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Abstract. The Atmospheric Chemistry Experiment-Fourier 1  Introduction
Transform Spectrometer (ACE-FTS) aboard the Canadian

satellite SCISAT (launched in August 2003) was designed to . .
investigate the composition of the upper troposphere, stratoC0UPIéd Chemistry-Climate models (CCMs) and General

sphere, and mesosphere. ACE-FTS utilizes solar occultatiofrirculation Models (GCMs) are widely used by the scientific
to measure temperature and pressure as well as vertical prg@MMmunNity to improve our understanding of the atmosphere.
files of over thirty chemical species including ®4,0, CHa, In the middle atmosphere, such models play a key role in pre-
N,O, CO, NO, NG, N»Os, HNOs, HCI, CIONO,, CChF dictions of stratospheric ozone loss, which has been a main
CClLF,, and HF. Global coverage for each species is obtaine©"cen for more than two decades. In addition, atmospheric
approximately over a three month period and measurement§imate models are useful in investigating atmospheric re-
are made with a vertical resolution of typically 3—4 km. A SPONSes to fluctuations in solar intensity, to chang_es m_k_ey
guality-controlled climatology has been created for each ofdreenhouse gases (e.g. cark_)on d|0X|d_e), to volcanic actvity,
these 14 baseline species, where individual profiles are a21d t0 changes in other radiative forcing parameters, which
eraged over the period of February 2004 to February 2009(_:ollec'uvely are significant processes in controling climate
Measurements used are from the ACE-FTS version 2.2 dat§"@"9€: o . o

set including updates for £and NOs. The climatological The CCM Validation (CCMVal) Activity, which is part

fields are provided on a monthly and three-monthly basisO! the World Climate Research Program's (WCRP) Strato-

(DJF, MAM, JJA, SON) at 5degree latitude and equivalentSpheriC Erocess And their Role in Climate (SPARC_) project,
latitude spacing and on 28 pressure surfaces (26 of whict{@s designed to intercompare stratosphere-resolving CCMs
are defined by the Stratospheric Processes And their RolBY €xamining their ability to represent the atmosphere and its
in Climate (SPARC) Chemistry-Climate Model Validation processes and properties such as chemistry, dynamics, trans-

Activity). The ACE-FTS climatological data set is available POt @nd radiation (SPARC CCMVal, 2010). Such an assess-
through the ACE website. ment exercise is needed to estimate the level of model uncer-

