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Abstract 

This paper by Chattopadhyay & Taylor (2012) examines the impact that urban form has 

on vehicle miles traveled (VMT) by using household-level survey data from the 2001 National 

Household Travel Survey (NHTS). By drawing on McFadden’s hierarchical choice theory, they 

model residential location decisions as a structured process that influences travel demand. The 

study uses a three-stage least squares (3SLS) approach to address both endogeneity and 

multicollinearity, and this reveals that smart growth policies significantly reduce VMT. Some 

examples of these policies include higher residential density, increasing public transit 

investments, as well as improving the job-housing balance. A simulation of California itself 

suggests that increasing these urban form features by 10% could reduce VMT by up to 20%. 

Having these findings highlights the long-term effectiveness of land use policies in curbing 

transit-related gas emissions, which offers an alternative to fuel taxes. These results support 

integrating more smart growth strategies into regional planning to promote more sustainable 

urban development as well as reduce our current dependence on automobiles.  
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I. Pre-Estimation Questions 

1. Role of Urban Form Features in Smart Growth Strategies 

The term “smart growth” refers to land use policies aiming to reduce auto dependency by 

designing more urban centers that promote walking, biking, and public transit. Some aspects this 

focuses on are building more dense neighborhoods, improving the job-housing balance, as well 

as enhancing public transit. Having higher residential density would reduce the necessity of long 

commutes, as homes would be closer to essential services. Creating more job centers within 

these residential communities would also help shorten commute distances, as well as encourage 

other forms of transportation. Having more efficient and reliable public transit systems would 

also decrease the current reliance we have on personal vehicles, which would reduce vehicle 

miles traveled (VMT) and greenhouse gas (GHG) emissions.  

Having these features directly addresses the policy issue by reducing 

transportation-related energy consumption. The study suggests that regions with higher densities 

and better transit infrastructure see a significant decrease in household VMT, which supports the 

success of California’s policies like SB 375 and AB 32 as well.  

2. Residential Sorting (Self-Selection Issue  

Residential density and job-housing balance can be endogenous in a VMT demand 

model. This is due to people usually choosing where they live based on personal preferences and 

work locations. Having these factors also introduces a self-selection bias, such as households 

driving often choosing more suburban and low-density areas, while those who prefer a more 

car-free lifestyle would choose a transit-accessible and highly dense neighborhood. Since these 

choices are directly influenced by individual preference, the error term in the VMT model could 
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be correlated with the dependent variable (VMT) as well as the independent variables like urban 

form features. This makes it difficult to isolate the true causal impact of urban density on VMT.  

3. Fuel Tax vs. Land Use Policies for Reducing VMT  

Having both fuel taxes and land use policies could reduce VMT, but they differ in impact, 

feasibility, and most importantly the long-term effectiveness and impact.  

Fuel tax could be more favorable for an immediate impact, as raising prices is a direct 

discouragement for excessive driving, and instead incentivizes carpooling or public transit more. 

It is also the easiest to administer since the taxes are straightforward to implement and collect. 

Having these taxes would also generate revenue, which can then be used to fund public transit 

improvements or infrastructure. However, arguments against include a regressive impact, since it 

would disproportionately affect lower-income households relying on driving. The tax is also a 

more short-term solution, as many people do not have a viable alternative, and relying on 

adapting behavior would take a long time. It is also very socially and politically looked down on, 

as fuel taxes are often faced with harsh resistance from the public and policymakers.  

​ On the other side, land use policies could be better for long-term effectiveness, as 

creating denser communities and improving transit infrastructure would gradually and naturally 

reduce car dependency. It also encourages a more sustainable lifestyle, since walking, biking, 

and transit would become more convenient. It would also stimulate local economies, as 

investments in urban redevelopment and transit projects could also lead to the creation of new 

jobs. However, arguments would include its expense, as infrastructure development and urban 

rezoning both require substantial funding. It is also slow to implement, as it requires significant 
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planning and investment over a couple of decades. This also makes it difficult to monitor, as its 

success directly depends on effective urban planning and enforcement.  

