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Overview 

 

There is a consensus within the scientific community that the burning of fossil fuels has 

increased the amount of greenhouse gasses such as carbon dioxide (CO2) that are released into 

the atmosphere and is the primary cause of global climate change (1). Portland has been a leader 

amongst municipalities in addressing what will likely remain one of the biggest challenges 

facing humanity throughout the 21st Century (2). Despite being the first city in the United States 

to enact a local plan of action for reducing carbon emissions, the air quality in Portland remains 

relatively poor, earning grades of “C” and “D” for high ozone days and 24-hour particulate 

pollution, respectively, and ranking as the 32nd worst metro area for particulate spikes (3, 4). 

The City of Portland is developing efforts to stay on track to meet the Climate Action Plan’s goal 

of an 80 percent reduction in carbon emissions below 1990 levels by 2050 (2). At the same time, 

Portland recognizes the importance of making sure policies to meet environmental goals also 

consider equity impacts. The Portland Climate Action Plan states that currently “the many 

economic and health benefits of carbon reduction investments are not shared equitably across the 

city” (2). 

The transportation sector is responsible for 25 percent of greenhouse gas emissions in the 

Portland metropolitan region, 14 percent of which is comprised of emissions from cars and light 

trucks (5). For Multnomah County, the transportation sector makes up 44 percent of greenhouse 

gas emissions based on the city and county’s use of the ClearPath ICLEI Tool. Electric vehicles 

(EVs)1 and hybrid electric vehicle (HEVs), which are often considerably more efficient than 

internal combustion engine (ICE) vehicles, may have the potential to reduce the carbon footprint 

of automobile travel. Vehicle manufacturers are slowly but steadily rolling out new electric 

models. At the same time, Portland is struggling to determine where to prioritize the installation 

of EV charging infrastructure, a critical link to widespread adoption of EVs. Owners of EVs and 

HEVs, like most early adopters of new technologies, are largely high-income earners (6). Many 

EVs and HEVs carry a price premium over comparable ICE vehicles powered by fossil fuels and 

likely are not often within reach of most low-income consumers. Thus, the direct benefits of 

these technological advances are likely to accrue to these disadvantaged populations much later 

in the technological diffusion cycle, if at all. 

The question for policy makers is: are these two ends - mitigation of climate impacts from 

transportation sources and promoting equitable access to efficient and clean mobility - at odds 

with one another or can both of these goals be achieved through one coordinated strategy? This 

research shows with targeted investments in underserved and income communities in Portland to 

increase the number of alternative vehicles, you can achieve these goals.  

 

 

                                                           
1 Electric vehicles (EVs) means both battery electric vehicles and plug-in hybrid electric vehicles. 
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Research Questions 
 

 How are carbon impacts from the use of personal vehicles distributed among different 

neighborhoods in Portland and the Metro region? 

 

 Do low-income and minority communities have a greater contribution to carbon 

emissions than the rest of Portland? 

 

 What is the potential for different policy interventions to address carbon emissions from 

the transportation sector? 

 

 

Project Scope 
 

With a focus on equity, this analysis first establishes the current characteristics and usage 

patterns of personal vehicles in the Portland metro region. Next, we develop a statistical model 

of vehicle miles traveled (VMT) as a function of vehicle, household, and land-use characteristics. 

The VMT model allows us to predict the miles a given vehicle might be driven under various 

conditions. Finally, we use the model to present hypothetical policy scenarios in which portions 

of the existing personal vehicle fleet are replaced with either hybrid or electric vehicles and 

estimate the societal benefits that would result from the fuel saved under such a program.   

