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Four perspectives on externalities

1. Property rights perspective: The Coase Theorem

2. Collective choice externalities

3. Classic pricing problem

4. Empirical applications
□ Mass transit
□ Regulating pollution
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Externalities – Classic pricing problem



Externalities: A simple example

Suppose 400,000 commuters must take one of two routes between home and work

− Commute time bridge: tB(nB) = 30 + nB/20, 000 minutes

− Commute time tunnel: tT (nT ) = 40 + nT /5, 000 minutes
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Externalities: A simple example

Suppose 400,000 commuters must take one of two routes between home and work

− Commute time bridge: tB(nB) = 30 + nB/20, 000 minutes
− Commute time tunnel: tT (nT ) = 40 + nT /5, 000 minutes

1. What is the free market equilibrium of this problem—and is it likely to be socially
efficient?

2. How would the benevolent social planner (BSP) allocate commuters between these two
venues?

3. Lets say that commuters value their time at $60/hr. Should there be a toll, on which
route, and for how much?

4/37



1. Free market equilibrium (no intervention)

Suppose 400,000 commuters must take one of two routes between home and work

− Commute time bridge: tB(nB) = 30 + nB/20, 000 minutes
− Commute time tunnel: tT (nT ) = 40 + nT /5, 000 minutes

What is the equilibrium condition that determines the number of commuters on
Bridge vs. Tunnel in this setting? (plicker)
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1. Free market equilibrium (no intervention)

Suppose 400,000 commuters must take one of two routes between home and work

− Commute time bridge: tB(nB) = 30 + nB/20, 000 minutes
− Commute time tunnel: tT (nT ) = 40 + nT /5, 000 minutes

− What is the equilibrium condition that determines the number of commuters on
Bridge vs. Tunnel in this setting?

− Commuters will choose the fastest route → Arbitrage will equate bridge and tunnel
commute times

− In eq’m, consumers must be indifferent between bridge and tunnel

− Is this likely to be socially efficient?
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340,000



3. Should BSP impose a toll?
− Suppose commuters value their time at $60/hour ($1/min). A toll can be charged on

the bridge or tunnel, what toll implements the (socially optimal) outcome?
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From http://www.wsdot.wa.gov/Tolling/520/520tollrates.htm
Seattle’s SR 520 toll rates for cars and motorbikes (as of Nov 2020):
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Measuring externalities from mass transit

Anderson, 2014 AER



Mass transit is expensive

− Mass transit attracts a disproportionate share of public funds but carries a negligible
fraction of commuters

− In Washington, DC—which, until recently, had the second-busiest metro system in the
United States—transit accounts for only 5 percent of passenger miles traveled

− In 2010, public transit received 23% of federal highway and transit outlays but accounted
for 1% percent of passenger miles traveled

− In 2010, state, local, and federal subsidies exceed $40 billion per year and covered 63%of
operating costs and 100% of capital costs
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Measuring the external benefits of public transit by studying a public
transit strike

− October 2003 strike by Los Angeles County Metropolitan Transportation Authority
(MTA) workers income commuters

− Strike lasted 35 days and shut down MTA bus and rail lines. Using hourly data on traffic
speeds for all major Los Angeles freeways

− Study effects on congestion on highways that public transit users would counterfactually
have taken

− Research design: Regression Discontinuity (RD) in date of strike start/stop

− Question: How do we know what highways transit riders would counterfactually
have taken?
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Los Angeles major public transit routes and freeways
2775ANDERSON: SUBWAYS, STRIKES, AND SLOWDOWNSVOL. 104 NO. 9

B. Data

The data for our study come from the Caltrans Performance Measurement System 
(PeMS) (Caltrans 2005). All major divided freeways in California contain embed-
ded loop detectors that continually measure the number of vehicles crossing the 
detector and the average time that each vehicle spends over the detector. Using these 
data, PeMS constructs hourly measures of vehicle !ows and average vehicle speed 
for each detector. The average spacing between loop detectors is 0.6 miles along the 
freeways in our sample.

The primary outcome is average delay, measured in minutes per mile. We assume 
a free-!ow speed of 60 mph on freeways (Schrank and Lomax 2003) and calculate 
delay as (60/speed − 1), with a lower bound of 0. For example, a speed of 40 mph 
corresponds to a delay of 0.5 minutes per mile. Our results are robust to alternative 
values for free-!ow speed (e.g., 65 mph or 55 mph) or to using average speed itself 
as the dependent variable.

We focus on weekday peak hours since this is when congestion occurs. We de"ne 
peak hours as hours during which the average speed on Los Angeles freeways con-
sistently fell below 60 mph during the prestrike period. Under this de"nition, the 
morning peak lasts from 7 am to 10 am, and the evening peak from 2 pm to 8 pm. We 
prefer a broad de"nition of peak hours because the strike lengthens the morning and 
evening commute periods. Shortening the peak period increases the average level of 
congestion and the magnitude of our estimates. We exclude weekends and holidays 
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Figure 1. Los Angeles Freeways and Rail Lines, 2003
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Which highways would transit riders have counterfactually driven?

− One theory: They are evenly distributed across roadways

− Alternative theories?

− Perhaps people ride mass transit to avoid driving on the most congested roads!

− From an externalities perspective, does it matter?

14/37



Key Regression Discontinuity evidence2778 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2014

 detector i multiplied by the average traf!c "ow across detector i in the prestrike 
period. Unweighted regressions generate qualitatively similar results.

