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Mlcrowave L|mb 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



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
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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




Aura MLS Orbit Tracks
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Aura orbit is Sun-synchronous

* MLS observations at a given latitude
Crosses are the tangent point locations for ~ on either side of the ascending
individual limb scans at the same nominal (north-going) or descending (south-
height going) parts of the orbit have
approximately the same local time
throughout the mission

Continuous line is the sub-orbital track

Ascending orbits have southeast-
northwest tilt



MLS Timeline

L+0 July 15, 2004 Aura Launch
L+29d Aug 13, 2004 Full-up science observation start

L+6 m Jan 2005
L+18 m Feb 2006
L+19 m Mar 2006
L+16 m Nov 2006
L+3y 2007
L+5y 2009
L+65 m Dec 2009
L+6y 2010
L+6y Sept 2010

First public release of MLS data products (V1.51)
Band 13 on limited cycle — Feb’'06

Instrument shutdown due to Double Fault

Initial Validated products (V2.2)

First ROSES Aura Science Team Re-compete
First Senior Review

THz module in standby mode

Second ROSES Aura Science Team re-compete
Enhanced products (V3.3)

L+6y Sept 30, 2010 Aura End of Prime Mission Review

L+7y 2011

Second Senior Review




Aura MLS Instrument

e MLS observes thermal microwave emission from
rotational lines of atmospheric molecules at sub-mm

and mm wavelengths
e 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
Receiver Frequency

R1A, R1B 118 GHz

R2 190 GHz
R3 240 GHz
R4 640 GHz

R5H, R5V 2.5 THz

Main objectives

Temperature and pressure (from O,)

Upper tropospheric water vapor
Upper tropospheric O;, CO and cloud
ice

Stratospheric chemistry
Stratospheric and mesospheric OH



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

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

 THz Laser Local Oscillator (LLO) exceeded its 1%z year life
expectancy by a factor of 3+ and is now powered off to conserve
the remaining life

« Band 13 HCI measurement is now duty cycled to extend the life of
this measurement

- Band 14 provides continuous daily HC| measurements with
lower accuracy and precision



MLS Operations

. JPL (MLS)

* Instrument Project Management
* Instrument Operations

« Science

e 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

e Algorithm Development



MLS Data Products

Level 1 — Calibrated radiances
e Count —4 granules/day

 Size - 3.4 GB/day
Level 2 — Geophysical parameters as “swaths”

BrO, CIO, CO, GPH, H20, HCI, HCN, HNO3, HO2, HOCI, IWC, N20, O3,
OH, RHI, SO2, T, CH3CN, CH3CI
 Count — 19 granules/day

e Size—-11t02 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

10



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

University of Edinburgh MLS Sclence Computing Facility (SCF)

JPL MLS Science Computing Facility (SCF)

Core
Scientific Algorithm
(Crzzr) - oy
Schence Quality Control and
Meteorclogical Data
Data Managemant Layer

» Goddard

Ml SIPS Inputs PGE's Space

AR Standard Products Calibration fies Flight
D"Wm Production Poisces Centar
{GSFC)

3 Earth

Sclence Investigator-led Procassing System (SIPS) Laval 1B MLS Science

Level 2 MLS (GES)

Scheduling/Planning Layer Level 2 MRT MLS
Data and
Information

_ DN, PDR, PDRD, FAN Service

Center

{DISC)
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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-HCI_v02-23-c01_2010d005.he5

— MLS-Aura_L2GP-HCI_v02-23-c01_2010d005.he5.xml
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Product Name

Level 1 Data Products

Description

Availability

Contact

ML10OA

ML1RADD

ML1RADG

ML1RADT

Orbit Attitude and Tangent Point
Geolocation Data

Radiances from Digital
Autocorrelators

Radiances from Filter Banks for
GHz

Radiances from Filter Banks for
THz

AUG-04 to
Current

AUG-04 to
Current

AUG-04 to
Current

AUG-04 to
DEC-09

Robert Jarnot

Robert Jarnot

Robert Jarnot

Robert Jarnot
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Level 2 Data Products

Description Availability Contact
ML2BRO Bromine Monoxide (BrO) Mixing Ratio Nathaniel Livesey
ML2CH3CN Methyl Cyanide (CH3CN) Mixing Ratio Michelle Santee
ML2CH3CL Methyl Choloride (CH3CI) Mixing Ratio Michelle Santee
ML2CLO Chlorine Monoxide (CIO) Mixing Ratio Michelle Santee
ML2CO Carbon Monoxide (CO) Mixing Ratio Nathaniel Livesey/
Hugh Pumphrey
ML2DGG Diagnostics, Geophysical Parameter Grid AUG-04 to N/A
ML2DGM Diagnostics, Miscellaneous Grid Current N/A
ML2GPH Geopotential Height Michael Schwartz
ML2H20 Water Vapor (H20) Mixing Ratio Bill Read/
Alyn Lambert
ML2HCL Hydrogen Chloride (HCI) Mixing Ratio Lucien Froidevaux
ML2HCN Hydrogen Cyanide (HCN) Mixing Ratio Hugh Pumphrey
ML2HNO3 Nitric Acid (HNO3) Mixing Ratio Gloria Manney/

Michelle Santee




ML2HO2

ML2HOCL

ML2IWC

ML2N20

ML203

ML20OH

ML2RHI

ML2SO2

ML2T

Level 2 Data Products (Cont'd)

