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1 Abstract

This paper uses a complicated set of phase-ins and phase-outs of oxygenated motor

fuel in the Northeast to determine whether E-10 ethanol-enhanced fuel contributes to acetal-

dehyde air pollution over methyl tertiary-buthyl ether (MTBE) fuel. Oil companies phased

out MTBE because of groundwater pollution concerns, and now E-10 is the standard fuel

in EPA reformulated gas areas. Using a di�erence-in-di�erence approach, I �nd a large per-

centage increase in acetaldehyde pollution is associated with the switch from MTBE to E-10.

Using EPA estimations on the carcinogenic impacts of acetaldehyde, I �nd that the cost of

this increase in ambient acetaldehyde pollution is around $3 million annually for the New

York City Metropolitan area. This smaller cost estimate comes from a pollution increase

that � while large in percentage terms � is small in level terms.

*The Pennsylvania State University, chrispaulsteiner@outlook.com. This paper is available in
di�erent form on AgEcon Search and was presented at the Agricultural and Applied Economics
Association Meetings in Minneapolis, 2014. I would like to thank several NOAA NCDC and EPA
AQS Datamart personnel for extensive help with downloading and interpreting data. Feedback
from Julie Cullen was invaluable. I am also grateful to the Center for Environmental Economics for
feedback; in particular, my adviser, Richard Carson.
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2 Introduction

The make-up of motor vehicle fuel impacts the air we breathe. Increasingly complic-

ated phase-ins and phase-outs of gasoline oxygenate requirements occurred from 1973-2006.

In this paper, I explain how one particular phase-out and phase-in can be used to measure

the impact of E-10 gasoline � on one particular air pollutant, acetaldehyde � in one partic-

ular region, the Northeastern United States. Because of the complexity of the regulations, I

begin the paper with an overview of the regulatory environment followed by a brief overview

of acetaldehyde.

This paper agrees with the few scienti�c papers which �nd small, positive increases

in acetaldehyde from E-10. This study does �nd large percentage impacts, however, as prior

acetaldehyde pollution is low in this region. Here, I use a changing regulatory environment

and monitor data to compare E-10 gasoline to MTBE-enhanced gasoline. Previous scienti�c

work on the problem has not utilized social counterfactuals; I will use a control group of states

as a counterfactual. Additionally, this paper will also compute approximate acetaldehyde

pollution costs for a large city. Since I only look narrowly at this one type of pollution, I

cannot make a larger determination about air pollution from E-10; however, few economic

papers have considered novel air pollutants from ethanol-enhanced motor fuels.

3 Regulatory Framework

The United States phased out lead gasoline beginning in 1973, leading to, �one of the

great environmental achievements of all time,� preventing large amounts of lead poisoning

(U.S. EPA 1996). Lead was an octane enhancer; octane helps prevent engine knocking.

Oil companies needed a substitute to keep octane levels high, so they began adding methyl

tertiary-buthyl ether (MTBE) (U.S. EPA [7]).

In 1990, the Clean Air Act Amendments (CAAA90) compelled oil companies to add

even higher amounts of MTBE. In 1996, however, Santa Monica, CA, discovered MTBE
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leaked out of underground fuel tanks and polluted groundwater. This lead many states

to ban MTBE, and the industry phased out MTBE in 2006. In the process, the industry

switched to E-10, a 10%-ethanol enhanced gasoline, which also met reformulated gasoline

requirements (U.S. EPA [3]; U.S. EPA [7]).

The phase-in and phase-out of MTBE occurred in several stages. While MTBE was

used in much of the country, in actuality, several additives were available. After the CAAA90,

in the Midwest, oil companies used ethanol, and elsewhere, they used MTBE (U.S. EPA [7];

U.S. EPA [9]). Ethanol has one particular disadvantage that caused these separate markets

� it is not easily mixed into gasoline and must be added close to sale (U.S. EIA 2006).

After the Santa Monica water pollution discovery, states moved to ban MTBE. Con-

necticut and New York did this in 2004, so they began receiving E-10 while the rest of the

Northeast continued receiving MTBE-enhanced gasoline (U.S. EIA 2003; U.S. EIA 2006;

U.S. EIA O�ce of Oil and Gas 2003; U.S. EPA [9]). This changed in 2006 when oil compan-

ies moved rapidly to rid the system of MTBE, fearing pollution liabilities. This was realized

in 2013 when a New Hampshire jury �ned Exxon Mobil $236 million for MTBE-related

pollution (Tuohy 2013, U.S. EIA 2006; U.S. EPA [9]).

4 A Description of Acetaldehyde

Acetaldehyde (CH3CHO) is a �probable human carcinogen� that causes skin, eye, and

lung irritation (U.S. EPA 2000). Scienti�c models predict large increases in this substance

when ethanol is burned. One of these studies, Jacobson (2007), found a 2000% increase in

acetaldehyde pollution in Los Angeles in 2020 if the city switched from a baseline gasoline

to E-85.

In contrast, none of the papers on E-10 �nd these large increases. A public review

draft on the California transition to ethanol predicted only small increases in acetaldehyde

over non-ethanol fuels (Allen et al. 1999). Anderson, Lanning and Wilkes (1997) used
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an ARIMA model and found no impact on acetaldehyde when Denver, CO, switched from

MTBE to E-10.

Several papers look at acetaldehyde pollution in Brazil, which has high ethanol con-

sumption. Goldemberg, Coelho and Guardabassi (2008) look at the transition to ethanol

and do not �nd a concerning level of acetaldehyde pollution in the São Paulo region. An

earlier paper, however, Grosjean, Miguel and Tavares (1990) �nds high levels of acetaldehyde

in the same region.

Acetaldehyde has a very �ckle atmospheric residence time. During the day, it is

relatively short. In St. Louis on a clear July day, acetaldehyde has a 3 hour residence time;

in New York, it is 5 hours. On a cloudy or rainy July day, this ups to 6 hours in St. Louis

and 11 hours in New York. However, this rapidly increases to 170 hours (St. Louis) and

40 hours (New York) at night on a clear July day. On a clear January night, it has a 3000

hour residence time in St. Louis and New York (U.S. EPA Technical Support Branch 1993).