 

 

Data 
 
The data used in this analysis come from six key sources:  

 Oregon Department of Motor Vehicles (DMV): supplied a vehicle census for the Portland 

region 

 Oregon Department of Environmental Quality (DEQ): supplied a vehicle attributes table 

as well as odometer readings from emissions testing 

 2017 National Household Travel Survey (NHTS): included the linked household and 

vehicle VMT data to develop a mileage model 

 U.S. Environmental Protection Agency (EPA): produces fuel efficiency estimates by 

vehicle 

 American Community Survey (ACS) 2016 5-year estimates: provide estimated household 

characteristics based on vehicle registration location 

 Metro, the regional metropolitan planning organization: maintains regional boundary 

files, a high accuracy geocoding database, and parcel-level land use information 
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Existing Conditions 

RESEARCH APPROACH   

Data Preparation and Cleaning 

First, the information from the DMV and DEQ datasets were combined and geocoded to 

represent what is, in theory, the entire universe of personal vehicle ownership and use for the 

region. The dataset provided by Oregon DMV contains the unique VIN of every vehicle 

registered in the Portland metro region, along with its associated registration address as of 

September 2017. The vehicle attribute table from Oregon DEQ provided the year, make, model, 

vehicle type, fuel type, and combined city/highway fuel economy of all registered Portland metro 

vehicles based on VIN. 

As the focus of this analysis is on fuel use by personal-use vehicles, special effort was made to 

eliminate commercial vehicles from the dataset. Registration addresses were spatially joined to 

parcel-level land use data contained in Metro’s RLIS taxlot shapefile. Homes with an unusual 

number or composition of vehicles (e.g. multiple vehicles of the same type, especially work 

trucks and vans) were closely scrutinized. Apparent personal-use vehicles registered to 

businesses were also excluded because without a home address, it was unclear to what location 

vehicle use should be attributed. 

 

VMT Calculations 

Next, annual vehicle mileage was estimated from the vehicle odometer readings by annualizing 

the difference between the two most recent readings taken since 2013. We considered as valid 

readings that were at least one year apart and non-negative. It must be noted that testing in the 

Portland metro region is only required for vehicles model year 1975 and newer, so 16,130 older 

vehicles are not included in this dataset (7). Additionally, DEQ does not require testing on 

vehicles less than three years old, so the most recent vehicle model year with known VMT in our 

dataset was 2014 (7). Electric vehicles are also omitted from the DEQ odometer reading dataset, 

as they do not directly emit any greenhouse gasses, and are not tested by the state of Oregon. 

Valid VMT readings were established for 556,952 vehicles within the analysis area (52% of 

those registered).  

 

Figure 1: Flowchart of Existing Conditions Methods 

 

 

 

 

 

 

 

 

Original DMV vehicle 
registration dataset: 
1,405,238 vehicles 

Geocoding matches: 
1,388,181 vehicles 

DEQ vehicle attribute 
table matches joined 

with geocoded 
registration addresses: 

1,314,902 vehicles  

Registrations clipped 
by the Metro 

boundary: 
1,164,248 vehicles 

Personal Use Vehicles: 
1,072,071 

Personal Use Vehicles 
with ‘valid ‘VMT 

readings: 
556,952 
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Equity Determination 

To make observations about vehicle attributes and usage patterns through an equity lens, data 

were aggregated to the block group-level and joined to ACS sociodemographic statistics such as 

race and median household income. Next, we created a scoring system for block groups so that 

we could draw a distinction and make comparisons between disadvantaged communities and the 

metro region as a whole. Our “Equity Score” system follows the guidelines laid out by PBOT’s 

“Equity Matrix,” which divides block group median household income into quintiles and then 

assigns each block group a score of 1 through 5, with 1 being the highest-income earners, and 5 

being the lowest (9). The same is done for the percent of people that identify as something other 

than white, with 1 being the lowest, and 5 the highest (9). These two scores are added together, 

and each block group is assigned a score of 2 through 10 (9). We followed the same formula, but 

applied it to all of Metro, not just the city of Portland. Block groups with a score of 8 or higher 

were defined as “communities of concern.”  

 

FINDINGS 

Vehicle Attributes: Vehicle Age 

As seen in Figure 2 below, while the age of vehicles registered in communities of concern skew 

slightly older, there is minimal difference in the frequency distribution of vehicle model years 

between communities of concern and the population generally both within Portland, and Metro-

wide. 

 

Figure 2: Vehicle Model Year Frequency Distribution: All Vehicles vs. Communities of 

Concern 
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Visual inspection of the spatial distribution of older vehicles indicates a higher concentration of 

vehicle built prior to or in the year 2000 on the east side of Portland (Figure 3). 

