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1. Introduction

This document provides basic information for usihg products fromMEaSURESOZCARDS
(zonal aeragetime series on pressure/latitude gr)Jd ThisMEaSURESOZCARDSSDRonsists

of productsgeneratedwith a focts on stratospheric ozone and related chemical species. The
LINE RdzOG&a Ay OfdzRS 1T 2yl ¢ I SN} 3S GAYS aSNRSa
stratospheric volume mixing ratio (VMR) and temperature profiles, based primarily on
measurements from satelétborne instruments, and largely from NASA missions studying the

9 NI KQa adNF (23976SNBE aArAyoOS GKS t14GS

Users of these datasets should fitttht the concepts described below are fairly straightforward,

and that the merged dataset results (time seri@svarious latitude/pressure bins) match the

source datasets being merged together, but for some additive offsets that mitigate data
RAAO2YyUGAYdAGASE o0F OSNIF IS oAl &aSav o0SGsSSYy (GKS
caveats will also be included foaeh one of the GOZCARDS products, as they get delivered for
public consumption, further validation, and potential updates and improvements in the future.

More technical details, examples, and validation will be submitted for publication (and also for
webgte access) by the GOZCARDS project team soon after the delivery of GOZCARDS data
products, as these become available, in sequence.

1.1 Data Producand InstrumentDescription

Table 1below summarizes the GOZCARDS prod(sttsitospheric species name orngerature

(7)), and source datasets that were consideredheTproducts files include source datasets
(individual instrument records) as well as merged datasets, based on a combination of
instruments. Theroduct typesin the GOZCARDS fil® speciesvadume MixingRatio (VMR) or
Ttime series on a latitude/pressure grid (10° zonal averages, typically monthly averages). If there
are large data gaps between some measurement recordsybeged ¢ombined data record

may be identical or very similar (wherjustment guidelines can be provided) to the union of
these records.
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Table 1.Products and data sources considered for the creation of the MEaSUREs GOZCARDS stratospheric
ESDR. Not all datasets below are used when producing a merged product (a festsdatasised mainly

for comparison/validation)Shown in blue are products with data files now publicly available from the
NASA Goddard Earth Sciences and Information Services Center (GES DiC//dese.gsfc.naa.goy;

these GOZCARDS datasets have ongoing measurements and analyses, and have been made available for
time periods through 2012.

Products Data Sources (and data years)
(and max. range
of pressures)

HCI HALOE (1991-2005), ACE-FTS (2004 onward), Aura MLS (2004 onward)
(1477 0.5 hPa)

H,O HALOE (1991-2005), UARS MLS (1991-1993),

(1477 0.01 hPa) ACE-FTS (2004 onward), Aura MLS (2004 onward)
O3 SAGE | (1979-1981), SAGE Il (1984-2005), HALOE (1991-2005),
(2157 0.2 hPa) UARS MLS (1991-1997), ACE-FTS (2004-onward), Aura MLS (2004 onward)
+ others as validation (e.g., SAGE lll, 2002-2005)
CIO UARS MLS (1991-1997), Aura MLS (2004 onward)
(1007 1 hPa)

HNO; UARS MLS (1991-1997), ACE-FTS (2004 onward), Aura MLS (2004 onward)
(2157 1 hPa)

HF HALOE (1991-2005), ACE-FTS (2004 onward)
(1477 0.5 hPa)

N.O ACE-FTS (2004 onward), Aura MLS (2004 onward)

(1007 0.5 hPa)
CH, HALOE (1991-2005), ACE-FTS (2004 onward)
(1477 0.1 hPa)

CIOy UARS MLS (1991-1997), Aura MLS (2004 onward)
(1007 10 hPa)

NO; SAGE Il (1984-2005), HALOE (1991-2005), POAM I1I (1998-2005),
(1007 1 hPa) SAGE Il (2002-2005), ACE-FTS (2004 onward)

NO HALOE (1991-2005), ACE-FTS (2004 onward)

(1007 1 hPa)

NO SAGE Il (1984-2005), HALOE (1991-2005), POAM I1I (1998-2005),
(1007 1 hPa) SAGE Il (2002-2005), ACE-FTS (2004 onward)
Temperature GMAO MERRA (1979 onward)

(10007 0.015 hPa)
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Figure 1 below summarizes the timeline and names for the missions and instruments that have
beenconsidered/used for the generation of GOZCARDS products. A brief summary description
for each instrument and measurement set is provided further below

SAGET
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Figure 1.Timeline of satellite missions and instruments considered for the GOZCARDS project and the
creation of a stratospheric composition ESDR. Dotted lines indicate some degradation in coverage during
the ending phase of some missions (SAGE Il, UARS MLS); HALOE also suffered from poorer coverage in the
second half of the UARS mission.