4. McFadden’s Theory of Hierarchical Choice  

Many studies currently rely on a single spatial unit, such as a census tract or zip code, for 

all urban-form features due to the convenience of readily available data. McFadden’s theory 

explains how households make location choices more hierarchically. Households first select a 

metropolitan area meeting their broader needs, such as a job opportunity or public transit access. 

Within this chosen metro area, they then choose a location and county based on other factors, 

such as commuting convenience and job concentration. Within said selected country, they then 

pick a neighborhood or census tract based on local amenities, such as housing accessibility and 

density.  

5. How McFadden’s Theory Justifies a 3SLS Model  

Using the Three-Stage Least Squares (3SLS) method would address two key econometric 

issues, these being endogeneity and multicollinearity. Households usually self-select where they 

live based on factors mentioned above, such as transit access and job locations, which makes 

urban form features endogenous. The 3SLS model resolves this endogeneity by incorporating 

instrumental variables to account for this self-selection, which then reduces bias. It recognizes 

that VMT and urban form decisions are not independent factors, but more simultaneous choices 

instead. For multicollinearity, many urban form features tend to move together, such as job 

density and transit access. The 3SLS model would separate these effects by structuring these 

urban form features at different spatial levels. For example, transit funding would be at the metro 

level, job density at the county level, and residential density would be at the neighborhood level. 
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Having these levels would prevent the urban form variables from being too closely correlated, 

which then improves the precision of the estimation.  

6. Complete Theoretical Specification of 3the SLS Structural Demand Model  

The study uses a simultaneous equations model for VMT demand, where the urban form 

features are treated as endogenous variables.  

The Original Model 

●​  𝑄 = 𝑓(𝑝, 𝐼, 𝑥1​, 𝑥2​, 𝑥3​) + ϵ1

●​  𝑥1​ = 𝑔1​(𝑧1​) + ϵ2

●​ 3 𝑥2 = 𝑔2(𝑥1, 𝑧2) +ϵ

●​  𝑥3 = 𝑔3(𝑥2, 𝑧3) + ϵ4

The Complete Modified Model 

●​  𝑉𝑀𝑇𝑖​ = β0​ + β1​𝑃𝑟𝑖𝑐𝑒𝑖​ + β2​𝐼𝑛𝑐𝑜𝑚𝑒𝑖​ + β3​𝑅𝑒𝑠𝐷𝑒𝑛𝑖​ + β4​𝐽𝑜𝑏𝑆𝑝𝑐𝑖​ + β5​𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑃𝐶𝑖​ + ϵ𝑖

●​  𝑅𝑒𝑠𝐷𝑒𝑛𝑖 = γ0 + γ1𝐽𝑜𝑏𝑆𝑝𝑐𝑖 + γ2𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑃𝐶𝑖 + γ3𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑖 + μ𝑖

●​  𝐽𝑜𝑏𝑆𝑝𝑐𝑖​ = δ0​ + δ1​𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑃𝐶𝑖​ + δ2​𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑖​ + η𝑖

●​  𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑃𝐶𝑖​ = θ0​ + θ1​𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑖​ + ν𝑖

Key 

●​ VMT: Vehicle miles traveled 

●​ Price: Cost per mile of travel 

●​ Income: Household income 

●​ ResDen: Residential density at the census tract level 
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●​ JobSpc: Job density at the county level 

●​ TransitPC: Public transit investment per capita at the metro level 

●​ Household Variables: Such as household size, number of workers, etc. 