 

Figure 3: Distribution of Vehicles Age (Model 2000 and older) 

 

 

Vehicle Attributes: Fuel Economy 

Average miles per gallon (MPG) differs little among equity score groups. All block groups with 

an equity score under 10 have an average MPG greater than the national average for all personal 

vehicles in Metropolitan Statistical Areas (MSAs) of 22.8 (NHTS/EPA data, authors’ 

calculations). The average fuel economy of vehicles in block groups with an equity score of 10, 

the lowest-income and highest percent of non-white identified, is less than one-tenth of a mile 

per gallon under the national average, and within one MPG of the lowest equity score areas 

(Figure 4). 
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Figure 4: Average Miles per Gallon (MPG) by Equity Score 

 

Spatially, average fuel economy is highest in block groups closest to the central city and tends to 

decrease radiating outward, particularly on the east side of the region (Figure 5). 

 

Figure 5: Distribution of Fuel Economy of Passenger Vehicles 

 

 

Figure 6 displays the percent of vehicles that are “gas-guzzlers” by equity score. In this analysis 

“gas-guzzlers” are defined as any vehicle achieving under 22.5 MPG combined, which is the 

minimum threshold for which the gas-guzzler tax is assessed on new vehicles by the Internal 
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Revenue Service (IRS) (8). While the proportion of gas-guzzlers by equity score ranges only 4.5 

percent between groups, some patterns emerge. The percentage of gas-guzzlers is greatest in 

high-income, mostly white areas, and decreases with income and the percentage of white-

identified population before beginning to increase in the lowest-income and highest minority 

population areas. All equity score groups are below the national average (per NHTS/EPA) of 

57.4% gas-guzzlers. 

 

Figure 6: Percent of Gas-Guzzlers by Equity Score 

 

 

Gas-guzzlers skew slightly older than the general population of vehicles. The mean vehicle 

model year both Metro-wide and within the city of Portland is 2006, while the average model 

year for gas-guzzlers is 2004 in Portland, and 2005 for the entire Metro region. Figure 7 displays 

the most vehicle type among gas guzzlers by block group. Of note is the dominance of cars as a 

gas-guzzler vehicle type within the city of Portland, and the prevalence of sport utility vehicle 

(SUV) gas-guzzlers outside the city limits. If policy makers seek to encourage or incentivize the 

use of more efficient and/or alternative fuel vehicles, the physical attributes of the current vehicle 

fleet should be considered to accommodate the needs of a wide range of life-stages and family 

sizes. Presently, most fully-electric vehicles are sedan-sized or smaller. Larger families, or 

people that require a large cargo capacity may depend on an SUV or truck. Hybrids of these 

types could be a stopgap until more large electric vehicles come to market. Alternatively, the role 

of conventional internal combustion engine truck and SUV on-demand, short-term rentals may 

warrant consideration so that families could own a small electric vehicle for daily driving and 

rent a larger vehicle for occasions where it is required (i.e. moving day, long distance trip, 

errands).  
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Figure 7: Distribution of Gas-Guzzlers by Dominant Vehicle Type 

 

 

Vehicle Attributes: Hybrids and EVs 

Figures 8 and 9 show the number of EVs and hybrids by equity score. The stark difference in the 

number of EVs and hybrids registered in communities of concern lends credence to the notion 

that high-income earners are able to ‘buy in’ to alternative fuel vehicles, while low-income 

communities have not yet been able to realize the gains in efficiency offered by hybrid and 

electric vehicles. 
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Figure 8: Electric Vehicles by Equity Score  

 

 

Figure 9: Hybrid Electric Vehicles by Equity Score 

 

 

Spatially, we observed a higher concentration of hybrid vehicles within the city of Portland than 

on the extremities of the Metro region (Figure 10). Within Portland, there are more hybrids 

registered to addresses on the west side and inner-east side. Note the relative lack of hybrids 

registered east of Interstate 205. 
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Figure 10: Distribution of Hybrid Vehicles 

 

Currently, electric vehicles make up such a small percentage of cars registered in Portland that 

clear spatial patterns are difficult to discern. However, block groups that do have electric 

vehicles in any significant number tend to be located closer to the city center (Figure 11). This 

may be, in part, due to the limited range of electric vehicles at present, which renders them more 

practical for shorter, in-town trips. 