Hydroperoxy (HO2) Mixing Ratio

Hypochlorous Acid (HOCI) Mixing Ratio

Cloud Ice Product

Nitrous Oxide (N20) Mixing Ratio

Ozone (O3) Mixing Ratio

Hydroxyl (OH) Mixing Ratio

Relative Humidity With Respect to Ice

Sulfur Dioxide (SO2) Mixing Ratio

Temperature

AUG-04 to Current

AUG-04 to DEC-09

AUG-04 to Current

Shuhui Wang

Lucien Froidevaux

Alyn Lambert

Alyn Lambert

Nathaniel Livesey/
Lucien Froidevaux

Shuhui Wang

Bill Read

Bill Read

Michael Schwartz
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Product Name

ML203_NRT

ML2T_NRT

Level 2 NRT Data Products

Description Availability Contact
Near-Real-Time L2 Ozone (O,) Mixing Ratio Last 7 days Alyn Lambert
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 SO, product

Data version 3.3
— Covers 08-AUG-2004 through current time
— Added the CH,CI product

— Still in reprocessing phase; check for public release soon

19



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:/ldisc.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:/Ildisc.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
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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
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MIRADOR Searching

MIRADOR search lets you

MIRADOR Search Page

search on keyword, date, e S —
(Ferwers (B (S nes

and spatial location e B -

Example here shows a

search on keyword ‘ML203’
- Could also search on ‘MLS’, ‘O3’, ‘Aura’, or ‘ozone’

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

{ Keyword \(_Projects ) (“Science Areas )

Results 1 -1 of 1 for ML203 (1 seconds)
service and service parameters for any data set which has these

Data Sets
{§} -More Services (e.g. hitp download, format conversion, subsets etc) are available for the data set(s). Whenever you add files to the shopping cart, you will be presented with options for selecting a

SSSSSSSS

MLS/Aura L2 Ozone (03) Mixing Ratio :MLZOB]@}

View Files: &ll| 001 | 002 Info: 001 | 002 Data Calendar: 001 | 002
Approx. 3093 files found (Avg Size: 2.594 MB )

Parameters: 0XY'GEN COMPOUNDS

Temporal Resolution: 1 Dayi(s)

Select Al List Selected Files By Time i Add Selected Files To Cart

HASA Search Results
(Number of files found may not be entirely accurate)

Page: 1

MIRADOR Search Results
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MIRADOR Searching

Mprojems \[ Science Areas )

|A-Train | AIRS | GLDAS | GOCART | HIRDLS | LIMS | MERRA | MLS | MSU | NEESPI| HLDAS | OMI| SORCE | SSBUV | TOMS | TOWS | TRMM | UARS

MLS Level 2 Ozene (03) Mixing Ratio
_
Available Services:
= Subset Spatially

ML 20H.002

= Download via HTTP
Note: The numbers refe gt e et dalable o n b e ot montl

o Start || End

Project Description e |
A-Train e e MeDE " e s || 2o
AIRS f m h‘ Projects ‘]‘ Science Areas I
GLDAS MLS

The Microwave Limb Sounder (MLS) aboard the EQS-Aura spacecraft (launched July 15, 2004)measures microwave emissions from the Earth’s limb at 118, 190, 240 and 540 GHz, and 2.5 THz. These measurements allow MLS to derive vertical profiles of ozone,

water vapor, OH, HO2, CO, HCN, N20, HNO3, HCI, HOCI, CLO, BrO, and S02, as well as temperature, cirrus ice, relative humidity with respect to ice, and geopotential height.
GOCART
— L Date

Data Group Description e
HIRDL S L1 voo1 MLS version 1.5 daily level 1 calibrated radiance data products at full temporal resolution (every 24.7 seconds) in the HOFS (dataset/table model) file format. 2004-08-08

to
2007-02-28
LiMs L1 o0z MLS version 2.2 daily level 1 calibrated radiance data products at full temporal resolution (every 24.7 seconds) in the HDFS (datazet/table model) file format. 2004-08-08
to

MERRA 2010-10-15

L2 Voo e PP S " g . TR P " - - - —

s (R | vrorecs  (SEEREERGER)

MLS

L2 Voo2

ML203.002 ML203.002

= Spatial and Temporal Search

Year October Jun Jul Aug Sep Oct Nov Dec

2004 15 Data Granules 20 24 28 30 26

2005 Su Mo Tu We Th Fr 3a 30 30 EY 30 30 29 29

2006 1 2 30 30 3 30 i 28 il
1 1

2007 30 31 2 30 i | 23 il
3 4 5 & I 8 £l

2008 1 1 1 1 1 1 1 30 3 i} 30 il 30 a1

2009 10 1" 12 13 14 15 16 30 31 3 30 31 30 31

e mejecls \‘ Science Areas l

Results 1 -1 for ML203 (1 second)

Sort by time: Descending «

MLS/Aura L2 Ozone (03) Mixing Ratio [T
The following services are available for the data set(s). Whenever you add files to the shopping cart, you wil be presented with options for selecting these services.