Thus, in the summer, there is a short residence time during the day and a long one in the

evening.

5 Environmental Economics Research on Pollution

Environmental economists have utilized monitor data and economic tools to answer

regulatory and economic questions. These studies have looked at a variety of air pollution

topics � the impact of total suspended particulates on infant mortality (Chay and Greenstone

2003), whether the Clean Air Act and Amendments had an impact on SO2 levels (Green-

stone 2004), and even whether agricultural workers in California's Central Valley are less

productive when there are high levels of ground-level ozone (Gra� Zivin and Neidell 2012).

More speci�cally to this paper, gasoline and driver regulations have been studied

extensively. High levels of air pollution in Mexico City led to the city passing Hoy No

Circula, a policy which required drivers to avoid using their cars a particular day of the week
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based on their license plates. Davis (2008) �nds that drivers utilized di�erent cars and taxis

to get around the regulation, and no criterion pollutant in the study went down. Chakravorty,

Nauges and Thomas (2008) �nds that market segmentation in the United States increases

cost. Finally, this paper takes one approach used in Au�hammer and Kellogg (2011). In

this paper, the authors �nd that gasoline regulations in the United States have not largely

lowered ozone levels with the exception of regulations in California.

While economists have utilized monitor data to answer other questions, this is the

�rst paper of which I am aware that uses it to compare ethanol additive to MTBE for the

purposes of environmental regulation comparison. It also contributes to the small amount of

scienti�c literature on the subject � as this paper utilizes social conterfactuals, econometrics,

and actual monitor data to look at the problem in the actual driving environment.

6 Natural Experiment and Data

Connecticut and New York phased out MTBE in 2004, so they began receiving E-

10 while the rest of the Northeast continued receiving MTBE-enhanced gasoline (U.S. EIA

2003; U.S. EIA 2006; U.S. EPA [9]). I use EPA's reformulated gas survey from 2004-2006 to

generate levels of ethanol in the gasoline by metropolitan area (U.S. EPA [9]), and I match

monitors from EPA's AQS Datamart (U.S. EPA [2]) to metropolitan areas using an online

lookup tool (Silver Biology) and metro data from the U.S. Government Accountability O�ce

(2004). Figure 1 shows the percentage ethanol in the gasoline in each metro area.

The survey and the report from the EPA (U.S. EPA [6]) indicate that MTBE was

transitioned during the Winter 2006 driving season. From the survey, all of the MTBE was

out by Summer 2006 and was perfectly substituted to ethanol. So, while there was some

variation from 2004-2006, all areas received treatment in 2006. Because of the transition,

I focus on summer gasoline. Further, in 2005, Hurricane Katrina resulted in a waiver of

summer gasoline requirements (Kumins and Bamberger 2005), so I drop all observations
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after August 22 (Dyre 2005; U.S. EPA [5]).

I must focus on the Northeast for another particular reason in this setup. No other

area of the country is free from ethanol plants, which are likely sources of acetaldehyde

pollution. The EPA is monitoring acetaldehyde, for instance, in Lynn County, IA (Kintz,

Lundberg, and Dodge 2011). Figure 2 shows the ethanol plants that were operated according

to a 2006 snapshot of Ethanol Producer. As expected, the Midwest is awash in ethanol

production, which increased in the 2006 season (Renewable Fuels Association). California's

RFG surveys are not available for a portion of the study (U.S. EPA [9]), and other areas

of the country pose other problems, not least of which is the fact that these are completely

di�erent air spaces.

Other data used in this analysis includes annual per-capita gross metropolitan product

from the U.S. Bureau of Economic Analysis (2013) in chained 2005 dollars. Monthly miles

traveled were downloaded by state from the U.S. National Highway Safety Administration

through Pro Quest Statistical Datasets, and these were divided by the estimated state popu-

lation from the United States Census Bureau through Pro Quest Statistical Datasets. Metro

area populations were from the U.S. Census Bureau. MSA's were determined from a listing

mapping counties to MSA (U.S. GAO). RFG counties were from a listing archive from the

EPA (U.S. EPA [8]). I exclude 24 observations from a monitor in rural Essex County, NY,

near Whiteface Mountain1(Foy 1994; U.S. Code of Federal Regulations 2003, 40 �80.70).

Acetaldehyde monitors used in the report are shown in Figure 3. To be included in the

analysis, the monitor must have had at least one sample before and after the main ethanol

transition in 2006. Acetaldehyde monitors were matched to weather monitors through a

canned distance matching algorithm. First, I downloaded a set of monitors from the National

Oceanic and Atmospheric Administration National Climate Data Center database. However,

1From Paul Foy of Albany, NY's Daily Gazette, December 7, 1994: �It is one of the odd mandates
of the state's clean-air program that only reformulated gasoline can be sold above 4,500 feet on
Whiteface mountain.

�There are no gas stations on Whiteface Mountain.�
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the closest monitor often did not have the requisite weather variables. Thus, while I found

the closest monitor from this database for each variable, I also downloaded weather monitor

data for nearby airports. Since the monitors are in locations that are highly urban, there

are airport weather stations su�ciently close to the acetaldehyde monitors. Because of the

reliability of airport monitors is excellent, I will use this data for the exposition in this paper.

Monitors reported either every 24 hours or every 3 hours. For the purposes of match-

ing to weather data only, the date was moved back one day if the monitor was a three hour

and began at 5 A.M. or earlier. The date was moved forward one day if the monitor was

a 24 hour reporting monitor beginning 1:01 P.M. or after; in this case, the majority of the

day was actually the next day. This was only for purposes of matching these to weather

variables; for the main analysis, the actual day was used.

7 Data

A plot of median acetaldehyde measures are shown in Figures 4 and 5. These are

arranged by state � except for New York and New Jersey, where the New York City met-

ropolitan area is separated from the rest of the state (these are separated because the New

York metropolitan area starts out with around half E-10, half MTBE in 2004).

