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Abstract

We investigate the universality of the Fundamental Law of Road
Congestion through an in-depth examination of Duranton and Turner’s
findings from the American Economic Review October 2011 publica-
tion. We first reproduce their cross-sectional estimates of roadway
elasticity of vehicle-kilometers traveled (VKT), then explore the fixed
effects and time-series estimates of elasticity. In the remaining sec-
tions, we explore our hypothesis that the universality of the Funda-
mental Law of Road Congestion does not hold by examining individual
MSA roadway elasticities and considering how population, geographic,
and socioeconomic factors affect variation in the elasticity of demand.
After careful consideration, our results suggest that we do not have
enough evidence to conclude that the Fundamental Law of Road Con-
gestion holds everywhere. While their data set is compelling, it is
incomplete. We are hesitant to call the findings fundamental because
of gaps in the analysis and large variations at the MSA-level. This
study seeks to inform future transportation policymaking by scruti-
nizing the thoroughness of Duranton and Turner’s claim that increases
in road infrastructure lead to direct increases in kilometers traveled
and providing further insight to the kinds of data needed.
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INTRODUCTION

Transportation policy has historically revolved around improving mobility
by alleviating poor traffic conditions. This includes the construction of the
Interstate Highway System in 1956 and overall increases in investment into
public transit. However, previous studies provide evidence that additions
of road lane kilometers along with increases in public transportation do not
necessarily alleviate congestion. We believe it is important to understand
the impact of these findings on both the nationwide and MSA-level because
it has the potential to change current federal, state, and local approaches to
transportation policy.

In the 2011 paper, The Fundamental Law of Road Congestion: Evidence
from Major U.S. Cities, Duranton and Turner claim that increasing road
lane kilometers will not be successful in relieving congestion. We investigate
whether the Fundamental Law of Road Congestion originally cited by Du-
ranton and Turner is truly fundamental. Their research is an extension of
Down’s Law of Peak Traffic Hour Congestion which states that additional
lane kilometers on interstate highways lead to a proportional increase in traf-
fic (Downs, 1962). While Duranton and Turner adjoin other road types to
previous research, we pull apart their findings to determine how fundamental
their “fundamental law of road congestion” is.

While previous research looks at demand elasticity from a broad scope
to determine whether this law holds generally, we break down the data to
discover whether this law holds in individual metropolitan statistical areas
(MSAs) as well as considering how regional, geographical, and population
factors affect variation in demand elasticity. Unfortunately, there are limita-
tions to the Duranton and Turner research that carry over to our research.
We only have data from three periods, 1983, 1993, and 2003. This narrows
our findings to a 20-year period. Newer data may yield different results. It
is also likely that there are other variables that we are unable to account for
with our data set which could mean our results are not completely free of
bias. Although we share these limitations with previous research, our closer
look into individual MSAs along with how certain factors affect demand elas-
ticity can be useful for future policy implementation in addition to these prior
findings.

Our findings do not disprove the Fundamental Law of Road Congestion,
but they do expose holes in Duranton and Turner’s analysis, making us
hesitant to consider it a truly fundamental law. We find large variation at
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the individual MSA level; however, a bivariate regression of the nationwide
level suggests that roadway elasticities of VKT are between 1.1 and 1.3, which
reflects values estimated in prior research. Our findings suggest that it may
be more helpful to look at MSAs on an individualistic basis when performing
research and developing future policy.

Literature Review

The effect of increased road capacity on road congestion is a heavily stud-
ied topic, especially due to its significance regarding the environment and
current transportation policy. Various sources provide evidence in support
of the Fundamental Law of Road Congestion. It is widely believed that in-
creasing transportation capacity will only lead to increases in transportation
as well. This is for many reasons, some of the most cited being changes in
consumer behavior and population growth. It is a concept sometimes re-
ferred to as induced travel ; the “price” of driving decreases for consumers
as road capacity expands and time spent driving diminishes. As the “price”
decreases, demand/quantity of driving increases as expected by the law of
supply and demand (Handy, 2015; Noland and Lem, 2002). An example
is the Katy Freeway in Houston, Texas. Immediately after the widening of
the highway was completed, there was some congestion relief; however, soon
after, the congestion became worse than before (Cortright, 2021; Goodin et
al., 2013). The increase in supply eventually led to an increase in demand
that exceeded expectations. The additional lanes did not have the intended
effect of relieving congestion.
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We see this pattern not only in the United States, but in other countries
including the United Kingdom and Norway, both of which present similar
findings. A 2019 Norwegian study found that either no congestion relief or
merely short-term relief followed road expansions (Tennoy et al., 2019).

