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Introduction

This Supplementary Information describes the model used for this study in more detail,
shows paired-in-time-and-space comparisons of model predictions with data for the
August baseline case, shows additional difference plots resulting from the switch from
gasoline to diesel, and briefly discusses the issue of diesel versus gasoline effects on
climate.

1. Description of the model.

GATOR-GCMOM is anested, parallelized, and vectorized global-through-urban scale air
pollution/weather forecast/climate model. The model has been compared with paired-in-
time-and-space gas, aerosol, radiative, and meteorological data from the SCAQS field
campaign, paired-in-time-and-space gas, radiative, and meteorological data from the
SARMAP field campaign, and global data and climatologies [Jacobson et al., 1996;
Jacobson, 1997, 2001a,b, 2002a]. Here, the model treated time-dependent gas, aerosol,
radiative, dynamical, cloud, land-surface, soil, and ocean processes over two layers of
nesting, where a 0.5°S-N x 0.75°W-E (about 55 km S-N x 68 km W-E) regional U.S. grid
was nested within a 4°S-N x 5°W-E global grid. The global grid included 39 sigma-
pressure layers from the ground to 0.425 mb (»55 km), including 23 tropospheric layers
and 4 layers below 1.3 km. The regional grid included 26 layers from the ground to 103.5
mb. The nesting time interval for passing meteorological and chemical variables was one
hour.

Gas processes solved in both nested grids included emissions, chemistry (90
species and 205 reactions), gas-aerosol-surface chemistry, advection, turbulence, cloud
convection, aerosol nucleation, condensational growth, dissolutional growth, dry
deposition, dissolution into cloud and precipitation liquid, and interaction with radiation.
Sizee and composition-resolved aerosol processes solved included emissions,
homogeneous nucleation, coagulation, condensation, dissolution, water uptake by
hydration, liquid- and solid-phase equilibrium chemistry, irreversible aqueous chemistry,
advection, turbulence, cloud convection, dry deposition, settling, rainout, washout, and
interaction with radiation. The most recent description of aerosol processes is described
in Jacobson (2002b). Cloud microphysics and interactions with gases and aerosols are
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described in Jacobson (2003). Radiation processes included solar and infrared
interactions with gases, size- and composition-resolved aerosol particles, and size- and
composition-resolved hydrometeor particles. Radiation calculations affected photolysis
and heating rates. The dynamical/ocean modules solved for winds, temperatures,
pressures, turbulence, sea-surface temperatures, ocean velocities, ocean mixed-layer
depth, soil, road, and roof temperatures, and soil moisture.

Meteorological fields, predicted in the model, were initialized for both nested
grids on February 1 and August 1, 12 GMT with reanalysis fields from the National
Center for Environmental Prediction [2003]. Aerosol and gas fields in both domains
were first initialized as described in Jacobson [2001a,b] Such initial fields were then
overridden over the U.S. for O,, CO, NO,, SO,, PM, ., and PM ,, using U.S. EPA ambient
air quality data [USEPA, 2003a], interpolated from over 1650 stations to model grid cell
at the time corresponding to initialization.

The U.S. EPA emission inventory used [USEPA, 2003b] was the 1999 National
Emission Inventory, Version 2. Emissions from each source and location were allocated
temporarily (with one-hour resolution) and by species with USEPA temporal and
speciation factors (NO, was fractionated into NO and NO,, TOGs were fractionated into
methane, paraffins, ethane, other olefins, formaldehyde, other aldehydes, toluene, xylene,
and isoprene; SO, was fractionated into SO, and SO, and PM,. and PM,, were
fractionated into organic matter, black carbon, sulfate, nitrate, and other).

Biogenic emissions of biogenic isoprene, monoterpenes, other VOCs, and NO for
North America were derived from 1-km vegetation and land-use data from the third
generation Biogenic Emissions Landuse Database (BELD3) [USEPA, 2003c] and for the
rest of the world from USGS 1-km landuse/landcover data [ USGS, 1999]. A program was
written to produce normalized (at a specific temperature and radiation level) inventories
of biogenic isoprene, monoterpenes, other VOCs, and NO from these data for any spatial
and temporal grid. These normalized data were combined in the model with temperature-
and radiation-dependent equations to derive emission rates affected by the current
temperature and radiation fields.