Figure 4 shows that New Jersey is a major outlier, even ignoring the unusually high

acetaldehyde readings in the New Jersey suburbs of Philadelphia in 2004. Figure 5 excludes

New Jersey. I run the model with both New Jersey and without it. Notably, from Figure 5,

the controls, New York and Connecticut start out above other states and trend downward

in 2006. Some states trend upward, such as Virginia. The monitors are reporting very low

levels of acetaldehyde, in the 0-3 ppbC range.
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8 Speci�cation

I run a di�erence-in-di�erence setup for all of the monitors, only the 24 hour monitors,

and only the three hour monitors. Additionally, I estimate the model with a weighting scheme

to try to control for over-sampling of some areas. The long-form speci�cation is as follows:

Aimt = 10δEmt + Tt + Ii +Rmt + β′Weatherit + γ ′Regionalmt + εimt (1)

Here, Aimt is the level of acetaldehyde in ppbC for monitor i, metro area m, and time

t, Emt is the amount of ethanol in the gasoline as a decimal. Here, δ is the impact of E-10.

Tt is a time dummy, either annual or monthly. Ii is a monitor �xed e�ect. Weatherit is a

set of weather variables from airport monitors, and Regionalmt is a set of controls. εimt is

error.

Table 1 shows this regression on levels. In columns (5) and (6), the impact of E-10 is

a 1.03 ppbC increase in acetaldehyde levels. Including New Jersey seems to increase the δ

coe�cient, from columns (1)-(4). I report both robust standard errors and standard errors

clustered by metropolitan area, which is the level of analysis across many of the explanatory

variables.

In speci�cation (7) in table 1, I exclude controls and the ethanol coe�cient. I then run

the regression to see which years had the highest acetaldehyde levels. From the regression,

weather and monitor-controlled acetaldehyde levels were trending downwards in 2004-2005,

but they spiked in 2006 (the absorbed year).

Results for other demographic variables in Regionalmt are not reported in Table

1. They are reported for log-log regressions, which I will discuss later; however, the small

variation in regional variables between years do not absorb much of the variation and lead

to numerical issues. The monitor �xed e�ects over-�t the model to accommodate the new,

numerically unidenti�ed variable. If the monitors are in a �xed spot and these values do

not change substantially over the three year window, then monitor �xed e�ects will absorb
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much of the variation of the e�ect of Regionalmt. Let ρi denote the approximate regional

values for monitor i. Then, if Regionalmt does not change substantially over time:

ρi ≈ Regionalm1 ≈ · · · ≈ RegionalmN

Aimt ≈ 10δEmt + Tt + Ii +Rmt + β′Weatherit + γ ′ρi + εimt

Aimt ≈ 10δEmt + Tt +Rmt + (Ii + γ ′ρi) + β′Weatherit + εimt

(2)

Adding metro population and GDP to the regression changes the estimate on δ to

0.946 � a di�erence of 0.09 ppbC � and potentially over�ts the data.

Tables 2 to 5 use log speci�cations instead of levels. A total of 138 (out of 4,574) data

points read 0 ppbC acetaldehyde (none in New Jersey). In this case, I speci�ed two di�erent

modi�cations. The �rst is simply adding 0.001 pbbC acetaldehyde to all observations before

logging, and the other is setting the reading equal to log(max(pbbC acetaldehyde,0.1)). Spe-

ci�cation (8) in Table 2 shows an estimate of exp(0.641), or a near doubling of acetaldehyde

pollution under E-10. Notably, this agrees with the level speci�cation, as acetaldehyde pol-

lution remains low in both regressions. It does, however, increase substantially in percentage

terms.

Table 3 is slightly di�erent. Here, I have substituted Tt with a time trend, θt. Not-

ably, day-to-day, acetaldehyde seems to be going down, but when ethanol is introduced, it

rebounds. However, this e�ect is not statistically signi�cant when clustered by metro area.

In Table 4, I drop monitor �xed e�ects to try to identify regional variables. However, I get

little �t from the regression, and the impact does not change substantially.

Lastly, in Table 5, I add weights to the regression to balance over-sampling in some

regions. Let Z equal the number of counties in the analysis. Let NCO equal the observations

in the analysis for a particular county (CO), and let N equal the total number of observations.
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Then, the weight is2:

wCO =
1/Z

NCO/N
(3)

The numbers change slightly, but they still indicate a large positive percentage change

but small level change in acetaldehyde pollution.

9 Robustness Checks

The regression on levels su�ers from having values near zero. It is not possible to

have negative values. Additionally, some monitors have detection limits as high as 0.6 ppbC

acetaldehyde. The regression on logs somewhat ameliorates this; however, as a robustness

check, I also run a Poisson regression. Here, I �count� the number of units of 0.6 ppbC

acetaldehyde; the dependent variable is bAimt/0.6c. While this is clearly inferior to the log

regression in that continuity is lost, it has a few advantages � numbers below any monitor's

detection limit are bundled together, and there is no probability of values less than 0.

Table 6 lists two Poisson regressions, one with robust standard errors and one with

clustered by metro area. The estimate for the ethanol variable is 0.581, with a corresponding

IRR of 1.79, indicating a near 80% increase in acetaldehyde pollution with E-10. Thus, the

�ndings are robust to the MDL.

Next, de�ne the following:

Θm = Em(t∈year 2006) −
Em(t∈year 2004) + Em(t∈year 2005)

2
(4)

Here, Θm is an intensity of treatment measure. Higher values of Θm indicate larger

values of ethanol change from 2004-2005 to 2006. To test whether the treatment areas are

2I consulted http://www.atlas.illinois.edu/support/stats/resources/spss/create-post-strati�cation-
weights-for-survery-analysis.pdf for a description of how to form weights from survey data.



11

di�erent from non-treatment areas, I also run the following regression.