We provide belowa list ofthe nine maindata sources (instrument names or MERRA)tler
creation of theGOZCARIESDR, along with a brief description, and electronic links to the original
dataset locations.

1.1.1SAGE |

The Stratospheric Aerosol and Gas ExperimentGESwas launched February 18, 1979, aboard
the Applications Explorer Missid® (AEMB) satellite. SAGE | was a sun photometer that used
solar occultation to measure aerosols and important stratospheric gases in the atmosphere.
SAGE | collected valuabdata for nearly three years until the power system on the satellite
failed. SAGE | developed a global database for stratospheric aerosol, ozone, and nitrogen dioxide
that is still used in the study of trends, atmospheric dynamics and transport, and dtent
climatic effects.

For more information and access to these data please go to:
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http://sage.nasa.gov/SAGE1

1.1.2SAGE I

SAGE I (Stratospheric Aerosol and Gas Experiment Il) was launched aboard the EartmRadiatio
Budget Satellite (ERBS) in October 1984. During each sunrise and sunset encountered by the
orbiting spacecratft, the instrument used the solar occultation technique to measure stratospheric
aerosols, ozone, nitrogen dioxide, and water vapor.

SAGE Il comued the SAGE measurements of stratospheric ozone from-2088. This long
term, stable data set has proven vargluable in determining trends in ozone.

For more information and access to these data please go to:

http://sage.nasa.qov/SAGE?2

1.1.3 SAGE I

SAGE HMeteor-3M was a third generation, satellteorne instrument and a crucial element in
NASA's Earth Observing System (EOS). The instrument was launched on the RussiaBNVeteor
spacecraft in December 200The Meteor3M mission was terminated on March 6, 2006,
because of a power supply system failure resulting in loss of communication with the satellite.

The SAGE Ill mission enhanced our understanding of natural and kdemaad atmospheric
processes by pwiding accurate measurements of the vertical structure of aerosols, ozone, water
vapor, and other important trace gases in the upper troposphere and stratosphere.

For more information and access to these data please go to:

http://sage.nasa.gov/ISAGE3M3M

1.1.4 HALOE

Since its launch on September 12, 1991 from the Space Shuttle Discovery, the Halogen
Occultation Expement (HALOE) collectegrofiles of middle atmosphere composition and
temperature on board the UppeAtmosphere Resech Satellte (UARS). HALOE usethr
occultation to measure sigitaneous vertical profiles of ozone O hydrogen chloride (HCI),
hydrogen fluoride (HF), methane (§Hwater \apor (HO), nitric oxide (NO), nitrogeniakide

(NO,), tempeature, aerosol gtinction at 4 infrared wavelengths,eaosol composition and size
distribution versus atmospheric pressure with a 1.6 km instantaneous field of view at the Earth's
limb. HALOE collected data from October 11, 1991 until November 11, 2005.

For more information and access to these data please go to:
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http://sage.nasa.gov/SAGE1
http://sage.nasa.gov/SAGE2
http://sage.nasa.gov/SAGE3M3M

http://disc.sci.gsfc.nasa.qov/UARS/d&ialdings/HALOE

1.1.5UARS MLS

The Microwave Limb Sounder (MLS) was one of 10 instrtsregvoard the Upper Atmosphere
Research Satellite (BS). The instrument haldree radiometersat frequencies nea63, 183 and

205 GHz. The major objective of UARS MLS was to provide global information on chlorine
monoxide (ClO), the dominant form of chiwe that destroys ozone. UARS MLS was also designed
to measure stratospheric ozone and water vapor. Additional measurements were obtained,
including: stratospheric temperature, upper tropospheric water vapor, cloud ice water content,
stratospheric HN@ wlcanic S@ injected into the stratosphere, temperature variances
associated with atmospheric gravity waves, and stratospheryfCQ8H

UARS MLS generally provided daily measurements from September 19, 1991 through March 15,
1994, although stratospheric watezapor measurements ceased on Adrd, 1993 due to the

failure of the 183 GHz radiometeAfter March 15,1994 the measurements became increasingly

sparse in order to conserve the life of the MLS antesnan mechanism and UARS power. Data

are availablehrough July 28, 199%lthough for GOZCARDS, only data throughJuite, 1997,

I NE O2yaARSNBR O0FFAftdz2NE 2F (KS -jeda fDRIGTE ONIRR Al Y S
time).

