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ABSTRACT 33 

Peroxyacetyl nitrate (PAN) is produced in the atmosphere by photochemical oxidation of 34 

nonmethane volatile organic compounds (NMVOCs) in the presence of nitrogen oxides (NOx), 35 

and can be transported over long distances at cold temperatures before decomposing thermally to 36 

release NOx in the remote troposphere. It is both a tracer and a precursor for ozone pollution 37 

transported on intercontinental scales. Dense satellite observations of PAN available from the 38 

Infrared Atmospheric Sounding Interferometer (IASI) can directly observe this transport. Here 39 

we reprocess the IASI PAN retrievals with PAN vertical profile shapes from the GEOS-Chem 40 

chemical transport model, after showing that GEOS-Chem captures the contrasting aircraft 41 

vertical profiles observed over South Korea (KORUS-AQ) and the North Pacific (ATom). The 42 

reprocessed IASI PAN observations show maximum transpacific transport in spring, which is 43 

reproduced by GEOS-Chem and associated with East Asian ozone pollution. High-PAN events 44 

observed by IASI over the Northeast Pacific offshore from the US originate from East Asian 45 

pollution and are associated with elevated ozone in the lower free troposphere. However, these 46 

events increase surface ozone in the US by less than 1 ppbv because most of the ozone pollution 47 

remains offshore as it circulates around the Pacific High.  48 

Synopsis statement: This study presents the first satellite observations of transpacific transport 49 

of peroxyacetyl nitrate, a proxy and precursor of ozone pollution.  50 

Keywords: peoroxyacetyl nitrate, ozone, atmospheric chemistry modeling, satellite remote 51 

sensing, satellite retrieval 52 

1. INTRODUCTION 53 

Transpacific transport of Asian air pollution increases background surface ozone over the 54 

western United States (US), making it more difficult to meet ozone air quality standards.1-6 This 55 

Asian influence has mainly been inferred from models but has been elusive to detect in 56 

observations.1 Observational studies of transpacific pollution generally use in-situ and satellite 57 

measurements of carbon monoxide (CO) as a long-lived tracer of combustion influence,4, 7-10 but 58 

elevated CO is not necessarily associated with ozone pollution. Here we show that continuous 59 

Infrared Atmospheric Sounding Interferometer (IASI) satellite observations of peroxyacetyl 60 

nitrate (PAN),11 a long-lived photochemical tracer closely associated with ozone formation, 61 

provide a robust indication of transpacific ozone pollution.  62 

PAN is produced together with ozone by photochemical oxidation of nonmethane volatile 63 

organic compounds (NMVOCs) in the presence of nitrogen oxides (NOx).12 It is thermally 64 

unstable, with a lifetime of only 1 hour at 295 K but doubling for every 4 K decrease in 65 

temperature to reach over 1 month in the mid-troposphere.13 It provides a reservoir for the long-66 

range transport of NOx from source regions to the remote atmosphere. PAN formed over East 67 

Asia in the planetary boundary layer (PBL) and ventilated to the cold free troposphere (FT) can 68 

be transported across the North Pacific before it subsides to release NOx.9, 14 Aircraft 69 

observations off the US west coast show that PAN in descending air on the east branch of the 70 

semi-permanent Pacific High decomposes and promotes efficient formation of ozone in the 71 

lower FT at 2-5 km altitude.4, 7, 8, 15 This elevated lower FT ozone could then affect surface ozone 72 

air quality over the Western US by vertical mixing.16, 17 Both aircraft measurements and model 73 

results show that PAN contributes significantly to transpacific ozone air pollution, adding to the 74 
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directly transported ozone produced over East Asia.4, 8, 18, 19  75 