Emissions of anthropogenic black carbon (BC) and organic matter outside the
U.S. were obtained from Bond et al. [2003] and for within the U.S., from USEPA
[2003b]. Emissions of biomass burning, sea spray, soil dust, lightning NO, ocean DMS,
volcanic SO,, and other global sources of NO,, SO,, NH,, CH,, CO, N,O, organics, and
CO, are described in Jacobson [2001b].

2. Pair ed-in-time-and-space comparisons of model with data.

The figures below compare paired-in-time-and-space modeled with measured variables
from the August 1999 baseline simulation described in the main paper. The time
resolution of the data (and model values) was 1 hour in al cases. Modeled values were
interpolated with bilinear interpolation from four surrounding grid cells to the exact
location of the measurement. There was no data assimilation (nudging) of any parameter
or spinup of the simulations.

Figures 1-8 compare modeled near-surface ozone, near-surface nitrogen dioxide,
near-surface isoprene, surface air pressure, near-surface relative humidity, surface solar
radiation, surface ultraviolet radiation, and near-surface temperature, respectively, with
hourly U.S. air quality data at several sites. All comparisons are paired-in-time-and-
space. Although the model captured diurnal variations and severa daily peaks of O, very
well, nighttime O, titration by NO, was often incomplete, possibly due in part to the
coarser resolution of the regiona grid (0.5°x0.75°) relative to the scale over which local
O, destruction by titration occurs (<0.05°). It may also have been due to dightly
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excessive modeled vertical downmixing of O, at night. Several nighttime O, reductions
were simulated correctly.

Figure 1. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines) near-
surface O, [USEPA, 20034 at six air quality monitoring stations in the U.S. Station locations are shown in
Figure 2a of the main paper. The simulations were run without data assimilation or spinup. Model results
were interpolated with bilinear interpolation from four surrounding grid cells of resolution 0.5°S-N x
0.75°W-E to the location of interest.
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Figure 2a. August 1999 monthly-average modeled baseline near-surface nitrogen dioxide mixing ratio.
The red dots represent |ocations of model comparisons with datain Figure 2b.
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Figure 2b. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines) near-
surface NO, [USEPA, 20033 at four air quality monitoring stations in the U.S. Station locations are shown
in Figure 2a. See caption to Figure 1 for resolution of simulation.
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Figure 3a. August monthly-average modeled baseline isoprene mixing ratio. The red dots represent
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Figure 3b. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines) near-
surface isoprene [USEPA, 20034] at two air quality monitoring stations in the U.S. Station locations are
shown in Figure 2c of the main paper, which shows the baseline August monthly-averaged map of modeled
isoprene. See caption to Figure 1 for resolution of simulation.

0'008 T T T T T T T T T T T T T T T T T T T T T T T T
_ 0.007 E ol ! T T, T T T
Z 0.006 E : : i 39.9228°N, 74.90280°W
5 0.005 B )
=™ 0.004 T
o 0.003 B K B 4
9) 0.002 B K &
s 0.001 i :
§ 0 , |
12 108 204 300 396 492 588 684 780
GMT hour of simulation (starting 12 GMT Aug. 1, 1999)

0'01 T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T :
= 0.008 32.8200°N, 95.1400°W . =
g 0.006 = : : :
= ' A : : E
Q 0.004 B 5 ] E
& 0.002 ]
Q. : : =
{2 0 ;

12 108 204 300 396 492 588 684 780
GMT hour of simulation (starting 12 GMT Aug. 1, 1999)

Figure 4. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines) surface
air pressure [USEPA, 2003a] at several air quality monitoring stations in the U.S. See caption to Figure 1
for resolution of simulation.
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Figure 5. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines) near-
surface relative humidity [USEPA, 20034] at severa air quality monitoring stations in the U.S. See caption
to Figure 1 for resolution of simulation.
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Figure 6. Comparison of August 1999 hourly modeled (solid lines) with measured
downward surface solar radiation [USEPA, 2003a] at several air quality monitoring statiol
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Figure 7. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines)
downward surface ultraviolet radiation [USEPA, 2003a] at several air quality monitoring stations in the
U.S. (Only 10 days are show so that the daily variation can be seen better). See caption to Figure 1 for
resolution of simulation.
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Figure 8. Comparison of August 1999 hourly modeled (solid lines) with measured (dashed lines) near-
surface air temperature [USEPA, 20034] at several air quality monitoring stationsin the U.S. The
simulations were run without data assimilation or spinup.
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Figure 9 shows the August-average U.S. difference in NO,, PAN, and HNQ,
following conversion to diesel in case 2. These difference plots are described in the main
text, Section 2.