Aimt =
10ω1Θm + 10ω2Θm1 (t ∈ year 2006) +Rmt + θt+ Montht+

β′Weather,Milesmt + εimt

(5)

In equation 5, I cannot identify monitor �xed e�ects because metro area m contains

many monitors. Thus, a regression of Θm on Ii yields an R
2 of 1. I am interested in both

ω1 and ω2. If ω1 is statistically signi�cant, then the change in ethanol is correlated with

acetaldehyde measures. Now, ω2 is the intensity-controlled measure.

I do �nd that ω1 is statistically signi�cant and negative. Here, I am taking the

conservative approach to not reject ω1 of using robust (as opposed to metro-area clustered

standard errors). However, even including ω1 in the regression, I �nd ω2 is statistically

signi�cant, even using metro-area clustering, which is now the conservative choice. The

value for ω2 is 0.641, which is 62.1% of estimate Table 1, speci�cation (5).

Since equation 5 cannot identify monitor �xed e�ects, the new di�erence-in-di�erence

regression does not control for monitors � it's not possible to know whether the actual answer

is 0.641 or 1.033 ppbC acetaldehyde. However, as I mention in the conclusion section, both

answers are incredibly small in comparison to the amount of damage MTBE causes to the

water table.

10 Cancer Risk & Conclusions

In the speci�cation in Table 1, Speci�cation (5), and Table 7, Speci�cation (7), I

�nd that E-10 likely increased by around 1.033 ppbC and 0.641 ppbC, respectively. This

translates to 0.516 ppbV acetaldehyde and 0.321 ppbV acetaldehyde (Holland 2001). From

the EPA's approximation of 1 ppm acetaldehyde = 1.8 mg / m3 and U.S. EPA 2000; Satter-

�eld 2004, 0.516 ppbV = 0.000516 ppmV = 0.000929 mg / m3 and 0.321 ppbV = 0.000321

ppmV = 0.000577 mg / m3. The EPA estimates that the risk of developing cancer over a
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lifetime is equal to this �nal �gure divided by 500 (U.S. EPA 2000). This is equal to 1.86

Ö 10−6 in the �rst case, and it's equal to 1.15 Ö 10−6 in case 2. Using 78.54 years as life

expectancy (World Bank 2010), a metro of 19 million (like New York (U.S. Census Bureau)),

this would equal one cancer every 2.2 years in the �rst case � and one cancer every 3.58 years

in the second case. An upper bound assuming mortality for each cancer and a Department

of Transportation Value of Statistical Life of $9.1 million (Trottenberg and Rivkin 2013),

this policy costs $4.09 million annually in the �rst case � and $2.54 million annually in the

second case. If the U.S. switched to E-10 and faced similar impacts to the urban Northeast

environment, assuming 310 million people, the annual cost is $66.8 million in the �rst case

and $41.5 million annually in the second case.

While I have compared pollution to MTBE here, it's di�cult to make a general

conclusion here about the use of E-10 because it is di�cult both to determine which gasoline

should be the comparison. Firstly, it is possible to produce high-quality gasoline without

oxygenates. In 2004, oil companies provided California-standard gasoline without oxygenates

to the non-EPA RFG-required portion of the San Francisco Bay Area (Fong et.al. 2005).

Secondly, if MTBE-enhanced gasoline is in actuality the next best gasoline for com-

parison, E-10 may be the better additive. There are other unknowns in MTBE use, but

even the knowns indicate extreme cost. It is still uncertain whether MTBE is carcinogenic.

According to the EPA, �. . . the data support the conclusion that MTBE is a potential human

carcinogen at high doses� (U.S. EPA 2012). This study does not look at MTBE groundwater

pollution and its carcinogenic impact. Further, MTBE groundwater pollution is very costly,

but the cost estimates very substantially. The American Water Works Association (2005)

estimates the costs could range from $4 billion to $85 billion. Based on the assessment here,

even assuming groundwater pollution in their current locations, and switching E-10 to the

entire country, $4 billion would pay for 59.9 non-discounted payments of $66.8 million. Ad-

ditionally, the point estimates used in this calculation may su�er from large pharmacokinetic

variances not available because of lack of variance data on point estimates (Rogers, et.al.
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2011).

While I emphasize that the impact of E-10 on acetaldehyde pollution appears small,

the U.S. has made a decision to rid one pollution at the expense of another. This was true

when the U.S. ridded itself of lead gasoline for MTBE-enhanced gasoline. While both of this

switch and the latter switch to ethanol may have been better for the environment at the

time, policy makers should be aware of the tradeo�s and the new consequences of di�erent

fuel additives. Additionally, economic non-pollution factors are also a consideration. And,

from Chakravorty, Nauges, and Thomas (2008), the U.S. has severe market segmentation

in gasoline. All of these factors need to be considered in the decision about gasoline in the

near-future.
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Figure 1: Percentage of Ethanol Present in Fuel by Metro Area. The di�erence-
in-di�erence setup in this paper relies on a di�erential ethanol fuel regulatory regime. This
data comes from U.S. EPA [9]. Hartford, CT, is an obvious control, but other metro areas
also had some ethanol content in their gasoline before 2006. The super thick line in the
center is Spring�eld, MA.
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Figure 2: U.S. Ethanol Plants in 2006. This is a snapshot of ethanol plants (black dot)
and ethanol plants under construction (white dot) in 2006. The data comes from Ethanol