tainty in order to ascertain and improve model performance.
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This may be done by comparing models to each other, but Here, we present a climatology that utilizes data from
also needs to be accompanied by comparing model simuleACE-FTS between 2004 and 2009. This data set is intended
tions to well-characterized trace gas observations, which aréo complement the existing climatologies from HALOE and
often provided in the form of a climatological average. Fur- other instruments (as described above) by providing infor-
thermore, climatological data can provide information aboutmation for a larger number of species (fourteen in total)
what assumptions should be made concerning initial condiin a consistent data set. This will provide a source of data
tions and input parameterizations and can be used to corfor model intercomparison studies and other atmospheric
strain various model parameters as necessary. In addition, clresearch projects. For example, the range of chlorine- and
matological data can be used for analysis of tracer transpontitrogen-containing trace gases measured by ACE-FTS can
and of inter-annual variability, leading to a better understand-provide information about how these species are partitioned
ing of the dynamical and chemical processes involved (e.gwithin families. In the following section, we give a summary
Randel et al., 1998). of the ACE mission as well as introduce the main species for
Observational climatology data is widely used and is awhich the climatologies are produced, including a summary
comprehensive way of representing data over specific peef the relevant validation results for each species. Section 3
riods of time. There are various long-term climatological describes the methodology used to produce the climatolo-
products available based on the measurements of the midjies. Finally, Sect. 4 illustrates selected results for the clima-
dle atmosphere that have been reported over the last 14 yiological products.
The earliest ozone climatology was compiled by Fortuin
and Kelder (1998) using an amalgamation of data pro-
vided by ozonesondes and the Solar Back-scatter Ultra2 Description of ACE-FTS and its data products
Violet (SBUV) instrument for the period of 1980-1991. Ran-
del et al. (1998) produced GHand HO climatologies us- The ACE mission is on-board the SCISAT satellite which
ing data collected during 1991-1997 by the Upper Atmo-was put into orbit on 12 August 2003. SCISAT is a Canadian-
spheric Research Satellite (UARS) Halogen Occultation Exded satellite mission, which carries two main instruments
periment (HALOE) instrument (Russell et al., 1993), while to study atmospheric composition: the ACE Fourier Trans-
Beaver and Russell produced HCI and HF climatologies forform Spectrometer (ACE-FTS) (Bernath et al., 2005), and the
the first 4.5 years of the HALOE mission (1998). A water Measurement of Aerosol Extinction in the Stratosphere and
vapour climatology was produced by Chiou et al. (1997) us-Troposphere Retrieved by Occultation (ACE-MAESTRO)
ing data from the Stratospheric Aerosol and Gas Experimen{McElroy et al., 2007). Measurements taken by both of these
SAGE Il instrument. A comprehensive HALOE climatol- instruments utilize solar occultation geometry, making up to
ogy product was compiled by Groof3 and Russell (2005) forl5 sunset and 15 sunrise measurements per day. In addi-
O3, CH4, H20, HF, HCI, and NQ using data from 1991— tion to these instruments, there is a two channel visible/near-
2002. McPeters et al. (2007) used a similar technique tdnfrared imager (ACE-IMAGER) that yields extinction pro-
Fortuin and Kelder to compile an ozone climatology for files at 0.525um and 1.02um (Gilbert et al., 2007). The
1988-2002 using data from ozonesondes and the SAGE ISCISAT satellite is in a circular orbit at 650 km altitude with
and UARS Microwave Limb Sounder (UARS-MLS) satellite a 74 degree inclination angle to the equator. It has an annu-
instruments. The UARS reference atmosphere project proally repeating pattern of measurement latitudes (as shown
vides climatologies for some key atmospheric species utiliz-in Fig. 1). During a 12 month period, the ACE orbit allows
ing measurements from various UARS instruments duringglobal measurements to be made front 850 85 N with
their lifetime of 1991-2005http://umpgal.gsfc.nasa.gdv/  all latitudes covered during each three-month season.
Hoffmann et al. (2008) produced a GEI (CFC-11) up- The ACE-FTS measurements provide vertical profiles of
per troposphere/lower stratosphere climatology for 2002-more than 30 atmospheric species, temperature, and pressure
2004 using data from the Michelson Interferometer for Pasfrom spectra measured between 750 and 4400'c(R.2 to
sive Atmospheric Sounding (MIPAS) instrument on Envisat. 13 um) at a resolution of 0.02 cth (Bernath et al., 2005).
The Odin Sub-Millimetre Radiometer (Odin-SMR) HNYO Information about the processing of the measured spectra is
and Odin Optical Spectrograph and InfraRed Imager Systenprovided by Boone et al. (2005). Briefly, the retrieval process
(Odin-OSIRIS) NG data were combined with a chemical uses a two step sequence. Firstly, both atmospheric pressure
box model to produce an NCclimatology for 2002-2006 and temperature are retrieved using microwindows contain-
(Brohede et al., 2008). A separate Odin SMR HN\Nslima- ing CO, spectral lines. Then the pressure and temperature
tology has also been produced for the period 2001-2009 (Urinformation are used with line parameters from the HITRAN
ban etal., 2009). Recently, Jones et al. (2011) created gn NCdatabase (Rothman et al., 2005) to retrieve vertical profiles
climatology using 2004-2009 measurements from the At-of volume mixing ratio (VMR) for each species using a non-
mospheric Chemistry Experiment Fourier Transform Spec-linear least squares fit approach. It should be noted that this
trometer (ACE-FTS) following the methodology described global fitting technique does not utilize a priori information.
herein. Atmospheric profiles are provided on both the measurement
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> Sunrise 2.2 HpO - Carleer et al. (2008) (5-89 km)
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Coincident satellite measurements from SAGE Il (v6.2),
gl HALOE (v19), MIPAS (vi3 IMK-IAA), and Odin SMR
1 (v2.1) have been compared with ACE-FTS® In these
comparisons, ACE-FTS has a small positive bias of 3-10 %
between 15 and 90km. In comparisons with POAM llI
(v4.0), there is a negative bias for ACE-FTS between 15 and
39 km that is consistent with earlier POAM IIl comparisons.
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Comparisons of coincident measurements from ACE-FTS
Fig. 1. Latitude versus time of ACE-FTS observations for one year. and Aura MLS (v2.2) show agreement better than 5% be-
The SCISAT satellite maintains an annually repeating pattern ofqyeen 100 and 0.1 hPa-(6—60 km). Comparisons to the
measurement latitudes. HALOE instrument (v19) show that there is a bias between

