Suburban Rural National 

Miles per Person 15,537 19,260 24,126 19,194 

Trips per Person 2,660 2,782 2,668 2,694 

Miles per Vehicle 10,109 13,691 16,979 13,191 

Trips per Vehicle 1,482 1,799 1,760 1,651 

Total Trips per Person 9.95 x 107 9.07 x 107 1.08 x 108 8.71 x 107 

Total Miles per Person 1.17 x 107 1.30 x 107 1.19 x 107 1.21 x 107 

Total Trips per Vehicle 2.70 x 107 4.48 x 107 5.63 x 107 4.08 x 107 

Total Miles per Vehicle 3,898,311 5,807,710 5,803,655 4,990,756 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey 

 

 

Figure 1: Average Estimated Vehicles Miles Traveled per Census Tract, by Urbanization 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey. 
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Table 8: Average Estimated Weekday Travel Data per Census Tract, Broken Out by High-Poverty Status 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of Transportation Statistics Local Area Transportation 

Characteristics for Households Data (2017, link: https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey 

 Urban Suburban Rural National 

High Poverty Census Tract 

(count) 

No 

(21,586) 

Yes 

(8,500) 

No 

(15,411) 

Yes 

(2,863) 

No 

(19,614) 

Yes 

(2,453) 

No 

(56,611) 

Yes 

(13,816) 

Average Percent of Households With 0 Vehicles 10.1% 23.4% 4.84% 16.0% 4.33% 9.74% 6.66% 19.4% 

Average Total Vehicles 2,746 1,726 3,357 1,842 3,336 2,484 3,117 1,885 

Average Percentage for Commute: Drove Alone 72.6% 63.9% 82.1% 75.1% 81.7% 79.8% 78.4% 69.1% 

Average Miles per Person 49.0 40.7 59.9 46.3 73.3 65.0 60.4 46.1 

Average Trips per Person 8.2 7.5 8.5 7.6 8.1 7.6 8.2 7.6 

Average Miles per Vehicle 32.5 24.8 43.0 30.5 51.9 43.6 42.1 29.3 

Average Trips per Vehicle 4.70 3.80 5.57 4.46 5.35 4.71 5.16 4.09 

Average Miles per Vehicle per Person  0.66 0.60 0.72 0.66 0.71 0.67 0.69 0.62 

Average Trips per Vehicle per Person  0.58 0.50 0.66 0.59 0.67 0.62 0.63 0.54 
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Tables 9 and 10 show characteristics of vehicles selected for this analysis. The data in 

those tables comes from the MIT Trancik Lab Carbon Counter (Miotti et al, 2016). This dataset 

compares financial information (including capital and operational costs) and greenhouse gas 

emissions information (including from production and use of the vehicle) for 2021 model 

vehicles sold in the US. The data is customizable for multiple factors, including: tax credits, fuel 

and electricity prices, annual vehicle use, depreciation rate, city driving share, total vehicle 

lifetime, duration of ownership, discount rate, and occupancy. The default values were left 

unchanged when creating the information for this analysis, including: gasoline and diesel price, 

electricity price, greenhouse gas emissions from electricity (450 gCO2eq/kWh using national 

averages), total vehicle lifetime (15 years), duration of ownership (7 years), depreciation rate 

(15%), discount rate (4%), and EPA standards for vehicle charging frequency. Modified 

variables included: inclusion/exclusion of the federal tax credit (up to $7,500 for hybrid and 

electric vehicles) and miles driven per year (available in 1,000 mile increments from 2,000-

30,000).  

Five vehicles were selected for this analysis, which represent unique vehicle types and 

have electric models available alongside traditional and/or hybrid vehicles. All vehicle 

information is for the 2021 model year. Table 9 shows information for each vehicle, and table 10 

shows a comparison for each vehicle between the electric model and the other models. Table 11 

shows the estimated prevalence of each vehicle type within a census tract.  
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Table 9: Vehicle Characteristics for Selected Electric, Hybrid, and Conventional Vehicles 

 
Hyundai Ioniq Mini Cooper SE Kia Niro Hyundai Kona Volvo XC40 

Engine HEV EV EV ICE EV PHEV HEV ICE EV EV ICE 

Vehicle 

Type 
Small Small Medium Medium Large 

Vehicle 

Cost – No 

Tax Credit 

$23,200 $33,045 $29,900 $23,650 $39,090 $29,490 $24,950 $22,200 $37,190 $53,990 $33,700 