Producer magazine, and dots indicate the city where the plant was located, not the plant
itself � cities were matched to coordinates with a matching routine in R (Loecher 2013)
with Google Maps (2015). Ethanol plants are concentrated in the Midwest, and ethanol
production has increased throughout the 2000's (Renewable Fuels Association). Under reas-
onable assumptions, this would lead to an increase in acetaldehyde, and an attenuation of
the treatment e�ect, if I used the Midwest as a control.
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Figure 3: Acetaldehyde Monitors. This is a map of the EPA acetaldehyde monitors
used in the report. All of the monitors are in urban areas. An interactive Google Map of
the monitors is available on the author's website.
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Figure 4: Median Acetaldehyde Measures in Each State. This scatterplot shows
the median acetaldehyde monitor reading in ppbC for each state � with the New York metro
area separated from other parts of New York and New Jersey. Ignoring the extreme outlier
in the New Jersey suburbs of Philadelphia, acetaldehyde readings are really low. However,
New Jersey, including the New Jersey suburbs of New York, appears to be an outlier. Figure
5 shows the same plot with New Jersey excluded.
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Figure 5: Median Acetaldehyde Measures Outside of New Jersey. This scatterplot,
unlike Figure 4, excludes New Jersey and shows the median acetaldehyde monitor reading
in ppbC for each state. Acetaldehyde readings are very low, and, as a group, there is no
discernible trend among the treatment group. However, New York and Connecticut trend
downward in the period.
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11.1 Tables

Table 1: Regression on Levels. From speci�cation (5), E-10 likely adds 1.03 ppbC
acetaldehyde in the atmosphere for the typical urban area studied during the summer. Hour
Ö Duration Bins are �xed e�ects where the monitors are separated into 6 bins based on the
time of day and the duration of the monitor. Including monitors in New Jersey raised the
coe�cient between (1)-(2) and (3)-(4), but New Jersey is an outlier, as described in the text.
Speci�cation (7) excludes the ethanol coe�cient and the control states. Notably, 2006 had
the regression-controlled highest level of acetaldehyde. Hour Ö Duration Bins are 3-hour:
(a) 12:00-18:59:59, (b) 19:00-22:59:59, (c) 23:00-5:59:59, (d) 6:00-11:59:59, 24-hour: (e) 0:00
or 23:00, and (f) 12:00.

(1) (2) (3) (4)
VARIABLES ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde

Robust Clustered - Metro Robust Clustered - Metro
All Data All Data NJ excluded NJ excluded

10% Ethanol = 1 1.466*** 1.466* 0.844*** 0.844**
(0.140) (0.697) (0.0677) (0.336)

Year Dummy (2004) 1.320*** 1.320 0.584*** 0.584
(0.161) (0.762) (0.0771) (0.362)

Year Dummy (2005) 1.201*** 1.201* 0.626*** 0.626*
(0.141) (0.603) (0.0737) (0.279)

Constant 0.489*** 0.489 1.044*** 1.044**
(0.148) (0.746) (0.0788) (0.453)

Observations 4,574 4,574 4,431 4,431
R-squared 0.032 0.032 0.024 0.024
*** p<0.01, ** p<0.05, * p<0.1
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Table 1. Regression on Levels, continued.

(5) (6) (7)
VARIABLES ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde

Robust Clustered - Metro Robust
NJ excluded NJ Excluded NJ, NY, CT excluded

10% Ethanol = 1 1.033*** 1.033***
(0.0979) (0.159)

Year Dummy (2004) -0.236***
(0.0495)

Year Dummy (2005) -0.262***
(0.0477)

1 = 062004 1.339*** 1.339***
(0.120) (0.146)

1 = 072004 1.118*** 1.118***
(0.107) (0.0871)

1 = 082004 1.106*** 1.106***
(0.111) (0.139)

1 = 062005 1.408*** 1.408***
(0.103) (0.183)

1 = 072005 0.942*** 0.942***
(0.102) (0.131)

1 = 082005 0.651*** 0.651***
(0.104) (0.106)

1 = 062004 0.815*** 0.815***
(0.105) (0.219)

1 = 072004 0.212*** 0.212
(0.0788) (0.135)

Airport Daily Maximum Temperature 0.0114*** 0.0114*** 0.00945***
(Tenths Degrees Celcius) (0.000468) (0.00157) (0.000435)
Airport Daily Average Wind Speed -0.0177*** -0.0177** -0.0156***
(Tenths m/s) (0.00184) (0.00584) (0.00186)
Per Capita Miles Traveled -0.139 -0.139 -3.268***
(1000s) (0.574) (1.602) (0.558)
MONITOR FIXED EFFECTS YES YES YES
HOUR X DURATION BINS YES YES YES
Constant -0.334 -0.334 0.290

(0.694) (0.955) (0.327)
Observations 4,431 4,431 3,945
R-squared 0.325 0.325 0.276
*** p<0.01, ** p<0.05, * p<0.1
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Table 2: Log Levels. Two separate log formulations (to deal with zero readings) were
regressed on policy variables. In speci�cation (8), E-10 nearly doubled at exp(.641), and in
speci�cation (9), the result was exp(.553). Since the average acetaldehyde levels in the region
were low, these results are consistent with the level speci�cations. [log(ppbC Acetaldehyde
+ 0.001) is LOG M-I; log(max(ppbC Acetaldehyde, 0.1)) is LOG M-II].

(8) (9) (10) (11)
VARIABLES LOG M-I LOG M-II LOG M-1 LOG M-II

Robust Robust Clustered - Metro Clustered - Metro
NJ excluded NJ excluded NJ excluded NJ excluded

10% Ethanol = 1 0.641*** 0.553*** 0.641* 0.553**
(0.0880) (0.0588) (0.312) (0.229)

1 = 062004 0.862*** 0.752*** 0.862** 0.752***
(0.112) (0.0721) (0.307) (0.207)

1 = 072004 0.785*** 0.699*** 0.785** 0.699***
(0.110) (0.0693) (0.311) (0.182)

1 = 082004 0.883*** 0.677*** 0.883** 0.677***
(0.102) (0.0680) (0.330) (0.198)

1 = 062005 0.759*** 0.701*** 0.759*** 0.701***
(0.0912) (0.0627) (0.232) (0.125)

1 = 072005 0.650*** 0.508*** 0.650** 0.508***
(0.0971) (0.0650) (0.244) (0.127)

1 = 082005 0.373*** 0.328*** 0.373 0.328**
(0.0991) (0.0670) (0.205) (0.118)

1 = 062004 0.321*** 0.378*** 0.321 0.378**
(0.0955) (0.0578) (0.192) (0.162)