Statistical inference is complicated by the fact that εit is correlated both over time 
and across detectors. It is thus impossible to construct a single set of clusters in 
which observations in different clusters are independent of each other. We address 
this problem by clustering along both the day and the detector dimensions, as sug-
gested in Cameron, Gelbach, and Miller (2011). The resulting standard errors are 
robust both to within-day and within-detector serial correlation.

D. Regression Discontinuity Results

Figure 2 plots the average delay by week across all major Los Angeles freeways 
for a 28-week window containing the strike. Each point is a VMT-weighted aver-
age of delays during peak periods across all detectors. Some weeks are missing one 
or more weekdays due to holidays. To adjust for this we plot the residuals from a 
regression of average delay on day-of-week indicators rather than plotting the raw 
average delay. The two dashed lines in the !gure indicate the beginning and the end 
of the strike. Delays average around 0.4 minutes per mile in the 12 weeks leading 
up to the strike and then jump discontinuously to 0.6 minutes per mile during the 
strike. Average delay increases as the strike continues, suggesting that the strike’s 
impacts are not con!ned to the initial week of the strike. Delays fall following the 
strike but take several weeks to reach prestrike levels. There are several reasons for 
this gradual decline. First, service is slowly phased back in over the !rst week fol-
lowing the strike. Second, the weeks around Thanksgiving (which occurs two weeks 
after the strike ends) tend to have higher-than-average delays (see Section IIIE). 
Finally, it may take commuters some time to readjust to their original travel patterns.  
The outlier at week 24 is the week containing New Year’s Day.
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Figure 2. Weekly Peak Hour Delay on Major Los Angeles Freeways, 7/14/2003 to 1/30/2004
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Results for major freeways
2779ANDERSON: SUBWAYS, STRIKES, AND SLOWDOWNSVOL. 104 NO. 9

Figure 3 plots the average delay by week for freeways that parallel major transit 
lines. The four busiest transit lines in 2003 were the Red Line (99,000 daily boardings),  
the Blue Line (67,000 daily boardings), the Green Line (32,000 daily boardings), and 
the Metro Rapid 720 bus line (45,000 daily boardings). Panels A and B in Figure 3 
plot the average delay on US 101 and Interstate 105. US 101 parallels the Red Line 
subway, and Interstate 105 contains the Green Line on its median. In both cases there 
is a striking and sustained increase in average delay after the strike begins. Panels 
C and D in Figure 3 plot average delay on Interstates 110 and 710 and on Interstate 
10. Interstates 110 and 710 parallel the Blue Line, though both of them lie two to 
four miles away from the line itself. Interstate 10 parallels the Metro Rapid 720 bus 
line. In both panels there is a notable increase in average delay after the strike begins, 
though it is less dramatic than on US 101 or Interstate 105.

Table 4 presents the regression analogs of Figures 2 and 3. Each column reports 
results from a separate regression. The "rst column estimates equation (8) on a sam-
ple that includes all major Los Angeles freeways. The average delay increases by 0.19 
minutes per mile (t = 4.7), or 47 percent of the prestrike average delay. The second 
column reports results for US 101. Average delay increases by 0.33 minutes per mile 
(t = 4.4), or 90 percent of the prestrike average. Columns 3, 4, and 5 of Table 4 report 
results for Interstate 105, Interstates 110 and 710, and Interstate 10, respectively. 
Average delay increases between 53 percent and 81 percent when the strike begins, 
and the coef"cients are signi"cant in all three columns. Column 6 reports results for 
all major Los Angeles freeways that do not parallel a major transit line. Average delay 
increases by 0.13 minutes per mile (29 percent) on these  freeways when the strike 
begins. The increase is statistically signi"cant (t = 3.0), but it is more modest than 
the increases observed on freeways paralleling major transit lines.

Panel A. Red line freeway (US-101) Panel B. Green line freeway (I-105)

Panel C. Blue line freeways (I-110 and I-710) Panel D. Rapid 720 freeway (I-10)
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Figure 3. Average Weekly Peak Hour Delay on Specific Los Angeles Freeways, 7/14/2003 to 1/30/2004
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Falsification exercise: Effects on highways not in LA MTA service area
2785ANDERSON: SUBWAYS, STRIKES, AND SLOWDOWNSVOL. 104 NO. 9

Figure 6 plots average delays on major Los Angeles freeways during the weeks 
surrounding the 2004 placebo strike. There is no visually perceptible break at the 
beginning of the placebo strike. However, delays trend upward in the weeks during 
and directly after the placebo strike, suggesting that traf!c increases in the weeks 
approaching Thanksgiving even absent a strike. The fourth column of Table 9 pres-
ents the regression analog of Figure 6. It estimates equation (8) using data within 
28 days of October 12, 2004. Average delay during peak hours increases a statisti-
cally insigni!cant 0.06 minutes per mile (14 percent of prestrike levels). Columns 5 
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Table 9—Effect of Placebo Strikes on Delays

Falsi!cation sample: Orange and Ventura counties October/November 2004

Dependent variable: Average  
 delay (in minutes per mile) (1) (2) (3)

 
(4) (5) (6)

Strike 0.024 0.025 0.026 0.060 0.082 0.045
(0.027) (0.037) (0.037) (0.042) (0.054) (0.064)