Vehicle 

Cost – 

Federal 

Tax Credit 

$23,200 $25,545 $22,400 $23,650 $31,590 $24,947 $24,590 $22,200 $29,690 $46,940 $33,700 

Vehicle 

Use 

Costs/Year 
$1,626 $1,101 $1,157 $2,493 $1,210 $1,683 $1,771 $2,209 $1,167 $1,493 $2,487 

kgCO₂eq / 

Year 
2850.56 2037.24 2389.56 4891.20 2549.64 2891.76 3362.18 5194.32 2426.88 3450.84 5861.64 

tgCO₂eq - 

Production 
6.8 8.89 9.06 6.43 12.6 8.45 6.97 6.87 12.4 15.1 8 

kgCO₂eq – 

Use/Year 
5113 2148 2527 9098 2681 4296 6094 9659 2550 3639 10880 

Note: Data derived from MIT Trancik Lab Carbon Counter (https://www.carboncounter.com/#!/explore). Lifetime costs and emissions based on driving 13,000 

miles per year and with the U.S. average electricity mix; all other assumption are left as is. Federal tax credit can be up to $7,500 per vehicle. Engine types are 

coded as: ICE – Internal Combustion Engine; HEV – Hybrid Electric Vehicle, PHEV – Plug-In Hybrid Electric Vehicle, EV – Electric Vehicle.

https://www.carboncounter.com/#!/explore
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Table 10: Change in Cost and Greenhouse Gas Emissions for Between Electric and non-Electric Vehicles 

 
Hyundai 

Ioniq 

Mini Cooper 

SE 
Kia Niro 

Hyundai 

Kona 
Volvo XC40 

Comparison HEV -> EV ICE -> EV HEV -> EV 
HEV -> 

PHEV 
PHEV -> EV ICE -> EV ICE -> EV 

Vehicle Cost – 

No Tax Credit 
$9,855 $6,250 $14,140 $4,543 $9,600 $14,990 $20,290 

Vehicle Cost – 

Federal Tax 

Credit 

$2,345 -$1,250 $7,000 $357 $6,643 $7,490 $13,240 

Vehicle Use 

Costs/Year 
$525.12 $1,336.01 $560.76 $87.41 $473.35 $1041.36 $994.73 

kgCO₂eq / Year -813.3 -2501.6 -812.5 -470.4 -342.1 -2767.4 -2410.8 

Note: Data derived from MIT Trancik Lab Carbon Counter (https://www.carboncounter.com/#!/explore). Lifetime costs and emissions based on driving 13,000 

miles per year and with the U.S. average electricity mix; all other assumption are left as is. Federal tax credit can be up to $7,500 per vehicle. Engine types are 

coded as: ICE – Internal Combustion Engine; HEV – Hybrid Electric Vehicle, PHEV – Plug-In Hybrid Electric Vehicle, EV – Electric Vehicle. 

 

https://www.carboncounter.com/#!/explore
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Table 11: Estimated Percentage of Vehicle Type by Urbanization Group 

 
Urban Suburban Rural National 

Small – ICE 50.3% 43.2% 36.3% 45.7% 

Small – HEV 2.31% 1.46% 1.17% 1.91% 

Small – EV 0.24% 0.10% 0.071% 0.18% 

Medium – ICE 29.3% 27.59% 26.9% 28.5% 

Medium – HEV 0.003% 0.19% 0.13% 0.22% 

Medium – EV 0.0008% 0.0004% 0.001% 0.005% 

Large – ICE 13.5% 22.0% 29.1% 18.6% 

Large – HEV/EV 0.004% 0.007% 0.006% 0.004% 

Note: Data derived from U.S. Department of Transportation Federal Highway 2017 National Household Travel 

Survey (https://nhts.ornl.gov/). Engine types are coded as: ICE – Internal Combustion Engine; HEV – Hybrid 

Electric Vehicle (including Plug-In Hybrid Electric Vehicles), EV – Electric Vehicle. Other vehicles (e.g. RVs and 

motorcycles) made up under 5% of all vehicles and were not included. Other fuel types (e.g. biodiesel) made up 

under 0.01% of vehicles and were not included. 