1 = 072004 0.0951 0.132*** 0.0951 0.132**
(0.0793) (0.0500) (0.119) (0.0547)

Log(Airport Daily Maximum Temperature) 1.684*** 1.634*** 1.684*** 1.634***
(Tenths Degrees Celcius) (0.119) (0.0724) (0.249) (0.222)
Log(Airport Daily Average Wind Speed) -0.249*** -0.224*** -0.249* -0.224*
(Tenths m/s) (0.0823) (0.0447) (0.129) (0.105)
Log(Per Capita Miles Traveled) -0.140 0.192 -0.140 0.192
(1000s) (0.361) (0.233) (0.804) (0.554)
MONITOR FIXED EFFECTS YES YES YES YES
HOUR X DURATION BINS YES YES YES YES
Constant -6.979*** -7.220*** -6.979*** -7.220***

(0.805) (0.508) (1.440) (1.321)
Observations 4,431 4,431 4,431 4,431
R-squared 0.362 0.438 0.362 0.438
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 3: Log Levels with Other Variables. Speci�cations (12)-(15) show a time trend
control along with the ethanol coe�cient and other variables of interest. There is not enough
power to detect a di�erence between E-10 and MTBE fuel in this speci�cation; however,
results are similar to those found in tables 1 and 2. [log(ppbC Acetaldehyde + 0.001) is
LOG M-I; log(max(ppbC Acetaldehyde, 0.1)) is LOG M-II].

(12) (13) (14) (15)
VARIABLES LOG M-I LOG M-1 LOG M-II LOG M-II
*** p<0.01, ** p<0.05, * p<0.1 Robust Robust Robust Robust

NJ Excluded NJ, NY, CT Excluded NJ Excluded NJ, NY, CT Excluded
10% Ethanol = 1 0.445*** 0.475*** 0.424*** 0.441***

(0.0758) (0.0963) (0.0442) (0.0545)
Day Time Trend (Each Day = +1) -0.000721*** -0.000766*** -0.000587*** -0.000621***

(0.000118) (0.000162) (6.43e-05) (8.62e-05)
Log(Airport Daily Maximum Temperature) 1.513*** 1.624*** 1.454*** 1.529***
(Tenths Degrees Celcius) (0.113) (0.121) (0.0693) (0.0730)
Log(Airport Daily Average Wind Speed) -0.207*** -0.236*** -0.181*** -0.196***
(Tenths m/s) (0.0789) (0.0881) (0.0436) (0.0481)
Log(Per Capita Miles Traveled) -0.714*** -0.893*** -0.610*** -0.699***
(1000s) (0.267) (0.265) (0.199) (0.202)
MONITOR FIXED EFFECTS YES YES YES YES
HOUR X DURATION BINS YES YES YES YES
Constant 6.378*** 2.764 3.792*** 0.855

(1.884) (2.537) (1.063) (1.398)
Observations 4,431 3,945 4,431 3,945
R-squared 0.357 0.347 0.426 0.414

(16) (17) (18) (19)
VARIABLES LOG M-I LOG M-1 LOG M-II LOG M-II
*** p<0.01, ** p<0.05, * p<0.1 Clustered - Metro Clustered - Metro Clustered - Metro Clustered - Metro

NJ Excluded NJ, NY, CT Excluded NJ Excluded NJ, NY, CT Excluded
10% Ethanol = 1 0.445 0.475 0.424 0.441

(0.270) (0.354) (0.237) (0.299)
Day Time Trend (Each Day = +1) -0.000721 -0.000766 -0.000587* -0.000621

(0.000405) (0.000579) (0.000288) (0.000421)
Log(Airport Daily Maximum Temperature) 1.513*** 1.624*** 1.454*** 1.529***
(Tenths Degrees Celcius) (0.210) (0.193) (0.193) (0.178)
Log(Airport Daily Average Wind Speed) -0.207* -0.236* -0.181* -0.196
(Tenths m/s) (0.106) (0.115) (0.0948) (0.104)
Log(Per Capita Miles Traveled) -0.714 -0.893 -0.610 -0.699
(1000s) (0.800) (0.828) (0.750) (0.821)
MONITOR FIXED EFFECTS YES YES YES YES
HOUR X DURATION BINS YES YES YES YES
Constant 6.378 2.764 3.792 0.855

(6.528) (9.201) (4.933) (7.132)
Observations 4,431 3,945 4,431 3,945
R-squared 0.357 0.347 0.426 0.414
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Table 4: Log Levels with Other Variables. I exclude monitor �xed e�ects to check
the variables which do not change enough within the time period to identify. Here, GDP
has a positive and signi�cant coe�cient. The values are similar to previous speci�cations in
Tables 1 to 3; however, the policy variable is not signi�cant with clustered standard errors.
[log(ppbC Acetaldehyde + 0.001) is LOG M-I; log(max(ppbC Acetaldehyde, 0.1)) is LOG
M-II].

(20) (21) (22) (23)
VARIABLES LOG M-I LOG M-II LOG M-I LOG M-II

Robust Robust Clustered - Metro Clustered - Metro
NJ Excluded NJ Excluded NJ Excluded NJ Excluded

10% Ethanol = 1 0.764*** 0.554*** 0.764 0.554
(0.0958) (0.0662) (0.676) (0.483)

Year Dummy (2004) 0.925*** 0.612*** 0.925 0.612
(0.103) (0.0663) (0.735) (0.469)

Year Dummy (2005) 0.681*** 0.414*** 0.681 0.414
(0.0843) (0.0589) (0.565) (0.365)

Log(Airport Daily Maximum Temperature) 0.919*** 0.894*** 0.919** 0.894**
(Tenths Degrees Celcius) (0.126) (0.0806) (0.381) (0.298)
Log(Airport Daily Average Wind Speed) 0.804*** 0.492*** 0.804 0.492
(Tenths m/s) (0.0911) (0.0505) (0.493) (0.298)
Log(Per Capita Miles Traveled) -0.772*** 0.423*** -0.772 0.423
(1000s) (0.263) (0.162) (2.611) (1.754)
Log(Real GDP) 0.428*** 0.247*** 0.428 0.247
Millions of Chained 2005 $ (0.119) (0.0845) (0.813) (0.635)
Log(Metro Population) -0.827*** -0.496*** -0.827 -0.496