For more information and access to these data please go to:

http://disc.sci.gsfc.nasa.gov/UARS/ddtaldings/MLS

1.1.6 Aura MLS

The Earth Observing System (EOS) Microwave Limb Sounder (Mih&Spfsfour instruments on

the NASA's EOS Aura satellite, ldnett on July 15th 2004Aura MLS is a greatly enhanced
version of the UARS MLS experimembviding better spatial coverage and vertical resolution.
The instrument includes four radiometers at 118, 190, 240, and 640 GHz, and a 2.5 THz module.
MLS providesneasuements of manychemical species QH,O, OH, HG, HCI, HOCI, CIO»®,

HNGQ;, CO, BrGHCN, CECN, and volcanic %pcloud ice temperature and geopotential height.

The instrument has been making measurements continuously since August 2004, with th
exception of OH which ceased regular (daily) measurements in August 2010 in order to preserve
the life of the THz module.

For more information and access to these data please go to:

http://disc.sci.gsfc.nasa.gov/Aura/dataoldings/MLS/
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1.1.7ACEFTS

¢KS 1 GY2ALIKSNAO / KSYAAUGNE 9ELISNAYSY( -FT9dsa A2y
the primary instrument onboard the SCISAT satelRfES is a high spectral resolution (0.02'rm

Fourier Transform Spectrometer (FTS) operating from 2.2 to 13.3 pum44®D cnt) with a

Michelson interferometer. The instrumen$ desiged to simultaneously measuremperature,

trace gases, thin clouds, and aerosétaind in the atmosphere using theolar occultation
technique.

For access to these data please go to:

http://www.ace.uwaterloo.ca

1.1.8POAM lII

The Polar Ozone and Aerosol Measurement Il (POAM l11) instrument was launched aboard the
French SPQOZ spacecraft in Marcl24, 1998 This instrumenmmeasureal the vertical distribution

of atmospheric ozone, water vapor, nitrogen dioxide)d aerosol extinction using the solar
occultation technique. POAM Il was operational until December 55.2080AM Il \as an
improved version of POAM II. It hath improvedelectronic system that provideldwer noise and

more accurate measurements. The optical filters were manufactured with a better technology
that yields higher transmission and greater ability to withstatmhe space environment. The
wavelengths and bandwidths of the science channels diffslightly from those in POAM II.

For access to these data please go to:

http://wvms.nrl.navy.mil/POAM

1.19MERRA

The ModernEra Retrospective Analysis for Research and Applications, or MERRA, is a NASA
reanalysis for the satellite era using a major new version of the Goddard Earth Observing System
Data Assimilation System Version 5 (GBS he Project focuses on historicalatyses of the
hydrological cycle on a broad range of weather and climate time scales and places the NASA EOS
suite of observations in a climate context.

For access to MERRAta please go to:

http://disc.sci.gsfc.nasa.qgov/mdisc/dataoldings/merra
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For more information about MERRIAta, please seéttp://gmao.gsfc.nasa.gov/merra
andRienecker et a(2011). See also section R2or the GOZARD®elevant application.

1.2 Data \ersionsand Validation References

The data versions usddr GOZCARD#e provided as part of the data recordso(rcefiles and
merged file3. Unless otherwise spafied in the files, thdollowing algorithm/dataversionswere
usedF NBY GKS 2NAIAYLFE a2dz2NOS RIFiAH BS3dcase of dNRBEES f
MLS), after appropriatéata profile screeningand/or outlier value screeningyrocedures. Note

that some of the above datase{SAGE Ill and P®WIII in particularhave notbeen merged as

part of thecurrent (or nowplanned)GOZCARDS data recaide in part to logisticateasons, and

as the main benefits for a merged product come from robust and lgiopaltime series (for
GSNI @ ¢ | yie pediddd viatlina daiiaAecord) however, some datasets can hised as
crosschecks, even if they are not usditectlyas part of thegeneration of anerged product

A brief synopsis of validatierelated references for the main species and datasstgrovided
below, focusing initially on HCI,30OH0, CIO, and HN@asthe first phase of planned GOZCARDS
deliveries). Note, however, that published validation papers do not always refer to the latest
data versions, although changes in abundances betvde¢a versions are generally fairly small in
the late stages of satellite missiondlore detailed GOZCARPSated information will be made
available in GOZCARDB#ated publication(s) and other (future) documentation.

1.2.1 SAGE |

Version 5.9 revis used It was known that there were altitude errors in the original SAGE.9)
data (Veiga et al. 1995,Wang et al, 1996). An empirical altitude correction method based on
Wang et al (1996) had been applied to SAG¥5.9 ozone data before being used ®@0OZCARDS.
This empirically corrected SAGHataset (V5.9 _rev) had been evaluated and used in previous
ozone trend studies (e.PARCdRort, 1998, WMOQ, 2003. The SAGE science team is working
on a new retrieval algorithm to correct this altitude rsgation problem, which could potentially
improve SAGE ¢zore data in the lower stratosphergnd upper troposphec regions.

