STANFORD UNIVERSITY
MARK Z. JACOBSON
Professor of Civil & Environmental Engineering
Professor of Energy Resources Engineering, by Courtesy
Director, Atmosphere/Energy Program
Senior Fellow, Wood Institute for the Environment, by Courtesy
Department of Civil & Environmental Engineering
Yang & Yamazaki Environment & Energy Building
473 Via Ortega, Room 397
Stanford, CA 94305-4020

Tel: 650-723-6836
Fax: 650-725-9720
jacobson@stanford.edu
www.stanford.edu/group/efmh
/jacobson

Testimony for the Hearing,
“Healthy Planet, Healthy People: Global Warming and Public Health”
Select Committee on Energy Independence and Global Warming
United States House of Representatives
The Honorable Ed Markey, Chair
The Honorable F. James Sensenbrenner Jr., Ranking Member
April 9, 2008, 10:00 a.m.
By Mark Z. Jacobson
I would like to thank the Honorable Chairman and Ranking Member and the committee for
inviting me to testify today. I will discuss scientific findings on the effects of carbon dioxide,
emitted during fossil-fuel combustion in California, the U.S., and the world, on air pollution and
health in California relative to the U.S.. I will then discuss how these scientific findings differ
from the two main assumptions made by Environmental Protection Agency (EPA) Administrator
Stephen L. Johnson that formed the basis of his decision to deny California’s request for a
waiver of Clean Air Act Preemption on March 6, 2008 (Johnson, 2008). These assumptions were
(a) there is no difference in the impact of globally-emitted carbon dioxide on California versus
U.S. health and (b) locally-emitted carbon dioxide does not affect California’s air pollution any
more than does carbon dioxide emitted anywhere else in the world.
Summary
On March 6, 2008, EPA Administrator Stephen L. Johnson published a summary of his decision
to deny the California Air Resources Board request for “a waiver of the Clean Air Act’s
Prohibition on adopting and enforcing its greenhouse gas emission standards as they affect 2009
and later model year new motor vehicles” (Johnson, 2008). The decision was made following
consideration of two issues:
“The appropriate criteria to apply therefore is whether the emissions of California motor
vehicles, as well as California’s local climate and topography, are the fundamental causal
factors for the air pollution problem of elevated concentrations of greenhouse gases, and
in the alternative whether the effect in California of this global air pollution problem
amounts to compelling and extraordinary conditions (Johnson, 2008, p. 12162).”
With regard to the first issue, Mr. Johnson decided that
“GHG (greenhouse gas) emissions from California cars are not a causal factor for local
ozone levels any more than GHG emissions from other sources of GHG emissions in the
world (Johnson, 2008, p. 12163).”
In other words, Mr. Johnson believes that because GHGs emitted in California eventually mix
globally, California’s GHG emissions do not affect California ozone any more than another state