(0.168) (0.116) (1.042) (0.775)
HOUR X DURATION FIXED EFFECTS YES YES YES YES
Constant -1.780 -2.434** -1.780 -2.434

(1.529) (0.980) (8.093) (5.212)
Observations 4,431 4,431 4,431 4,431
R-squared 0.066 0.091 0.066 0.091
*** p<0.01, ** p<0.05, * p<0.1
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Table 5: Weighted Regressions. I weigh observations as described in the text in order
to control for over-sampling of particular counties. The results remain consistent with the
previous analysis. Additionally, I weigh and run regressions on only 3- and only 24-hour
monitors. [log(ppbC Acetaldehyde + 0.001) is LOG M-I; log(max(ppbC Acetaldehyde, 0.1))
is LOG M-II].

(24) (25) (26) (27)
VARIABLES LOG M-I LOG M-I LOG M-II LOG M-II

Robust Clustered - Metro Robust Clustered - Metro
NJ Excluded NJ Excluded NJ Excluded NJ Excluded

County Weighted County Weighted County Weighted County Weighted
10% Ethanol = 1 1.173*** 1.173* 0.768*** 0.768**

(0.241) (0.524) (0.159) (0.267)
1 = 062004 1.004*** 1.004* 0.729*** 0.729**

(0.231) (0.458) (0.170) (0.238)
1 = 072004 1.092*** 1.092** 0.759*** 0.759***

(0.240) (0.460) (0.173) (0.206)
1 = 082004 1.047*** 1.047** 0.657*** 0.657***

(0.236) (0.443) (0.171) (0.192)
1 = 062005 0.762*** 0.762* 0.587*** 0.587**

(0.227) (0.397) (0.165) (0.183)
1 = 072005 0.950*** 0.950** 0.599*** 0.599***

(0.273) (0.368) (0.192) (0.143)
1 = 082005 0.716*** 0.716* 0.368** 0.368*

(0.253) (0.355) (0.182) (0.177)
1 = 062004 0.0866 0.0866 0.225** 0.225

(0.164) (0.249) (0.102) (0.159)
1 = 072004 -0.379** -0.379 -0.0426 -0.0426

(0.177) (0.530) (0.104) (0.237)
Log(Airport Daily Maximum Temperature) 0.630*** 0.630 0.757*** 0.757
(Tenths Degrees Celcius) (0.244) (0.691) (0.169) (0.544)
Log(Airport Daily Average Wind Speed) -0.126 -0.126 -0.211*** -0.211***
(Tenths m/s) (0.130) (0.0874) (0.0793) (0.0618)
Log(Per Capita Miles Traveled) -0.274 -0.274 0.108 0.108
(1000s) (0.491) (1.312) (0.372) (0.865)
MONITOR FIXED EFFECTS YES YES YES YES
HOUR X DURATION FIXED EFFECTS YES YES YES YES
Constant -4.288*** -4.288 -3.948*** -3.948

(1.488) (3.558) (1.022) (3.138)
Observations 4,431 4,431 4,431 4,431
R-squared 0.406 0.406 0.474 0.474
*** p<0.01, ** p<0.05, * p<0.1
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Table 5. Weighted Regressions, continued.

(28) (29) (30) (31)
VARIABLES LOG M-I LOG M-I LOG M-II LOG M-II
*** p<0.01, ** p<0.05, * p<0.1 Robust Clustered - Metro Robust Clustered - Metro

NJ Excluded NJ Excluded NJ Excluded NJ Excluded
3 Hour Data 3 Hour Data 3 Hour Data 3 Hour Data

County Weighted County Weighted County Weighted County Weighted
10% Ethanol = 1 0.882*** 0.882* 0.829*** 0.829*

(0.0862) (0.385) (0.0591) (0.392)
Year Dummy (2004) 0.766*** 0.766** 0.669*** 0.669**

(0.0800) (0.301) (0.0511) (0.237)
Year Dummy (2005) 0.355*** 0.355** 0.354*** 0.354***

(0.0505) (0.129) (0.0422) (0.0934)
Log(Airport Daily Maximum Temperature) 1.529*** 1.529*** 1.436*** 1.436***
(Tenths Degrees Celcius) (0.174) (0.273) (0.0951) (0.198)
Log(Airport Daily Average Wind Speed) -0.0592 -0.0592 -0.0591 -0.0591
(Tenths m/s) (0.118) (0.113) (0.0596) (0.103)
Log(Per Capita Miles Traveled) -1.322*** -1.322 -0.871*** -0.871
(1000s) (0.495) (1.343) (0.307) (1.087)
MONITOR FIXED EFFECTS YES YES YES YES
HOUR X DURATION FIXED EFFECTS YES YES YES YES
Constant -8.972*** -8.972*** -8.286*** -8.286***

(1.110) (1.852) (0.619) (1.284)
Observations 3,462 3,462 3,462 3,462
R-squared 0.355 0.355 0.461 0.461

(32) (33) (34) (35)
VARIABLES LOG M-I LOG M-I LOG M-II LOG M-II
*** p<0.01, ** p<0.05, * p<0.1 Robust Clustered - Metro Robust Clustered - Metro

NJ Excluded NJ Excluded NJ Excluded NJ Excluded
24 Hour Data 24 Hour Data 24 Hour Data 24 Hour Data

County Weighted County Weighted County Weighted County Weighted
10% Ethanol = 1 1.101** 1.101** 0.518 0.518**

(0.551) (0.341) (0.340) (0.211)
Year Dummy (2004) 1.506*** 1.506*** 0.529 0.529**

