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A-Train Satellite Constellation

● Microwave Limb Sounder (MLS) on the Aura satellite at the rear 
of the A-Train views in the forward travel direction

● The satellites all observe nearly the same air-mass (and/or 
ground pixels) within ~20 minutes of each other

● Glory, GCOM-W1 and OCO-2 are all in development
● Parasol has moved out of the A-train owing to fuel limitations

http://a-train-neworleans2010.larc.nasa.gov/links.php
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Aura Microwave Limb Sounder Objectives

● Track the recovery of the ozone layer
● Understand aspects of how atmospheric 

composition affects climate
● Quantify aspects of pollution in the upper 

troposphere
Aura

MLS
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Aura MLS Measurement Objectives

Thinner lines indicate regions/products where averaging (e.g., zonal means) is 
required for useful signal to noise

Dotted lines are goals for future versions of the MLS algorithms 
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Aura MLS Orbit Tracks

● Aura orbit is Sun-synchronous 
● MLS observations at a given latitude 

on either side of the ascending 
(north-going) or descending (south-
going) parts of the orbit have 
approximately the same local time 
throughout the mission

● MLS measurement locations for a 24hr 
period

● Crosses are the tangent point locations for 
individual limb scans at the same nominal 
height

● Continuous line is the sub-orbital track
● Ascending orbits have southeast-

northwest tilt
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MLS Timeline

L+0 July 15, 2004 Aura Launch
L+29 d Aug 13, 2004 Full-up science observation start
L+6 m Jan 2005 First public release of MLS data products (V1.51)
L+18 m Feb 2006 Band 13 on limited cycle – Feb’06
L+19 m Mar 2006 Instrument shutdown due to Double Fault
L+16 m Nov 2006 Initial Validated products (V2.2)
L+3 y 2007 First ROSES Aura Science Team Re-compete
L+5 y 2009 First Senior Review
L+65 m Dec 2009 THz module in standby mode
L+6 y 2010 Second ROSES Aura Science Team re-compete 
L+6 y Sept 2010 Enhanced products (V3.3)
L+6 y Sept 30, 2010 Aura End of Prime Mission Review
L+7 y 2011 Second Senior Review
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Aura MLS Instrument

Receiver Frequency Main objectives

R1A, R1B 118 GHz Temperature and pressure (from O2)

R2 190 GHz Upper tropospheric water vapor

R3 240 GHz Upper tropospheric O3, CO and cloud 
ice

R4 640 GHz Stratospheric chemistry

R5H, R5V 2.5 THz Stratospheric and mesospheric OH

● MLS observes thermal microwave emission from 
rotational lines of atmospheric molecules at sub-mm 
and mm wavelengths

● Earth limb viewing
● Improved vertical resolution over passive nadir 

sounders although the horizontal resolution is worse
● Lowest level sounded limited to ~400 hPa by 

continuum emission
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MLS Instrument Status
● MLS instrument continues to operate extremely well with a couple 

of exceptions and is expected to last several more years

● All redundant subsystem are operating on the primary side 

● Many 24/7 science data collection weeks

● Current science mode excludes daily measurements for two items 
(identified as life limited pre-launch)

● THz Laser Local Oscillator (LLO) exceeded its 1½ year life 
expectancy by a factor of 3+ and is now powered off to conserve 
the remaining life

● Band 13 HCl measurement is now duty cycled to extend the life of 
this measurement

– Band 14 provides continuous daily HCl measurements with 
lower accuracy and precision
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MLS Operations
● JPL (MLS)

● Instrument Project Management

● Instrument Operations

● Science

● Algorithm Development

● Data Calibration/Validation

● Data Production (Raytheon)

● GSFC

● Aura Mission/Science Management

● Aura Spacecraft Operations

● Data Operations

● Data Archives/Distribution

● UK (Univ. Edinburgh)

● Science

● Algorithm Development
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MLS Data Products
● Level 1 – Calibrated radiances 

● Count – 4 granules/day

● Size –  3.4 GB/day

● Level 2 – Geophysical parameters as “swaths”