 

 

 

 

 

 

 

 

 

 

 

 



FINAL REPORT  December 2018 

15 
 

Figure 11: Distribution of Electric Vehicles 

 

   

Vehicle Use: Vehicles Miles Travelled (VMT) 

Region wide, the block group average vehicle VMT ranges from 5,743 to 10,423 miles annually. 

Block groups closest to the city center tend to be on the low-end of that range, while the highest 

average annual VMT is observed in block groups further away from the urban core (Figure 12).  
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Figure 12: Distribution of Average VMT 

 

By equity score, there little differentiation in VMT (Figure 13). While it is worth noting that the 

least amount of annual miles is observed in the highest-income equity score group, 2, and the 

most annual miles in the lowest-income equity score groups, 9 and 10, they are only separated by 

222 annual vehicle miles. All groups are well below the national average (per NHTS) of 10,270 

miles. 

 

Figure 13: Average Annual VMT by Equity Score 
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Metro-wide, average annual vehicle VMT is higher than it is within the city of Portland (Figure 

14). Metro-wide and within the city of Portland, vehicles designated as gas-guzzlers average 

marginally fewer annual miles than the general population of vehicles, while vehicles registered 

in communities of concern average more annual miles. 

 

Figure 14: Average Annual VMT Comparison Portland vs. Metro Region 

 

 

Vehicle Use: Fuel Consumption 

The spatial patterns of fuel consumption in the Portland Metro region mirror those of VMT 

(Figure 15). Block group-level average annual fuel consumption increases radiating outward 

from the city center. 
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Figure 15: Distribution of Annual Fuel Consumption 

 

 

There is minimal difference in fuel consumption by equity score group, with a range of only 12 

gallons, or about the size of the gas tank on an average sized car. All groups are well below the 

national average annual fuel consumption of 482 gallons (as calculated by the NHTS dataset).  

 

 

  

KEY TAKEAWAYS 

 There is not convincing evidence that vehicles registered to owners in lower-

income block groups consume more fuel, thus more CO2, than in higher-income 

block groups. 

 EV ownership is concentrated in higher-income, mostly white block groups. 

 The average vehicle travels fewer miles in Portland than in the rest of Metro, and 

both are well under the national average for metro areas. 

 Policies should consider the needs that the physical attributes of people’s current 

vehicles may fulfil, and how various interventions may or may not be effective in 

encouraging people to switch to alternative fuels. 
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VMT Model 

RESEARCH APPROACH 

While the DMV and DEQ data sets provided vehicle characteristics and usage at the vehicle 

level, they could not be reliably connected to important household predictors of vehicle use, such 

as income, household composition, and number of vehicles owned, as block group-level 

sociodemographic data were the finest grain available at the time of the existing conditions 

analysis. Therefore, we chose to model VMT using the recently released 2017 National 

Household Travel Survey (NHTS) as the estimation set, as it includes income, vehicle year, 

make, model, and self-reported annual mileage at the vehicle/household level, as well as basic 

built environment information at block group level. The model also controlled for number of 

workers and children in the household, as well as regional differences. Given that, in addition to 

systematic effects, a range of idiosyncratic factors likely influences the annual miles a vehicle 

covers, the amount of variation explained by the model (~12%) seemed reasonable, if lower than 

we might have hoped.  

 

FINDINGS 

Vehicle Attributes: VMT by Fuel Type  

The model revealed that hybrids and diesel cars (and to a lesser extent diesel trucks) are driven 

more than expected, controlling for other factors, while plug-in hybrid electric vehicles (PHEV) 

and EVs are driven less by nearly a thousand miles per year. This likely reflects the unique 

characteristics of these vehicles at present. All four vehicle types typically have a low fuel cost 

per mile relative to gasoline internal combustion engines, but EVs are limited by range while 

hybrids and diesels are not.   

Plug-in hybrids are not limited by range in the same way that EVs are, as their electric motors 

are augmented by traditional internal combustion engines once the initial charge that allows 

electric-only driving (typically under 50 miles) has been depleted. Beyond that initial battery-

powered range, plug-ins act as traditional hybrid vehicles, which are less fuel-efficient than EVs. 