1.2.2SAGE Il

Version 6.2is used For ozonerelated validation, se&Vang et al.(2002), as well ag/ang et al.
(1996). However the SAGE H,0Oversion 6.2ata product (seeTaha et al, 2004, as a validation
reference was not included in the GOZCARDS merged resuthis was decidedafter
consideration of theresultingtime series and the concerns of the SAGE Il team itsgdirding a
channel drift issuéseeThomason et al 2004, alsol.. Thomason, private communicat)jotwhile
there is valuan attempting to extend thd+,0 timeseries back in time to 1984 from the HALOE
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starting date (in latel991), some of the lower stragpheric HO variations in the miah py 1 Qa R 2
not appear very robust; given the channel drift issue as welllaga gaps angotential lowner
stratospheric artifacts from aerosol contaminati@s a resultof the 1984 volcanic EI Chichon
eruption, the GOZCARD&am chosethe conservative approactnot to use SAGE IL® data at

all). Also, theSAGE |11 dataset becomesgiificantly noisier above the I3Palevel It may be

that the recently produced version BAGE Itataset will prove more robust and enab¢ aa
longerperiodreconstruction ofglobal HOtime series

1.2.3SAGE Il

Version 4.0 is used However, this dataset is not part of the planned initial release for the
GOZCARDS merged ozone product SAGE Il ozone source data files have been etdat the
GOZCARDS record and this dataset be used as a crosbeck SeeWang et al.(2006) as well
asKar et al.(2007) for references related to SAGE Il ozone.

1.2.4HALOE

Version 19is used See the following validatierelated referencesRussé et al. (1996) for HCI,
Harries et al(1996) andTaha et al.(2004) for HO, Brihl et al.(1996),Bhatt et al.(1999), and
Randall et al(2003) for @; Grod3 and Russell (2005) providea useful referencefor HALOE
derived climatologiesand uncertaintes. Hervig et al (1995) andHervig and McHugl{1999)
developed screening criteritor the HALOE data, to account foontamination byaerosols,
clouds, and tropgsheric water vapar These data screening criteria have undergone certain
refinements over e years, including recently.

1.2.5UARS MLS

Version 5is usedfor O; and ClOand version 6is usedfor HNQ and (stratospheric) ¥D. See
Livesey et al(2003) and references therein for more detailser&fon 6for H,O (from the GES
DISC)s the sameas the original prottype version (0104)see Pumphrey 1999) For brevity,

UARS MLS is also referred to as UMLS in other portions of this document and in the relevant
GOZCARDS file naming conventions.

1.2.6Aura MLS

Version 2.2is usedfor ozone and vision 3.3is usedfor other speciesA set of validation papers
was produced in 2007 and 2008 for version 2.2; Beedevaux et a2008), Jiang et al(2007),
and Livesey et al. (2008) for @, Froidevaux et al. (2008b) for HCI,
Lambert et al(2007)for stratospheric HO and for NO,Read et al(2007 andVomel et al (2007)
for upper tropospheric/lower stratospheric,B, Santee et al(2007) for HNQ andSantee et al.
(2008) and Connor et al. (2007)or CIO. See alsoManney et al (2007)for non-coincident
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validation studies.Some updates regardingersion 3.3atavalidationhave beermprovidedin the

Aura MLS dta quality documentatior(Livesey et al 2011).Also, Nedoluha et al(2011) have
provided crossralidation results tying the grourdased CIO measurements to the MLS CIO data
from both UARS and Aurdor brevity, Aura MLS is also referred to as AMLS in other portions of
this document and in the relevant GOZCARDS file naming conventions.

1.2.7ACEFTS

Version 2.2 updates usedfor ozone,andthe standardversion 2.2is usedfor the other ACEFTS
specieghat are included in GOZCARD® e mainrACEFTS (version 2.2plidation réderences for

some of the GOZCAREated speciesire by Mahieu et al.(2008)for HCI and HFCarleer et al.
(2008) for H,O, and Dupuy et al(2009 for Os;, andWolff et al.(2008) for HN@ see alsdHegglin

et al. (2008) for norcoincidentvalidation studies of ACGETS dataf¢r Os;, HO, and CO) in the
upper troposphere/lower stratosphere (UTLS).