coincident measurements of +10-15% in the stratosphere

grid (tangent height) and are also interpolated onto a 1-knf@PProximately 20-50km). A similar bias is seen in com-
grid using a piecewise quadratic method. For this project, théP@risons between Aura MLS and HALOE (Froidevaux et
profiles on the measurement grid have been used. al., 2008). Furthermore, a comparison of an ACE-FTS zonal

The 14 baseline atmospheric species measured by AcETean profile and profiles from the balloon-borne MkIV dur-
FTS are @, H,0, HCl, CCkF, CChF», CHa, HF, N,O, ing the autumn of 2003, 2004 and 2005 aroungél8%ields
CO, NO, NG, HNOs, CIONOy, and NOs. We use ver- agreement of better thah7 % up to 20 km.
sion 2.2 of ACE-FTS retrievals (including updates fog O
and NOs), all of which have been validated. At present,

not e_rrrrc:r ?uﬁge} estlma:jes h.a\;.e bee? maﬂe for .thls q?;%here were limited CFC satellite data available for the
Sel. 1he Toflowing are descriplions of each species Withy,.nje|; et 4. (2008) validation analysis. Thus comparisons
a shqrt summary of the validation results, hlghllg_htlng were made with balloon-borne measurements from FIRS-2
t_he biases between ACE-FTS and othe_r atmosphenc P'O3nd MKIV. The differences between individual ACE-FTS and
file data sets. For a more comprehensive description foi-|oq 5 profiles are typically-10 % from 12 to 16 km, where
each species, the reader is directed to the relevant artig, . AcE.FTS VMRS are slightly smaller than FIRS-2. An

gle. Theltreferen_cleq ar;i]clej/ are p?rt of t::e ACE Vali(slla'ACE-FTS zonal mean profile is systematically smaller than
lon r_zls_u S Sff:'ﬁ Islslg ttp: ;’]VWW'a_mOSr']C _elm-r} )r/]s.neb coincident MKIV profiles by typically—10 % above 12 km
specialissue114.html For each species, the title of the sub- _ | up to—20 % below 12 km.

section contains the relevant validation reference and the typ-
ical retrieval altitude range. 2.5 CChF, (CFC-12) — Mahieu et al. (2008) (6-28 km)

2.4 CCRF (CFC-11) — Mahieu et al. (2008) (5—22 km)

2.1 O3 —Dupuy etal. (2009) (5-95km) As was done for CGF, ACE-FTS CCjF, profiles were

This work uses the version 2.2 ozone update. For this VGE{C‘? :;Ei;g?n;tzlsvi;s :\?:r;\glgc\i/tgacilrzc;;]ep;ogi; fn(;i::;—r?)ﬁle
sion, there is a small positive bias, between ACE-FTS an . :
correlative satellite and ozonesonde measurements, typ'é%r%orgrri)sgiswslt:owz,\r/rl1ka|1:</ir§8?n4beilggezfg ?/ pggi\',lvise'n%se
cally of +1 to +8% in the stratosphere (16—44 km). Above P v