Date 0.000 −0.001 0.000 −0.002 −0.002 −0.003(0.001) (0.003) (0.002) (0.002) (0.003) (0.002)
Date × strike 0.004 0.000 0.006 0.005 0.002 0.007

(0.002) (0.003) (0.003) (0.003) (0.003) (0.004)
Average delay prestrike 0.205 0.170 0.219 0.433 0.539 0.386

Hours All peak am peak pm peak All peak am peak pm peak

Sample size 13,149 4,296 8,853 177,572 59,532 118,034

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway 
covered by detector i ) × (average prestrike traf!c 3ow over detector i ). The observation is the detector-hour, and 
the sample is limited to weekdays from 7–10 am and 2–8 pm within 28 days of the strike’s beginning. Parentheses 
contain clustered standard errors that are robust to within-day and within-detector serial correlation. All regressions 
include day-of-week and detector !xed effects. In columns 1–3 the strike variable is de!ned normally but the sam-
ple contains detectors in neighboring counties not subject to the strike. In columns 4–6 the strike variable equals 
zero prior to October 12, 2004 and unity after October 12, 2004.

Figure 5. Weekly Peak Hour Delay on Orange/Ventura County Freeways, 7/14/2003 to 1/30/2004
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Delays per minute during peak hours
2780 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2014

Table 5 presents regression estimates for the am peak period only. Column 1 
reports results for all major Los Angeles freeways. Average delay increases by 
0.31 minutes per mile (67 percent) when the strike begins (t = 4.2). Columns 2 
through 5 report morning peak-period results for freeways that parallel major 
transit lines. Morning delays increase 123 percent and 106 percent on freeways 
that parallel the Red Line and Green Line respectively. They increase 39 percent 
on freeways paralleling the Blue Line and 65 percent on the freeway paralleling 
the Rapid 720 bus line. Morning delays on freeways not paralleling major transit 
lines, reported in column 6, increase 56 percent. All estimates in Table 5 are sta-
tistically signi$cant.

Table 4—Effect of Strike on Delays during All Peak Hours

Average delay
 (in minutes per mile) (1) (2) (3) (4) (5) (6)
Strike 0.194 0.332 0.218 0.190 0.357 0.125

(0.041) (0.076) (0.052) (0.051) (0.128) (0.042)
Date −0.004 −0.003 −0.002 −0.003 −0.005 −0.005(0.002) (0.003) (0.002) (0.002) (0.004) (0.002)
Date × strike 0.007 0.006 −0.001 0.007 0.012 0.007

(0.002) (0.003) (0.002) (0.003) (0.007) (0.002)
Average delay prestrike 0.409 0.369 0.264 0.357 0.600 0.434

Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 178,549 15,854 31,058 19,152 15,357 97,128

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway 
covered by detector i ) × (average prestrike traf$c 5ow over detector i ). The observation is the detector-hour, and 
the sample is limited to weekdays from 7–10 am and 2–8 pm within 28 days of the strike’s beginning. Parentheses 
contain clustered standard errors that are robust to within-day and within-detector serial correlation. All regressions 
include day-of-week and detector $xed effects.

Table 5—Effect of Strike on Delays during Peak Morning Hours

Average delay
 (in minutes per mile) (1) (2) (3) (4) (5) (6)
Strike 0.314 0.482 0.283 0.189 0.619 0.258

(0.075) (0.148) (0.090) (0.073) (0.179) (0.079)
Date −0.003 −0.003 0.003 −0.002 −0.013 −0.003(0.003) (0.005) (0.002) (0.004) (0.009) (0.004)
Date × strike 0.000 −0.005 −0.012 0.008 0.010 0.001

(0.005) (0.007) (0.004) (0.006) (0.012) (0.005)
Average delay prestrike 0.472 0.392 0.268 0.485 0.953 0.464

Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 58,380 5,210 10,136 6,214 5,074 31,746

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway cov-
ered by detector i ) × (average prestrike traf$c 5ow over detector i ). The observation is the detector-hour, and the 
sample is limited to weekdays from 7–10 am within 28 days of the strike’s beginning. Parentheses contain clus-
tered standard errors that are robust to within-day and within-detector serial correlation. All regressions include 
 day-of-week and detector $xed effects.
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Delays per minute during peak morning hours

2780 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2014

Table 5 presents regression estimates for the am peak period only. Column 1 
reports results for all major Los Angeles freeways. Average delay increases by 
0.31 minutes per mile (67 percent) when the strike begins (t = 4.2). Columns 2 
through 5 report morning peak-period results for freeways that parallel major 
transit lines. Morning delays increase 123 percent and 106 percent on freeways 
that parallel the Red Line and Green Line respectively. They increase 39 percent 
on freeways paralleling the Blue Line and 65 percent on the freeway paralleling 
the Rapid 720 bus line. Morning delays on freeways not paralleling major transit 
lines, reported in column 6, increase 56 percent. All estimates in Table 5 are sta-
tistically signi$cant.