Despite the observation of lower FT ozone plumes off the US west coast, assessments of Asian 76 

pollution contribution to western US surface ozone have been inconclusive. The elevated FT 77 

ozone transported across the Pacific could reflect the mixing of Asian pollution and stratospheric 78 

contributions.16, 20 At US surface sites, the detection of Asian pollution ozone plumes has been 79 

difficult due to dilution during entrainment and other sources of ozone variability.16, 21, 22 At 80 

western US high-altitude sites, although ozone filaments with concentrations enhanced by up to 81 

about 14 ppbv are observed, it is difficult to attribute their sources.10, 23 Models have difficulty in 82 

resolving the transport of pollution plumes across the Pacific because of numerical diffusion 83 

under stretched-flow conditions.24, 25 On the other hand, Asian PAN plumes can be distinctly 84 

detected at western US high-altitude sites,14, 18 suggesting that  PAN observations by satellite 85 

could be useful for documenting transpacific transport of ozone pollution. 86 

PAN is detectable from space in the thermal infrared (TIR). Early observations from the 87 

Tropospheric Emission Spectrometer (TES) captured plumes associated with boreal wildfires26, 88 
27 but were too sparse to detect variability over the Pacific.28 More recent observations from the 89 

Cross-Track Infrared Sounder (CrIS) have detected plumes from wildfires and metropolitan 90 

areas.29, 30 The IASI dataset is unique in its coverage and length, providing continuous global 91 

twice-daily mapping since 2007,11, 31 and has shown consistency with ground-based PAN column 92 

measurements at remote sites.32 93 

2. MATERIALS AND METHODS 94 

2.1. IASI PAN observations 95 

We use PAN column observations retrieved by version 4 of the Artificial Neural Network 96 

Framework for IASI (ANNI).11, 31, 33 IASI operates on the Metop series of polar-orbiting 97 

meteorological satellites and has a twice-daily global coverage (~9:30 every morning and 98 

evening) with a pixel size of 12 × 12 km2 at nadir. The Metop series starts with Metop-A 99 

(launched on 19 October 2006 and retired on 15 November 2021) and goes on with Metop-B 100 

(launched on 17 September 2012) and Metop-C (launched on 7 November 2018). ANNI 101 

provides a continuous record of PAN columns starting from October 2007. Here we show the 102 

morning data averaged from Metop-A and Metop-B.  103 

The ANNI retrieval extracts the hyperspectral range index (HRI) as the PAN spectral 104 

enhancement above the background in the IASI spectrum. A neural network is then used to 105 

convert this HRI into a column density [molec cm-2]. The background is set by IASI spectra in 106 

the remote troposphere, with an assumed background PAN column density of 1.9 × 1015 molec 107 

cm-2 from the ECHAM5/MESSy Atmospheric Chemistry (EMAC) model and added to the HRI 108 

retrieved column density.11, 34 Retrieved PAN can be lower than this background if the HRI is 109 

negative. The column retrieval of PAN is sensitive to the temperature at which PAN is located 110 

and therefore is sensitive to the assumed PAN vertical distribution. For its baseline retrieval, 111 

ANNI assumes a constant vertical profile shape of PAN based on mean values from the EMAC 112 

model. 34 This can be a large source of retrieval error because of the large variability in that 113 

shape.12  114 
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Here we reprocess the IASI retrieval with local PAN vertical profile shapes from the GEOS-115 

Chem chemical transport model by making use of the averaging kernels that are retrieved 116 

alongside the total column in the ANNI v4 algorithm.33 Specifically, the following equation is 117 

applied, which effectively replaces the constant a priori profile with GEOS-Chem vertical 118 

profiles:33 119 

𝑋𝑚 =  
𝑋𝑎−𝐵

∑ 𝐴𝑧
𝑎𝑚𝑧𝑧

 + B                                                           (1) 120 

where Xm is the column retrieved with the updated prior vertical profile (here from GEOS-121 