(0.545) (0.264) (0.342) (0.210)
Year Dummy (2005) 1.284** 1.284*** 0.485 0.485**

(0.519) (0.175) (0.326) (0.148)
Log(Airport Daily Maximum Temperature) 0.530 0.530 0.575*** 0.575
(Tenths Degrees Celcius) (0.325) (0.808) (0.186) (0.572)
Log(Airport Daily Average Wind Speed) -0.166 -0.166 -0.192* -0.192**
(Tenths m/s) (0.201) (0.114) (0.104) (0.0705)
Log(Per Capita Miles Traveled) -0.687 -0.687 -0.822* -0.822
(1000s) (0.697) (1.507) (0.433) (0.857)
MONITOR FIXED EFFECTS YES YES YES YES
HOUR X DURATION FIXED EFFECTS YES YES YES YES
Constant -3.475* -3.475 -2.857** -2.857

(1.900) (4.745) (1.166) (3.550)
Observations 969 969 969 969
R-squared 0.489 0.489 0.568 0.568
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Table 6: Poisson Regression. As a robustness check, I run a Poisson regression to
see whether specifying the measure values as �oor(ppbC acetaldehyde / 0.6) impacts the
analysis. This is done to check the results robustness to zeros in the regression and values
below the highest mdl (0.6 ppbC). The results remain similar to the original analysis.

(1) (2)
VARIABLES Acetaldehyde Count Acetaldehyde Count

floor(ppbC acetaldehyde / 0.6) floor(ppbC acetaldehyde / 0.6)
NJ Excluded; Robust NJ Excluded; Clustered - Metro

10% Ethanol = 1.0 0.581*** 0.581***
(0.0608) (0.109)

Airport Daily Max Temp 0.00785*** 0.00785***
(Tenths Degrees Celcius) (0.000302) (0.000668)
Airport Daily Average Wind Speed -0.0136*** -0.0136***
(Tenths m/s) (0.00118) (0.00314)
Per Capita Miles Traveled -0.137 -0.137
(1000s) (0.343) (1.047)
1 = 062004 0.761*** 0.761***

(0.0764) (0.138)
1 = 072004 0.656*** 0.656***

(0.0689) (0.0902)
1 = 082004 0.644*** 0.644***

(0.0734) (0.111)
1 = 062005 0.824*** 0.824***

(0.0652) (0.0948)
1 = 072005 0.524*** 0.524***

(0.0665) (0.0898)
1 = 082005 0.332*** 0.332***

(0.0686) (0.0696)
1 = 062006 0.482*** 0.482***

(0.0653) (0.117)
1 = 072006 0.127** 0.127*

(0.0514) (0.0716)
HOUR X DURATION FIXED EFFECTS YES YES
MONITOR FIXED EFFECTS YES YES
Constant -0.472 -0.472

(0.334) (0.744)
Observations 4,431 4,431
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 7: Controlling the Controls. To test whether or not the controls are di�erent
from other monitors, I run speci�cation (5). Indeed, the monitors that have highest ethanol
increases are di�erent than the controls. This explains part of the level-speci�cation ethanol
coe�cient. However, the results are still robust to this speci�cation, and E-10 seems to be
increasing acetaldehyde pollution by 0.641 ppbC in the northeast, according to speci�cation
(7).

(1) (2) (3) (4)
VARIABLES ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde
*** p<0.01, ** p<0.05, * p<0.1 Clustered - Metro Clustered - Metro Clustered - Metro Robust

NJ Excluded NJ Excluded NJ Excluded NJ Excluded
10ΔEthanol X 1(Year = 2006) 0.264** 0.398 0.398 0.622***

(0.110) (0.281) (0.281) (0.0778)
10ΔEthanol -0.439 -0.490 -0.490 -0.533***

(0.396) (0.448) (0.448) (0.0622)
Day Time Trend -0.000262 -0.000262 -0.000742***

(0.000486) (0.000486) (9.88e-05)
Airport Daily Maximum Temperature 0.00811***
(Tenths Degrees Celcius) (0.000467)
Airport Daily Average Wind Speed 0.000558
(Tenths m/s) (0.00171)
Per Capita Miles Traveled 0.818***
(1000s) (0.238)
MONTH OF YEAR FIXED EFFECT NO YES YES YES
HOUR X DURATION FIXED EFFECTS NO NO NO NO
Constant 2.116*** 6.329 6.329 11.74***

(0.331) (8.230) (8.230) (1.627)
Observations 4,431 4,431 4,431 4,431
R-squared 0.013 0.019 0.019 0.084

(5) (6) (7) (8)
VARIABLES ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde ppbC Acetaldehyde
*** p<0.01, ** p<0.05, * p<0.1 Clustered - Metro Robust Clustered - Metro Clustered - Metro

NJ Excluded NJ Excluded NJ Excluded All Data
10ΔEthanol X 1(Year = 2006) 0.622** 0.641*** 0.641*** 0.853**

(0.199) (0.0773) (0.191) (0.312)
10ΔEthanol -0.533 -0.499*** -0.499 -1.143**

(0.495) (0.0653) (0.502) (0.504)
Day Time Trend -0.000742** -0.000790*** -0.000790** -0.00143*

(0.000317) (9.81e-05) (0.000300) (0.000668)
Airport Daily Maximum Temperature 0.00811*** 0.00812*** 0.00812*** 0.00944***
(Tenths Degrees Celcius) (0.00186) (0.000466) (0.00183) (0.00196)
Airport Daily Average Wind Speed 0.000558 0.000556 0.000556 0.00282
(Tenths m/s) (0.00993) (0.00169) (0.00950) (0.00946)
Per Capita Miles Traveled 0.818 0.698*** 0.698 -0.818
(1000s) (2.550) (0.244) (2.617) (2.689)
MONTH OF YEAR FIXED EFFECT YES YES YES YES
HOUR X DURATION FIXED EFFECTS NO YES YES YES
Constant 11.74** 12.14*** 12.14** 24.24*

(4.756) (1.609) (4.660) (11.11)
Observations 4,431 4,431 4,431 4,574
R-squared 0.084 0.096 0.096 0.097
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