Therefore, it is most economical to operate plug-in hybrids for shorter trips so that they may be 

recharged before using gasoline reserves. This may explain why we observe a predicted decrease 

in annual VMT for PHEVs despite shared characteristics (decreased cost per mile and no range 

limitation) with diesels and traditional hybrids. Consumers keen to see a return on their initial 

investment (plug-ins carry a premium over traditional hybrids) utilize their vehicles in a manner 

that minimizes the per-mile cost. 

 

Vehicle Attributes: VMT by Vehicle Age 

As seen below in Figure 16, aside from some variation pre-1990 and in 2017, there is a near-

linear positive relationship between vehicle model year and average annual VMT.  
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Figure 16: Average Vehicle VMT by Model Year (NHTS) 

 

 

While newer cars tend to get driven more, they also achieve superior fuel economy than older 

vehicles regardless of fuel type. Since the 1975 enaction of CAFE standards, the average 

adjusted miles per gallon of new light-duty vehicles sold in the United States has increased from 

13.1 miles per gallon to 24.2 miles per gallon as of model year 2014 (Figure 17) (10). 
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Figure 17: Fuel Economy by Model Year (NHTS) 

 

 

 

Sociodemographics, Household Location, and VMT  

We found an interesting inter-relation among household income, residential location density, and 

how much a vehicle is driven. As expected, driving increases with income (Figure 18) and 

decreases with density. However, higher income groups reduce driving more in response to 

density than do those with lower incomes, partly or in some cases fully offsetting the direct 

income effect on vehicle miles. For example, all else equal, a vehicle in the highest income 

group ($200K/year or more) would be expected to cover 4,470 more miles per year than the 

same vehicle in a lower-income household. In a moderately dense urban location (5,000 

people/mi2), though, the high-income household would be expected to drive the vehicle about the 

same amount as the low-income household. This might reflect the increased ability of higher-

income households to cash in on “density bonuses” by shopping at neighborhood (but likely 

more expensive) stores, living closer to work, or by making use of alternate transportation 

options.  
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Figure 18: Average vehicle VMT by Income (NHTS)   

 

Household Income and Vehicle Age 

Given the relatively high cost of even the base model of new vehicles, it no surprise that average 

vehicle age tends to decrease as household income increases. As seen in Figure 19, the mean 

vehicle age for the lowest income earners is around 12 years old, while households in the highest 

income bracket own vehicles that are just 7 years old on average. 
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Figure 19: Average Vehicle Age by Income (NHTS) 

 

Household Income and Fuel Economy  

As the model has revealed that high income earners tend to own newer vehicles, and EPA 

records show that personal-use vehicles have steadily improved their fuel efficiency over the past 

decade, it follows that wealthier households tend to drive vehicles that achieve superior fuel 

economy than low-income households (Figure 20). Average MPG increases gradually up until a 

household income of $200,000 is reached, before increasing dramatically for those earning over 

$200,000 annually.    

Examining only conventional gasoline vehicles changes the picture (Figure 20). Fuel economy is 

practically identical across income groups, if not declining among households earning $200,000 

or greater, suggesting that high income groups “buy in” to efficiency via alternative fuel vehicles 

(EV, PHEV, or diesel cars/light trucks). Figures 8, 9, and 21 support this interpretation, showing 

a steady increase in the share of alternative fuel vehicles owned as household incomes rise from 

$25,000 to $200,000 annually. The highest income households earning over $200,000 per year 

have by far the largest share at around 13% (vs. about a 2% share among low-income 

households). 

 

 

 

 

 



FINAL REPORT  December 2018 

24 
 

 

Figure 20: Average MPG by Vehicle Type and Household Income (NHTS) 

 

Figure 21: Share of Alternative Fuel Vehicles (including diesel) by Income (NHTS) 
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Policy Scenarios 

Meeting ambitious carbon reduction targets like Portland’s will clearly require a range of 

policies. We developed a model to explore potential for fuel savings through replacing a portion 

of the current personal vehicle fleet with new hybrids and EVs. While such technological 

substitution will not be enough on its own, given existing development patterns many of the 

current miles will continue to be driven in the near to medium term, and shifting those miles to 

more efficient cars and trucks will likely be part of many cities’ strategies. We also consider 

urban densification as both an alternative and complementary policy to alternate fuel vehicles. 