Most sources acknowledge that road congestion is a major factor in the
negative effects on the environment caused by carbon emissions. However,
they also state that their findings show that an increase in road capacity can
actually have consequences and make road congestion worse. Duranton and
Turner also state the need to manage carbon emissions as a reason why their
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investigation into the Fundamental Law of Road Congestion is relevant. A
study estimated that, in 2012, an additional 43 million metric tons of carbon
emissions were produced strictly due to the expanded road capacity (Handy,
2015). This research is pertinent to the ongoing fight against global warming.
It is necessary to combine the information given by these sources in order
to gauge how effective different forms of policy would be in reducing road
congestion in order to improve the efficiency of transportation.

Data

The data used in this paper comes from Duranton and Turner’s paper The
Fundamental Law of Road Congestion: Evidence from US Cities (2011).
Their study used the US HPMS “universe” and “sample” data for the years
1983, 1993, and 2003. Data was collected by the Federal Highway Adminis-
tration within the US Department of Transportation (DOT). For each uni-
verse of the interstate highway system within state lines, states must report
length, number of lanes, and the number of vehicles per lane per day pass-
ing any point annually. This is known as the average annual daily traffic
(AADT). After that, Duranton and Turner used county identifiers to match
segments of interstate highways to Metropolitan Statistical Areas (MSA).
Once completed, they calculated the lane kilometers, vehicle kilometers trav-
eled (VKT), and AADT per lane km for interstate highways within each
MSA.

MSAs are defined as aggregations of counties. Our dataset uses the 1999
MSA definitions. To ensure that our definitions are constant over the three
time periods (1983, 1993, 2003) in our dataset, changes in county boundaries
were tracked back to 1920 and adjustments to the definitions were made if
necessary.

The sample data from the US HPMS data set reports the same infor-
mation with additional details for segments of interstate highways within
urbanized areas. By merging the sample and universe data sets, Duranton
and Turner were able to distinguish between urban and nonurban interstates
within MSAs. Furthermore, the sample data also reports information about
other types of roads within urban areas. It is meant to represent all major
roads in urbanized areas within the state. From there, they calculated road
length, location, AADT, and share of truck traffic for all major roads in an
urban area. It is important to note that while interstate highways constitute
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one class, major roads as we refer to them constitute four classes from the US
HPMS data set: collector, minor arterial, principal arterial, other highway.

We can take a look at Table 1 to see the MSA averages of AADT for the
228 MSAs analyzed with nonzero interstate mileage in 1983, 1993, and 2003.
Most notable is the increase of annual average daily traffic (AADT) from
4,832 in 1983 to 9,361 in 2003. Therefore, over the 20-year study period,
the average lane of interstate highway carries almost double the traffic as it
did at the beginning of the study. Lane kilometers of interstate highways
also increased by 6% each decade. Taken together, these two changes imply
that interstate VKT in an average MSA more than doubled over the 20-year
study period. Thus, studying the universality of the fundamental law of road
congestion becomes very salient.

As for major roads presented in Table 1, they represent 3-5 times as
many lane kilometers as interstate highways. However, they only represent
twice the amount of VKT. The dramatic increase of urbanized area VKT
and lane kilometers over the 20-year study period may also partly reflect the
outwardly shifting borders of urbanized areas over time.

Table 2 depicts the estimates of the elasticity of MSA VKT to lane kilo-
meters from univariate OLS regressions. Each panel represents a different
kind of road. Panel A is interstate highways in MSAs. Panel B is interstate
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highways in urbanized areas within MSAs. Panel C is major roads in ur-
banized areas within MSAs. Finally, Panel D is interstate highways outside
urbanized areas within MSAs. For each decade, the elasticity of MSA in-
terstate highway VKT with respect to lane kilometers is between 1.23 and
1.25.