Notes: Data procesing issues for AGH'S v2.2 data have led us to limit the AJB datasets to
dates prior to and includinghe last dayof September, 2010 for species other than ozone; for
ozone, we have limited the (v2.2 update) data to dapemr to andincludingthe last dayof
December, 2009.The firstACE-TSdata month re@emmended for use is March, 200#br N20
and HNO3, we start the current merged dséts combinng Aura MLS and AGH S datan the
same moth, namely August 2004 when the MLSretrievals started These issues could be
remedied in the fture through theuse ofversion 3 déa, or by usingipdatedversion 2datafrom

the ACE-TS teams that dates afterthe above limiting datesould be inclded as well for

G CARDS

1.2.8 POAM Il

Version4.0 is the latest data release for POAM lll. Note tha dataset has not been merged as
part of the GOZCARDi®cord, mainly due to logistical reasons, and as the main benefits for
merging come from more global time serieSeeRandall et al(2003) and references therein as a
validation reference for POAM Il ozone dngmpe et al(2006) for HO.

1.2.9 MERRA

The MERRA temperature fields used for GOZCARDSrame the DAS 3d analyzed state
MAI6NVANAyersion 5.2.0f(les such a MERRA300.prod.assim.inst6_3d_ana_ Nv.20110227.hdf).
In brief, emperature datarom 4 daily files (for 00, 06, 12, and 18 hr UT) are averaged to provide
daily meanfields @ppropriate for a mean time 009 hi). Interpolationis performed onto the
fixed GOZCARDS pressure grid (30 presdereds from 1000 to 0.0147 hPaAveraged values
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are storedfor the 10° GOZCARDS latitude batesly results are binned into a monthly aveedgr
the GOZCARDS monthly files.

1.3 Algorithm Background

The basic elments of the algorithms relating tthe GOZCARDS records are described briefly
below. Note that each species often has itsnogpecific set of issues, oftemlating to the
specific instrument measurements, sampling, and measurement &veperiods or remns
available caseby-case considerations and furthetetais will be described elsewhere (the
GOZCARDS8am is planningnanuscripts for the peereviewed literature).

In general, if oneconsides several meas@ment systems for a givespecies as a fution of
time, the GOZCARD&gorithm is based on the use of the ovenpapg timeperiods between the
various measurements to define additive offsets and remove the instrureeiristrument
biases; as a resuylvith enough overlap time andhigh quaity, properly screened data, onean
obtain a mergd time series The offsets between the various measurements are determined by
comparing the monthly mean values during overlap and by adjusting to an average reference.

We provide some more information below aie procedures that were used famerging
datasets for various species. e\idave limited some datasets for the merging process when it was
clear that significant biases vers other datasets exisfor example, UARS MLS ozone data at
100 hPa in the trogs havea clear high biagby more than 50%jersus HALOE and SAGE Il ozone,
so the UARS MLS data at this pressure for tf& 2brough 28N latitude bins was not included in

the merging process. We also tend to ignore ozone data that are clearly in gher u
troposphere for this GOZCARDS project, geared towards the stratosphere. More validation
would probably be needed and less data continuity (for long time series) exists anyway in the
upper troposphere. Ozone data extend down to the 215 hPa pressuet &t high latitudes, but

only to 100 hPa in the tropics. Similarly, the water vapor data are largely stratospheric, given the
147 hPa pressure chosen as the bottom of this merged dataset. For some specieglikedN
HNQ), the lower boundary is detmined by the Aura MLS lowest boundary, and we have
preferred to keep the continuity of the dataset in terms of coverage tied to the Aura MLS data;
some extension could be performegiy data userspy usingACEFTSN20O down to 147 or

215 hPa(and by usig the same offset values as provided in the data files at 100 &),
significant data gapswould exist compared to the 100 hPa levelAlso, the BD and HNQ
datasets start in August 2004, when Aura MLS monthly data started; a small extension in time
could be obtained by using AGH'S data during the few months prior to August 2004, when ACE
FTS data exist, but again, with some break in the data continuity. For the longer time series such
as Q, HO, and HCI, weimply maintairthe differences irsamplng frequency versus time; what
canlook like significant differences in @sonal cycles is usually caused by these differentes
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sampling frequencies between occultation instrumetugich span the globe in about a month)

and the (daily global) emissioneasurements by MLS instrumentButure analyses of these data
NEO2NRa& O2dAZ R fSIR G2 GKS o0SYySTAOG 2F WNBI YI f &
there are various ways of doing this; this, however, is one step further removed tie actuad

datasets, ands not the goa(nor within the boundspf this GOZCARD&ork.