 

 Figures 2 and 3 show the change in annualized costs and greenhouse gas emissions for 

small, medium, and large vehicles when switching to an electric vehicle from a traditional or 

hybrid vehicle. Electric vehicles are generally more expensive when the vehicle is used less, due 

to the increased upfront cost and lower maintenance and fuel costs. The change in greenhouse 

gas emissions also decrease for all vehicles the more they are driven, vehicles generate roughly 

equivalent emissions during production but are less carbon-intensive than traditional vehicles 

once they hit the road. 

  

https://nhts.ornl.gov/
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Figure 2: Change in Annualized Costs for Electric and Hybrid or Traditional Vehicles 

Note: Data derived from MIT Trancik Lab Carbon Counter (https://www.carboncounter.com/#!/explore). Costs are 

shown without state taxes and fees, as well as without state and federal tax incentives (i.e. tax credits).. Engine types 

are coded as: ICE – Internal Combustion Engine; HEV – Hybrid Electric Vehicle, PHEV – Plug-In Hybrid Electric 

Vehicle, EV – Electric Vehicle. 

 

 

Figure 3: Change in Annualized Greenhouse Gas Emissions for Electric and Hybrid or 

Traditional Vehicles (shown in kgCO2eq) 

Note: Data derived from MIT Trancik Lab Carbon Counter (https://www.carboncounter.com/#!/explore). Lifetime 

costs and emissions based on driving 13,000 miles per year and with the U.S. average electricity mix; all other 

assumption are left as is. Engine types are coded as: ICE – Internal Combustion Engine; HEV – Hybrid Electric 

Vehicle, PHEV – Plug-In Hybrid Electric Vehicle, EV – Electric Vehicle. 
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 Table 13 shows the estimated current annual costs and greenhouse gas emissions for 

personal vehicles, the estimated costs and greenhouse gas emissions if all vehicles were replaced 

by equivalent electric vehicles. As expected, urban census tracts currently have lower costs and 

emissions than suburban and rural census tracts. In the electric vehicle scenario, urban census 

tracts still have lower costs and emissions however rural census tracts have slightly lower 

emissions than suburban census tracts. Urban census tracts have a lower increase in ownership 

costs, while rural census tracts have the highest. An ANOVA analysis of these results showed 

significant variation between urban, suburban, and rural census tracts (Table 16 in the appendix). 

Table 12 shows the percent change in costs and emissions, as well as the emissions that 

would be reduced per $100 of additional spending. 

Table 12: Estimated Annualized Change in Costs and Greenhouse Gas Emissions per 

Person from Converting to Electric Vehicles 

 Urban Suburban Rural National 

Reduction in Greenhouse Gas Emissions 58.1% 61.5% 64.3% 60.9% 

Increase in Cost per Vehicle 31.7% 34.4% 36.9% 34.0% 

Cost-Effectiveness (kgCO2eq/$100) 26.4 25.6 24.9 25.7   

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of 

Transportation Statistics Local Area Transportation Characteristics for Households Data (2017, link: 
https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey. Vehicle data derived from MIT 

Trancik Lab Carbon Counter (https://www.carboncounter.com/#!/explore). 

https://www.carboncounter.com/#!/explore
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Table 13: Annualized Greenhouse Gas Emissions and Ownership Costs for Personal Vehicles 

 Urban Suburban Rural National 

Estimated Annualized Greenhouse Gas Emissions & Ownership Costs (kgCO2eq, $) 

Census Tract 

Average 
1,089,955 $7,552,784 1,403,892 $9,796,633 1,479,173 $10,365,858 1,293,363 $9,016,170 

Household Average 680 $4,713 805 $5,617 905 $6,343 783 $5,458 

Per Capita Average 250 $1,731 306 $2,136 343 $2,402 293   $2,046 

Estimated Annualized Greenhouse Gas Emissions & Ownership Costs with 100% Electric Vehicle 

Adoption 

Census Tract 

Average 
458,928 $9,943,150 543,363 $13,165,574 530,128 $14,185,909 503,145 $12,108,677 