45km, ACE-FTS ozone values are significantly larger thanand 28 km. The comparison of individual profiles from ACE-
’ - I 1 0, -
the comparison instruments by up to +40% (+20% on aV_FTS and FIRS-2 show large systematic biase4959 % be

erage) These comparisons ere mace with solr occuldie°7 12 10 2110n Hanever betuest 17 ond 2140, e

tion instruments, such as HALOE (v19), SAGE Il (v6.2), ment y

SAGE Il (v3.0), and POAM Il (v4.0), and other satel- '

lite measurements, including GOMOS (IPF v5.0), SCIA- o
26 CH;—DeM t al. (2008) (5-62 k

MACHY (IUP v1.63), Aura-MLS (v2.2), and MIPAS (ESA 4= De Mazere et al. (2008) ( m)

v4.62, ML2PP/5, V3Q03.7). No significant differences e pias between ACE-FTS and correlative HALOE (v19)

were found in the biases for sunrise and sunset occultat|onspr0ﬁ|eS is approximately +5 % up to 35 km and increases at
higher altitudes (40-60 km) to between +10 and +15%. In
comparisons with MIPAS (ESA v4.62), ACE-FTS is typi-
cally lower than MIPAS with differences up t&12 % up

www.atmos-chem-phys.net/12/5207/2012/ Atmos. Chem. Phys., 12, 55724 2012
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to 60 km. A comparison with a January 2006 high-latitude atic bias resulting from ACE-FTS coincidences with SCIA-
profile from the balloon-borne SPIRALE instrument showed MACHY (v2.0, occultation and nadir), GOMOS (IPF 5.0),
that there is a small bias between ACE-FTS and SPIRALEand SAGE Il (v3.0). Comparisons with Odin OSIRIS (v3.0)

that is smaller thar=10 % between 15 and 24 km. yield a relative difference of typically less than 6 % between
14 and 24 km and 13 % above 25km. ACE-FTS exhibits a
2.7 HF —Mabhieu et al. (2008) (10-50km) consistent low bias compared to MIPAS (ESA, v4.62) of

—89% and—45 % in the lower and upper stratosphere respec-
As was found for HCI, coincident ACE-FTS and HALOE tjyely. This study used a chemical box model (McLinden et
(v19) measurements show an ACE-FTS bias of typically +5—3|. 2000; McLinden 2006) for comparisons to GOMOS and
20 % between 15 and 49 km. Additionally, a comparison of OS|RIS so as to account for the strong diurnal effect 06NO
a zonal average ACE-FTS profile (as no direct comparisong4ere, scale factors were calculated to re-scale GOMOS and

were found) to the 2004 and 2005 MKIV balloon profiles 0S|RIS NG measurements to the local solar times (LSTs)
agree better that10 % above 19 km. of the ACE-FTS coincidences.

2.8 Np,O — Strong et al. (2008) (5—60 km) 2.12 HNO; — Wolff et al. (2008) (5—37 km)

ACE-FTS NO profiles were compared with measurements The agreement between coincident measurements from Odin
from Odin SMR (v2.1), Aura MLS (v2.2) and MIPAS (ESA, SMR (v2.0), MIPAS (ESA v4.62, IMK-IAA v8.0), and MLS
v4.62 and IMK-IAA, v3.0). The relative differences for these (v2.2) is typically better than 20 % (and often within 10 %)
data sets are withil:15% between 6 and 30km, except for the overlapping altitude ranges of each instrument.

for MIPAS near 30 km where the differences are as large as

—22.5%. Between 30 and 60 km, the absolute differences fop-13  CIONO, — Wolff et al. (2008) (5-37 km)

the satellite comparisons typically range fref to +1 ppbv.
Relative differences are not given because th® NMR is
quite small over this altitude range.