HCI and KO

For HCI and 40, the overlap period between the March 2004 (first availaAblsommended
ACEFTS monthly means and the November 2005 last useful set of HALOE dmtadito
determine a reference based on the average of all three datasets available, which includes Aura
MLS (start oMLSdata is August, 2004). In reality, the averaging does use¢ the set of data
values that are exactly collocated in time, as thexeften only asmall number of such values
instead, Aura MLS AMLS data are usedas a transfer standardas this datasehas essentially
continuoustime/space coverage An iteative procedure isisedfor the merging process in each
latitude/pressure bin First,collocatedAMLSand ACE-TSvaluesare averaged in théug. 2004

to Dec. 2005 time period to obtain amveragereference (abekd refl); the full originaltime
series from AGETS and MLSare then offset oy the appropriateoppositeand equal anounts)

and merged (averaged), wherever they both provide a monthly mean valleen, the HALOE
data values are adjusted by using as a new referenceabiowve previouslyadjusted AMLS/ACGE
FTS combinatianThe newaveraye reference isonstructed from theaverage collocatedet: ref2
value=(1/3)x(HALORKalue + (2/3X(refl value),and thisis used to produce new average offsets
and correspondinghadjusted series, which are then merged (averggedether. In the case of
H,O, the merging procedure therlsa includes the adjusted UMLS values, by using the previous
temporarilymerged series as a reference to adjust to.

The case of water vapor is essentially the same as for HCI, in terms of methodology and datasets
used, except that one dataset, UARS MLS, lis added at the end, using an adjustment based on
the alreadyadjusted HALOE series as a reference during the Oct. 1991 through May 1993 (end of
UARS MLS seriesr fH0) time period. SAGE M data wereaffected by a channel drift issue

that led toa re-calibration of the (8.2) dataset by comparison to averages from HALGIE (ke
Thomason et al 2004); while the impact of this issue on average SAGEIVialues and drifts
versus timemay not be very largeSAGE Il team members have themselves@aed against the

use of this dataset for trend studies. Moreover, the impact of volcanic aerosols (from El Chichon
in 1982 and for several years after that, from Kelut in 1990, and ttimPinatuboin 1991 and

for 2-3 years after that)imits the amoun of reliablyretrieved lower stratosphericSAGE IH,O

for the earlier yearsand tends to acentuate variability, based on our inspection of the time
series Thomason et al(2004) also refer to some issues with a dry bias in SAGPl K the

end, we decidednot to include the SAGE Ib@® datasetinto our (evl)mergedGOZCARDSsults
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for water vapor. The potential use of a recently reprocessed SAGE Il dataset (version 7) would
need to be evaluated. We note that some HALOE data in 19992 were fomd to be
anomalously low, compared to UARS MLS values and 1993 (amf He8eOE (and SAGE II)
values. &reening of such lw values is obtained by using a threshold basedHah.OE extinction
measurements for 22 hPa and higheregsures although a few mothly values still seem
somewhat anomalous in this time period, whialso affects some merged values (details to be
provided elsewhere).

Note: Minor changes for HESDR version ev1.01

A minor change occurred between the delivered ESDR version evl1.6{Cfand the updated
ev1.01 datasets. This has to do with the inclusion dbw latitude profiles from AGETS (for
latitudes between 30S and 30N, meaning bins between 2S and 23N); the criterion for
minimum acceptablenumber d values was set to r generatinga monthly mean for ACETS
data in this region for the upper stratosphere (pressures léss t10 hPa); for ev1.01, we keep
this criterion, butapply it to the whole profiles, rather than just keeping the upper stratospheric
portion. This chage has been used fall species from AGETS The merged HCI files have
therefore changed slightly in a few places/times, as a result of slightly different offsetpared

to evl.00and slightly more data poist (depending on theyear) particularlyin the lower
stratosphere Also, the HALOE zonal means hd#érexently)changed slightly for a few ohé
months as a result afhodifications in he data saeeningrelating to aerosol effectsas well as
200 aAz2ylf LINRFAES &SOSY( pet reconiierdétins ronHALOE S S v
team members These profiles may contain retrieval artifacts associated with either a faulty
trip -angle or constantlockdown-angle registration (see  http://haloe.gats -
inc.com/user_docs/index.php. These effects can bring the total number of good profilesa
monthly bin below our threshold for calculation of &0ZCARDS monthly zonagan (from
HALOE or SAGE data), namely we onlymusathly means constructed from 15 profiles more

in a given latitude/pressure bin.

Ozone

The means of deciding upon and obtaining terence ae speciesdependent. For ozone data,
SAGE ID; is chosen as eobust reference (based on pastudies of this high quality produgt
other GOZCARDS ozone datas®ts generally adjusted for their offsets versus SAGE Il and then
averaged(where collocatedpoints existduring an appropriate overlap time peripd However,
there are some subtleties in this procedure, summarized briefly here.