Figure 9. Modeled August 1999 differences (averaged over every hour in August) in () near-surface NO,,
(b) near-surface PAN, and (c) near-surface HNO; due to the U.S. conversion from gasoline to diesel



13

vehicles with 50% lower CO and primary HC emissions, 50% higher NO, emissions, and an NO,:NO ratio
of 20:80 instead of 10:90 for diesdl (case 2).
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3. Brief discussion of relative effects of diesel ver sus gasoline on climate.

The main argument for expanding the use of diesel vehicles is that they ostensibly emit
less CO, per distance traveled, thereby reducing the climate impact of the vehicle fleet. A
counterargument is that the warming effect of BC+OM emitted by diesel vehicles without
a trap in excess of that emitted by gasoline may more than offset the cooling due to
reducing CO, for a specific period [Jacobson, 2002a, Section 7]. Adding atrap to diesel
vehicles reduces the particle emissions by >90% (and up to 99%) (e.g., Table 1, main
text) and reduces the BC content of soot particles [e.g., Durbin and Norbeck, 2002]. On
the other hand, particle emissions from diesel vehicles with a trap may still dlightly
exceed those from gasoline vehicles (Table 1, main text). In addition, the trap and NO,
deviceincrease diesdl fuel use by 3.5-8.5% [Salvat et al., 2000; Johnson, 2001; Ullman et
al., 2002; Durbin and Norbeck, 2002] reducing the CO, difference. If, after these factors
are taken into consideration, the net climate advantage of gasoline versus diesel with a
trap still holds, the time period of the advantage may be relatively short (e.g., on the order
of a decade or so) and the magnitude of the temperature advantage during the period,
small.

As such, the relative benefit of diesel vehicles with atrap versus gasoline vehicles
in the long run (e.g., on the order of many decades) depends substantialy on the relative
CO, emissions, and the relative CO, emissions depends on which vehicles are compared.
Some argue that only cars of the same engine size should be compared. Others argue that
the comparison should be done based on equivalent air pollution emissions (e.g., NO,,
organics, CO, particles), since pollution affects years of life lost and mortality. This
argument is supported by the present paper. A third comparison is vehicle availability.
Table 1 shows the highest-mileage vehicles available in the U.S. and their corresponding
CO, emissions. The table shows that the four-lowest CO, emitters are gas-electric hybrids
followed by two gasoline vehicles followed by diesel vehicles. The table suggests that,
for the greatest CO, reduction in the U.S. as of 2003, the highest-mileage gas-electric
hybrid and gasoline vehicles have an advantage over the highest-mileage diesel vehicles.

Table 1. Highest-mileage passenger vehicles available in the U.S. in 2003, ranked by their CO, emissions
(with and without a trap+NO, filter in the case of diesel).
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Vehicle Energy source  Avg. mpg CO, CO,
(g-C/km) (g-C/km)
w/trap+filter
HondaInsight (M) Gag/electric 64.5 23.0
Honda Insight (A) Gag/electric 56.5 26.2
Toyota Prius (A) Gag/electric 48.5 30.6
Honda Civic (M) Gag/electric 48.5 30.6
Honda Civic (M) Gas 40 37.1
Toyota Echo (M) Gas 39 38.0
VW Golf, Jetta (M) Diesel 45.5 37.8 39.7
VW Golf, Jetta (A) Diesel 39.5 43.5 45.7

(A) denotes automatic transmission; (M) denotes manual transmission. The table
assumes a gasoline and diesel density of 737 g/L and 840 g/L, respectively, a gasoline
and diesel carbon content of 85.5% and 87.0%, respectively, and an increase in fuel use
with atrap+filter of 5% (see text). Source of fuel economy: DOE [2003].

Finally, the actual difference in CO, also depends on what choices consumers
actually make. For example, experience in Europe shows that people tend to buy larger
diesel cars and drive them further than gasoline cars, obviating any potential CO, benefit
that might have occurred in Europe over the last several years [Schipper et al., 2002].

In sum, there appears to be no clearcut advantage of diesel vehicles with a particle
trap or gasoline vehicles on climate. With respect to air pollution in the U.S,, though, this
study suggests that the relative advantage of gasoline versus diesel appears to depend
more on NO, emissions than on hydrocarbon emissions. Vehicles emitting greater NO, in
the U.S. will generally enhance photochemical smog to a greater degree.
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