Table 4—Effect of Strike on Delays during All Peak Hours

Average delay
 (in minutes per mile) (1) (2) (3) (4) (5) (6)
Strike 0.194 0.332 0.218 0.190 0.357 0.125

(0.041) (0.076) (0.052) (0.051) (0.128) (0.042)
Date −0.004 −0.003 −0.002 −0.003 −0.005 −0.005(0.002) (0.003) (0.002) (0.002) (0.004) (0.002)
Date × strike 0.007 0.006 −0.001 0.007 0.012 0.007

(0.002) (0.003) (0.002) (0.003) (0.007) (0.002)
Average delay prestrike 0.409 0.369 0.264 0.357 0.600 0.434

Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 178,549 15,854 31,058 19,152 15,357 97,128

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway 
covered by detector i ) × (average prestrike traf$c 5ow over detector i ). The observation is the detector-hour, and 
the sample is limited to weekdays from 7–10 am and 2–8 pm within 28 days of the strike’s beginning. Parentheses 
contain clustered standard errors that are robust to within-day and within-detector serial correlation. All regressions 
include day-of-week and detector $xed effects.

Table 5—Effect of Strike on Delays during Peak Morning Hours

Average delay
 (in minutes per mile) (1) (2) (3) (4) (5) (6)
Strike 0.314 0.482 0.283 0.189 0.619 0.258

(0.075) (0.148) (0.090) (0.073) (0.179) (0.079)
Date −0.003 −0.003 0.003 −0.002 −0.013 −0.003(0.003) (0.005) (0.002) (0.004) (0.009) (0.004)
Date × strike 0.000 −0.005 −0.012 0.008 0.010 0.001

(0.005) (0.007) (0.004) (0.006) (0.012) (0.005)
Average delay prestrike 0.472 0.392 0.268 0.485 0.953 0.464

Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 58,380 5,210 10,136 6,214 5,074 31,746

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway cov-
ered by detector i ) × (average prestrike traf$c 5ow over detector i ). The observation is the detector-hour, and the 
sample is limited to weekdays from 7–10 am within 28 days of the strike’s beginning. Parentheses contain clus-
tered standard errors that are robust to within-day and within-detector serial correlation. All regressions include 
 day-of-week and detector $xed effects.
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Delays per minute during peak evening hours
2781ANDERSON: SUBWAYS, STRIKES, AND SLOWDOWNSVOL. 104 NO. 9

Table 6 reports analogous estimates for the afternoon peak period. Average delay 
increases 0.16 minutes per mile (41 percent) across all major freeways (t = 3.9). 
Delays are again concentrated on freeways that parallel major transit lines. Average 
delay on these highways, reported in columns 2 through 5 of Table 6, increases 
between 66 percent and 78 percent. The coef!cients are smaller in magnitude than 
during the am peak period. This occurs in part because the afternoon peak period is 
longer, with lower average delay. Transit may also be a poorer substitute for driving 
during evening because some trips involve returning late at night, when trains and 
buses run less frequently. The increase in average delay on freeways that do not par-
allel major transit lines, reported in column 6 of Table 6, is statistically insigni!cant.

Table 7 presents regressions measuring the strike’s effect on freeway occupancy. 
The dependent variable in these regressions is the share of time that a detector is 
occupied. This share increases with the density of cars on the roadway. If cars were 
placed bumper-to-bumper, the share of time occupied would be 100 percent. If the 
average space between cars were equal to the average length of a car, the share of 
time occupied would be 50 percent. Column 1 of Table 7 reports results for all major 
Los Angeles freeways during peak hours. The share of time occupied increases 
1.3 percentage points (t = 4.1), or 12 percent of the prestrike level. Columns 2 
through 5 report larger increases of 1.6 to 2.3 percentage points on freeways paral-
leling major transit lines. The increase in share of time occupied on other freeways, 
reported in column 6, is 0.8 percentage points (t = 2.5).

A 12 percent increase in the share of time occupied does not imply that the total 
number of vehicles traveling on freeways increased 12 percent. This distinction arises 
because the share of time occupied is a function of both the number of vehicles on the 
freeway and the speed at which they travel. If the density of vehicles were homoge-
neous over time, then speed would not affect the share of time occupied; a decrease in 
speed would have the same proportionate impact on the time a vehicle takes to cross 
the detector and the time it takes for the next vehicle to reach the detector. However, 
the density of vehicles is heterogeneous over time, and the share of time occupied is a 

Table 6—Effect of Strike on Delays during Peak Afternoon Hours

Average delay
 (in minutes per mile) (1) (2) (3) (4) (5) (6)
Strike 0.157 0.266 0.213 0.197 0.279 0.085

(0.040) (0.064) (0.061) (0.056) (0.132) (0.049)
Date −0.005 −0.004 −0.005 −0.004 −0.004 −0.006(0.002) (0.003) (0.002) (0.002) (0.005) (0.002)
Date × strike 0.010 0.011 0.005 0.007 0.017 0.011

(0.002) (0.004) (0.002) (0.002) (0.008) (0.002)
Average delay prestrike 0.384 0.361 0.274 0.300 0.401 0.431

Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 120,007 10,575 20,922 12,938 10,283 65,289

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway 
covered by detector i ) × (average prestrike traf!c 4ow over detector i ). The observation is the detector-hour, and 
the sample is limited to weekdays from 2–8 pm within 28 days of the strike’s beginning. Parentheses contain clus-
tered standard errors that are robust to within-day and within-detector serial correlation. All regressions include 
 day-of-week and detector !xed effects.
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Effects on road occupancy—vehicle directly over sensor
2782 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2014

weighted average of different vehicle densities, with weights inversely proportional to 
speed.17 A 1 percent increase in vehicles thus increases the share of time occupied by 
more than 1 percent because it both increases vehicle density and increases the rela-
tive weight placed on higher levels of density (recall that a vehicle’s marginal effect 
on congestion is strongly increasing in average congestion). The increase in share of 
time occupied will be particularly high if, as predicted by our model, the increase in 
vehicles is concentrated among times and freeways with the highest vehicle densities.