Comparisons with coincident MIPAS (IMK-IAA v11.0) data
show agreement to better thal % from 16-27 km and
within +14 % from 27—34 km. As CION&®has some diurnal
2.9 CO - Clerbaux et al. (2008) (5105 km) variation, these comparisons required the use of a chemistry
transport model (Kouker et al., 1999) to transform the MI-
The agreement with correlative satellite limb measurementsPAS observations to the time and location of the ACE-FTS
including MIPAS (version 9.0) and Odin SMR (v2.1), is typ- Occultations.
ically better than 30 % from 20 to 100 km. Larger differences
were found in comparisons with Aura MLS because there
was greater noise in the MLS profiles than in the ACE-FTS
ones. Between 6 and 14 km, agreementa®6 or better was

2.14 NOs — Wolff et al. (2008) (5—-37 km)

Similar to the ozone validation, this work uses the ACE-

. . . . FTS v2.2 NOs update. Below 27 km, relative differences be-
found in comparisons with nadir measurements by MoplTTtween ACE-FTS and MIPAS (IMK-IAA v9.0) are typically

and TES. For these comparisons, the ACE-FTS profiles WEre iter than-10 % and—27 % during daytime and nighttime,

?nrzgztmhggtgsmg the averaging kernels of the lower rEESO|u“or}espectively. To account for the strong® diurnal varia-

tion, the same chemistry transport model was employed as

210 NO — Kerzenmacher et al. (2008) (12—105 km) was used for the CION£study.

Comparisons made to the HALOE (v19) data set show rel
ative differences that are less th&20 % below 60 km and
typically better thant8% between 22km and 60km. Be- |n order to discuss the production of a climatology, it is first
tween 60 and 90km, ACE-FTS is biased low compared toyseful to provide a definition. Simply put, a climatology is
HALOE (~80 %), although the one sigma uncertainty in the the average state of an atmospheric parameter over a given
systematic biases is often zero, implying that statistical dif-time period with respect to altitude and geolocation coordi-
ferences are not significant. ACE-FTS also shows a typicahates. Typically, a climatology is provided as a function of al-
+10 % bias compared to HALOE from to 93 km to 105km. titude (or pressure), latitude (or equivalent latitude) and time
(month or season).

"3 Methodology

2.11 NO, —Kerzenmacher et al. (2008) (12—105 km)

3.1 ACE climatology grid description
The relative differences from comparisons of ACE-FTS to

SAGE Il (v6.2), HALOE (v19), and MIPAS (IMK-IAA,  For the vertical coordinate, we utilize atmospheric pressure.
v3.0) are typically better thaf:20 % throughout the strato- We use 28 pressure surfaces, 26 of which are defined by the
sphere £20-50 km), with slightly better than 10 % system- CCMVal activity: 300, 250, 200, 170, 150, 130, 115, 100,

Atmos. Chem. Phys., 12, 5205622Q 2012 www.atmos-chem-phys.net/12/5207/2012/
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90, 80, 70, 50, 30, 20, 15, 10, 7, 5, 3, 2, 1.5, 1, 0.5, 0.3ria are applied. Firstly, occultation profiles that are known
0.2, 0.1 hPa (SPARC CCMVal, 2010). The other two pres-to have issues are disregarded (e.g. those labeled “Do Not
sure levels are added in the upper stratosphere and lowddse” in the Data Issues List which is provided from the
mesosphere, namely, 0.7 and 0.15hPa. These pressure |e&CE website:https://databace.uwaterloo.ca/validation/data
els are the centres of each bin. The limits of each bin ardssuestable.php. Unrealistically large or small VMRs are
calculated to be equidistant from the adjacent centres in lodhen removed, for example z0salues that were less than
pressure. The horizontal coordinate is divided into 5degree-2 ppmv or greater thar-20 ppmv. Overall, this has re-
intervals from 90 S to 90 N (e.g. the 99S to 8% Sinterval  moved data from less than 20 profiles from the data set.