●​ Regional Variables: Metro-specific factors 

●​ ϵ, μ, η, ν: Error terms capturing unobserved influences​ 

7. Narrative Description of Dataset  

The study uses data from three primary sources, these being the 2001 National 

Household Travel Survey (NHTS), the U.S. Census Bureau (2000 Census Data), as well as the 

National Transit Database. The 2001 NHTS contains 7,696 households from the 18 major U.S. 

metropolitan areas and measures household traveling behavior including the annual VMT. It also 

includes socioeconomic characteristics, such as income, household composition, as well as car 

ownership. The U.S. Census Bureau provides demographic and economic data from the census 

tract level, such as residential density, value of homes, and the current job-housing balance. The 

third source, the National Transit Database reports transit operating expenses at the metropolitan 

level, which is then used to estimate the per capita public transit funding. The dataset is 

structured hierarchically, these being the metropolitan level, county level, and neighborhood 

level. The metropolitan level includes public transit investment in the MSA and CMSA areas, the 

county level contains job density and employment per capita, and the neighborhood level census 

tract includes residential density through housing units per square mile. Structuring the data at 

these multiple levels lets the study capture more geographic variation in both urban form and 

travel behavior.  
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2. Post-Estimation Questions 

8. OLS Model Estimation and Interpretation 

TABLE I  
OLS Regression Results 

Variable Coefficient Standard 
Error 

t P>|t| 95% Confidence 
Interval 

lprice -1.672 0.139 -12.07 0.000 -1.944 -1.401 

lresden -0.270 0.022 -12.19 0.000 -0.313 -0.226 

ljobspc -0.332 0.104 -3.19 0.001 -0.535 -0.128 

ltransitpc -0.557 0.041 -13.46 0.000 -0.638 -0.476 
 

The coefficient for the price (lprice) is -1.672, meaning that increasing the dollar cost per 

mile by 1% leads to a 1.672% decrease in VMT when everything else is held constant. This is 

negative elasticity, suggesting that households will drive less in response to rising driving costs 

from fuel prices, taxes, and/or fuel efficiency improvements.  

For residential density (lresden), a 1% increase results in a 0.270% reduction in VMT as 

well. Having this higher density can be seen as improving access to amenities, jobs, as well as 

public transit, which can all reduce the reliance on personal vehicles. This value is much higher 

than previous studies by Bento et al. of 0.20 in 2003 and Brownstone et al. of 0.12 in 2009, 

which indicates that our sample has stronger urban density.  

A 1% increase in job density (ljobspc) leads to a 0.332% decrease in VMT, which 

correlates with more concentrated employment centers directly shortening commute distances, as 

well as enhancing walkability and transit usage. This estimate is also significantly higher than 

Ewing et al. in 2010, where they reported a near-zero effect of job density on VMT.  
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For public transit, increasing 1% in public transit accessibility (ltransitpc) leads to a 

0.557% decrease in VMT. Having this large negative elasticity points to the idea that having 

better public transit options is strongly reducing car dependency. This value shows how 

important investments in public transit can be as a policy tool for reducing VMT.  

These OLS results demonstrate how price, residential density, job density, and transit 

accessibility all have the power to significantly reduce the vehicle miles traveled. Public transit 

accessibility has the strongest effect, which emphasizes the role of transit infrastructure when it 

comes to shaping travel behavior.  

9. Impact of Multicollinearity on OLS Estimation 

​ To assess the impact that multicollinearity has on the estimation of VMT, we use two 

different datasets. Dataset 1 has 5,474 observations, where the urban-form variables are all 

measured from the same spatial scale (census tract). This includes population density (popden), 

residential density (resden), as well as employment density (empden). Dataset II with 7,696 

observations uses urban-form variables at a different hierarchical spatial scale. This includes 

residential density (resden) at the census tract, job density per capita (jobspc) at the county, and 

transit funding per capita (transitpc) at the metropolitan level.  