or country’s GHG emissions affect California’s ozone. With regard to the second issue, Mr.
Johnson ruled,
“While I find that the conditions related to global climate change in California are
substantial, they are not sufficiently different from conditions in the nation as a whole to
justify separate state standards. As the discussion above indicates, global climate change
has affected and is expected to affect, the nation, indeed the whole world, in ways very
similar to the conditions noted in California. While proponents of the waiver claim that
no other state experiences the impacts in combination as does California, the more
appropriate comparison in this case is California compared to the nation as a whole,
focusing on averages and extremes, and not a comparison of California to the other states
individually. These identified impacts are found to affect other parts of the United States
and therefore these effects are not sufficiently different compared to the nation as a
whole. (Johnson, 2008, p. 12168).
The two questions raised by Mr. Johnson are questions of scientific fact. Because no publiclyavailable scientific paper(s) on these specific issues (namely the effects of global carbon dioxide
on California versus U.S. air pollution health and the effects of California versus global carbon
dioxide emissions on California air pollution health), were available prior to 2008 and no such
study was cited in Johnson (2008), it appears reasonable to conclude that Mr. Johnson made his
decision based on his own assumption that what he stated was scientific fact. The appearance
that the decision was made on his assumption rather than scientific information is relevant since
Johnson (2008, p. 12159) states, “As the court in MEMA I stated, ‘here, too, if the Administrator
ignores evidence demonstrating that the waiver should not be granted, or if he seeks to overcome
that evidence with unsupported assumptions of his own, he runs the risk of having his waiver
decision set aside as ‘arbitrary and capricious.’”
The purpose of this document is to address the questions Mr. Johnson raised from a
scientific approach. In particular, I report results from a recent peer-reviewed scientific study
submitted for publication on June 22, 2007 and published on February 12, 2008 (Jacobson, 2008)
and funded in part by the EPA, additional analysis of data from that study, and results from a
follow up study that have not yet been published. Research published in this paper commenced
about two years ago, before the waiver question became an issue and before EPA funding
commenced on the project. It was also the culmination of research on the effect of climate
change on air pollution that I started eight years ago and of research on the causes and effects of
air pollution that I started 18 years ago.
Results from the studies and analyses are as follows
(a) Global warming due specifically to carbon dioxide currently increases the air-pollutionrelated death rate of people in California more than it increases the death rate of people in the
United States as a whole, relative to their respective populations. Specifically, for every 1 degree
Celsius (1.8 degrees Fahrenheit) temperature rise due to carbon dioxide, the U.S. death rate due
to ozone and particle pollution increases above the baseline air pollution death rate of about
50,000-100,000 per year by approximately 1000 (350-1800) per year. Of these additional deaths,
more than 30% occur in California, Since California has only 12 percent of the U.S. population,
California suffers disproportionately (2.5 times) more deaths per person than the U.S. as a whole
due to carbon-dioxide-induced global warming. The reason is that higher temperatures and water
vapor due to carbon dioxide increase pollution the most where it is already high (Jacobson,
2008), and California has six of the ten most-polluted cities in the United States. The deaths are
currently occurring and will occur more as temperatures increase in the future.
(b) Any emissions of carbon dioxide, whether in California or elsewhere, increase air pollution
health problems in California at a rate 2.5 times higher than in the United States as a whole, even
if the carbon dioxide becomes well-mixed in the atmosphere immediately after emissions, which
it does not. Conversely, controlling carbon dioxide from California will reduce the air-pollution-

