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Ozone Monitoring Instrument (OMI)
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Ozone Monitoring Instrument (OMI)

• Launched July 15, 2004
• NASA EOS Aura Satellite
• Nadir-viewing UV/Visible

– 270 – 310 nm at 0.6 nm
– 310 – 500 nm at 0.45 nm

• 1:45 p.m. equatorial crossing time
• 13x24 km2 at nadir
• Daily global coverage

• Products
– Total Column O3

– Tropospheric 
Column O3

– Aerosol optical depth (in UV)
– Column Formaldehyde
– Column NO2

– Tropospheric column NO2

– Column SO2
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Data Granule

• Product File
– covers sunlit portion of the orbit with an approx. 2,600 km wide swath
– contains 60 binned pixels or scenes per viewing line

• 14 or 15 granules are produced daily, providing fully contiguous coverage 
of the globe
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Important Information Regarding OMI

• Almost 50% data loss since 2008 (row anomaly effect)
• Affects all OMI products
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Understanding an OMI File Name
OMNO2, OMSO2

Observation Date & Time

Orbit #

Production Date and Time

HDFLook, Panoply, IDL, Python, Fortran, MatLab, and more can be used to read the data

Instrument ID Data Type Collection #

OMI-Aura_L2-OMNO2_2008m0720t2016-o21357_v003-2016m0820t102252.he5
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Nitrogen Dioxide (NO2)
• EPA criteria pollutant, ozone precursor 

and health irritant
• Sources: Fires, industrial and 

transportation sources, stationary 
sources (e.g. power plants), lightning

• High concentrations in the planetary 
boundary layer (PBL) make 
tropospheric column amounts more 
useful for estimating surface levels 

• EPA Criteria pollutant
• Contributes to acid deposition and 

linked to adverse health effects
• Sources: Volcanoes, coal and oil 

burning 

Sulfur Dioxide (SO2)

Aqua MODIS visible image of the Nabro (Eritrea) eruption 
on June 13, 2011 and the SO2 plume overlaid.

airquality.gsfc.nasa.gov
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Quantification of Gas Abundances - Units

Satellite Tracer Units
OMI O3, SO2 Dobson Units (DU)
OMI NO2 Molecules/cm2

1 DU = 2.69 x 1016 molec/cm2
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OMI NO2 Parameter (SDS) information  (OMNO2)

SDS name Description Unit Notes

ColumnAmountNO2Trop Tropospheric 
Column NO2

Molec / 
cm2

• Use only rows 4-54 (where the 
first row = 0)

• Use only scenes with:
radiative cloud fraction < 0.5
solar zenith angle < 85°
terrain reflectivity < 0.3

TerrainReflectivity Unitless Scale factor: 0.001
CloudRadianceFraction Unitless Scale factor: 0.001

SolarZenithAngle Deg In geolocation fields

• All fill values are high negative numbers: (−2.100 ≈ −1.26765×1030)
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OMI SO2 Level-2 Product Summary (OMSO2)

SO2 Product SDS Name Estimated 
center of plume Use

PBL SO2 ColumnAmountSO2_PBL 0.9 km Near-surface pollution
TRL SO2 ColumnAmountSO2_TRL 3 km Volcanic degassing

TRM SO2 ColumnAmountSO2_TRM 8 km
Plumes from moderate 
eruptions, and long range 
pollution transport

STL SO2 ColumnAmountSO2_STL 18 km Explosive volcanic eruptions

Note:  Each retrieval listed here yields total column values, and represents a 
different assumption of SO2 plume height.  These should therefore not be 
added together.