Note that here density works (via the NHTS-based vehicle use model) only to curtail use of 

existing vehicles. Not able to be considered in this paper are potential reductions in vehicle 

ownership attributable to density. 

The data clearly support the notion that alternative fuel vehicle efficiency benefits have to date 

been primarily accruing to wealthier households (Figure 8, Figure 9, Figure 19, Figure 20). 

Portland recognizes that, for a variety of reasons, policies will need to become more inclusionary 

to be effective in the long-run. We consider how shifting policy targets toward specific equity 

populations (lower-income areas) might affect both primary outcomes and the distribution of fuel 

saving and mobility benefits. 

METHODS 

We considered three primary policy scenarios designed around fleet shift toward alternate fuels, 

each with three different targeting methods (region-wide with and without an equity focus, and 

area average-based). In the equity area focused scenarios, we assumed a region-wide search for 

vehicles (“worst” 20% in each case) but with a bias toward lower (median) income areas. In 

those cases, we replaced vehicles in the starting in the poorest block groups until half of the 20% 

were replaced. In addition, we considered two place-based scenarios with only equity or density 

targets. Table 1 presents the proposed vehicle-centric and place-based scenarios and targeting 

mechanisms (See Appendix D for details on policy scenario assumptions). 
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Table 1: Policy Scenarios Used for Model 

 

 

POLICY SCENARIO OUTCOMES 

The estimated impact of the policies considered, most of which involved replacing 10% of the 

personal vehicle fleet, ranged from detrimental (increased fuel use) to a maximum 12.8% region-

wide fuel savings (Figure 22). The high end of that range would contribute almost a third of 

Portland’s goal of a 41% reduction in transportation-related carbon by 2030—a consequential 

policy outcome to be sure (2). Given the considerable efficiency advantage of EVs and their 

diminished rebound effect—at least at present—it is perhaps no surprise that they produced 

policy effects in all scenarios at least three times those of HEVs. The most effective HEV 

scenario resulted in only a 4% regional fuel savings (Figure 22).  
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Figure 22: Fuel Savings Region-Wide: Hybrid vs. EV Replacement 

 

 

As for targeting strategies, where possible, identifying high use vehicles appears to be the most 

effective strategy, followed by identifying low efficiency vehicles (Figure 22). Targeting older 

vehicles proved to be an inferior option, partly because those are subject to the largest rebound 

effect and partly because older does not necessarily mean less efficient; in fact, geographic 

investigations showed considerable pockets of older but fuel efficient (likely smaller) vehicles in 

neighborhoods near the central city. In terms of geographic focus, targeting the “worst” vehicles 

by each criteria region-wide worked considerably better with the exception of targeting older 

vehicles (Figure 22). Area targeting might still be preferred, however, in cases where identifying 

or marketing to individual vehicles proved infeasible or where specific policies lend themselves 

more to an area by area approach; e.g., public EV charging infrastructure or outreach via local 

groups or events. 

An encouraging finding was the performance of equity-biased policy scenarios. The “low-

income area first” strategy nearly equaled the results of the equity-blind region-wide targeting, 

suggesting the efficiency cost of equity consideration does not have to be high (Figure 23). Even 

the equity only strategy without specific vehicle targets provided about fifty percent of the best-

performing option’s fuel saving in the EV scenario (Figure 23). There are certainly limitations in 

assuming benefits to lower-income areas will accrue proportionately to lower-income 

households. On the other hand, there are likely localized benefits even to households that do not 

participate in such programs (or do not own a vehicle at all), such as reduced air pollution and 

infrastructure supportive of vehicle sharing programs. 
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Figure 23: Proportion of Region-Wide Fuel Savings Accrues to Lowest 20 Percent Income 

Areas 

 

 