● BrO, ClO, CO, GPH, H2O, HCl, HCN, HNO3, HO2, HOCl, IWC, N2O, O3, 
OH, RHI, SO2, T, CH3CN, CH3Cl
● Count – 19 granules/day

● Size – 1 to 2 MB each

● Level 2 – Miscellaneous diagnostic parameters
● Count – 3 granules/day

● Size – 725 MB/day

● Near Real Time Products – Temperature and Ozone
● Count – up to 96 x 2 granules/day

● Size – < 200 KB/granule

● All output products are formatted in HDF5 or HDF-EOS5 and compliant with 
Aura Format Guidelines
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Data Production
● Operational processing

● SIPS (Raytheon)
● GSFC 

● Reprocessing
● Significant effort by the science team to analyze, 

improve, and test the newer algorithms
● With 6+ years of archive data, one re-processing 

campaign can take more than a year with 6x 
processing power

● V3.3 expects to consume over 7 million CPU hours
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Data Flow
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Data Production
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Data Format
● All output products are formatted in HDF5 or HDF-EOS5 

and are compliant with Aura Format Guidelines

● Metadata files in XML format accompany each data file

● Filename contains production information:
– MLS-Aura_<level>-<product>_<version>-<subversion>-<cycle>_<day>.<extension>

● Typical data granule consists of a data file and metadata 
file:
– MLS-Aura_L2GP-HCl_v02-23-c01_2010d005.he5
– MLS-Aura_L2GP-HCl_v02-23-c01_2010d005.he5.xml
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Level 1 Data Products

Product Name Description Availability Contact

ML1OA Orbit Attitude and Tangent Point 
Geolocation Data 

AUG-04 to 
Current

Robert Jarnot

ML1RADD Radiances from Digital 
Autocorrelators

AUG-04 to
Current

Robert Jarnot

ML1RADG Radiances from Filter Banks for 
GHz

AUG-04 to 
Current

Robert Jarnot

ML1RADT Radiances from Filter Banks for 
THz

AUG-04 to
DEC-09

Robert Jarnot
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Level 2 Data Products
Product Name Description Availability Contact

ML2BRO Bromine Monoxide (BrO) Mixing Ratio 

AUG-04 to
Current

Nathaniel Livesey

ML2CH3CN Methyl Cyanide (CH3CN) Mixing Ratio Michelle Santee

ML2CH3CL Methyl Choloride (CH3Cl) Mixing Ratio Michelle Santee

ML2CLO Chlorine Monoxide (ClO) Mixing Ratio Michelle Santee

ML2CO Carbon Monoxide (CO) Mixing Ratio Nathaniel Livesey/
Hugh Pumphrey

ML2DGG Diagnostics, Geophysical Parameter Grid N/A

ML2DGM Diagnostics, Miscellaneous Grid N/A

ML2GPH Geopotential Height Michael Schwartz

ML2H2O Water Vapor (H2O) Mixing Ratio Bill Read/
Alyn Lambert

ML2HCL Hydrogen Chloride (HCl) Mixing Ratio Lucien Froidevaux

ML2HCN Hydrogen Cyanide (HCN) Mixing Ratio Hugh Pumphrey

ML2HNO3 Nitric Acid (HNO3) Mixing Ratio Gloria Manney/
Michelle Santee
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Level 2 Data Products (Cont’d)
Product Name Description Availability Contact

ML2HO2 Hydroperoxy (HO2) Mixing Ratio 

AUG-04 to Current

Shuhui Wang

ML2HOCL Hypochlorous Acid (HOCl) Mixing Ratio Lucien Froidevaux

ML2IWC Cloud Ice Product Alyn Lambert

ML2N2O Nitrous Oxide (N2O) Mixing Ratio Alyn Lambert

ML2O3 Ozone (O3) Mixing Ratio Nathaniel Livesey/
Lucien Froidevaux

ML2OH Hydroxyl (OH) Mixing Ratio AUG-04 to DEC-09 Shuhui Wang

ML2RHI Relative Humidity With Respect to Ice 

AUG-04 to Current

Bill Read

ML2SO2 Sulfur Dioxide (SO2) Mixing Ratio Bill Read

ML2T Temperature Michael Schwartz
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Level 2 NRT Data Products
Product Name Description Availability Contact