In Table 3, we incrementally consider more variables. In panel A of this
table, the dependent variable is once more MSA interstate VKT. Columns
1 to 3 consider the 1983 cross-section. In the first column, we include our
variable of interest, the log of lane kilometers of road, MSA population, and
a constant. In the second we add nine census division dummy variables
along with five measures of physical geography: elevation range within the
MSA, the ruggedness of terrain in the MSA, two measures of climate, and
a measure of how dispersed is development in the MSA. In column 3 we
also add socioeconomic controls: share of population with at least some
college education, log mean income, share of the poor, share of manufacturing
employment, and an index of segregation. Also, we add decennial population
variables from 1920 to 1980 to control for the long-run growth of MSAs.
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Because past populations and socioeconomic variables are likely to correlate
with unobserved attributes of MSAs that determine the demand for driving,
regressions including these variables are useful robustness checks. Columns
4 to 6 replicate these regressions for 1993, while columns 7-9 are for 2003
(Duranton Turner, 2011).

As a preliminary measure, we created a scatter plot to see how the demand
elasticities for lane kilometers compared to the predictions forecasted by the
Fundamental Law of Road Congestion, where the demand elasticity for lane
kilometers would be unit elastic. Figure 1 shows the relationship between
ln(VKT) and ln(lane kilometers) mapped on top of the Y=X line which
represents unit elasticity. The slope of the line of best fit for the demand
elasticities is approximately 1.2, which fits well with our simple estimates
in Table 2. While there are a few outliers to the left of the graph, the
majority of the data points are centered around the fitted line. So far this
fits the argument laid out in Duranton and Turner’s 2011 article. Later,
we will conduct a hypothesis test to determine if individual elasticities are
significantly different from 1.
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Methodology

To test the fundamental law of road congestion, we defined a fixed effects
model. The fixed effects approach allowed us to effectively control for all
time-invariant factors by giving our regression model MSA-specific inter-
cepts, since time-invariant variables only affect the expected outcome via
differing intercepts across people. We included a set of MSA fixed effects by
considering the following regression model:

Yit = β0 + β1Xit + β2XitMSAi +MSAi + εit (1)

where Yit is the log of vehicle kilometers traveled and Xit is the log of
road lane kilometers. The variableMSAi refers to our MSA fixed effects, and
XitMSAi represents an interaction between the log of road lane kilometers
and specific MSAs.

After we ran our model, we were interested in observing the estimated co-
efficients of the interaction between the log road lane kilometers and specific
MSAs. We recalled that a log-log transformation caused the interpretation
of our estimated to reflect percent changes, %log(V KT )

%log(roadlanes)
. In other words, a
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1% increase in road lanes caused a β̂% increase in vehicle kilometers trav-
eled. The log-log transformation could also be interpreted as an “elasticity”.
Hence, the coefficient of each road lane and MSA interaction was interpreted
as an MSA-specific roadway elasticity of VKT. Assuming the Fundamental
Law of Road Congestion, we expected the demand elasticity for each MSA
to be close to 1.

Results

Figure 2 presents the estimated elasticity coefficient for each MSA with its
corresponding confidence interval. A red line was drawn at Y = 1 to rep-
resent the expected elasticity coefficient under the fundamental law of road
congestion. The values were sorted for readability. We expected that, should
the law hold, the coefficient at Y = 1 should lie within each MSA’s confidence
interval.

The results of our regression analysis showed significant variation across
MSAs. We noticed that the elasticity coefficients range from -25.8 to 49.1.
We conducted a two-tailed hypothesis test at a significance level of α = 5%,
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for each MSA included in the regression where:

H0 : β̂2 = 1

HA : β̂2 ̸= 1

We found that 112 out of the 227 estimated MSA coefficients were sta-
tistically significant. This was unsurprising considering the wide confidence
intervals visualized in the plot. In particular, we noticed that the confidence
intervals for elasticity coefficients further from 1 seemed to be larger than
the elasticity coefficients centered around the red line. This led us to use
an inverse-variance weighting method to observe our results in proportion
to its precision so that more precise estimates were weighted greater than
less precise estimates. We used these measurements to create a density plot
showing a kernel density estimation. Earlier, when we regressed ln(V KT ) on
ln(lane road km) without the fixed effects in Table 2, we saw that the elas-
ticity of interstate highway VKT with respect to lane kilometers was roughly
1.24. Thus, we included a line at X = 1.24 to show where we expected the
greatest density of the elasticity parameter to be.
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In Figure 3, we plotted a kernel density estimation (KDE) of the MSA
elasticity coefficients with an inverse variance transformation, 1