Table 8 presents estimates of the strike’s effect on peak-hour vehicle !ows. The 
dependent variable is the hourly traf"c !ow per lane. The "rst column reports results 
for all major Los Angeles freeways. Vehicle !ows fall by 31 cars per hour (t = 3.2) 
during peak hours, or 2.2 percent of prestrike levels. The effects are particularly strong 
on the freeways paralleling the Red Line and the Rapid 720 (columns 2 and 5 of 
Table 8), but statistically insigni"cant on freeways paralleling the Green and Blue 
lines (columns 3 and 4). It may seem counterintuitive that vehicle !ows decrease when 
transit shuts down, but this occurs because traf"c throughput decreases as congestion 
increases (Small and Verhoef 2007). Thus, while the density of vehicles on the free-
ways increases, the number of vehicles crossing a speci"c point per hour decreases.

Since peak vehicle !ows decrease, it is likely that queues spill into off-peak peri-
ods. Figure 4 con"rms this prediction. Each panel plots the change in vehicle !ows 
by hour of day (shaded area) for a given freeway and superimposes the average 
congestion level by hour of day during the strike (dashed line). The bimodal peaks 

17 Consider a set of vehicle platoons of heterogeneous density x crossing detector i. The density measure x runs 
from 0 (a platoon with no vehicles) to 1 (a platoon that is bumper-to-bumper). Let f  (x) represent the frequency 
at which platoons of density x occupy detector i. The average share of time occupied for detector i is  ∫  0  1  x f  (x) dx. 
However, f  (x) = (minutes taken for platoons of density x to cross detector i )/60 minutes = [(length of platoons 
of density x in miles)/(speed of platoons of density x in miles per minute)]/60 minutes = (length of platoons of 
density x in miles)/[60 × (speed of platoons of density x in miles per minute)]. The weighting function f  (x) is thus 
inversely proportional to the speed at which platoons of density x travel.

Table 7—Effect of Strike on Freeway Occupancy

Average share of time  
 detector is occcupied (1) (2) (3) (4) (5) (6)
Strike 0.013 0.023 0.019 0.016 0.022 0.008

(0.003) (0.006) (0.004) (0.004) (0.009) (0.003)
Date 0.000 0.000 0.000 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Date × strike 0.000 0.000 0.000 0.000 0.001 0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Average share of time detector 0.112 0.121 0.097 0.115 0.129 0.110
 is occupied prestrike

Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 179,680 16,222 31,112 19,152 15,668 97,526

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway cov-
ered by detector i ) × (lanes at detector i ). The observation is the detector-hour, and the sample is limited to week-
days from 7–10 am and 2–8 pm within 28 days of the strike’s beginning. Parentheses contain clustered standard 
errors that are robust to within-day and within-detector serial correlation. All regressions include day-of-week and 
detector "xed effects.
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Effects on traffic flow—throughput of roadways
2783ANDERSON: SUBWAYS, STRIKES, AND SLOWDOWNSVOL. 104 NO. 9

in the dashed lines represent the morning and evening rush hours. On all freeways, 
vehicle !ows decrease (the change is negative) during periods of high congestion. 
On US 101 (panel A of Figure 4) some drivers leave earlier in the morning to avoid 
delays, and some return later in the evening, either purposely or because they are 
caught in congestion. A similar pattern emerges on Interstate 10 (panel D) but with-
out the early morning departures. On Interstates 105, 110, and 710 (panels B and C 
of Figure 4), there is some evidence of early morning departures. On these freeways 
morning queues spill into the lunchtime hours, and afternoon queues spill into eve-
ning hours. The time-shifted departures and queue spillovers represent an additional 
potential welfare cost from the strike, though some of the time-shifted departures 
are off-peak transit riders that are now driving.

The mixture of positive and negative changes in vehicle !ows across different 
freeways and hours suggests that total vehicle !ows change only modestly. If we 
estimate the regression in column 1 of Table 8 using all hours of the day, we "nd a 
statistically insigni"cant effect of the strike on total vehicle !ows. The 95 percent 
con"dence interval ranges from −13.7 to +9.8 vehicles per hour, or −1.3 percent to 
+1.0 percent of prestrike levels (see online Appendix Table A3). These results are 
consistent with our model, which predicts small changes in VMT but large changes 
in average delays, and with the fact that the MTA transports less than 2 percent of 
the region’s total passenger miles. However, we cannot rule out larger changes in 
VMT on arterial roads as freeways slow down.