ML2O3_NRT Near-Real-Time L2 Ozone (O3) Mixing Ratio Last 7 days Alyn Lambert

ML2T_NRT Near-Real-Time L2 Temperature Last 7 days Alyn Lambert
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Data Versions

● Data version 1.5
– Covers  08-AUG-2004 through 28-FEB-2007

● Data version 2.2
– Covers 08-AUG-2004 through current time
– Added the SO2 product

● Data version 3.3
– Covers 08-AUG-2004 through current time
– Added the CH3Cl product

– Still in reprocessing phase; check for public release soon
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Data Analysis Tools

● The Open Channel Foundation has IDL and 
Matlab readers for MLS Level 2 data
– http://mls.jpl.nasa.gov/data/readers.php 

● The GES-DISC also offers some data readers 
and on-line data analysis tools, such as 
Giovanni, which allows users to plot MLS 
profiles on the web
– http://disc.sci.gsfc.nasa.gov/Aura/additional/tools.shtml 

http://mls.jpl.nasa.gov/data/readers.php
http://disc.sci.gsfc.nasa.gov/Aura/additional/tools.shtml
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Data Distribution
● The Goddard Earth Science (GES) Data and Information 

Services Center (DISC) distributes all MLS data

● The GES-DISC is the official archive for all publicly released 
MLS data

● The GES-DISC makes data available to users free of charge

● For more information visit:
– http://disc.gsfc.nasa.gov 

● Aura Validation Center (AVDC) http://avdc.gsfc.nasa.gov

● provides a centralized, long-term, archive for validation data

● provides predicted and actual field-of-view time/location data for 
the Aura instruments

http://disc.gsfc.nasa.gov/
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Ordering Data:  MIRADOR

● MIRADOR at the GES-DISC is a tool that 
allows users to search, browse, and order 
MLS data
– http://mirador.gsfc.nasa.gov

http://mirador.gsfc.nasa.gov/
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MIRADOR Searching
• MIRADOR search lets you 

search on keyword, date,
and spatial location

• Example here shows a 
search on keyword ‘ML2O3’

- Could also search on ‘MLS’, ‘O3’, ‘Aura’, or ‘ozone’

• Results show which version of the data is available and how many files there 
are

MIRADOR Search Page

MIRADOR Search Results
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MIRADOR Searching
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MIRADOR Ordering
● After your search yields results, you can view the available files
● At this point, you can either download individual files or select the 

ones you wish to add to your shopping cart
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Ordering Data: FTP
● The GES-DISC supports anonymous FTP access 

to standard Level 1 and Level 2 products
– ftp://aurapar1u.ecs.nasa.gov/data/s4pa/Aura_MLS_Level1 
– ftp://acdisc.gsfc.nasa.gov/data/s4pa/Aura_MLS_Level2 

● For access to NRT data, you must register with 
the LANCE system for FTP access (it’s free)
– ftp://discnrt1.ecs.nasa.gov/data/Aura_NRT 

● Scripts can easily be created to get batches of 
MLS data or to routinely retrieve the data

ftp://aurapar1u.ecs.nasa.gov/data/s4pa/Aura_MLS_Level1
ftp://acdisc.gsfc.nasa.gov/data/s4pa/Aura_MLS_Level2
ftp://discnrt1.ecs.nasa.gov/data/Aura_NRT
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Ordering Data: OpenDAP

● Open DAP is the “Open-source Project for a 
Network Data Access Protocol”

● Allows users to grab data from a file over 
HTTP

● Users can select and subset data on-the-fly 
without downloading the entire file to their local 
system
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OpenDAP 
● With the data URL, users 

have direct access to the 
variables within the HDF-
EOS5 files

● You can download an 
ASCII or netCDF 
subsetted file, or grab the 
data through a client