2

related death and illness rate in California at a rate 2.5 times faster than it will reduce the death
rate of the U.S. as a whole.
(c) Emissions of carbon dioxide do not mix immediately to the global atmosphere. Instead,
carbon dioxide mixing ratios in polluted cites are higher than are those in surrounding areas.
Although carbon dioxide in cities disperses to the global atmosphere, their continuous emissions
from vehicles and power plants keep their levels high over cities. It is shown here that such
elevated levels of carbon dioxide increase air pollution, particularly ozone. As such, locallyemitted carbon dioxide is a causal factor in increasing local air pollution.
The three conclusions here – that (a) carbon-dioxide-induced global warming increases air
pollution health problems more in California per capita than it does in the U.S. as a whole, (b)
controlling California carbon dioxide emissions will decrease the California death rate at more
than 2.5 more per capita than it will decrease the death rate of the U.S. as a whole, and (c) local
carbon dioxide emissions from vehicles in California causally increase local air pollution and
health problems in California contradict both assumptions made by Mr. Johnson in his stated
decision, namely (a) there is no difference in the impact of globally-emitted carbon dioxide on
California versus U.S. health and (b) locally-emitted carbon dioxide does not affect California’s
air pollution any more than does carbon dioxide emitted anywhere else in the world.
Discussion
The effects of carbon dioxide on air pollution and the resulting effects on health can be
determined only from large-scale computer model simulations, where the model treats the
physics, chemistry, and meteorology of the atmosphere and has been evaluated thoroughly. Data
measured in the atmosphere (e.g., from surface measurements, radiosonde, aircraft, satellite) can
be used to show correlation only, not cause and effect. As such, it is not possible to use data
alone to answer the question of the effects of carbon dioxide on air pollution. A computer model
can show cause and effect when one input parameter at a time is changed. In the present case, the
input parameter is carbon dioxide, and the goal is to determine the effect of carbon dioxide
emissions on air pollution-related health problems in California and the United States.
Prior to 2008, many computer modeling studies had examined the sensitivity of nearsurface ozone to temperature (Sillman and Samson, 1995; Zhang et al., 1998), the regional or
global effects of climate change from all greenhouse gases on near-surface ozone (Thompson et
al., 1989; Evans et al., 1998; Dvortsov et al., 2001; Mickley et al., 2004; Stevenson et al., 2005;
Brasseur et al., 2006 Murazaki and Hess, 2006; Steiner et al., 2006; Racherla and Adams, 2006)
or near-surface aerosol particles (Aw and Kleeman, 2003; Liao et al., 2006; Unger et al., 2006),
and the effects of future global warming on regional ozone-related health problems (Knowlton et
al., 2004; Bell et al., 2007). These studies generally found that higher temperatures increased
ozone. However, no study had isolated the effect of carbon dioxide alone, emitted to date, on
ozone, particles, or carcinogens, applied population and health data to the pollution changes over
the U.S. as a whole, or examined the problem with a global-through-regional climate/air
pollution model that treated feedback of gases and particles to clouds and meteorology. Jacobson
(2008) performed a study accounting for these factors. The study used the computer model
GATOR-GCMOM, which is a model developed over the last 18 years. It is described by Zhang
(2008) as the first and still only unified, consistent global-to-urban scale air-quality-climate
model worldwide and the “first fully-coupled online model to account for all major feedbacks
among major atmospheric processes based on first principles (p. 1844).” As such, it was the most
appropriate model for the type of study described here. The model had been evaluated against
data in several published papers (e.g., Jacobson, 2001, 2004, 2007).
The model was first used to examine the effects of temperature alone and, separately,
water vapor alone on ozone due to chemical reactions in the atmosphere. For this calculation, an
exact numerical solver of chemical equations was used. No other process aside from
photochemistry was solved. Figure 1 shows the resulting ozone predictions for a variety of initial
levels of oxides of nitrogen (NOx) and nonmethane organic gases (NMOGs). A comparison of
the solid lines (base temperature) with the dashed lines (higher temperature) in the figure
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shows that a 1 degree Kelvin or Celsius (= 1.8 degrees Fahrenheit) increase in temperature
increases ozone when ozone is already high but has little or no effect on ozone when ozone
is low. The figure also shows that water vapor (horizontal axis) independently increases
ozone when ozone is high but generally has little effect or slightly decreases ozone when
ozone is low.
Figure 1. Mixing ratio of ozone and several other gases as a function of water vapor mixing ratio
after 12 hours of a box-model chemistry-only simulation initialized at 0430 under several NOx
and nonmethane organic gas (NMOG) mixing ratio combinations (ppbv) at 298.15 K (solid
lines) and 299.15 K (dashed lines). The simulations assumed sinusoidally varying photolysis
between 0600 and 1800.
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The next step was to apply the numerical solution to chemical equations with solutions to
equations for meteorological, aerosol microphysical, cloud, radiative, ocean, and surface
processes within GATOR-GCMOM to examine the effect of carbon dioxide on ozone,
particulate matter, and carcinogens. For this calculation, the model was set up in ‘nested’ mode
whereby a high-resolution regional grid over the United States was fit within a coarser-resolved
global grid. Both grids were three-dimensional and consisted of vertically-stacked layers of
horizontally-adjacent boxes. Predicted meteorological, gas and aerosol variables from the global
grid fed into the regional grid at the latter’s boundaries. As such, it was possible to simulate the
current global climate and the global climate with preindustrial levels of carbon dioxide
emissions in both grids simultaneously and have the global-scale climate and air pollution
variables from the global grid feed into the regional grid. Emissions for the simulations were
spatially distributed. Thus, separate emissions occurred in each surface grid box in both grids.
Figures 2 shows results over the U.S. after taking the difference between the two
simulations (e.g., one simulating present-day climate/air pollution and another simulating
climate/air pollution at preindustrial carbon dioxide emission levels). It shows that humanemitted carbon dioxide caused an increase in near-surface temperatures and water vapor (Figures
2a,b). Increases in both thereby increased near-surface ozone (Figure 2c), as expected from
Figure 1.
More specifically, Figure 2c indicates that carbon dioxide increased ozone by 0.12 ppbv
over the U.S., with increases of 1-5 ppbv in the southeast and up to 2 ppbv along the northeast
coast. In Los Angeles, the average temperature increase of 0.75 K (Figure 2a) and water vapor
increase of 1.3 ppthv increased ozone by up to 5 ppbv.
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Figure 2. Four-month (mid-July to mid-November) grid-averaged near-surface differences in
(a) temperature, (b) water vapor, and (c) ozone between the present-day and preindustrial-carbon
dioxide simulations. The grid-averaged (over land and water) change for each surface plot is
given in parentheses.