E. Falsi!cation Tests

Identi"cation in the RD model comes from assuming that the conditional expec-
tation E[εit | dateit] is smooth as dateit crosses the RD threshold. In our context this 
implies that factors affecting traf"c congestion must not change sharply on or near 
October 14, 2003. The exact timing of the strike corresponded to the expiration of a 
60-day court injunction and is thus exogenous. Nevertheless, it is important to rule 

Table 8—Effect of Strike on Traffic Flows

Hourly traf"c !ow per lane (1) (2) (3) (4) (5) (6)
Strike −31.3 −68.2 −9.4 −1.4 −61.1 −29.4(9.7) (17.3) (11.7) (18.1) (19.6) (9.0)
Date 0.81 0.79 0.91 0.46 1.14 0.83

(0.40) (0.58) (0.62) (0.94) (0.88) (0.33)
Date × strike −1.85 −2.50 −1.29 −2.46 −2.45 −1.53(0.61) (0.85) (0.73) (1.07) (1.06) (0.60)
Average hourly !ow prestrike 1,399 1,576 1,349 1,403 1,455 1,353
Freeways All 101 105 110 and 710 10 Other
Parallel transit line Red line Green line Blue line Rapid 720

Sample size 179,680 16,222 31,112 19,152 15,668 97,526

Notes: Each column represents a separate VMT-weighted regression, with weights equal to (length of highway cov-
ered by detector i ) × (lanes at detector i ). The observation is the detector-hour, and the sample is limited to week-
days from 7–10 am and 2–8 pm within 28 days of the strike’s beginning. Parentheses contain clustered standard 
errors that are robust to within-day and within-detector serial correlation. All regressions include day-of-week and 
detector "xed effects.
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out any possibility of seasonal effects in!uencing our results, particularly since the 
strike began the "rst day following a three-day weekend (Columbus Day weekend).

We conduct two falsi"cation tests to rule out bias in our RD design. First, we esti-
mate the strike’s effect on traf"c in neighboring Orange and Ventura counties. Portions 
of these counties lie within the Los Angeles Combined Statistical Area, but neither 
county lies within the Los Angeles MTA’s service area. We focus on sections of US 101 
in Ventura County and I-5 and I-405 in Orange County that lie near the Los Angeles 
County border. However, to avoid spillover effects we exclude any portions of the 
freeways that are within 10 miles of the MTA service area. If the RD design is valid, 
then there should be no statistically signi"cant effects on these “control” freeways.

 Figure 5 plots average delay by week on the control freeways. There is no signi"-
cant break in average delay when the strike begins. Table 9 presents the regression 
analog of Figure 5. Columns 1–3 of Table 9 report results from estimating equa-
tion (8) on the control highways. Column 1 uses data from both morning and eve-
ning peak hours. Average delay increases by a statistically insigni"cant 0.02 minutes 
per mile (12 percent of the prestrike level). Columns 2 and 3 present results from 
the morning and evening peak hours. In both columns the increase is statistically 
insigni"cant and less than 15 percent of prestrike levels.

Our second falsi"cation test examines delays on Los Angeles freeways one year 
after the strike. If seasonal effects drive our results, then similar discontinuities 
should appear one year later. We code a “placebo” strike that begins October 12, 
2004—the day after Columbus Day—and lasts 35 days (the length of the real strike). 
Since there was no strike during this period, we expect to "nd no signi"cant effects 
if our research design is valid.

Panel A. Red line freeway (US-101) Panel B. Green line freeway (I-105)

Panel C. Blue line freeways (I-110 and I-710) Panel D. Rapid 720 freeway (I-10)
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Figure 4. Changes in Traffic Flows by Hour of Day on Specific Los Angeles Freeways
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A tiny fraction of commuters use public transmit: Is it worth the cost?

Benefits in dollars
− An increase of 0.19 minutes per mile in traffic delays in Los Angeles implies an aggregate

increase of 114 million hours of delay per year

− Conservatively assumes that transit has no effect on arterial road congestion

− Valuing commuter time at half the average hourly wage ($10.30), an annual congestion
relief benefit from Public transit of $1.2 billion per year (in 2014$)

− Motorists hate driving in traffic. Using delay multiplier of 1.8, benefit is $2.1 billion

Benefits per public transmit Passenger Mile (PM)
− LA MTA carried approximately 1 billion PM during peak hours in 2003
− Congestion relief benefit per peak-hour transit PM is $1.20 – $2.16 per PM
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Cost-benefit analysis of public transit investments
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Kahn 2005; Winston and Maheshri 2007).26 Are the estimates in this paper large 
enough to alter that conclusion?

Table 11 estimates the costs and bene!ts of the Los Angeles rail system under 
several scenarios. The circa-2000 Los Angeles rail system cost $7.1 billion to 
construct (2003 US$) and transported 85 million passengers in 2010 (48 million 
during peak hours). We assume that ridership increases linearly (as opposed to 
exponentially) at historical rates and reaches a maximum capacity of 175 million 
riders around 2060.27 We value the short-run congestion relief bene!t at $2.50 
per peak-hour transit passenger mile, which comes from assuming a value of time 
equal to half the median hourly wage, a modest delay multiplier of 1.4, and a 
congestion relief bene!t on arterial roads that is half the bene!t observed on free-
ways. We assume a high long-run VMT elasticity with respect to total travel costs 
of –1.5.

Of course, the average bene!t per peak-hour rail passenger mile is less than $2.50 
because some rail passengers are diverted from bus lines that are shut down when 
the rail system opens. If we replace the rail service parameters with typical bus ser-
vice parameters in our choice model, we predict that a bus overlay of the existing 

26 One exception is Nelson et al. (2007), who estimate that the entire Washington, DC, transit system generates 
positive net bene!ts even after accounting for capital costs. However, 76 percent of the bene!ts in their study accrue 
in the form of consumer surplus among transit riders, which Nelson et al. note must be high by construction since 
their logit-based model imposes severe welfare costs for completely eliminating traveler options.