% Subset Spatialy g Download via HTTP

— Select All in Page [ File Names/Descriptive File Names Start Time
[¥] MLS-Aura L2GP-03 v02-23-c01_2010d286.he5 (1.29 MB) 2010-10-13 00:00:00
Download: HDFS (FTP) | HDFS (HTTP} Metadata

Add Selected Files To Cart Add All Files in All Pages To Cart

HASA Search Results

Page: 1
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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

Add Selected Files To Cart | Add All Files in All Pages To Cart

In Fage 1l ames. scripuve ri ames ime
Select Allin P: File N iDescriptive File N Start Ti
MLS-Aura LIGP-03 v02-23-c01 2010d288.he5 (1.33 MB) 2010-10-15 00:00:00
Download: HDFS (FTP) | HDFS (HTTP) Metadata
MLS-Aura LIGP-03 v02-23-c04 2010d287.he5 (1.33 MB) 2010-10-14 00:00:00
Download: HDFS (FTF) | HOFS (HTTP) Metadata
MLS-Aura LIGP-03 v02-23-c04 2010d286.he5 (1.29 MB) 2040-10-13 00:00:00
Download: HDFS (FTF) | HDFS (HTTF) Metadata
MLS-Aura L2GP-03 v02-23-c01 2010d285.he5 (1.34 MB) 2010-10-12 00:00:00
Download: HDFS (FTP) | HOFS (HTTP) Metadata

MLS-Aura L2GP-03 v02-23-c01 2010d284.he5 (1.33 MB)

2010-10-11 00:00:00

Download: HODFS [FI'F‘}l HDFS (HTTP} Metadata
MLS-Aura L2GP-03 vi02-23-c01 2010d283.heb (1.33 MB) 2010-10-10 00:00:00
Download: HDFS (FTP) | HDFS (HTTP) Metadata
MLS-Aura L2GP-03 vi2-23-c01 2010d282.heb (1.33 MB) 2010-10-09 00:00:00
Download: HDFS (FTP) | HDFS (HTTP) Metadata
MLS-Aura L2GP-03 vi2-23-c01 2010d281.he5 (1.34 MB) 2010-10-08 00:00:00
Download: HDFS (FTP) | HDFS (HTTP) Metadata
MLS-Aura L2GP-03 v02-23-c01 2010d280.he5 (1.34 MB) 2010-10-07 00:00:00
Download: HOFS [FI'P}| HDFS (HTTP} Metadata
MLS-Aura L2GP-03 vi02-23-c01 2010d279.heb (1.34 MB) 2010-10-06 00:00:00
Download: HOFS [FI'F“;l HDFS (HTTP} Metadata
MLS-Aura L2GP-03 vi02-23-c01 2010d273.heb (1.34 MB) 2010-10-05 00:00:00
Download: HDFS (FTP) | HOFS (HTTP) Metadata
MLS-Aura LI3GP-03 vi02-23-c01 2010d277.heb (1.34 MB) 2040-10-04 00:00:00
Download: HDFS (FTP) | HOFS (HTTP) Metadata
MLS-Aura L2GP-03 vi2-23-c01 2010d276.he5 (1.34 MB) 2010-10-03 00:00:00
Download: HOFS (FTP) | HOFS (HTTP) Metadata
MLS-Aura L2GP-03 vi2-23-c01 2010d275.hes (1.34 MB) 2010-10-02 00:00:00
Download: HOFS [FI'F‘H HDFS (HTTP} Metadata

MLS-Aura L2GP-03 v02-23-c03 2010d274.heb (1.34 MB)
Download: HDFS (FTP) | HDFS (HTTP)

2010-10-01 00:00:00
Metadata

m Add Al Files in All Pages To Cart
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Ordering Data: FTP

* The GES-DISC supports anonymous FTP access

to standard Level 1 and Level 2 products

— ftp://aurapariu.ecs.nasa.gov/data/s4pa/Aura_MLS Levell
— 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

26
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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

27



OPeNDAP Server Dataset Access Form

Action: ("c o ascil | [ Get as NetCOF | [ Binary (DAP) Object | [ Show Help |

Data URL: hitp://acdisc sci gsfc nasa.gov/opendap/HDOF-EQ 55/ Aura_MLS_Level2/ML:

Global Attributes: wc croezl title: NZSE EQ§ Rura Swath
HC_GLOBAL.Conventions: CF-1.4

/HDFEQS INFORMATION/goremetadats-O. INVENTORYMETADATA GRQUETYEE:

MESTERGAQUR
/HREERS

L L

Variables: || Convergence: Amay of 32 bit Reals [nTimes = 0..3484]
nTimes:

units: Hglnits

_FillValug: -993.3855302

title: HZOConvergence

missing value: —-3335_3533502
UniqueFigldbefinitiogn: MLS-Specific

L2gpPrecision: Atray of 32 bit Reals [nTimes = 0.34%][nLevels = (.46]
nTimes: nlevels:
_FillVslue: -993.3833302
title: HZOPrecision

units: ymx
missing_wvalue: -333.3835502

UpiguefisldDefinition: HIRRLS-MIS-T3§-Shared
coordinates: lat ley

L2gpValue: Array of 32 bit Reals [nTimes = 0..3494][nLevels = 0.46]
nTimes: nlevels:
_FillValue: -993.3899%02
title: HZO
units: ymE
missing value: —-335_3533302
UnismeEisldDefinition: HIRRLS-ULS-T55-Shared
coordinates: lat lgy