Household Average 286 $6,205 310 $7,549 324 $8,681 305 $7,330 

Per Capita Average 105 $2,278 118 $2,870 122 $3,287 114 $2,748 

Estimated Annualized Change in Greenhouse Gas Emissions & Ownership Costs 

Census Tract 

Average 
- 631,016 $2,390,366 - 860,529 $3,339,941 - 949,045 $3,820,052 - 790,217 $3,092,506 

Household Average - 394 $1,492 - 494 $1,932 - 581 $2,338 - 478 $1,871 

Per Capita Average - 145 $548 - 188 $735 - 220 $885 - 180 $702 

Note: “Census Tracts” defined as county subdivisions by U.S. Census Bureau. Data derived from Bureau of Transportation Statistics Local Area Transportation 

Characteristics for Households Data (2017, link: https://www.bts.gov/latch/latch-data). and 2012-2016 American Community Survey. Vehicle data derived from 

MIT Trancik Lab Carbon Counter (https://www.carboncounter.com/#!/explore). 

https://www.carboncounter.com/#!/explore
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 Tables 14 and 15 show the regression and ANOVA analysis for the percent change in 

greenhouse gas emissions, cost of vehicle ownership, and cost of reducing greenhouse gas 

emissions from switching. The analysis showed that urban, suburban, and rural areas have 

statistically significant differences between them for these three variables. The regression 

analysis showed statistically significant results, with p-values below 0.001 for all variables 

analyzed. Households in urban census tracts had a smaller reduction in greenhouse gas emissions 

than suburban households, which had a smaller reduction than rural households. The same 

pattern held for increasing costs, with rural households paying the most.  

 Households in urban census tracts have the most emissions reductions per dollar spent, 

followed by suburban households and then rural households. Urban households saw emissions 

reductions of 0.264 kgCO2eq per extra dollar of spending, 0.256 kgCO2eq for suburban 

households, and 0.249 kgCO2eq for rural households. 

The ANOVA analysis also shows that there was a difference between households in 

urban, suburban, and rural census tracts. For each value that was compared, a p-value below 

0.001 was discovered. This shows a statistically significant difference in urban, suburban, and 

rural households for the environmental benefits and costs of the transition to electric vehicles.  
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Table 14: Regression Results 

 

Percent Reduction in 

Greenhouse Gas 

Emissions 

Percent Increase in 

Cost per Vehicle 
Cost-Effectiveness 

Urban Base Case 

Suburban 0.03770*** 0.02769*** -0.00796*** 

Rural 0.06582*** 0.05216*** -0.01496*** 

Annual Trips Per 

Person 
-5.38 x 10-6*** -2.21 x 10-7*** 1.02 x 10-6*** 

Total Vehicles -5.44 x 10-6*** -2.26 x 10-7*** -1.10 x 10-6*** 

Total Population 1.04 x 10-7*** 4.21 x 10-9*** 2.50 x 10-8*** 

Total Households 8.59 x 10-6*** 3.59 x 10-7*** 1.74 x 10-6*** 

Median Household 

Income 
-5.98 x 10-8*** -2.46 x 10-9*** -1.07 x 10-8*** 

Non-Zero Transit 

Use 
0.00055*** 0.00002*** 0.00012*** 

Poverty Rate 0.00008*** 3.13 x 10-6*** 0.00002*** 

Constant 0.59642*** 0.31721*** 0.26726*** 

Count 70,427 

R-Squared 0.9811 1.000 0.9892 
Note: * p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 15: ANOVA Analysis 

Summary of Percent Change in Greenhouse Gas Emissions 
 

Mean 
Standard 

Deviation 
Frequency  

Tukey 

t P>|t| 

Urban 0.58138 0.00768 30,086 
Suburban vs 

Urban 
485.33 0.000 

Suburban 0.61483 0.00777 
18,274 

 

Rural vs 

Urban 
941.98 0.000 

Rural 0.64273 0.00648 22,067 
Rural vs 

Suburban 
379.63 0.000 

Total 0.60928 0.02720 70,427    

 

Summary of Percent Change in Cost of Vehicle Ownership 

 Mean 
Standard 

Deviation 
Frequency  

Tukey 

t P>|t| 

Urban 0.31659 0.00032 30,086 
Suburban vs 

Urban 
9667.81 0.000 

Suburban 0.34400 0.00032 
18,274 

 