● OpenDAP supports 
clients for Matlab, IDL, 
and Java

http://acdisc.sci.gsfc.nasa.gov/opendap/HDF-EOS5/Aura_MLS_Level2/ML2H2O.002/2010/MLS-Aura_L2GP-H2O_v02-23-c01_2010d038.he5

http://acdisc.sci.gsfc.nasa.gov/opendap/HDF-EOS5/Aura_MLS_Level2/ML2H2O.002/2010/MLS-Aura_L2GP-H2O_v02-23-c01_2010d038.he5
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OpenDAP Access
● The GES-DISC OpenDAP server is located at:

– http://acdisc.sci.gsfc.nasa.gov/opendap

● Additional information about OpenDAP is 
located at:  http://www.opendap.org 

http://acdisc.sci.gsfc.nasa.gov/opendap
http://www.opendap.org/
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MLS Website
● Website hosts information 

on MLS project and  
research activities

● Site averages 14,736 visits 
per month

● There are currently 343 
registered data users

http://mls.jpl.nasa.gov 

http://mls.jpl.nasa.gov/
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Quick Access Area
• Use the “Quick Access” 

area to:
● Search for data
● Search for plots
● Register as a user
● See processing 

status
● Read data 

documentation
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Product Information
• Product pages on the MLS 

website give quick information 
about all the MLS Level 2 products

• Information includes:
● Overview
● Version specific details
● Averaging kernels
● Publications dealing with the 

product
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Data Calendar

● Data calendar gives 
users information on 
instrument status, data 
processing, and 
operational changes
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Data Documentation

● Data Quality Documents

● Validation Documents

● Instrument/Calibration 
Documents

● Software Documents

● ATBDs
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Data Plots:  Stratospheric EqL/θ Plots



36

Data Plots:  UTLS Isentropic Plots
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Data Plots:  Polar Projection Plots
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Data Plots:  Mesospheric Plots
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Data Plots:  Weekly Upper 
Tropospheric Plots
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MLS Publications
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Publications

●  There are 581 citations in the MLS publications 
database

●  When available, users may download an 
electronic copy of a publication they are interested 
in

●  Database is searchable by the following fields:
– Author
– Title
– Year
– Publication
– Data Product
– Research Subject
– MLS Instrument
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User Registration

● Data user registration 
allows the MLS team 
to communicate with 
users

● Team sends out 
occasional e-mails 
about data updates
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MLS Version 3 Algorithm Status
● Forward processing and reprocessing of the entire mission with new v3.3 

algorithms is underway
● Version 3 algorithm improvements include:

● Fixed biases in upper tropospheric CO and HNO3

● UT/LS O3 now retrieved at 12 surfaces / decade (~1.5 km altitude spacing)

● Fixed biases in lower stratospheric ClO

● Removed ‘kink’ in mid-stratospheric H2O

● New stratospheric / tropopause CH3Cl product

● Reprocessing is expected to be completed early in the New Year (March 2011 if 
not sooner)

● v3.3 data will be released once the new data quality document is completed
● Final draft is undergoing checks / revision

● A new version of the MLS 'Near Real Time' processing is under development

● A better (but still fast) forward model has improved NRT UT/LS O3

● Adding more species (e.g., H2O, CO) to the NRT processing is under 
consideration
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V3 Data Quality Document and Description
● v3.3 is the 3rd public release of the Aura MLS data

● v03.30 is the official version name
● v03.3x (x > 0) will be used to indicate minor revisions to v3.30

● v3 document describes:
● MLS overview

● Theoretical basis

● Noisy products/Averaging

● Use of the MLS data descriptors: Status, Quality and Convergence

● Negative precision flag

● Important differences to v2.2

● IEEE Special Issue papers on the Aura Mission (May 2006)

● JGR Aura Validation Special Issue papers (2007-2008)

– http://www.agu.org/contents/sc/ViewCollection.do?collectionCode=AURA1
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V3.3 Data Quality Document and Description
● Available from the MLS website (...soon)