Quality: Array of 32 bit Reals [nTimes = 0.3404]
nTimes:
units: Hollnits
_FillVslue: -333.3333302
title: HZOQuality
missing value: —-335_3533302
UniqueFieldbefinitign: ML-Specific

Status: Array of 32 bit Integers [nTimes = (..3494]
nTimes:
_Fill¥alue: 513
title: HZO0Status
units: Holnits

missing value: 513

http://acdisc.sci.gsfc.nasa.gov/opendap/HDF-EOS5/Aura_MLS _Level2/ML2H20.002/2010/MLS-Aura_L2GP-H20 v02-23-c01_2010d038.he5 78

OpenDAP

* With the data URL, users
have direct access to the
variables within the HDF-
EOSS5 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

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
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> More Publications

|rowav$

ABOUT

The Microwave Limb Sounder (MLS) experiments
measure naturally-occurring microwave thermal
emission from the limb (edge) of Earth's atmosphere lo
remotely sense vertical profiles of stmospheric gases,
temperature, pressure, and cloud ice. The overall
objective of these experiments is to provide infarmation
thatwill help improve our understanding of Earth's
atmosphere and global change.

Aura MLS | UARS MLS

LS now has @ website that has been optimized for
‘many mabile devices. On this site you can quickly lock
up information on data products, publications, end
even view selected daily plats. Chedk it out on your
iPhone, BladBery, or cther web-enabled phone today!

>MLS Mobile Site

Site Manager: Nathaniel Livesey
Webmaster: Brian

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
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Quick Access Area

* Use the “Quick Access”
area to:
QUICK ACCESS

Download MLS Data i ¢ SeaI‘Ch fOI‘ data
* Search for plots
* Register as a user

* See processing
status

 Read data
documentation
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= — Product Information

The CIO Molecule

Basic Information

Chlorine menaxide (CIO)is the dominant form of reactive chiorine in the stratosphere and
is thus the principal agent for chi talyzed destruction of ozone. The
primary source of stratospheric chiorine is chiorofiucrocaroons, or CFCS, themical
compounds composed of chlorine, flucring, and caroon that are emitted by human
activiies at the surface. After they reach the upper stratosphere (primarily by upwelling in
the tropics), the CFCs are broken down by high-energy UV radiation, liberating chiorine

Away from the polar regions, most of the chlorine released fram CFCs resides in
relatively benign reservoir species such as CIONOZ and HCl that do not directly destroy
ozone. In the winter polar regions, however, heterogeneous chemical reactions on the .
surfaces of polar stratospheric clouds convert chiorine to highly reactive forms. Enhanced
levels of CIO are a signal that ozone destruction is taking place.
b .t . . I(.llf lIII t. II

How itis part of MLS Science Objectives We S I e g Ive q u I C I O a I O
One ofthe main objectives of the Aura mission in general and MLS in particular is to track the stability of the stratos pheric ozone layer.
Simuitaneous measurements of HCI and CIO from ML provide information on reservoir and reactive chiorine and the partitioning
between them thatis crucial for understanding (and thus predicting) stratospheric ozone depletion. a O l l a e eve p ro l l C S

How EOS MLS measures CIO

The standard product for CIO is taken from the 640 GHz (Core +R4A) retrieval. CIO is strongly diurnal inthe lower stratosphere

P
SEDe

CIO Information from the Spectroscopy Database
® Product Information
® Line Listing

UARS MLS (map from 20050250)

Research

* |nformation includes:
— — e Overview

Concepts
- Verical Reouhton: sk | 21,03V al .01Pa
-5k o Artifact: A significant negative bias {ranging from -0.02 to -0.41 ppbv)

Useful Range: 100 -1 hPa L
DAAC ShoriHame: MLecLg 1S Presentin both daytime and nightiime mixing ratios below 22 hPa.
See v2.2 data quality document for information on correcting this bias.

* Version specific details

Equator FWHM/ km FWHM/km
0 2 4 6 8 100 200 300 400 500 6000

N * Averaging kernels

= Publications dealing with the
R i product

Kermel, Inte;

colored lines are individual kemels; thick dashed line is full width at half maximum, thick solid is integrated kernel value

Publications related to the MLS CIO data product

2010

1. Santee, ML, SP. Sander, N... Livesey, L. Froidevaux, "Constraining the chiorine monoxide (CIO) f chiroine peroxide (CIOOCI)
equilibrium constantfrom Aura Microwave Limb Sounder measurements of nighttime CO", vol 107, num 15, pgs. 6588-6593,
010

2009

1. Kuttippurath, J., . Godin-Beekman, F. Lefevre, A Pazmino, “Ozone depletion in the Arctic winter 2007-2008", vol 30, num 15-16,
pgs. 4071-4082, 2009. Reprint

Site Manager: Nathaniel Livessy
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EOS Aura MLS The calendar below displays daily EOS MLS instrument and data version 2.2 processing status. Background colors give instrument status

and font colors give data processing status. Aura was launched 15 July 2004 and MLS science data operations began 13 August 2004.
v2.2 Processing Schedule
Visit the v1.5 processing calendar

Eont Colors (Data Processing Status)
No v2.2 Processing

v2.2 Level 1 Processed

V2.2 Level 2 Processed

Backaround Colors (Instrument Op Status)

* Data calendar gives
users information on
iInstrument status, data
processing, and

Instrument Operation Status:
-"100%" day — All instrument operations on this day were nominal, which implies that science data collection was performed in a
standard fashion.
- "90%-99%" day - There were instrument or spacecraft events that impacied standard science data collection and there were a few
hours of data outages. On these days, one can expect up to ~2 hours of science data outages.
-"<00%" day: -- There were instrument or spacecraft events thatimpacted standard science data collection and major data outages
occurred. Whether these events were planned or unplanned, on these days, one can expect = 2 hours of science data outages if
these days are processed.

