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• NO2 sources are both natural 
(wildfires, soil, lightning) and 
anthropogenic (burning of fossil 
fuels, biomass burning) 

• NO2 has adverse health effects 
and contributes to the formation 
of aerosols and tropospheric 
ozone

• NO2 impacts ocean color 
algorithms. Errors under high 
loading (1x1016 mol cm-2) of 10-
20% in water leaving radiance 
(Ahmad et al., 2007).

Motivation

2021 annual averaged 
TROPOMI troposphere 
NO2  column (courtesy 
Lok Lamsal)

Can we retrieve NO2 accurately 
with PACE OCI and if so, can it 
provide value-added data for the 
atmospheric chemistry 
community (for downscaling 
emissions, etc)?



Heritage Trace Gas (NO2) Instruments

Spatial Res. Spectral Res. Spectral Range Orbit

OMI 13x24km2 0.42-0.63nm 290-500nm Polar

TROPOMI 3.5x5.5km2 0.25-0.55nm 267-499nm 
661-786nm 

2.3-2.389um 

Polar

TEMPO 2x4.7km2 0.6nm 290-490nm 
540-740nm 

Geo

PACE OCI 1km2 5nm 315-895nm Polar

• Traditional trace gas satellite instruments (OMI, TROPOMI, TEMPO) have lower spatial resolution 
(at least 10x coarser) than PACE OCI, but higher spectral resolution

• Previous ocean color multi-spectral instruments such as MODIS and VIIRS have spectral 
resolution of 20nm+, too coarse for NO2 retrievals



Basic approach 

• Over land the model is trained to 
estimate total vertical column 
density (VCD)

• Over water the model is trained 
to estimate slant column 
density (SCD) and air mass 
factor (AMF) separately 
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Comparison with Pandora NO2

Provided by Eric Buscela 

• Comparisons with Pandoras from U.S. sites (stars on 
TROPOMI NO2 map to left) shows similar results as the 
TROPOMI comparison (ML model will only do as well as the 
data it’s trained on) 

TROPOMI May 2024



• Air quality in LA region is 

heavily dominated by vehicular 

traffic leading to a significant 

weekend/weekday effect as 

seen in NO2 retrievals on right 

• Unlike TROPOMI and TEMPO, 

with PACE OCI spatial 

resolution we can begin to see 

individual highways, particularly 

in heavy vehicular traffic such 

as Monday April 29 

Weekend vs Weekday NO2 in LA Metro 



Multi-Day Average for Downscaling

• High resolution measurements from PACE allow for upscaling of NO2 within a few days to spatial 

resolution < 500m 

• Example above from LA shows many localized features such as mountain ranges and highways not 

as clear in TROPOMI  

TROPOMI ~3km Resolution PACE OCI ~500m Resolution

Credit: Google Maps



• NO2 in eastern Saudia Arabia is 

elevated due to many power plants 

and manufacturing plants in the region 

• P: Power Plant

• C: Cement Factory

• D: Desalination Plant

• S: Steel Factory 

• PACE OCI shows better defined NO2 

plumes such as to the north where 

there are two power plants and a 

cement factory (dashed circle)

NO2 in Eastern Saudi Arabia



Power Plants in Germany/Poland

• Several coal-fired power plants in this 

region rank among Europe’s top 10 in 

generation capacity

• Example on right, from August 1, 2024, 

shows improved detection of NO2 

plumes from these power plants using 

PACE OCI 

• Improved detection from PACE OCI 

makes it easier to distinguish individual 

power plants with little to no temporal 

averaging



NO2 Sources in Wyoming

• Jim Bridger Power Plant (circle):  

One of the largest coal fired power 

plants in the western U.S. 

• America Soda Ash (square) Plant: 

Produces millions of tons of calcium 

bicarbonate per year 

• Bonanza Power Plant (triangle): 

Largest recorded NO2 source in NE 
Utah; scheduled for 

decommissioning in 2030

• While these sources are detectable 

from TROPOMI, it is easier to locate 

the source with improved PACE OCI 

resolution



NO2 Sources in South Africa

• Numerous NO2 sources 

near Johannesburg 

including industrial 

factories and many power 

plants

• PACE OCI finer spatial 

resolution enables clearer 

separation of nearby 

plumes and sharper 

definition of plume 

transport driven by wind 

patterns Factory
Power Plant
Urban



LA Wildfires January 2025
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TROPOMI PACE OCI VIIRS RGB
• Southern California 

fires from Jan 7 to 32 

burned over 57k 

acres destroying 

more than 18,000 

homes and forcing 

200,000 to evacuate

• Elevated NO2 

detected from the 

fires by both 

TROPOMI and PACE 

OCI



Monthly NO2 in France 
September 2024

PACE OCI 0.5km Resolution TROPOMI 1km Resolution

• Monthly NO2 from PACE OCI provides much finer detail of smaller cities, highways, and 
terrain
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Frontal Passage in DC/Balt Oct 22-23, 
2024

TROPOMI PACE OCI
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• Example on right shows two days with very 

different weather regimes

• October 22: high pressure, light winds, allows 

for build up of NO2

• October 23: pre-frontal southerly flow 

disperses NO2 

• Stagnant conditions on October 22 make it easy 

to detect many NO2 emission areas including 

smaller cities like Frederick, MD; Hagerstown, 

MD; York PA

• Improved spatial resolution from PACE OCI leads 
to less background noise and improved detection 

of these smaller cities 

Frederick
Hagerstown

York

Frederick
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York



• Two spectral regions with ozone absorption:
• Huggins Bands (310–340 nm)
• Chappuis Bands  (400–650 nm)

• Traditional retrievals (OMPS, TROPOMI, OMI, SBUV) use the UV Huggins 
bands

• Below 350 nm, OCI calibration has higher uncertainty, but coverage 
down to 314 nm still enables ozone retrieval

• Current retrieval approach: similar to NO₂, focused on Huggins bands for 
total column ozone

• Chappuis bands provide stronger surface sensitivity, but retrieval is more 
challenging → planned for future development.

Retrieving Ozone from PACE OCI



Comparisons with Ground-based 
Measurements during May 2024

• Ground based comparisons were put 

together with Pandoras and Dosbon-

Brewers across North America for 

May 2024

• PACE OCI ozone agrees within 2-4% 

of Dobson-Brewer and Pandora 

observations, though with slightly 

higher noise than TROPOMI

• PACE OCI Calibration below 350 nm 

remains uncertain, but early results 

suggest promising scientific value at 

these wavelengths

Dobson-Brewer vs PACE OCI Dobson-Brewer vs TROPOMI

Pandora vs PACE OCI Pandora vs TROPOMI



Ozone Example on May 15, 2024

• PACE OCI ozone 
retrievals generally 
agree well with 
TROPOMI (collocated 
within 2 hours)

• Notable differences in 
central Canada 
(dashed circle), where 
PACE underestimates 
due to smoke over 
cloud — highlighting 
areas still under 
development



Ozone Example on July 7, 2024

• PACE OCI ozone 
retrievals generally 
agree well with 
TROPOMI (collocated 
within 2 hours)

• Some differences over 
dust in region of PACE 
OCI tilt switch, need 
to evaluate further 



Applications
• Improved spatially resolved emissions estimates 
• Better resolved exposure estimates
• Improved ocean color retrievals
• Improved chemistry-transport modeling 
• Spatial downscaling of TEMPO hourly measurements (complementary)
Future Work
• Finetuning the training and integration into PACE processing system
• More validation with aircraft as well as ground-based

Potential Applications and Future Work
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