se(β̂2)2
β̂2. We

also constructed a histogram in order to compare KDE to another density
function estimator. We included three reference lines at X = 0, X = 1, and
X = 1.24. The line at X = 1 was included to show the expectation of 2
according to the fundamental law of road congestion, the line at X = 1.24
was included to show the expectation of 2 according to the regression of
ln(V KT ) on ln(lane road km), and the line at X = 0 was included to better
indicate where the mode lies. The figure suggests that the distribution of the
MSA elasticity coefficients tightly fits a distribution centered around 0.

Our kernel density plot provided strong evidence that MSA elasticities
do tend toward values close to 1. However, we still wondered what could
explain the outlier MSAs in our fixed effects estimation. For the law of road
congestion to be truly fundamental, it should hold for all cities.

In Table 4, we regressed our elasticity coefficients on MSA-specific char-
acteristics such as population, geography, and socioeconomic factors. Our
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estimates suggested that there is not a linear relationship between the MSA
elasticities and the explanatory variables in Duranton and Turner’s dataset.
If given more time, we would have explored other nonlinear transformations.
However, the statistically insignificant coefficients and very poor fit implied
that the chosen variables were not enough to fit the model. Thus, we con-
cluded that we do not have enough evidence to prove or disprove whether a
systematic “law” induced the elasticity to 1, or if there were some omitted
variables which explained the outlier elasticities.

Limitations and Future Work

By utilizing only the Duranton and Turner (2011) dataset, we were limited
by our ability to study other relevant variables such as average income per
MSA, urban/rural segmentation, and infrastructure development. Addition-
ally, while the dataset contained a public transit variable, it only measured
public transportation as the daily average peak service of large buses. Other
forms of transit such as railroads and subways were not accounted for in the
estimations.

In their paper, Duranton and Turner emphasized that previous studies
only focused on MSA-specific or state-specific data. They saw this as a detri-
ment because state-by-state case studies do not provide enough information
to inform nationwide transportation policymaking. However, we found that
the broadness of the Duranton and Turner approach was limited in its ability
to produce accurate estimations as well. Because they focused on nationwide
data, the selected variables were too general and unable to accurately explain
the differences between MSA-specific elasticities. For instance, by missing
variables such as the number of businesses on the side of MSA roadways,
it is possible that we omitted the effects of positive externalities from con-
gestion which could explain high roadway elasticities of MSA VKT to lane
kilometers. Conversely, the lack of variables which measure factors such as
the walk/bike-friendliness of individual MSAs meant we could not determine
if the convenience of non-motorized transportation contributed to smaller
increases in roadway elasticities. Hence, we believe this dataset suffers from
omitted variable bias.

Furthermore, selecting from just three time periods (1983, 1993, and
2003) did not capture enough time-variant information about individual
MSAs. By running a fixed effects model on 275 MSAs, we experienced a
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high loss in degrees of freedom which gave us less power to reject false null
hypotheses and find significant results. In future studies, we recommend
first studying MSAs at the individual-level to discover salient variables be-
fore scaling upward and gathering more years of data.

Conclusion

This paper contests the universality of the Fundamental Law of Road Con-
gestion proposed by Duranton and Turner. By examining the impact of lanes
of roads on the vehicle miles traveled for individual Metropolitan Statistical
Areas (MSAs), we show that their dataset is not robust enough to prove
that demand elasticity is 1 across all MSAs in the United States. Our results
do not refute Duranton and Turner’s claim that the fundamental law exists,
but uncover gaps in their data and analysis. We find that the explanatory
variables included in the dataset, such as various geography, population, and
socioeconomic characteristics, do not help predict the differences in elastic-
ities across MSAs. We expect that obtaining data from other time periods
could improve the model fit and strengthen Duranton and Turner’s Funda-
mental Law of Road Congestion declaration. However, to truly minimize
the bias in the elasticity measurements, we believe it is necessary to observe
MSAs on a case-by-case basis.
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