Chem),  𝑋𝑎 is the baseline column retrieved with the EMAC prior profile, and B = 1.9 × 1015 122 

molec cm-2 is the background column. The retrieval is done on a 14-level vertical grid, where 𝐴𝑧
𝑎  123 

is the averaging kernel describing the sensitivity of the retrieval to PAN at altitude z, and 𝑚𝑧 is 124 

the normalized prior vertical profile defining the profile shape:  125 

𝑚𝑧 =  
𝑀𝑧

𝑚 − 𝐵𝑧

𝑀𝑚 − B
                                                              (2) 126 

Here 𝑀𝑚 is the total column from GEOS-Chem, 𝑀𝑧
𝑚 is the partial column for the corresponding 127 

level, and Bz is the background vertical profile.11 After applying the averaging kernel, the 128 

retrieval postfilter needs to be reapplied,33 which means that we remove observations that do not 129 

meet criterion (1) or that meet both criteria (2) and (3) following Franco et al. (2018):11 130 

|
𝑋𝑎−𝐵

𝐻𝑅𝐼
| < 5.5 × 1015 𝑚𝑜𝑙𝑒𝑐  𝑐𝑚−2                            (Criterion 1) 131 

(𝑋𝑎 − 𝐵) < 0                                               (Criterion 2) 132 

|𝐻𝑅𝐼| > 1.5                                               (Criterion 3) 133 

In the following analysis, we grid IASI pixel data to the 4° × 5° GEOS-Chem horizontal grid to 134 

compare with GEOS-Chem model results. 135 

2.2.  GEOS-Chem model 136 

We use GEOS-Chem version 13.4.1 (https://zenodo.org/records/6564702) with updates 137 

described below. GEOS-Chem is driven by meteorological data from the NASA Modern-Era 138 

Retrospective Analysis for Research and Applications, Version 2 (MERRA-2). We conduct 139 

global model simulations at a horizontal resolution of 4° × 5° with 72 vertical levels. Emissions 140 

in GEOS-Chem are prepared by the Harmonized Emissions Component (HEMCO).35, 36 Global 141 

anthropogenic emissions are from the Community Emissions Data System (CEDSv2),37 142 

superseded over China by the Multi-resolution Emission Inventory (MEIC).38, 39 We add ethanol 143 

emissions from seawater and transportation following Bates et al. (2024).40 Other emissions 144 

include NOx from lightning41 and soil,42 MEGANv2 biogenic VOCs,43 dust,44 sea salt,45 and 145 

GFEDv4 open-fire emissions.46 We follow Fischer et al. (2014)12 and distribute 35% of open fire 146 

emissions by mass in the FT. 147 

We implement in our simulation particulate nitrate photolysis following Shah et al. (2023).47 148 

Shah et al. (2023)47 show that including photolysis of particulate nitrate on sea salt aerosols can 149 

account for the missing NOx source over the oceans in ATom aircraft observations, while 150 
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Colombi et al (2023)48 show that it largely corrects a negative ozone bias against ozonesonde 151 

observations over East Asia. Here we see an increase in PAN from nitrate photolysis, which is an 152 

important factor for GEOS-Chem to reproduce IASI PAN (Section 3.2; Figure S1). We also 153 

adopt a slower peroxyacetic acid (PAA) + OH reaction rate of 3 × 10-14 cm3 molec-1 s-1 as 154 

measured by Berasategui et al. (2020)49 and implemented in the latest GEOS-Chem model 155 

version 14.3.0.50 This rate is 40 times lower than the previously recommended value but we find 156 

that this has only a minor effect on simulated PAN. 157 

3. RESULTS AND DISCUSSION 158 

3.1. Vertical profiles of PAN over South Korea and Northeast Pacific 159 

Figure 1a-e show the vertical profiles of PAN measured from aircraft over South Korea in spring 160 

during the KORUS-AQ campaign51, 52 and over the Northeast Pacific in different seasons during 161 

the four ATom campaign deployments (Figure S2),53, 54 compared to the GEOS-Chem vertical 162 

profiles sampled along the flight tracks. KORUS-AQ and ATom show contrasting vertical 163 