Figure 24 provides an equity accounting of mobility improvements by strategy focus and 

targeting methods. While increased VMT due to a newer vehicle or HEV presents a problem for 

reduced fuel consumption, for households facing a mobility deficit the so-called “rebound effect” 

might be viewed as a positive. Compared to the modest difference in fuel saving outcomes for 

the equity-biased options relative to region-wide focus (light gray bars), the differences in benefit 

captured by low-income areas (dark gray bars) are several times greater, generally about 

doubling the share of fuel savings and mobility increases going to the lowest quintile 

neighborhoods (Figure 23 and Figure 24). This is also a case where area targets for older 

(clunker) or low-efficiency vehicles (gas-guzzler) outperform region-wide targeting, likely 

because concentrations of older, inefficient vehicles coincide with poorer neighborhoods. It is 

worth noting that two of the highest efficiency scenarios (region-wide targeting of gas guzzlers 

and high VMT vehicles) are equity negative, with less than a fair share of benefits going to 

lower-income areas. This is highlights the potential that some policies may not achieve intended 

equity outcomes. Additionally, the equity potential of hybrids appears to be roughly on par with 

EVs in all scenarios, at least as measured here. There may be room for hybrids to be included in 

the policy mix when equity – and in particular increased access by personal vehicles – is a 

priority, or where purchase cost differences might favor hybrids (Figure 24).  
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Figure 24: Mobility Increase to Lowest 20 Percent Income Areas 

 

 

Finally, a density-only policy was considered, based on the VMT model findings that density 

reduces expected vehicle use, especially as income increases. Region-wide density gains of 10-

20% contribute modest fuel savings of 0.5-1% of the regional total when considering only the 

impact on VMT by the existing fleet. Density gains could of course be more substantial than 

observed in the past, and they might contribute to reducing driving via other means, such as 

reductions in car ownership to approach the gains. It does not need to be either/or with vehicle 

technology and density; indeed, increasing density along with shifts to alternative fuel vehicles 

could mitigate the rebound effect, further reducing fuel use.   

 

COSTS/BENEFITS 

The societal benefit of fuel savings can be valued in terms of the social costs (such as negative 

impacts on agriculture yields, human health, and property damage from flooding worsened by 

climate change) saved from emissions abated. Schindell (2015) estimated the social cost of 

atmospheric release from one gallon of gasoline burned at $3.80 (11). The social cost of the one-

gallon equivalent of coal generated-electricity is $8.06, and $2.83 for natural gas generated-

electricity (12). Given Portland’s current energy mix of 44% coal, 24% natural gas, and 32% 

non-fossil fuel, we estimated the average savings in social costs in Portland to be $3.80 for 
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hybrids (the entire social cost of one gallon), and $3.37 per gallon for electric vehicles 

(accounting for the higher social cost of coal power) (13). Under the best performing policy 

scenario in which 10 percent of high VMT vehicles are replaced region-wide, the estimated 

average social cost savings per vehicle replaced would be $639 per year for hybrids and $1,804 

per year for electric vehicles, including expected “rebound effects” on vehicle mileage. 

Therefore, vehicle replacement subsidies of up to $1,804 per electric vehicle per year could be 

justified. Additionally, the social benefits of electric vehicles in the form of emissions abatement 

could increase over time as electricity generation becomes cleaner, which is a likely outcome 

considering Multnomah County’s commitment to 100% renewable energy by 2050 (14). 

 

 

 

 

 

 

 

 

 

  

KEY TAKEAWAYS 

• Low income households tend to drive older vehicles, but they are not driven as much 

as the vehicles of high income earners.  

• The vehicles driven by low-income households are no less efficient than those driven 

by high income households when excluding alternative fuel vehicles. 

• Higher income households make up a large proportion of alternative fuel vehicle 

owners. 

• Results vary considerably depending on how vehicle replacement are should be 

targeted: 

• Targeting high use and low efficiency vehicles is more effective than 

targeting old vehicles, due in large part to rebound effects. 

• Individual vehicle targeting is more effective than area-based targeting. 

• Equity-based scenarios successfully re-directed fuel savings and mobility benefits to 

low-income areas. 

• Subsidies of up to $1,803/year for replacement of high VMT vehicles with EVs could 

be justified in Portland by reductions in social costs of air emissions. 