Table 1 indicates that the population-weighted ozone increase due to carbon dioxide was
+0.72 ppbv, which compares with the land-averaged increase of 0.12 ppbv (Figure 2c),
indicating a greater ozone increase over populated areas than less-populated areas. This result
supports the hypothesis from the chemistry-only calculation that higher temperatures and water
vapor due to carbon dioxide increase ozone the most where ozone is already high.
Carbon dioxide similarly increased particles in populated areas (Table 1) by warming the
air more than the ground, decreasing vertical and horizontal pollution dispersion, increasing
particle buildup near sources. The water vapor increase due to carbon dioxide also increased the
relative humidity, swelling aerosol particles, increasing absorption of these particles by other
gases, increasing the size of these particles. Carbon dioxide warming also increased land
precipitation increasing aerosol removal, offsetting some of the increases in particle mass due to
other processes, but not nearly enough to cause a decrease in particle levels.
The spatially-resolved changes in ozone, particles, and carcinogens (benzene, butadiene,
formaldehyde, acetaldehyde) from Figure 2 and similar results were combined with population
and health-effects data to produce estimates of the U.S. health effect changes due to enhanced air
pollution from anthropogenic carbon dioxide. Table 1 provides resulting statistics. Mortality
increases due to carbon dioxide were +415 (+207 to +620)/yr for ozone and +640 (+160 to
+1280)/yr for particles per 1.07 K (Table 1) or a total of near +1000 (+350 to +1800) per 1.00 K
(a 1.1% increase relative to the baseline death rate - Table 1), with about 40% due to ozone.
A simple extrapolation from U.S. to world population (301.5 to 6600 million) gives
21,600 (7400-39,000) deaths/yr worldwide per 1 K due to carbon dioxide above the baseline air
pollution death rate (2.2 million/yr). The ozone portion of this (8,500 deaths/yr) is conservative
compared with 15,500 deaths/yr, calculated from West et al. (2006), who examined the global
5

health effects of ozone changes, but with a lower threshold for ozone health effects (25 ppbv
versus 35 ppbv here).
Carbon dioxide increased carcinogens, but the increase was small. Isoprene increases due
to higher temperatures increased formaldehyde and acetaldehyde. Reduced dispersion increased
exposure to these carcinogens as well as benzene and 1,3-butadiene.
Table 1. Summary of CO2’s effects on cancer, ozone mortality, ozone hospitalization, ozone
emergency-room (ER) visits, and particulate-matter mortality. Results are shown for the presentday (“Base”) and present-day minus preindustrial (“no-fCO2”) 3-D simulations. All mixing ratios
and concentrations are near-surface values averaged over four months (mid-July to midNovember) and weighted by population (!). Divide the last column by 1.07 K (the populationweighted CO2-induced temperature change from Table S4) to obtain the health effect per 1 K.
Base

Base minus
no fCO2

Carcinogens
Formaldehyde (ppbv)
Acetaldehyde (ppbv)
1,3-Butadiene (ppbv)
Benzene (ppbv)
USEPA cancers/yr+
OEHHA cancers/yr+

3.61
2.28
0.254
0.479
389
789

+0.22
+0.203
+0.00823
+0.0207
+23
+33

Ozone
8-hr ozone (ppbv) in areas ≥35 ppbv%
Pop (mil.) exposed in areas ≥35 ppbv#
High ozone deaths/yr*
Med. ozone deaths/yr*
Low ozone deaths/yr*
Ozone hospitalizations/yr*
Ozone ER visits/yr*