NASA’s Applied Remote Sensing Training Program 11

OMI SO2 Parameter (SDS) information (OMSO2)

SDS name Description Unit Notes

ColumnAmountSO2_PBL Total Column SO2 DU

• use only rows 4-54 (where the 
first row = 0)

• use only scenes with 
radiative cloud fraction < 0.3
solar zenith angle < 70°

ColumnAmountSO2_TRL
/TRM/STL Total Column SO2 DU

• All rows can be used
• Use only scenes with solar 

zenith angle < 70°
RadiativeCloudFraction Unitless No scale factor

SolarZenithAngle Deg In geolocation fields

• As of the latest version (v1.3), the OMSO2 documentation does not recommend using the 
included data quality flags for screening

• All fill values are high negative numbers: (−2.100 ≈ −1.26765×1030)



Getting Ready with Python
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Anaconda & Spyder Editor
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Spyder View

Code Area

ipython Area
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Current Directory View & fileList.txt

• In a text file, create a list of each HDF 
file of interest and name it, ‘fileList.txt’

• The same directory should have
– All the python codes
– All the HDF data files
– A file named ‘fileList.txt’ that contains 

a list of each HDF filename



Read an OMI NO2 File (HDF) and Print SDS List
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Print Scientific Data Sets (SDSs)

Purpose: read OMI NO2 or SO2
level 2 data files in HDF format 
and print all the Scientific 
Data Sets (SDS)
In their current form, all of 
these codes work for only 
level 2 products, not gridded 
products

read_omi_no2_so2_and_list_sds.py
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Running and Output

• Click the green 
arrow to run the 
code

• The code will 
process all the files 
in the fileList.txt
one-by-one

• Follow the 
instructions in the 
ipython terminal 
(i.e. enter ‘Y’ or ‘N’ 
when prompted 
and hit enter)

output
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Editing the Code

Change the file 
to be read 

By changing the 
location of dataFields
to geolocation 
(found in other 
codes) this can also 
list the available 
geolocation variables



NASA’s Applied Remote Sensing Training Program 20

Applications

• OMI Level 2 NO2 and SO2 data are provided in the HDF file
• Each HDF file contains several geophysical parameters 
• Special codes and tools are required to open the HDF files
• This code helps users see the names and dimensions of the available SDSs inside an 

HDF file for further analysis



Map NO2 or SO2
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Plot and Save a Map of OMI NO2 or SO2
read_and_map_omi_so2_no2.py
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Running and Output

NO2/SO2
Statistics

Output Map
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Editing the Code

Change the color scale Change the SDS to plot

https://matplotlib.org/examples/color/colormaps_reference.html
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Applications

• This is a sample code to read and map the OMI Level 2 NO2 and SO2 data 
• The code can be modified to address various mapping needs
• User can create daily maps of trace gas columns over certain regions and start 

analyzing changes over time
• These maps can also help identify regions of high pollution



Extract NO2/SO2 at a given location
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Extract Level 2 OMI NO2/SO2 Values

• Purpose: read an OMI 
NO2/SO2 level 2 data 
file in HDF format and 
extract values at a 
given ground location

read_omi_no2_so2_at_a_location.py
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Running and Output

Type “Y” to process file, 
“N” to skip

Latitude and 
Longitude of the 
Station

Outputs

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX
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Editing the Code – Change the SDS
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Applications

Satellite Validation

OMI V2
OMI V3
Observations

Source: Krotkov et al. (2017)

AQS (Surface)

OMI (Satellite)

Column vs. Surface 
Relationship and Trends

Source: Lamsal, L.N. et al. (2016)



Output HDF variables to CSV
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Output OMI NO2/SO2 HDF Variables to a CSV File

• Purpose: read an OMI 
level 2 NO2 or SO2
data file in HDF format 
and write certain SDSs 
into a csv (text) file

read_omi_no2_so2_and_dump_ascii.py
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Output

This code saves a .csv 
file, which can be 
opened by excel, a 
text editor, or other 
codes or software
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Editing the Code

Change the SDS 
to be written as 
output

NOTE: This code 
will only work 
when all the 
variables listed 
are the same 
dimension.  Use 
the “list SDS” 
code to view the 
variable 
dimensions
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Applications

• This is a sample code to read and extract OMI Level 2 NO2 and SO2 data 
• The code can be modified to extract varying SDSs into a single .csv file
• The code be easily modified to extract data over a certain region
• The output file can be opened in excel, or any other data analysis tool



Questions & Answers