Data Processing Status:
-"No v2.2 Processing" -- No data for this date have been processed using v02.2X software, which could be due to any number of
constraints or processing priorities. Data for these days may be re-processed with v2.2 at a |ater date
-"v2.2 Level 1 Processed"” - All standard MLS Level 1 data products have been processed for this day using v02.2X processing,
but processing has not yet progressed to Level 2
-"v2.2 Level 2 Processed"” - All standard MLS Level 1 and 2 data products have been processed for this day using v2.2 processing
software

On calendar days, the first number denotes day of year and second number is the date.

UARS MLS
Research
Publications
Personnel

Concepts

August

226 227
13 14

229 230 231 232 233 234
16 17 18 18 20 21

236 237 238 239 240 241
23 24 25 26 2T 28

243 244 245 246 247 248
30 31 01 02 03 04

October
277 278 279 280 281 282 283
03 04 05 06 07 08 09

284 285 286 287 288 289 290
10 11 12 13 14 15 |16

291 292 293 294 295 296 297
17 18 19 20 |21 22 23

298 299 300 301 302 303 304
24 25 26 27T 28 29 30

305 306 307 308 309 310 311
31 01 02 03 04 05 06

December
340 341 342 343 344 345 346
05 06 07 08 09 10 11
347 348 349 350 351 352 353
12 13 14 15 16 17 18
354 355 356 357 358 358 360
19 20 21 22 23 24 25
361 362 363 364 365 366 001
26 27 28 29 30 31 01

September

249 250 251 252 253 254 255
05 06 07 08 09 10 M

256 257 258 259 260 261 262
12 13 14 15 16 17 18

263 264 265 266 267 268 269
19 20 21 22 23 24 25

270 271 272 273 274 275 276
26 27 28 29 30 01 02

November
312 313 314 315 316 317 318
07 08 09 10 11 12 13
319 320 321 322 323 324 325
14 15 16 17 18 18 20
326 327 328 329 330 331 332
21 22 23 24 25 26 27
333 334 335 336 337 338 339
28 29 30 01 02 03 04

Maijor MLS
operational changes: 2004

Launch from e
iy 15-JUL
Start Mormal
Science
Operations

13-AUG

R1B Turned 10-5EP
on

Optical
Bench
Heaters to
100%

09-NOV

See v1.5 calendar for

operational changes
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HOME The following are a list of links that are pertinent to the quality of the EOS MLS data. Additionally, information regarding data validation,
instrument calibration, and data processing algoritims
EOS Aura MLS i e

V2.2 Data Quality Documentation
* Publications

© Version 2.2 Level 2 Data Quality Document
© A short quide to the use and interpretation of v2.2x Level 1 data

* Data Quality Documents

v02.20 Initial release of v2 (validated) data
v02.21 Deconvolve DACS radiances in level 1

Data Pr

v02.22 Level 2 recompiled with Intel for 2x speedup
v02.23 Changes to cope with Aura FMU anomaly

GMAO Version Dates used in MLS data processing

* Validation Documents

GEOS5.1.0 2007 December 1 (d235) - 2008 September 14 (d258)
GEDS 5.2.0 2008 September 15 (d259) - present

V1.5 Data Quality Documentation

* Publications
© Version 1.5 Level 2 Data Quality Document (for standard atmospheric products)
O Supplement to Version 1.5 Level 2 Data Quality Document (for atmospheric diagnostic products)

* Instrument/Calibration

Validation-Related Documentation

* Publications

O Early validation of MLS Data

© Balloon validation of OH and HO2
UARS MLS o COfirst resuits

o

o

Comparisons of MLS CO with global CTM simulation
RammArch Comparisons of cloud ice from MLS, analyses. and GCMs
Aura Validation Data Center (AVDC) website

Publications

Personnel
Instrument Calibration and Performance Documentation

Concepts

* Publications
© GHz radiometric and spectral calibration
© GHz field-of-view calibration

R * Software Documents

Data Algorithm and Software Documentation

® Publications
© Radiance calibration algorithms
© Retrieval alqorithms
© Cloud ice measurements
© Standard forward model
© Polarized mesospheric Oz forward model
© MLS science data processing system

* Algorithm Theoretical Basis Documents
An Overview of the EOS MLS Experiment .
EOS MLS Level 1 Data Processing Algorithm Theoretical Basis
EQS MLS Retrieval Process Algorithm Theoretical Basis S

o
o
o
© Precision Esti for th

© EOS MLS Forward Model Algorithm Tl Basis

)

o

o

EOS MLS Algorithm Theoretical Basis for Cloud Measurements
EOS MLS Mesosphere-Specific Foward Model Algorithm Theoretical Basis Document
EOS MLS Level 3 Algorithm Theoretical Basis