profiles over the East Asia source region and the remote North Pacific. PAN in KORUS-AQ is 164 

enhanced in the PBL with a concentration of 600-700 pptv at 0-1 km decreasing with altitude, 165 

flattening to a uniform concentration of 270 pptv in the FT above 3 km altitude. This is closely 166 

reproduced by GEOS-Chem, where the PBL enhancement is driven by East Asian anthropogenic 167 

emissions. The vertical profile shapes are reversed over the North Pacific, with minimum 168 

concentrations in the marine boundary layer (MBL) and increasing concentrations in the FT 169 

above. Such vertical profiles of PAN over the North Pacific are expected from the cold reservoir 170 

aloft and thermal decomposition during subsidence.12 There is seasonal variation in the FT 171 

vertical profile as expected from different lifting altitudes for continental pollution transported to 172 

the Pacific with maxima in the lower FT in winter, in the middle troposphere in spring and 173 

autumn, and in the upper troposphere in summer. The vertical profiles and their seasonality are 174 

again well captured by GEOS-Chem, generally within the uncertainty in the observations as 175 

illustrated by the difference between the GT-CIMS and PECD instruments.55   176 

 177 

Figure 1. Vertical profiles of peroxyacetyl nitrate (PAN) concentrations over South Korea and 178 

the Northeast Pacific. Median observations from (a) the KORUS-AQ aircraft campaign over 179 

South Korea and nearby waters (May-June 2016) and from (b-e) the ATom aircraft campaign 180 

deployments over the Northeast Pacific (Figure S2) (15-55° N, 180-145° W) in different seasons 181 

of 2016-2018 are compared to the GEOS-Chem model sampled along the aircraft tracks. The 182 

KORUS-AQ measurements were made by the Georgia Tech Chemical Ionization Mass 183 

PAN, pptv

Observations

GEOS-Chem

GTCIMS

PECD

PAN vertical profiles and IASI averaging kernels over South Korea (KORUS-AQ) and Northeast Pacific (ATom)

Dimensionless

(a) (b) (c) (d) (e) (f)
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Spectrometer (GT-CIMS).56, 57 The ATom payload included two PAN measurements, the GT-184 

CIMS and the PANTHER (PAN and Trace Hydrohalocarbon ExpeRiment) Gas Chromatograph 185 

Electron Capture Detector (PECD).58 The GT-CIMS was not included in the summer 2016 186 

deployment. Horizontal bars indicate 25th - 75th percentiles in the GT-CIMS observations. (f) 187 

IASI PAN averaging kernels over East Asia and Northeast Pacific averaged over May 2016.  188 

Figure 1f shows the vertical profiles of the mean averaging kernels Az
a (equation (1)) for the 189 

KORUS-AQ and ATom conditions, describing the sensitivity of the IASI retrievals to PAN 190 

concentration as a function of altitude. There is an order of magnitude increase in sensitivity 191 

from the PBL to the FT. This is a critical issue for the PAN retrieval, considering the systematic 192 

variability of the PAN vertical profile shapes illustrated in Figure 1a-e. Assuming a single profile 193 

globally, as done in the baseline IASI retrieval, can induce large errors. The success of GEOS-194 

Chem in reproducing the observed variability in the vertical profile shape indicates that the 195 

baseline IASI retrieval can be reprocessed with the local normalized GEOS-Chem profiles as 196 

prior information, following the method described in Section 2.1. This reprocessing is also 197 

necessary for comparing GEOS-Chem to IASI column concentrations. 198 

3.2. Transpacific transport of PAN observed by IASI 199 

Figure 2a and b compare the baseline IASI retrieval over East Asia and the North Pacific to the 200 

reprocessed retrieval using local GEOS-Chem normalized vertical profiles for the year 2016. The 201 

reprocessed retrieval increases PAN over source regions and immediately downwind (where 202 

PAN peaks at low altitudes) and decreases PAN in the non-winter remote atmosphere (where 203 