First, we have adjusted the UARS MLS and HALOE ozone values to the SAGE Il ozone reference by
using the mean (addite) offsets versuSAGE Il ozorguring the appropriate period of overlap,

namely the 19941997 period appropriate for UARS MLS data records, and the 1991 to June 2000
period for HALOE (see the comments below for the 20005 period). SAGE |l ozorsata were
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converted from a density/height nativeretrieval grid to a mixing ratio/pressure grid, for
comparison to otheGOZCARDBS8lated datasets, for which anixing ratio/pressuregrid is a more

natural choice; the latter grid is also mosften used in compasons tomodels. One needs
temperature profiles for such a conversion, and any artifacts or anomalous variability in
temperatures can therefore be transferred to the converted datasets; this was pointed out by
McLinden et al(2009) in relation to SAGEdata and the use of the NMC/NCEP temperature data

in use at the time of the creation of SEG ozone (v6.2) data. Thegted that artifactsin upper
stratospheric and lower mesospheric SAGE Il oztane be introduced especially after 2000.
Moreover, sgnificant changes in the relative fraction of sunset and sunrise occultations after
mid-2000 can lead to artificial biases if one averages all the SAGE Il ozone data (sunrises and
sunsets), mostly again in the upper stratosphere and above, where diufeatebecome larger.

We have noticed that there are indeed drifts versus HALOE ozone data in SAGE Il ozone (VMR
units) for this pos2000 period in the upper stratosphere above 3.2 hPa, which mainly results
from anomalous NCEP temperature trends when pared to MERRA and HALOE temperature
data. For the creation of a merged GOZCARDS dataset, we have, therefore, avoided the use of
SAGE Il data for pressures less than or equal to 3.2 hPa; instead, we use the HALOE dataset,
previously adjusted to match SAGEverage values (from the 1991 to 2000 time period analysis

of HALOE and SAGE Il data), as a reference for this later time period. The adjustment of the Aura
MLS time series w&vis SAGE Il is performed by using average offsets from-2008l versus

SAGE Il ozone for pressures larger than 3.2 hPa, and versus the previously adjusted HALOE ozone
dataset for smaller pressures (higher altitudeB)nally, the AGETS ozone dataset is adjusted by
usingas an averageeferencethe previously merged datasé&om SAGE II, HALO#hd Aura MLS

during the 20042005 overlap period used hereghese results are then merged together for the

final ozone dataset.

Notes of Caution

There are some regions where the amount of overlap between datasets can become afoissue
the proper merging of these averaged zonal means via thidhatkt In particular, this can occur
when there are alsdarge seasonal changes, and the sampling during the overlap period is not
sufficient for enogh stability in the results (alsan ocasional poorequality data average could
more heavily influence the end result); weoticed some signifi@ant discontinuities (offsets)
betweenthe adjusted UARS MLS and Aura MEk&neseries, notably for latitudes poleward of

the 65°N or 65S bin in the upper stratosphere and lower mesosphel&e have omitted these
regions from the final merged dataset; a later merged data version could make use of more
sophisticated analyses (e.g., fits to time seriasyeduce orremove suchrconsistencies, and
provide a somewhat more complete (global) dataset. The high latitude regions mentioned above
should be treated with some caution at the stratospheric pressytesPa to 215 hPa inclusive)
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for which we providemerged data (and where signs of inconsistencies lass obvious by
inspection).

Also, for HO, one should be cautious about some of the larggD khixing ratios in the upper
mesosphere (typically for pressures smaller than 0.03 hPa) during the summer months in both
hemispheres; these outliers (zonal nmegalues of about 10 ppmv or larger) are artificially high as

a result of contamination of the HALOE measurements by polar mesospheric clouds (PMCs),
which can affect the monthly meansThese contaminated values are somewhat difficult to
AONBSYy Dded ed ISNFA | Ol dziiThe2sgnmeMdids for2tie Somawihat o 2 NF
values of lower stratospheric HALOEOHprior to mid1992, as mentioned above.

Other $ecies

For somewhat simpletases the merging procede consists of averaging trsuce datasets
over the overlaptime periodto obtain the referenceand using the correspondingdjustmed
seriesto obtainthe merged series.This is true for BD and HN@for the Aura MLS and AGH S
common time period (Aug. 2004 onward), as well asadjustments of HF an@H, seriesfrom
HALOE and A&H Sduring their fairly brief overlap period in 20@D05. For other species, like
CIO or HNg) as a large data gap exists between theRSVILS (19911997) and Ara MLS (2004
current) time series, theras either no adjustment of one series versus the other, or some
recommendations for adjustmentwill be provided at a later date, after further validation and
related work.