Manager: Nathani
ebmaster; Brian K
JPL Clearance:
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Data Plots: Stratospheric EqQL/6

Aura MLS Equivalent Latitude/6 Global Section -- 1 Oct 2010 (2010d274)
White contours: Scaled FV from GEOS-5; Black Contours: Tempe@ature from GEDS-5, 180 to 200 by 5K

MLE version v2.2, Produced: FriOct & 11:21:28 2010
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Data Plots: UTLS Isentropic Plots

Aura MLS Daily UTLS Isentropic Maps: 1 Oct 2010 (2010d274)
Data version: v02.23, Preduced on 7-Qct-2010 05:05:05.00 -- Contours: White - Tropopause PV; Black - Subvertex PV

410 K
=100 hPa
~14km
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Produced by the MLS Science Team at the Jet Propulsion Laboratary, California Instiute of Technology, under contract with WASA, from EQS MLS and GMAD GECS-5 data: JPL Clearance GLE0E-0485.
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Data Plots: Polar Projection Plots

Aura MLS Daily Map: (NH) October 1, 2010 (2010d274)
Data Version: v02.23-c03, Produced On: October 7. 2010
White Comtours; Typically Scaladl PV from GEOS-S5; Black Comours: Temperature from GEOS-5 (MLS Solar Zenith Angle whens pecified)

850 K 490 K
(~32 ki, ~10 hPa) (=18 km, -36 hPa)

/.

Aura MLS Daily Map: October 1, 2010 (20104274

Data Version: v02.23-c03, Produced On: Ocwober 7. 2010

1700 K 850 K
(=50 km, ~1.5 hPa) (~32 km, ~ 10 hPa)

White Contours: Typically Scalad PV from GEOS-S: Black Contours: Temperature from GEOS-5 (MLS Solar Zenith Anghe when specified)
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Data Plots: Mesospheric Plots

MLS Aura Daily Map: 2700 K (~60 km, ~0.2 hPa) October 1, 2010 (2010d274)
Data Version: v02.23-c03, Produced On: October 7, 2010
White Contours: Scaled PV from GEOS-5: Black Contours: MLS Solar Zenith Angle (Temperature from GEOS-5 when specificd)
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Prodduced by the MLS Science Team al the et Propulzion Laboratony,
California Institute of Technokgy, under contract with NASA,
Produced on T-Ock-2010 0502401 waing plot verdan 1.24 From EOS MLS and GMAD GEOS-5 data: JPL Cleaance CLAS-3463
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Data Plots: Weekly Upper
Tropospheric Plots

MLS Upper Troposphere Weekly Mean Maps for December 27, 2009 - January 2, 2010 (2009d361-2010d002) at 147 hPa
White Contours (Grey for IWC): GEOS-5 EPV =3.50 10""K*m‘!(kg*sec)‘ indicative of dynamical tropoause
Black Contours: GEOS-5 OLR = 240W/m? for IWC map and MLS IWC = 1.0mg/m’ for other maps indicative of deep convection
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Procluced by Jonathan Jiang at the Jet Propulsion Laboratory, California Institute of Technology, under contract with NASA, from Aura MLS, GEOS-CHEM and GMAO GEOS-5 data.
(IPL Clearance CL#OS5-3903)
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MNumber per year

MLS Publications

Aura-MLS-related peer-reviewed publications (1999 - 2010)

(236 total, full citations available at hitp://mls.jpl.nasa.gov)

B External lead, MLS co-auth: 36%
B External lead, no MLS co-auth: 35%
B LS lead: 28%
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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 HNO,
UT/LS O, now retrieved at 12 surfaces / decade (~1.5 km altitude spacing)

Fixed biases in lower stratospheric CIO

Removed ‘kink’ in mid-stratospheric H,O

New stratospheric / tropopause CH,CI 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

« Abetter (but still fast) forward model has improved NRT UT/LS O,

« Adding more species (e.g., H,O, CO) to the NRT processing is under

consideration
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V3 Data Quality Document and Description

« v3.3is the 3" public release of the Aura MLS data

v03.30 is the official version name

e 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)

e (General information

- File formats and contents

« HDF5-EQOS, swath names
e Granularity: one-day 00 to 23:59:99 UT
* One file per data product

- Status Flags : 32-bit integer

e 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 45



Key information for MLS data product usage

* 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

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

e C <threshold for given specific data product
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MLS Data Product Overview: T

temperature
Swath Name T
Range 316-0.001 hPa
Data Flags:
Status even
Cloud ignore for p <= 147 hPa
Convergence <12

» 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

Vertical Resolution (km)

0 4 8 16

0.001

12

0.010

0.100

1.000

Pressure (hPa)

10.000

100.000 E

1000.000 E
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0 200 400 600 800
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0.010

0.100

1.000

10.000

100.000
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0.010

0.100

1.000

10.000

100.000

1000.000

Precision (K)
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MLS Data Product Overview: GPH

geopotential height Precision (m)
Swath Name GPH 20 40 60 80 100 120
Range 316-0.001 hPa 0.001
Data Flags:
Status even
Cloud see temperature 0.010
Quality > 0.65
Convergence < il
0.100