PAN peaks at high altitudes). The seasonal maximum over East Asia shifts from summer to 204 

spring. There is also a poleward shift because PAN at high latitudes peaks at lower altitudes. We 205 

use the reprocessed PAN retrievals for further analysis. 206 

We see from the reprocessed PAN retrievals in Figure 2b that PAN over East Asia peaks in 207 

spring, reflecting a combination of active photochemistry and low temperatures. This is also the 208 

season when Asian outflow to the Pacific is the strongest,59 stretching longitudinally across the 209 

Pacific. In summer and autumn, the Asian outflow is shifted to higher latitudes. Wintertime 210 

outflow is limited by the weak source of PAN and suppressed lifting. Figure 2c shows the 211 

GEOS-Chem PAN columns sampled at the locations of valid IASI retrievals. GEOS-Chem 212 

reproduces closely the reprocessed IASI observations over East Asia and across the Pacific, 213 

including the seasonality. It underestimates PAN at high latitudes over Russia and Canada, 214 

possibly due to an underestimate of PAN production in open-fire plumes.12  215 
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 216 
Figure 2. PAN column densities across the Pacific in different seasons. Seasonal mean (a) 217 

baseline and (b) reprocessed IASI satellite observations for 2016 are compared to (c) the GEOS-218 

Chem model sampled at the locations and times of valid IASI observations. The results shown 219 

are daytime averages for Metop-A and Metop-B observations. White areas have fewer than 40% 220 

valid retrievals. The baseline IASI retrieval assumes a global mean normalized vertical profile 221 

from the EMAC model. The reprocessed IASI retrieval uses local normalized vertical profiles 222 

from GEOS-Chem, thus accounting for very different vertical shapes over different regions. 223 

Rectangles denote the Northwest Pacific (32-48° N, 142.5-162.5° E), Northeast Pacific (32-224 

48°N, 147.5-127.5° W), and East Asia (20-50° N, 100-150° E) regions used in the analysis of 225 

Section 3.3. The blue star is the location of the Mt. Batchelor Observatory (MBO) site (44.0° N, 226 

121.7° W; 2.74 km asl).  227 

3.3. Transpacific PAN events and implications for transpacific ozone pollution 228 

Figure 3 shows the full-year IASI and GEOS-Chem time series of daily PAN column 229 

concentrations over the NW and NE Pacific regions (blue rectangles in Figure 2b) most relevant 230 

for the transpacific transport of Asian pollution to the US. Also shown in Figure 3 are the East 231 

Asian anthropogenic pollution enhancements of ozone concentrations at 720 hPa (≈ 3 km 232 

altitude) in GEOS-Chem, as computed by difference with a sensitivity simulation in which 233 

anthropogenic NOx, NMVOC, and CO emissions over East Asia (large white rectangle in Figure 234 

2b) are set to zero except for airplanes, ships, and fertilizer-driven soil emissions. PAN peaks in 235 

April over both the NW and NE Pacific and has a secondary maximum in autumn, consistent 236 

with the meteorological seasonality of Asian outflow to the Pacific.59 GEOS-Chem reproduces 237 

the observations closely except for an overestimate over the NE Pacific in January. Day-to-day 238 

variability including events of Asian outflow and transpacific transport are also captured by 239 

GEOS-Chem, with deseasonalized correlation coefficients of 0.42 over the NW Pacific and 0.58 240 

over the NE Pacific. In the GEOS-Chem model, the East Asian pollution PAN enhancement 241 

molec cm-2

Spring

(MAM)

Summer

(JJA)

Autumn

(SON)

Winter

(DJF)

Transpacific transport of PAN in different seasons

(a) (b) (c)
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(PAN produced by East Asian anthropogenic emissions as represented in the sensitivity 242 

simulation) is strongly correlated with total PAN in the daily time series over the NW and NE 243 