27 Linear growth to 2060 implies an average growth rate of 1.5 percent per year and a doubling of core ridership 
in 40 years. This represents slower ridership growth than that experienced by the San Francisco Bay Area Rapid 
Transit system (BART) over the past 35 years. BART opened its initial operating segment in 1972 and its core 
system in 1976. Core system ridership doubled in just 23 years, and from 1977 to 2012 it increased by an average 
of 2.0 percent per year.

Table 11—Capital Investment Benefits

Baseline
Low 

ridership growth
High 

bus ridership
“Extreme” 

VMT elasticity

Fixed parameters
 2001 ridership (Red, Green, Blue lines) 69 million — — —
 2010 ridership (Red, Green, Blue lines) 85 million — — —
 Share of ridership that is peak hour 57 percent — — —
 2010 rail operating subsidy ($2003) $115 million — — —
 Annual real wage growth 1 percent — — —
 Real discount rate 5 percent — — —
 Short-run congestion relief bene!t per peak mile $2.50 — — —

Varying parameters
 Annual ridership growth (to max of 175 million) 1.7 million 0.9 million — —
 Share riders retained if replacing rail with bus 26 percent — 50 percent —
 2010 operating subsidy if replacing rail with bus $126 million — $215 million —
 VMT elasticity w.r.t. total travel costs −1.5 — — −2.0
 Long-run congestion relief bene!t per peak mile $1.61 — — $1.50

Total costs and bene!ts
 Capital cost of rail system $7.1 billion $7.1 billion $7.1 billion $7.1 billion
 Present value of gross bene!ts $13.7 billion $11.8 billion $12.3 billion $12.7 billion
 Present value of net bene!ts $6.6 billion $4.8 billion $5.2 billion $5.7 billion

Notes: Cell entry of “—” indicates cell contains same value as baseline column. All dollar !gures are expressed in 
2003 US$ for comparability. Ridership !gures and operating subsidies come from LACMTA reports. Real wage 
growth comes from BLS (2006), and real discount rate comes from US Department of Transportation (2003). 25/37



The U.S. Sulfur Dioxide Cap

and Trade Program



Coal deposits in the United States
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SO2 quotas and output, 1988 – 2010
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Regulatory history and SO2 permit pricing

114     Journal of Economic Perspectives

Prices for SOPrices for SO22 allowances were remarkably stable throughout the program’s ! rst  allowances were remarkably stable throughout the program’s ! rst 
decade, as shown in Figure 2, and then we see a steep spike. What happened? It was decade, as shown in Figure 2, and then we see a steep spike. What happened? It was 
widely recognized by the late 1990s that SOwidely recognized by the late 1990s that SO22 reductions in excess of those resulting  reductions in excess of those resulting 
from the trading program of Title IV would be required by other provisions in the from the trading program of Title IV would be required by other provisions in the 
Clean Air Act dealing with air quality standards because of the signi! cant adverse Clean Air Act dealing with air quality standards because of the signi! cant adverse 
health effects of ! ne particulates associated with SOhealth effects of ! ne particulates associated with SO22 emissions. But the law did  emissions. But the law did 
not give the EPA authority to adjust the Title IV program, such as by tightening the not give the EPA authority to adjust the Title IV program, such as by tightening the 
overall cap, in response to new information about the bene! ts (or costs) of emis-overall cap, in response to new information about the bene! ts (or costs) of emis-
sions reductions. This crucial fact drove the chain of events leading to the ultimate sions reductions. This crucial fact drove the chain of events leading to the ultimate 
collapse of the SOcollapse of the SO22 allowance trading program. allowance trading program.

In early 2002, President George W. Bush proposed the Clear Skies Act, which In early 2002, President George W. Bush proposed the Clear Skies Act, which 
would have greatly tightened the SOwould have greatly tightened the SO22 cap. Prices in the allowance market did not  cap. Prices in the allowance market did not 
immediately budge, however, which suggests it was no surprise to market participants immediately budge, however, which suggests it was no surprise to market participants 
when this proposal died in March 2005, having failed to move out of committee. The when this proposal died in March 2005, having failed to move out of committee. The 
Bush administration then promulgated its Clean Air Interstate Rule in May 2005, Bush administration then promulgated its Clean Air Interstate Rule in May 2005, 
with the same purpose of lowering the cap on SOwith the same purpose of lowering the cap on SO22 emissions (to 70 percent below  emissions (to 70 percent below 
the 2003 emissions level). This rule sought to apply more stringent emission require-the 2003 emissions level). This rule sought to apply more stringent emission require-
ments on states that were contributing to violations of EPA’s primary ambient air ments on states that were contributing to violations of EPA’s primary ambient air 
quality standards for ! ne particulates in the eastern United States (Palmer and Evans quality standards for ! ne particulates in the eastern United States (Palmer and Evans 
2009). It required sources within those states to surrender two additional allowances 2009). It required sources within those states to surrender two additional allowances 
for every ton of SOfor every ton of SO22 emissions — effectively reducing the cap by two-thirds. Because  emissions — effectively reducing the cap by two-thirds. Because 

Figure 2
SO2 Allowance Prices and the Regulatory Environment, 1994 –2012
(1995 dollars per ton)

Source: Data on spot prices compiled by Power & Energy Analytic Resources (PEAR) Inc. from Cantor 
Fitzgerald until September 11, 2001, and from ICAP United thereafter.
Notes: CAIR is “Clean Air Interstate Rule.” CATR is “Clean Air Transport Rule.” CSAPR is “Cross-State 
Air Pollution Rule.”
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Oh, the ironies