» Geopotential heights of the MLS
temperature retrieval grid

g
» v3.3 GPH data product is similar to v2.2 e ki
 v3.3 has finer retrieval levels in the upper &
stratosphere 10,000
* 12 levels/decade from 316 to 1 hPa '
100.000
1000.000
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MLS Data Product Overview: IWC, IWP

ice water content Precision (mg/m?) ice water path
Swath Name IWC 0.01 040 1.00 10.00 Swath Name IWP
Range 215-83 hPa Range ice water column > 6km
Units g/m? bl Wk Wi Units g/m?
Data Flags:  use Temperature flags I Data Flags: use Temperature flags
Status _ I Status
Cloud a Cloud
Quality o " Quality
Convergence % 100 _ Convergence
Threshold detection scheme a Threshold detection scheme

- \ Precision 3g/m?
1000 E

* 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: H20

water vapor
Swath Name H20
Range 316-0.002 hPa
Data Flags:
Status even
Cloud ignore for p < 200hPa
Quality >1.3
Convergence <2.0

* v3.3 H20 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

* H20 is retrieved as log(H20)

 Min H20 value is 0.1 ppmv
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MLS Data Product Overview: RHI

relative humidity Vertical Resolution (km) Horizontal Resolution (km) Precision (%)
Swath Name RHI 0 4 8 12 16 0 200 400 600 800 10 100
Range 316-0.002 hPa 0.001 0.001 [y=y=r=y=—r=r=T 0.001
relative humidity with
respect to ice
Data Flags:
Status avan 0.010 0.010 0.010
Cloud ignore
Quality >1.3
Convergence <2.0
0.100 0.100 0.100
» v3.3 RHi data product is similar to v2.2
and inherits the improvements in the
H20 and temperature measurements 5 1000 1-000 1000
=
e
* From 316-0.002 hPa RHi is derived from 2
g
the the H20 and temperature standard £ 10.000 10.000 10.000
products using the Groff-Gratch ice
saturation
« From 1000-383 hPa UT RHi is retrieved  100.000 F 100.000 100.000
directly from optically thick radiances and L
these pressure levels are filled with the AN B ’/
same RHi value ]
1000.000 E 1000.000 1000.000
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MLS Data Product Overview: OH

hydroxyl radical Vertical Resolution (km) Horizontal Resolution (km) Precision (10°%cm™)
Swath Name OH 20 25 30 35 4.0 0 100 200 300 400 0o 2 4 & &8 10
Range 32-0.0032 hPa 0.001 0.001 0.001
Data Flags: /
Status even K-"
Cloud ignore 0.010 0.010 0.010
Quality ignore
Convergence < 1.1
D
0.100 0.100 0.100
. . . JE‘
 v3.3 OH data product is similartov2.2 &
« Better convergence statistics L ght
E
. o 1.000 1.000 1.000
« Recommend removal of biases for
p >= 10 hPa by taking day — night
differences
* MLS THz radiometer observations are 10.000 10.000 10.000
suspended (since Dec 2009) to preserve
system life-time
» Next observations planned for Aug 2011 100.000 100.000 100.000
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MLS Data Product Overview: HOZ2

peroxy radical Vertical Resolution (km) Precision (10%cm®)
Swath Name HO2 0 4 8 12 16 20 0 20 40 60 80 100
Range 10-0.046 hPa 0.01 0.01
Data Flags:
Status even
Cloud ignore \
Quality ignore 5 0.10 0.10
Convergence <1.1 -‘;-f-
2
g
& -
* v3.3 HO2 product is similar to v2.2 1.00 1.00
» Better convergence statistics
 HOZ2 is a fairly 'noisy' data product which
benefits from averaging
10.00 10.00

« 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

ozone
Swath Name 03
Range 215-0.02 hPa
Data Flags:
Status even
Cloud use outlier screening
Quality > 0.6
Convergence <1.18

* 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
e 'O3 column-MLS'
* 'O3 column-GEOS5
* 'Cloud impacts in v3.3 require 'outlier
screening' discussed in the quality
document

Vertical Resolution (km)

0.01

0.10

Pressure (hPa)

10.00

100.00 |

1000.00 &

2

6

1.00
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0.10

1.00

10.00

100.00

1000.00

Precision (ppmv)

100 200 300 400 500 600 0.01 010 1.00
0.01 T rrTTEeeTTTITE
0.10 d
1.00
10.00
100.00
1000.00
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MLS Data Product Overview: CO

carbon monoxide Vertical Resolution (km) Horizontal Resolution (km) Precision (ppbv)
Swath Name CO \ . . . 100 300 500 700 10 100 1000 10000
Range 215-0.0046 hPa 0.001 0.001 0.001
Data Flags:
Status even
Cloud use outlier
screening 0.010 0.010 0.010
Quality (p <= 100 hPa) >0.2 i
Quality (p > 100 hPa) >1.1 [
Convergence <14 ]
0.100 0.100 0.100
* 50% high bias in UT v2.2 CO at g i
215 hPa has been eliminated in 2 ’
v3.3 2
@ 1.000 1.000 1.000
« Stratospheric v3.3 CO is less noisy
at the cost of degraded vertical
resolution
10.000 10.000 10.000
 Cloud impacts in v3.3 require I
‘outlier screening' discussed in the -
quality document .
100.000 [ 100.000 100.000
1000.000 E 1000.000 1000.000
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MLS Data Product Overview: HCN

hydrogen cyanide Vertical Resolution (km)  Horizontal Resolution (km) Precision (pptv)
Swath Name HCN 0O 4 8 12 16 20 O 200 400 600 8001000 o 20 40 60 80 100
Rﬂnge 10'0.1 hPa D.1 LA RN LLEE LELE LALE L3 Bl D.1 LERE LRSS LELS LARE LA 0.1 W
Data Flags: [ [ I
Status even = I
Cloud ignore k3 [ - r
- @ - s -
Quality > 0.2 5 1oF 10 E 1o E I
Convergence <20 ®
o - 9 _
* v3.3 HCN product is similar to v2.2 3 - E ]
10.0 10.0 10.0
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MLS Data Product Overview: CH3CN

methyl cyanide Vertical Resolution (km) Horizontal Resolution (km) Precision (pptv)