Pacific, with a correlation coefficient respectively of 0.81 and 0.76, indicating that East Asian 244 

pollution effectively drives high-PAN events. 245 

Asian pollution influence on ozone over the western US is known from observations and models 246 

to peak in April-May3, 60-63 and this is apparent in the IASI PAN observations. Figure 3 shows 247 

that the Asian pollution enhancement of ozone over the NW and NE Pacific as simulated by 248 

GEOS-Chem closely tracks IASI PAN, peaking in April and indicating that IASI PAN can serve 249 

as a tracer for ozone pollution. The Asian pollution enhancement of ozone over the NW Pacific 250 

shows a second peak in June, due to direct transport of ozone during the ozone peak season 251 

(May-July) in East Asia.48 There is no associated ozone enhancement over the NE Pacific 252 

because transport in summer is shifted to higher latitudes (Figure 2). Although ozone 253 

observations are also available from IASI, they have too little sensitivity to the lower 254 

troposphere.64 Observed PAN is a better indicator of Asian ozone pollution. 255 

 256 
Figure 3. Daily time series of PAN column densities over (a) the Northwest and (b) the 257 

Northeast Pacific (blue rectangles in Figure 2b) from the reprocessed IASI PAN and simulated 258 

by GEOS-Chem in 2016. The results shown are daytime averages for Metop-A and Metop-B 259 

observations. The evening data are highly consistent with the morning data over the North 260 

Pacific, with half-day deviations as compared to morning data for some NE Pacific events 261 

(Figure S3). Also shown are the Asian pollution enhancements of 720 hPa ozone concentrations 262 

in GEOS-Chem as diagnosed by difference with a sensitivity simulation that zeros anthropogenic 263 

emissions in the large white rectangle of Figure 2b.  264 

Figure 4a zooms in on the April-May 2016 period of the Figure 3time series over the NE Pacific. 265 

There are four PAN peaks (April 12, April 23, May 3, and May 22), and GEOS-Chem captures 266 

them all with a day-to-day correlation coefficient of 0.77. The episodic nature of transpacific 267 

pollution events is well known, driven by frontal lifting over the Asian continent and the position 268 

of the North Pacific High.4, 59 We conducted GEOS-Chem sensitivity simulations zeroing out 269 

separately East Asian anthropogenic emissions, open fire emissions, and Southeast Asia biogenic 270 

VOC emissions.65 We find that the high-PAN events during April-May 2016 over the NE Pacific 271 

are mainly from East Asian anthropogenic enhancements, except for the May 22-24 event where 272 

fires are also important. Open fires in Russia could dominate the transpacific transport of PAN in 273 

some years.18 We find that Southeast Asia makes little contribution to the events.  274 

High-PAN events in GEOS-Chem over the NE Pacific are associated with East Asian pollution 275 

ozone enhancements at 720 hPa (Figure 4b). The scatterplot shows the relationship between total 276 

IASI PAN    GEOS-Chem PAN East Asian pollution ozone enhancement at 720 hPa

(a) (b)
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PAN columns and Asian ozone pollution enhancements in the model. The strong correlation (r = 277 

0.67) implies that IASI observations of high-PAN events can be used as a proxy for events of 278 

Asian ozone pollution transported across the Pacific. The dynamic range for Asian ozone 279 

pollution in the model is relatively small, with a background of 5 ppbv and events peaking at 9 280 

ppbv. Observations of Asian pollution plumes in the lower FT over the NE Pacific indicate 281 

ozone enhancements of over 40 ppb.7 The weaker enhancements in the model likely reflect the 282 

numerical diffusion of Asian plumes during stretched-flow transport across the Pacific.24, 25  283 

 284 
Figure 4. Daily PAN column densities and relation to Asian ozone pollution enhancements at 285 

720 hPa over the Northeast Pacific during April-May 2016. (a) The time series is an excerpt 286 

from Figure 3b. Arrows indicate PAN peaks in the IASI data. (b) The scatterplot shows the daily 287 

correlation between PAN and Asian ozone pollution enhancements in the GEOS-Chem model. 288 