1.4 Sample Results

The following plots illustrate the methodology and a feampleresults for several of the species
intended for the first phase of deliverie®r the GOZCARDS archivéhe merged time series
obtained for GOZCARDS attempt to be very faithful representations of the originatlyced

source datasets (the properly s@&g/ SR T 2yt | @SNrXr3S aSNASa ol aSR
of individual profiles), meaning that no data gaps are filled (for example by fitting functions to the
sparse datasets). Such fitting procedures will be topindividual users; alsomodel/data
comparisons could bbest performed by sampling the models in a way that is not continuous,

but rather, follows the data reord sampling in time and space
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Figure 2. H,O monthly mean abundances versus time during the period of overlap between thiditeat
measurements from HALOE (blue), AJB dyan), and Aura MLS (red) at 68 hPa fore3b @ aSNASR
series obtained after the merging procedure described above is given by the connected brown points.

Figure 2 shows an example of the overlap timeigerfor H20O source datasets from HALOE,
ACECC{ X YR ! dzN}y a[{Z +G wmnn Kt I-p /Ag/bTiekKeSultingp s b
merged time series in this overlap period is shown (brown points). An expanded version of the
(unadjusted) source dasets and the merged data record for 1991 through 2010 is shown in
Figure 3, for this same latitude/pressure bin. Also, the early time period data from UARS MLS are
shown; this dataset is adjusted to the original merged series for the final merged produc

) 088.13 hPa
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a.0f
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3.0f : 1
2.5f 1
1990 1994 1998 2002 2006 2010 2014

H20/ppmv

Year

Figure 3. H,O monthly mean abundances from the source datasets and the resulting merged record for
the same latitude/pressure bin as for Figure 2, but for the time period from 1992 through 2010. This plot
also shows the UARS MLS points in 1B323(red points for that time period).
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Figure 4. Offsets applied to each of fouH,O datasets (see legend in above plots) are shown versus
latitude for the 2.2hPa pressure level ((a) in ppmv and (b) irafe)for 46.4 hPa ((c) in ppmv and (d) in %)
Sudt offsets are applied (additivelyn mixing ratio units to the original source data series to obtain
adjusted series and resulting merged time seri€sr example, as the HALOE and UARS MLS values are
drier than the mean referencehese datasets are asciated with positiveoffsets, appliedo raise their
average values, whereas the opposite is true (for the cases illustrated above) for Aura MLS-&TGACE

Averageoffsets applied to theoriginal HO monthy meantime series are shown in Figurefer
two pressurelevels. The sum of theffsetsfrom HALOE, Aura MLS, and AJEequals ero, as
each of these 3eriesis given equal weilting in this merging procedure (during 2602005).

Several other examples are shown for global HCI series ifotlesving pages. This includes a
contour plot of the merged HCI fieloh the 46 hPa surface (Figurg Bnerged andunadjusted

source data time series for addltitudes at 46 and 1 hP@igures 6 and)7 Sample time seriesf

the standard deviations fahe merged monthly mean HCI recaati46 and 1 hPare also shown

in Figures 8 and @erivations of these quantities will be described elsewhere). Descriptions of
other quantities provided in the GOZCARDS files are summarized in section 3. These plots
illustrate that different sampling and other characteristics from various instruments can lead to
different views of atmospheric variability; one also needs to contend with data gaps when trying
to analyze or interpret such long merged time series. Dgons of uncertainties will be
provided at a later date, but the range of available zonal mean datasets can help to bound the
f A1 St &absolté WMIES.¢ Bvery effort has been maoleise robust and consisténlatasets
among the GOZCARDS ensemblesicimmed given the time and resources available; care has
been taken not to merge datasets when significant deviations exist not just in absolute values,
but also in temporal tendencies (such as trends of deseasonalized anomalies, not shown here).
For exanple, the known issue in Aura MLS HCI for uppeataspheric trends (see Figure 7
where the red symbols do not track the expected HCI decline showthdWACE-TS points)
implies that it would not be wise to include that dataset as part of the mergedltteéa order to
reliably track thesmall decline in upper stratospheric HCI (relevant for total chlorirends).
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Figure 5 SampleGOZCARDBSCI field(ppbv)at 46 hPa (1992012 versus latitudeThis fieldis obtained
by combiningHALOE (1992005),ACEFTS (2002012), and Aura MLS (20@012 data records

GOZCARDS HCI time series ahB2a

Page |22





























































