● General information

– File formats and contents
● HDF5-EOS, swath names 
● Granularity: one-day 00 to 23:59:99 UT
● One file per data product

– Status Flags : 32-bit integer 
● If bit 1 set = do not use profile
● Other bits indicate cloud flag, processing problems etc

– Quality : Larger values indicate better quality
– Convergence : Values near unity indicate good convergence
– Negative precision : Retrieved information content too low 

● Specific information for each data product

– Comparison to v2.2
– Resolution, Precision, Accuracy
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● Follow the data screening rules provided

● Use data only within the appropriate pressure range

● Always consider the precision of the data

● Do not use data values where the corresponding precisions 
are set to negative values

● Do not use data for any profile where the field Status is odd

● Check usage of even but non-zero Status data for a particular 
data product

● Contains cloud impact flags, and processing problem flags 
● Use the data Quality field

● Q > threshold given for specific data product
● Use the data Convergence field

● C < threshold for given specific data product

Key information for MLS data product usage
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MLS Data Product Overview: T

● v3.3 temperature data product is 
similar to v2.2

● v3.3 has finer retrieval levels in the 
upper stratosphere
● 12 levels/decade from 316 to 1 hPa

● Noise and bias reduced at “chunk 
boundaries”

● Better convergence statistics in polar 
autumn

● Improved vertical resolution in 
mesosphere and lower thermosphere 
at the expense of lower precision
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MLS Data Product Overview: GPH

● Geopotential heights of the MLS 
temperature retrieval grid

● v3.3 GPH data product is similar to v2.2

● v3.3 has finer retrieval levels in the upper 
stratosphere
● 12 levels/decade from 316 to 1 hPa
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MLS Data Product Overview: IWC, IWP

● IWC and IWP data products are derived from 240 GHz radiances
● v3.3 IWC values are 5-20 % smaller than v2.2 in the 215-100 hPa pressure range
● v3.3 IWP values are 2 % smaller than v2.2

● Ignore precision data for IWC and IWP (see below)

● Threshold detection scheme
● Additional screening for IWC and IWP data is required to remove latitudinal dependent bias 

and to determine threshold for significant cloud detection above noise floor (details in v3 
document) and determine appropriate precision estimates
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MLS Data Product Overview: H2O

● v3.3 H2O data product is similar to v2.2
● Differences less than 10 % at most 

levels up to 20 % wetter at 215 hPa 
for high latitudes

● Improved vertical resolution for p < 1 hPa 
at the cost of poorer precision

●  Fine-scale oscillation in v2.2 between 26 
and 31 hPa has been eliminated in v3.3

● H2O is retrieved as log(H2O)
● Min H2O value is 0.1 ppmv 
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MLS Data Product Overview: RHI

● v3.3 RHi data product is similar to v2.2 
and inherits the improvements in the 
H2O and temperature measurements

● From 316-0.002 hPa RHi is derived from 
the the H2O and temperature standard 
products using the Groff-Gratch ice 
saturation

● From 1000-383 hPa UT RHi is retrieved 
directly from optically thick radiances and 
these pressure levels are filled with the 
same RHi value
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MLS Data Product Overview: OH

Day

Night

● v3.3 OH data product is similar to v2.2
● Better convergence statistics

● Recommend removal of biases for          
p >= 10 hPa by taking day – night 
differences

● MLS THz radiometer observations are 
suspended (since Dec 2009) to preserve 
system life-time

● Next observations planned for Aug 2011



53

MLS Data Product Overview: HO2

● v3.3 HO2 product is similar to v2.2
● Better convergence statistics

● HO2 is a fairly 'noisy' data product which 
benefits from averaging

● Recommend removal of biases by taking 
day – night differences

● Precisions of  ~10 % are attainable by 
averaging in 10 deg latitude bin zonal 
means over 3 weeks
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MLS Data Product Overview: O3

● v3.3 O3 product is similar to v2.2 in 
stratosphere and mesosphere

● v3.3 has finer retrieval levels at the cost 
of poorer horizontal resolution
● 12 levels/decade from 316 to 1 hPa
● New recommended retrieval level at 