Rural vs 

Urban 
1.90 x 104 0.000 

Rural 0.36857 0.00026 22,067 
Rural vs 

Suburban 
8062.36 0.000 

Total 0.34001 0.02223 70,427    

 

Summary of Emissions Reductions per Dollar Spent 

 Mean 
Standard 

Deviation 
Frequency  

Tukey 

t P>|t| 

Urban 0.26448 0.00160 30,086 
Suburban vs 

Urban 
-659.77 0.000 

Suburban 0.25569 0.00144 
18,274 

 

Rural vs 

Urban 
-1259.8 0.000 

Rural 0.24682 0.00110 22,067 
Rural vs 

Suburban 
-497.67 0.000 

Total 0.25723 0.00695 70,427    
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5. Policy Implications and Further Research 

A few insights about personal transportation and greenhouse gas emissions were identified in 

this analysis. First, the need for a clear financial incentive (such as the existing federal tax credit) 

for electric cars to reach cist parity with internal combustion engines. 

The need for households to reduce their dependency on personal vehicles for transportation 

to work, school, and other activities was also emphasized by the findings. In the scenario 

analyzed, where all households replace their internal combustion and electric-hybrid vehicles 

instantaneously with all electric vehicles, 39% of greenhouse gas emissions from personal 

vehicles are not eliminated. Reducing the remaining emissions is needed in order for global 

climate change mitigation standards to be met and can come from several sources, including 

supply chain improvements and reducing the carbon intensity of the electricity sources 

(Milovanoff, Posen, and MacLean; 2020). Ultimately, reducing the number of trips taken in 

personal vehicles and using other modes of transportation (i.e. public transit and active 

transportation) will be required. 

 Every year a record number of electric vehicles are sold, however they still represent the 

vast minority of vehicles sold nationally (Alarfaj, Driffin, Samaras; 2020). Current trends show 

that electric vehicles will represent 62% of vehicle sales and 41% of vehicles on the road in 

2050; even if by 2035 all new vehicles sold in the US are electric they will only represent 95% of 

vehicles on the road by 2050. Further research would build on the analysis conducted here to 

show the effects of this transition spread over several years (e.g. 10% increase in the share of 

electric vehicle sales per year) rather than instantaneous. Additionally, more vehicles are 

scheduled to be released in the coming years that will have both electric and internal combustion 

models and would add more complete data to this analysis. 
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 The household level vehicle ownership information was very generic, including 

estimating the proportion of vehicle-types owned by urbanization and no household variability 

calculated within a census tract, resulting in generalized results. A more advanced analysis can 

build off this dataset and generate more diversity between census groups within an urbanization 

category, which may produce a more precise result.         

6. Conclusion  

This thesis analyzed travel data calculated at the census tract level to examine the potential costs 

and greenhouse gas emissions from converting personal vehicle use to all electric vehicles 

without changing travel and land use patterns and examine the socioeconomic impacts of this 

switch. Converting also personal vehicles in the United States would save 55 billion kgCO2eq, 

reducing the greenhouse gas emissions from personal vehicles by 60.9%. This is slightly more 

than the total national greenhouse gas emissions in South Africa in 2016 (Ge & Friedrich, 2020). 

Reducing the remaining 40% would take a combination of less CO2 emissions from fuel use and 

production (i.e. cleaner electricity) and supply chain improvements. This would also come at a 

high cost for many households. Due to these factors, investments in other modes of 

transportation and less reliance on personal vehicles for daily tasks will be needed to eliminate 

greenhouse gas emissions from transportation.  
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7. Appendices 

Table A1: Missing Data 

 Count 

Initial Observations 73,056 

Missing Urban Group 317 

Missing Miles/Trips per Person/Vehicle 2,312 

Missing Economic Variables 0 

Remaining 70,427 
 

Table A2: Regional Breakdown 

Region States 

Northeast Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New 

York, Pennsylvania, Rhode Island, Vermont 

Midwest Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, North 

Dakota, Ohio, South Dakota, Wisconsin 

South Atlantic Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, 

South Carolina, Virginia, West Virginia 

South Central Alabama, Arkansas, Kentucky, Louisiana, Mississippi, Oklahoma, 

Tennessee, Texas 

West Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming 

Pacific Alaska, California, Hawaii, Oregon, Washington 
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