1. The goal of reducing SO2 emissions was met and exceeded
□ But ecological benefits have been relatively minor because it takes much longer than

thought to reverse the acidification of ecosystems

2. The completely unanticipated benefits of the program have been massive
□ More than 95% of benefits are associated with human health impacts of reduced levels of

airborne fine sulfate particles less than 2.5 micrometers in diameter
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Estimated benefits of SO2 reductions

110     Journal of Economic Perspectives

Austin, and Farrell 1998; Burtraw 1999; Chestnut and Mills 2005; National Acid Austin, and Farrell 1998; Burtraw 1999; Chestnut and Mills 2005; National Acid 
Precipitation Assessment Program 2005; Shadbegian, Gray, and Morgan 2005; Precipitation Assessment Program 2005; Shadbegian, Gray, and Morgan 2005; 
US Environmental Protection Agency 2011a).US Environmental Protection Agency 2011a).33 As Table 1 shows, strict ecosystem  As Table 1 shows, strict ecosystem 
bene! ts are probably considerably less than program costs, though at least one bene! ts are probably considerably less than program costs, though at least one 
study (Banzhaf, Burtraw, Evans, and Krupnick 2006) suggests that ecosystem bene-study (Banzhaf, Burtraw, Evans, and Krupnick 2006) suggests that ecosystem bene-
! ts alone have exceeded costs. But estimated human health bene! ts of the program ! ts alone have exceeded costs. But estimated human health bene! ts of the program 
may have exceeded annual costs by a factor of more than ! fty! With its mandated may have exceeded annual costs by a factor of more than ! fty! With its mandated 
50 percent cut in SO50 percent cut in SO22 emissions, the government did what turned out to be the  emissions, the government did what turned out to be the 
right thing for the wrong reason.right thing for the wrong reason.

An Unanticipated Consequence of Deregulation

The realized costs of the SOThe realized costs of the SO22 allowance trading program were substantially  allowance trading program were substantially 
less than forecasts made prior to implementation (National Acid Precipitation less than forecasts made prior to implementation (National Acid Precipitation 
Assessment Program 2005).Assessment Program 2005).44 Part of this discrepancy was due to technological inno- Part of this discrepancy was due to technological inno-
vation and the speed with which the allowance market matured. But another major vation and the speed with which the allowance market matured. But another major 
factor in low realized compliance costs was the emergence of input substitution, factor in low realized compliance costs was the emergence of input substitution, 

3 The lower end of this range of bene! t estimates is linked with the possibly nonlinear relationship 
between cuts in SO2 emissions and reductions in PM2.5 deposition (West, Ansari, and Pandis 1999).
4 A revolutionary aspect of the cap-and-trade approach was that for the ! rst time regulators had instan-
taneous information in a summary statistic (the allowance price) of the marginal cost of compliance, 
but the program’s design did not allow for any response to that information, such as changing the cap.

Table 1
Estimated Annual US Bene! ts and Costs of 
the SO2 Allowance Trading Program; Title IV, 
Clean Air Amendments of 1990
(billions of US 2000 Dollars)

Bene! ts
 Mortality 50 –100
 Morbidity 3 –7
 Recreational visibility 2– 3
 Residential visibility 2– 3
 Ecosystem effects 0.5
 Total 59 –116

Costs 0.5 – 2.0

Net bene! ts 58 –114

Source: Burtraw, Krupnick, Mansur, Austin, and Farrell 
(1998); Burtraw (1999); Chestnut and Mills (2005); 
Banzhaf, Burtraw, Evans, and Krupnick (2006).
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Oh, the ironies

1. The goal of reducing SO2 emissions was met and exceeded
2. The completely unanticipated benefits of the program have been massive
3. Realized costs of the SO2 allowance trading program were substantially less than

forecast
□ The cause was railroad deregulation
□ Cost of bringing sub-bituminous coal from the Powder River Basin to centers of high

demand east of the Mississippi River fell dramatically
□ Much of that cost reduction was due to railroad deregulation
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Sub-bituminous coal
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The Powder River Basin
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Oh, the ironies

1. The goal of reducing SO2 emissions was met and exceeded
2. The completely unanticipated benefits of the program have been massive
3. Realized costs of the SO2 allowance trading program were substantially less than

forecast
4. Sub-bituminous goal is bad news for greenhouse gas emissions

□ It’s particularly high in C – releases more CO2 when burned than higher grades of coal
□ This concern was barely on the radar in 1990

5. Cap and trade passed in 1990 with overwhelming bipartisan support — a market-based
solution, applauded by economists and conservative policy makers

□ Twenty years later (and continuing to present), ‘free market’ conservatives reject
market-based solutions for addressing pollution and other externalities

□ One major political party generally rejects most environmental and climate science
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Conclusions



Summary

Externalities are ubiquitous

− Arise when an economic actor does not face the “correct price” for her actions

− Externalities are not limited to traditional side effects of production and consumption,
e.g., pollution, noise, congestion, speeding, carrying a firearm

− Can also occur in social interactions where groups of rational actors ends up at an
undesirable equilibrium due to mis-coordination, social spillovers, FOMO

− Law and policy has a crucial role in “internalizing” externalities

− Taxing externalities can potentially reduce distortions

− Nevertheless, these remedies are always contentious
37/37