261 hPa

● Ozone column swath names 
● above WMO tropopause definition 

with MLS or GEOS-5 temperatures
● 'O3 column-MLS'
● 'O3 column-GEOS5
●

● 'Cloud impacts in v3.3 require 'outlier 
screening' discussed in the quality 
document
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MLS Data Product Overview: CO

● 50% high bias in UT v2.2 CO at 
215 hPa has been eliminated in 
v3.3

● Stratospheric v3.3 CO is less noisy 
at the cost of degraded vertical 
resolution

● Cloud impacts in v3.3 require 
'outlier screening' discussed in the 
quality document
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MLS Data Product Overview: HCN

● v3.3 HCN product is similar to v2.2
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MLS Data Product Overview: CH3CN 

● v3.3 CH3CN product is retrieved from the 
640 GHz radiances whereas v2.2 used the 
190 GHz radiances

● Quality and reliability are improved
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MLS Data Product Overview: N2O 

● v3.3 N2O product similar to v2.2
● within 5 % for p >= 22 hPa
● v3.3 N2O 20 % larger than v2.2 at 100 hPa, 

up to 10 % smaller at 46-32 hPa

● Improved convergence statistics at 100-68 hPa
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MLS Data Product Overview: HNO3 

● HNO3 is a merged product retrieved 
from the radiances in two radiometer 
bands at 190 and 240 GHz
● 190 GHz for p < 22 hPa
● 240 GHz for p >= 22 hPa

● v3.3 HNO3 product is significantly 
improved over v2.2
● low bias in v2.2 lower and middle 

stratosphere has been eliminated

● Cloud impacts in v3.3 require 'outlier 
screening' discussed in the quality 
document
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MLS Data Product Overview: HCl 

● v3.3 HCl product is similar to v2.2 and 
within 0.1 ppbv for p >= 0.22 hPa

● Standard product HCl is retrieved from 
band 14 (640 GHz)

● Band 13 HCl data provide better data for trend studies in the upper stratosphere and 
mesosphere
● Stored as swath name 'HCl-640-B13' in a separate L2GP_DGG file
● Continuous observations from launch until Feb 16 2006 (and only on occasional 

days afterward)
● MLS band 13  observations are suspended to preserve system life-time

● Planned operation of band 13 for a few days at intervals every two years to 
preserve operational lifetime

● Next observation planned for early 2012
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MLS Data Product Overview: HOCl 

● HOCl is a 'noisy' data product which benefits from  
averaging

● Precisions of  ~10 pptv are attainable by averaging 
in 10 deg latitude bin zonal means over 1-2 weeks
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MLS Data Product Overview: ClO 

● v3.3 ClO data product is significantly improved over v2.2
● Small < 0.05 ppbv differences for p >= 32 hPa

● Negative bias of 0.1-0.4 in v2.2 ClO and latitudinal 
dependence for p > 22 hPa has been eliminated for 46-32 
hPa and reduced at 68-100 hPa

● New recommended retrieval level at 147 hPa
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MLS Data Product Overview: CH3Cl 

● CH3Cl is a new (unvalidated) data 
product released in v3.3
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MLS Data Product Overview: BrO 

● BrO is a 'noisy' data product which 
benefits from averaging

● Recommend removal of biases by taking 
day – night differences 
● day or night data alone are unsuitable 

for scientific studies

● Precisions of  ~4 pptv are attainable by 
averaging in 10 deg latitude bin zonal 
means over one month



65

MLS Data Product Overview: SO2 

● v3.3 SO2 data product  is similar to v2.2
● cloud impacts in v3.3 can cause spikes 

in the SO2 values

● MLS can only measure significant 
enhancements in SO2 above the nominal 
background such as from volcanic 
injections – 16 eruptions detected since 
launch

● SO2 is an exception to the rule not to use 
data values with corresponding negative 
precisions
● a priori for SO2 is set to zero so 

elevated SO2 values in volcanic plumes 
are expected to be biased too low

● SO2 has not yet been validated
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