42.3
184.8
6230
4160
2080
24,100
21,500

+0.724
184.8
+620
+415
+207
+2400
+2160

Particulate matter
PM2.5 (µg/m3) in areas > 0 µg/m3$
16.1
+0.065
Pop (mil.) exposed in areas ≥ 0 µg/m3
301.5
301.5
High PM2.5 deaths/yr^
191,000
+1280
Medium PM2.5 deaths/yr^
97,000
+640
Low PM2.5 deaths/yr^
24,500
+160
(!) A population-weighted value is defined in the footnote to Table S4.
(+) USEPA and OEHHA cancers/yr were found by summing the product of individual CUREs (cancer unit risk
estimates=increased 70-year cancer risk per µg/m3 sustained concentration change) by the population-weighted
mixing ratio or mixing ratio difference of a carcinogen, by the population, and air density, over all carcinogens,
then dividing by 70 yr. USEPA CURES are 1.3x10-5 (formaldehyde), 2.2x10-6 (acetaldehyde), 3.0x10-5
(butadiene), 5.0x10-6 (=average of 2.2x10-6 and 7.8x10-6) (benzene) (www.epa.gov/IRIS/). OEHHA CUREs are
6.0x10-6
(formaldehyde), 2.7x10-6 (acetaldehyde), 1.7x10-4 (butadiene), 2.9x10-5 (benzene)
(www.oehha.ca.gov/risk/ChemicalDB/index.asp).
(%) 8-hr ozone ≥35 ppbv is the highest 8-hour-averaged ozone during each day, averaged over all days of the fourmonth simulation in areas where this value ≥35 ppbv in the base case. When base O3>35 ppbv and no-fCO2
O3<35 ppbv, the mixing ratio difference was base O3 minus 35 ppbv.
(#) The 2007 population exposed to ≥35 ppbv O3 is the population exposed to a four-month-averaged 8-hour
averaged ozone mixing ratio above 35 ppbv and was determined from the base case.
(*) High, medium, and low deaths/yr, hospitalizations/yr, and emergency-room (ER) visits/yr due to short-term O3
exposure were obtained from Eq. 2 applied to each model cell, summed over all cells. The baseline 2003 U.S.
death rate (y0) was 833 deaths/yr per 100,000 [Hoyert et al., 2006]. The baseline 2002 hospitalization rate due to
respiratory problems was 1189 per 100,000 [Merrill and Elixhauser, 2005]. The baseline 1999 all-age
emergency-room visit rate for asthma was 732 per 100,000 [Mannino et al., 2002]. These rates were assumed to
be the same in each U.S. county although they vary slightly by county. The fraction increases (β) in the number
of deaths from all causes due to ozone were 0.006, 0.004, and 0.002 per 10 ppbv increase in daily 1-hr
maximum ozone [Ostro et al., 2006]. These were multiplied by 1.33 to convert the risk associated with 10 ppbv
increase in 1-hr maximum O3 to that associated with a 10 ppbv increase in 8-hour average O3 [Thurston and Ito,
2001]. The central value of the increased risk of hospitalization due to respiratory disease was 1.65% per 10
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ppbv increase in 1-hour maximum O3 (2.19% per 10 ppbv increase in 8-hour average O3), and that for all-age
ER visits for asthma was 2.4% per 10 ppbv increase in 1-hour O3 [Ostro et al., 2006] (3.2% per 10 ppbv
increase in 8-hour O3). All values were reduced by 45% to account for the mid-July to mid-November and yeararound O3 >35 ppbv ratio, obtained from detailed observations [H. Tran, pers. comm.].
($) This is the simulated 24-hr PM2.5, averaged over four months, in locations where PM2.5 ≥0 µg/m3.
(^) The death rate due to long-term PM2.5 exposure was calculated from Eq. 2. Pope et al., [2002] provide increased
dearth risks to those ≥30 years of 0.008 (high), 0.004 (medium), and 0.001 (low) per 1 µg/m3 PM2.5 >8 µg/m3
based on 1979-1983 data. From 0-8 µg/m3, the increased risks were conservatively but arbitrarily assumed =¼
those >8 µg/m3 to account for reduced risk near zero PM2.5. Assuming a higher risk would strengthen the
conclusion found here. The all-cause 2003 U.S. death rate of those ≥30 years was 809.7 deaths/yr per 100,000
total population. No scaling of results from the 4-month model period to the annual average was performed to
be conservative, since PM2.5 concentrations from July-November are lower than in the annual average based on
California data [H. Tran, pers. comm.].