​ Using Dataset I, there are high pairwise correlations among the urban-form variables: 

, , and 𝑟(𝑝𝑜𝑝𝑑𝑒𝑛,  𝑟𝑒𝑠𝑑𝑒𝑛) = 0. 889 𝑟(𝑟𝑒𝑠𝑑𝑒𝑛,  𝑒𝑚𝑝𝑑𝑒𝑛) = 0. 751

. These are high correlations, suggesting the presence of 𝑟(𝑝𝑜𝑝𝑑𝑒𝑛,  𝑒𝑚𝑝𝑑𝑒𝑛) = 0. 602

multicollinearity that can distort elasticity estimates. In order to examine this, we can estimate 

seven different OLS models including different combinations of these variables.  
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TABLE II​
Dataset I: Multicollinearity in Same Spatial Scale 

 
Model Specification 

Elasticity Estimates 

popden resden empden 

all three  -1.069 -0.408 1.437 

popden, resden -0.67 0.26 - 

resden, empden - -1.29 0.92 

popden, empden -1.52 - 1.29 

only popden -0.45 - - 

only resden - -0.44 - 

only empden - - -0.27 
 

When all three of the variables are included, the signs of the coefficients fluctuate from 

negative to positive. The estimates are all highly unstable as well, which confirms the issue of 

multicollinearity. When the variables are included individually, they retain their expected signs, 

but the magnitudes change drastically when combined. 
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TABLE III​
Dataset II: Multicollinearity in Different Spatial Scale 

 
Model Specification 

Elasticity Estimates 

resden jobspc transitpc 

all three  -0.27 -0.33 -0.56 

resden, jobspc -0.29 0.36 - 

jobspc, transitpc - -0.54 -0.59 

resden, transit pc -1.52 - 1.29 

only resden -0.30 - - 

only jobspc - -0.59 - 

only transitpc - - -0.60 
 

When estimating the same set of models using Dataset II with urban-form variables being 

measured at different spatial levels, we see that there is no sign switching, and the elasticity 

estimates are relatively stable. This indicates that multicollinearity is not a major issue for this 

model. The elasticity estimates being consistent even with different specifications suggests that 

using urban-form variables from different spatial scales will improve the reliability of the 

estimates.  

Overall, when urban-form variables are measured from the same spatial scale, there are 

high correlations that lead to multicollinearity and unstable elasticity estimates. When theta re 

measured from different spatial scales, multicollinearity is mitigated, which results in more 

stable and reliable estimates. Having this analysis shows how important choosing appropriate 

spatial scales is when modeling transportation demand in order to avoid estimation distortions.  
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10. Comparison of OLS and 3SLS Models  

There is endogeneity and bias in the OLS model, as the Hausman test confirms there is 

endogeneity in resden, jobspc, and transitpc. The OLS estimates are biased and inconsistent, 

since it underestmitates the effects of residential density and job space. This is likely due to 

omitting variables, as well as self-selection bias. The 3SLS model has improvements by 

accounting for this endogeneity buy incorporating a system of equations with more precise 

estimates. The elasticity estimates for resden and jobspc increase significantly from -0.27 to 

-0.82 and -0.33 to -0.65 respectively, which suggests that the OLS model underestimates the 

effects they have on VMT. We can see that the elasticity of transitpc remains relatively stable, 

only going from -0.56 to -0.52 in OLS to 3SLS, which indicates lower bias for this variable only.  

Interpreting the key variable of price, it is significant and retains the expected signs in 

both of the models, which suggests that fuel cost per mile does influence VMT. The residential 

density (resden) had a stronger negative effect in the 3SLS model, which indicates that 

employment density plays a crucial role when it comes to reducing VMT as well. The transit per 

capita (transitpc) also shows this with similar coefficients in both models, suggesting htat public 

transit investment is reliable tactic to reduce VMT.  

11. Land Use Policy versus Fuel Tax Policy: Quantitative Impact Analysis  

Although there is this key debate in transportation and urban planning for the 

effectiveness land use policies versus fuel tax policies when reducing VMT, both meet in their 

aims ot decrease automobile dependence. Their differences are in the mechanisms, feasibility, as 

well as the long-term impact. Using the 3SLS model quantifies this effect of each policy.  
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In the full sample, the average household VMT is around ~22,182 miles per year. Having 

a 10% increase in urban form and land use policy measures results in:  