Inset in the left panel is the correlation coefficient (r) between IASI and GEOS-Chem PAN, and 289 

inset in the right panel is that between PAN and 720 hPa East Asian pollution ozone 290 

enhancement in GEOS-Chem.  291 

Figure 5 links the transpacific transport of PAN to East Asian pollution ozone enhancements in 292 

western US surface air in April-May as diagnosed by GEOS-Chem. Here we define high-PAN 293 

events in the model as April 10-12, April 21-26, May 2-5, and May 22-24, covering the four 294 

PAN peaks identified in Figure 4a. PAN during those events averages 3.9 × 1015 molec cm-2, 295 

35% higher than the background conditions (defined as periods outside of the high-PAN events) 296 

when PAN averages 2.9 × 1015 molec cm-2. We find that Asian pollution ozone enhancements in 297 

surface air over the western US are not significantly elevated during these high-PAN events, at 298 

most by 1 ppbv on top of the background Asian pollution enhancement of about 3 ppbv that 299 

reflects hemispheric-scale pollution rather than direct transpacific transport.66 Adding time lags 300 

for subsidence of high-PAN pollution events to the surface does not change this picture, as 301 

illustrated in Figure 5c with a 5-day time lag. Most of the Asian ozone pollution remains 302 

offshore and circulates around the North Pacific High as it subsides, skirting the US and 303 

eventually entrained in the tropical easterlies. Such a circulation for transpacific pollution has 304 

been shown in previous studies.4, 8 Dilution during boundary layer entrainment and mixing 305 

further reduces the signature of Asian pollution in surface air. Even at the Mt. Batchelor 306 

Daily column PAN and 720 hPa Asian pollution ozone over the Northeast Pacific

r = 0.67

IASI PAN   GEOS-Chem PAN   East Asian pollution ozone enhancement at 720 hPa

r = 0.77

(a) (b)
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Observatory (MBO) site (2.8 km asl; location shown in Figure 2) under direct FT influence, 307 

ozone enhancements in Asian pollution plumes are usually too weak to observe.4 In contrast, 308 

PAN enhancements are readily observable.18 No PAN observations are available for MBO in 309 

spring 2016, but comparison to the Fischer et al. (2010)18 observations in spring 2008 shows 310 

consistency with transpacific PAN events observed by IASI (Figure S4).  311 

 312 
Figure 5. East Asian ozone pollution enhancements in surface air in April-May 2016 associated 313 

with transpacific PAN transport events. The Figure shows the ozone enhancements under (a) 314 

background conditions and (b) during high-PAN events (Figure 4a), including (c) with a 5-day 315 

time lag. The East Asian ozone pollution enhancements are diagnosed in GEOS-Chem with a 316 

sensitivity simulation shutting off East Asian anthropogenic emissions.  317 

In summary, we have shown that IASI satellite observations of PAN across the North Pacific 318 

provide a proxy for the transpacific transport of Asian ozone pollution. We reprocessed the IASI 319 

PAN product to use normalized vertical profiles of PAN concentrations from the GEOS-Chem 320 

chemical transport model as prior information, after showing that GEOS-Chem can reproduce 321 

the contrasting vertical profiles observed from aircraft over East Asia and over the North Pacific 322 

in different seasons. Transpacific transport of PAN observed by IASI is strongest in spring, with 323 

a secondary maximum in autumn, and is highly correlated in GEOS-Chem with the transpacific 324 

transport of Asian ozone pollution. Distinct high-PAN events of Asian pollution origin are 325 

observed over the Northeast Pacific in spring and are associated with ozone enhancements in the 326 

lower free troposphere, but the impact of these events on surface ozone in the US is insignificant 327 

because most of that Asian ozone pollution remains offshore in the circulation around the North 328 

Pacific High.  329 
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