Impacts of Carbon Dioxide on California Versus U.S. Air Pollution Health
In sum, Jacobson (2008) showed by cause and effect that carbon dioxide emitted regionally
around the global increases ozone, particle, and carcinogen air pollution health problems in the
United States. The study also found that pollution increases the most where air pollution is
already high. Subsequently, data from the study have been extracted to calculate the portion of
air pollution health problems that occurred in California. The result was that, of the additional
1000 (+350 to +1800) deaths per year in the United States due to carbon dioxide, more than 30%
(>300) occurred in California, which has only 12% of the U.S. population. As such, the death
rate per capita in California was over 2.5 times the national average death rate per capita due to
carbon dioxide-induced air pollution. This result is not a surprise since 6 of the 10 most polluted
cities in the United States, with respect to photochemical smog, are in California: Los Angeles,
Visalia-Porterville,
Bakersfield,
Fresno,
Merced,
and
Sacramento
(e.g.,
www.citymayors.com/environment/polluted_uscities.html).
The disproportionate effect of carbon-dioxide-induced global warming on California
compared with the rest of the United States found in this analysis contradicts a major assumption
by Mr. Johnson in his decision to deny California a waiver, namely that there is no difference in
the impact of globally-emitted carbon dioxide on health in California versus the U.S. as a whole.
(Johnson, 2008, p. 12168).
Impacts of California-Emitted Carbon Dioxide on California Health.
The results from Jacobson (2008) and the subsequent analysis of the disproportionate death rate
in California versus the U.S. as a whole due to carbon dioxide provide further insight into the
effect of locally-emitted carbon dioxide on local California air pollution health.
First, let’s examine the effect of carbon dioxide as if local emissions were instantaneously
mixed globally, which is not the case in reality. In such a case, the carbon dioxide emitted from
California or the United States has the effect of increasing the death rate more in California than
the rest the United States because increases in global-scale carbon dioxide increase air pollution
health problems more per capita in California than in the United States as a whole (analysis
above). As such, controlling local carbon dioxide in California alone would reduce the airpollution-related death and illness rate in California at a rate 2.5 times greater per capita than it
would reduce such rates in the U.S. as a whole.
The above discussion assumed that carbon dioxide emissions mix quickly to the global
atmosphere, as Mr. Johnson assumed in his waiver denial (Johnson, 2008, p. 12160). However,
emissions of carbon dioxide do not mix immediately to the global atmosphere. Instead, carbon
dioxide mixing ratios in polluted cites are much higher than are those in surrounding areas, as
shown with data in Figure 3. Although the global background mixing ratio of carbon dioxide is
currently about 385 ppmv (http://www.esrl.noaa.gov/gmd/ccgg/trends/), the data in Figure 3
indicate that the average mixing ratios in a medium-sized city’s downtown area (Fig. 3a) or
nearby (Fig. 3b) can be 420-440 ppmv and can peak at over 500 ppmv. Even just outside of a
city, mixing ratios can average about 395 ppmv (Fig. 3c).
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Figure 3. Measured mixing ratios (ppmv) of carbon dioxide in (a) downtown Salt Lake City, (b)
the Sugar House monitoring site in Salt Lake City, and the Kennecott monitoring site in Salt
Lake City over a month or more preceding April 1, 2008. (d) Map of the locations. Data and
maps from the Ehleringer Lab at the University of Utah (http://co2.utah.edu).