Swath Name CH3CN 4 5 6 7 8 9 10 300 500 700 900 O 50 100 150
Range 46-1.0 hPa 1 1 1
Data Flags:
Status even T
Cloud ignore %
Quality >1.4 2 10 : 10 10
Convergence < 1.05 o
o
100 E 100 E 100

» 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: N20O

nitrous oxide Vertical Resolution (km) Horizontal Resolution (km) Precision (ppbv)
Swath Name N20 s 4 5 g 7 250 350 450 550 650 10 15 20 25
Range 100-1 hPa . ] 1
Data Flags: B
Status even = B
Cloud ignore &
i >1.4 g -
Quality 5 o oE 10
Convergence < 1.01 @
o
100 E 100 E 100

* v3.3 N20 product similar to v2.2
* within 5 % for p >= 22 hPa
* v3.3 N20 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

nitric acid

Swath Name HNO3

Range 215-1.5 hPa 1
Data Flags:

Status even

Cloud use outlier screening 10
Quality > 0.5
Convergence <14

Pressure (hPa)

« HNO3 is a merged product retrieved 100

from the radiances in two radiometer
bands at 190 and 240 GHz
* 190 GHz for p < 22 hPa
o 240 GHz for p >= 22 hPa 1000

* v3.3 HNOS3 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

2
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MLS Data Product Overview: HCI

hydrogen chloride Vertical Resolution (km) Horizontal Resolution {kn;) Precision (ppbv)
Swath Name HCI 2 4 6 8 100 300 500 00 0 02 04 06 08 1.0
Range 100-0.22 hPa 01 T T el L 0.1
Data Flags: i
Status even -
Clou::i ignore 0 0 E 0
Quality > 1.2
Convergence < 1.05 = i [
£t :
P X X
2 : :
:gfw.u 10.0 | 10.0
» v3.3 HCI product is similar to v2.2 and I
within 0.1 ppbv for p >= 0.22 hPa [ \
« Standard product HCl is retrieved from
100.0 100.0 100.0
band 14 (640 GHz)

» Band 13 HCI data provide better data for trend studies in the upper stratosphere and
mesosphere

» Stored as swath name 'HCI-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: HOCI

hypochlorous acid Vertical Resolution (km) Precision (pptv)
Swath Name HOCI 0 2 4 6 8 10 100 200 300 400 500
Range 10-2.2 hPa | e T
Averaging Required
Data Flags:
Status even -
Cloud ignore 3
Quality >1.2 g
Convergence < 1.05 g
o

10 10

* HOCI 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: CIO

chlorine monoxide Vertical Resolution (km)  Horizontal Resolution (km) Precision (ppbv)

Swath Name CIO 2 a a 5 200 400 600 800 0 01 02 03 04
Range 147-1.0 hPa 1 1 1
Data Flags:
Status even
Cloud ignore 10 ‘o o
Quality >1.3 é‘
Convergence <1.05 ]

p

o

100 100 100
1000 1000 1000

 v3.3 CIO 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 CIO 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

62



MLS Data Product Overview: CH3CI

methyl chloride Vertical Resolution (km) Horizontal Resolution (km) Precision (pptv)
Swath Name CH3CI 4 5 6 7 8 9 10 300 500 700 900 O 50 100 150 200
Range 147-4.6 hPa 1 1 1
Data Flags:
Status even
Cloud ignore 10 10 10
Quality >1.3 éﬂ
Convergence < 1.05 ° [
2 :
:
* 100 100 F 100
1000 1000 E 1000

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

bromine monoxide Vertical Resolution (km) Precision (pptv)
Swath Name BrO 3 4 5 g 37 0 50 100 150 200
Range 10-3.2 hPa 1 P rTrTrrTTTTTT] 1 [TUTTTTTTY
Averaging Required
Data Flags:
Status even i
Cloud ignore %
Quality >1.2 3
Convergence £185 g

10 10

* 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
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MLS Data Product Overview: SO2

sulfur dioxide Vertical Resolution (km) Horizontal Resolution (km) Precision (ppbv)
Swath Name S02 20 25 30 35 40 50 100 150 200 250 0 1 2 3 4 5
Range 215-10 hPa 10 py—y—y—pe—p—p— 10 PIFFTTITTITRITITITIT 10
Data Flags: _
Status even a
Cloud ignore ®
Quality > 0.6 2100 f o0 E 100
Convergence <1.8 o J
» v3.3 SO2 data product is similar to v2.2
» cloud impacts in v3.3 can cause spikes
in the SO2 values : ] E
1000 1000 1000 E

* 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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