• Hybrids may be a necessary stopgap until electric vehicle prices decrease, range is 

extended, and a wider variety of vehicle types is available. 
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Appendix A: DMV and DEQ data limitations 

• While the DMV and DEQ data sets provided vehicle characteristics and usage at the 

vehicle level, they could not be reliably connected to important household predictors of 

vehicle use, such as income, household composition, and number of vehicles owned, as 

block group-level sociodemographic data were the finest grain available at the time of the 

existing conditions analysis. Therefore, vehicle registrations were aggregated to the block 

group level in order to make assumptions about the vehicle owners. This method cannot 

capture sociodemographic variation within each block group.   

• The split of mileage between multiple vehicles within one household is unknown. 

• The assumption must be made that the vehicle owner resides at the registration address, 

and that the vehicle has remained with one owner during the period of VMT estimation. 

• Temporal discontinuity in the VMT estimates: VMT was estimated by annualizing the 

two most recent DEQ emissions tests that were at least 9 and ½ months apart in order to 

simulate 4 seasons of driving. Tests are required every two years, but may be repeated as 

often as necessary until a vehicle passes emissions. The window used to estimate VMT 

for ranges from 2013 to 2017. 

• We do not have VMT readings for electric vehicles and vehicles less than three years old 

as they are exempt from DEQ inspection. 
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Appendix B – Transferability of NHTS data to Portland Context 
 

To ensure that a national sample of MSA’s would reasonable transfer to Portland’s specific 

characteristics, we compared the block group-level average annual VMT from known odometer 

readings of our DMV and DEQ datasets with the predicted VMT of our NHTS-based model. As 

seen in the below figure, the majority of block groups fell within plus or minus 1,000 miles, on 

average, or the same as the precision of our DEQ-supplied odometer readings. The distribution 

of estimated high and low VMT areas also matched reasonably well with the odometer data. 

There was only a slight upward bias in the NHTS-based model at the block group level (240 

mi/yr). These results left us confident that the model results could be usefully applied to our 

Portland policy context. 

 

Block group average vehicle miles, model versus odometer estimates 
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Appendix C – Why race was not included in the model 

While initial iterations the model predicted differences in annual average vehicle VMT by race, 

the rate of increase with respect to income is roughly the same regardless of race. The final 

iteration of the model does not include race, as most of that variation in VMT is already captured 

by household income. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FINAL REPORT  December 2018 

35 
 

Appendix D – Policy Scenario Details 

In the clunker, gas-guzzler, high VMT, and equity only scenarios, 10% of the existing ICE fleet 

would be replaced with new hybrids (non-plug-in) or EVs. We used EPA average fuel economy 

for all 2018 models to arrive at 35.6 MPG for hybrids and an effective 106.4 MPG for EVs used 

as replacements. For the density scenario, we chose two densification factors consistent with 

density gains in the region over the past fifteen years. Comparing 2016 ACS and 2000 Census 

data, the core county of the region (Multnomah, including the city of Portland) the average block 

group densified by 23.9%. 

Scenario 3 (high VMT) uses actual odometer data to identify high use vehicles. All other 

scenarios use predicted VMT from the model. In each case, scenarios were run on the entire 

DMV database of personal vehicles in Portland, except for the high VMT scenario, which had to 

be run only for the ~50% of vehicles with valid odometer readings. Outcomes were tabulated to 

include VMT “rebound” effects. When older, gasoline vehicles are replaced with newer, alt fuel 

versions, the model supports existing literature that they will in most cases be used more. The 

one exception is for EVs up to three years newer than an existing gasoline vehicle; those vehicles 

are predicted to be used less (perhaps due to range anxiety or charging hassles).  

Since detailed household information was not available in the DMV records, mean block group 

ACS data were used to estimate vehicle owners’ income and household composition.  
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Appendix E – Policy Results Table 

Results of policy scenarios replacing 10% of personal vehicle fleet or densifying region 

 

1 % calculated out of total fuel used by all PDX registered personal use vehicles in our analysis set 
2 Hybrid replacement set to EPA average for all 2018 Hybrids (non-plug in) at 35.6 MPG combined 
3 EV replacement set to EPA average for all 2018 EVs (all electric) at 106.4 MPG combined 

 

 

 

 

 

 

 

 

 