(a)

(b)

(c)

(d)

Although carbon dioxide in cities disperses to the global atmosphere, its continuous
emissions from vehicles, power plants, and other sources keep its levels high over cities. It is
shown here that such elevated levels of carbon dioxide can increase ozone. Figure 4a shows the
computer-modeled changes in carbon dioxide in California for the month of August when
simulations with and without carbon dioxide emissions were run. The elevated carbon dioxide
over the urban areas (Los Angeles, San Francisco, Central Valley) is consistent with the
expectations of elevated carbon dioxide in a city, as determined from data (e.g., Figure 3). It
should be noted that the model grid cells for the simulations had resolution of around 15 km. A
more highly-resolved domain results in higher peaks in carbon dioxide. For example, with a 5
km domain, the peak carbon dioxide above the background in Los Angeles is about 90 ppmv.
Figure 4. Modeled difference in the mixing ratios (all ppbv) of (a) carbon dioxide, (b) water
vapor, and (c) daytime ozone in California during August when two simulations were run: one
with fossil-fuel emissions of carbon dioxide (fCO2) and one without such emissions. For both
simulations, two nested grids were used: a global and California grid. Initial ambient levels of
carbon dioxide were the same in both simulations on the California grid. Both emissions and
ambient levels of carbon dioxide were the same in the global and grids in both simulations in
order to ensure that local effects of carbon dioxide in California were isolated. This differs from
Jacobson (2008), where both ambient and emission levels of carbon dioxide were set to
preindustrial values in all grids to test whether global and local carbon dioxide would impact
local pollution. The numbers in parentheses are average changes over all land points in the
figure.
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a)

b)

c)
Figure 4b shows that the increases in carbon dioxide in California led to an increase in
water vapor, and this resulted in a net increase in ozone over all land in California, with increases
in the Central Valley of up to 2 ppbv and in Los Angeles of up to 4-5 ppbv. These changes
compare with polluted-air mixing ratio of above 100 ppbv and California-average daytime ozone
mixing ratios in August of around 55 ppbv. Decreases also occurred in some location, but ozone
increased on average over land (Figure 4c). The increases should be larger over a longer
simulation period as the carbon dioxide changes from Figure 4a spread to a greater extent
horizontally and vertically over California. Nevertheless, since carbon dioxide emissions outside
9

of the grids shown were not perturbed for the simulations, the simulations during the limited time
simulated demonstrate that the effects on ozone found here were due solely to locally-emitted
carbon dioxide. The figures thus demonstrate by cause and effect (since carbon dioxide emission
in California was the only variable changed) that increases in locally-emitted carbon dioxide
increase local ozone in California.
In sum, locally-emitted carbon dioxide is a fundamental causal factor of air pollution in
California. This result contrasts with Mr. Johnson’s assumption that “GHG emissions from
California cars are not a causal factor for local ozone levels any more than GHG emissions from
other sources of GHG emissions in the world (Johnson, 2008, p. 12163).”
Conclusions
This analysis finds the following:
1) Globally-emitted carbon dioxide increases air pollution-related mortality and other health
problems in California at a rate at least 2.5 times that of the United States as a whole. The
main reason is that higher temperatures and water vapor due to carbon dioxide increase
pollution the most where pollution is already bad, and California has the highest levels of
air pollution in the United States.
2) If emitted carbon dioxide were mixed instantaneously to the globe, which it doesn’t, a
decrease in California-emitted carbon dioxide would decrease the local air pollution
death rate in California by at least a factor of 2.5 times more than it would decrease the
death rate of the U.S. as a whole. Similarly, decreases in U.S.-emitted carbon dioxide
would decrease the air pollution death rate in California at a rate at least 2.5 times higher
than it would decrease the death rate of the U.S. as a whole.
3) Continuous local carbon dioxide emissions cause an increase in local outdoor carbon
dioxide relative to the global average, particularly in cities. The higher carbon dioxide in
cities, increasing ozone. As such, carbon dioxide is a fundamental causal factor of local
air pollution.
4) Scientific findings 1-3 contradict the two assumptions that served as the basis for Mr.
Johnson’s decision to deny California a waiver – namely that (a) there is no difference in
the impact of globally-emitted carbon dioxide on California versus U.S. health and (b)
the effect of locally-emitted carbon dioxide emissions on California air pollution is no
greater than the effect of U.S. or worldwide carbon dioxide emissions on California air
pollution. I am unaware of any scientific publication or unpublished study that supports
either assumption.
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