●​   𝑟𝑒𝑠𝑑𝑒𝑛 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑓 234 𝑝𝑒𝑜𝑝𝑙𝑒/𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑖𝑙𝑒 → 1, 826 𝑚𝑖𝑙𝑒/𝑦𝑒𝑎𝑟 𝑉𝑀𝑇 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

○​  − 0. 822 ✕ 22182 ✕ 0. 1

●​   𝑗𝑜𝑏𝑠𝑝𝑐 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑓 0. 045 𝑗𝑜𝑏𝑠/𝑝𝑒𝑟𝑠𝑜𝑛 → 1, 431 𝑚𝑖𝑙𝑒/𝑦𝑒𝑎𝑟 𝑉𝑀𝑇 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

○​  − 0. 515 ✕ 22182 ✕ 0. 1

●​   𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑝𝑐 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑓 $17, 000/𝑐𝑎𝑝𝑖𝑡𝑎 → 1, 143 𝑚𝑖𝑙𝑒/𝑦𝑒𝑎𝑟 𝑉𝑀𝑇 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

○​  − 0. 645 ✕ 22182 ✕ 0. 1

●​   𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 4, 400 𝑚𝑖𝑙𝑒/𝑝𝑒𝑎𝑟 𝑉𝑀𝑇 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 → ~20% 

○​  − 1. 792 ✕ 22182 ✕ 0. 1

On the other hand, a fuel tax directly raises the cost per-mile of travel. The sample 

average cost per mile is 6.7 cents, and a 10% increase in cost per mile would lead to a reduction 

of 3,975 miles a year per household (~18%). These fuel tax policies have immediate impactd and 

effects, but have a history of facing high resistance due to market spillovers and consumer 

burden. There is also low political and social acceptability, and have the possibility of 

disproportionately impacing lower-income households. Land use policies may require a more 

long-term investment, but enhances community well being; Land use policies encourage a more 

gradual and lasting reduction in VMT through improving urban density, job accessibility, and 

public transit, making them more sustainable in the long term.  

While land use policies may take longer time to implement, they are are substantial in 

VMT reductions when done effectively. Fuel taxes do work faster, but are both politically and 
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economically difficult to implement. Combining the two by using both short-term fiscal tools 

with long-term urban planning would be the most effective path.  

12. EXCEL Findings 

The simulation results indicated that urban-form changes have the most substantial 

impact on reducing VMT, this being the most prominent for residential density and transit 

spending. For the Sacramento-Yolo Consolidated Metropolitan Statistical Area (SYCMSA), 

increasing residential density lead to a 29% reduction, while higher transit spending resulted in a 

37% decrease alone. Combining the effects of all three changes resulted in a 55% reduction in 

VMT. There were similar trends for the Small Metropolican Statistical Areas of California 

(SMSA), showing a higher 60% reduction. These reductions rely significantly on urban planning 

overhauls, which is difficult to implement due to constraints on an economic, social, and political 

scale. The findings do show that smart growth policies can effectively reduce auto dependence 

and emissions overtime if done effectively.  
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III. Conclusion 

​ This study shows the significant role that urban form has in shaping travel behavior and 

reducing vehicle miles traveled (VMT). Econometric analysis using a three-stage least squares 

(3SLS) model showed that smart growth policies effectively lower automobile dependence, the 

most notable being increasing residential density, improving the job-housing balance, as well as 

expanding on public transit infrastructure. Fuel taxes provide an immediate but regressive 

impact, while land use policies provide a more sustainable and long-term solution. This is done 

by reshaping the already built environment to more naturally encourage alternative modes of 

transportation. Elasticity estimates also reinforce this idea that public transit investment and 

urban density play a crucial role in reducing VMT, which further supports policies like SB 375 in 

California. There should be further research done as well on how emerging transportation 

technologies and evolving land use patterns are interacting to further refine these policies to 

target more at reducing automobile dependence. Integrating these strategies into urban planning 

has the capacity to leading to more sustainable cities, lowering greenhouse gas emissions, as well 

as improving the overall quality of life.  
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