is labeled as 87%5). Thirdly, any measurement for which the absolute fitting un-
. ) certainty is larger than retrieved value is ignored and simi-
3.2 Filling the grid larly, any measurement with an absolute fitting uncertainty

. . that is smaller than 0.01 % of the retrieved value is also ig-
The ACE-FTS climatologies are made fo5,tH20, CHi, 164, A related exclusion method was used in the HALOE
N20, CO, NO, NQ, N20s, HNG;, HCI, CIONG,, CChF, climatology (GrooR and Russell, 2005) and this particular fil-

CCloF2, and HF on a monthly and three-month combined g method has been employed in other ACE studies (e.g.
basis using the set of more than 19 000 occultation measurebupuy etal., 2009).

ments obtained between late February 2004 and late Febru- iy filtering is performed by using a statistical technique,
ary 2009. The yearly latitude coverage of the ACE measureéy ey the median absolute deviation (or MAD). Since a cli-

ments is shown in Fig. 1. ACE obtains global latitude cover- 6104y is the most probable state of the atmosphere for a
age over a period of approximately three months. This meang; e, time and location, we must be able to remove obser-
that for any given month there will be gaps in the climatol- | atigng that are considered non-representative of the most
ogy as certain latitudes will not be measured due to the nap opnape state. MAD is a measure of statistical dispersion
ture of the SCISAT orbit. In addition to making climatolo- ,,q it js a powerful filtering method used to remove outliers
gies arranged by latitude, we also compile climatologies ongon 4 sample of data (Huber, 2004). It is often preferred
an equivalent .Iatltude grid. Equivalent latitude is a vortex- 5 or the use of the standard deviation and mean of a data
centred coordinate system based on the area enclosed Ry 5 the median is considered more robust and less affected
potential vorticity contours (Butchart and Remsberg, 1986)'by extreme observations. Because the standard deviation is
This is a useful parameter since, in addition to insuring thatdependent upon the square of the difference from the mean
data averaged together are from similar air masses, it alsg,),q it ensures that large deviations are heavily weighted
allows for a broader coverage to be attained due to the variag, 1his calculation. When using the MAD, the magnitude of

tions in potential vorticity at a given lafitude, thus helping 1o ¢ yifference between the median and a given value is less
fill some of the gaps that would occur in the latitude clima- ¢ 5, jsg)e for the outlying values because of the linear re-

tology fields. For each ACE-FTS profile, equivalent latitude, lationship. Toohey et al. (2010) have found the MAD to be

as a function of altitude, is available as part of the suite of 3 effective method of reducing the impact of outliers when

“derived meteorological products” (DMPs) as described in,qing measurements from ACE-FTS. The expression for the
Manney et al. (2007). To calculate these DMPs, the GEOSy,ap is given in Eq. (2)

5 meteorological fields (Rienecker et al., 2008) are interpo-
lated to the location and time of the ACE-FTS measuremeniap - — median(|x; — M, |) @)
(Manney et al., 2007).

Some of the species measured by ACE-FTS have diumaljo e \AD is calculated by finding the median of the abso-
variations (such as NO, N‘OHNO3’ qONOZ' and NoOs). . lute deviation between observationsand the mediany/, of
In order to account for this, we consider the local _solar t|m_en data points. Figure 2 illustrates the relationship between the
(LST) of the measurements, such that separate CI'matoIOg'e§tamdard deviation and MAD of a data set within a Gaussian
are produced for AM (before local solar noon) and PM (after iiribution of values. In this work, we use 3 MADS to filter
local solar noon) in addition to a climatology based on all ¢ gata as it is approximately 2 sigma. This means that for a

occultations (AM+PM). LST is calculated by considering o ssjan distribution approximately 5% of all observations
the universal time (UTC) and the longitude, (defined as 14 pe considered outliers and thus removed. Figure 3

—180 to +180) of ea_ch occultation aF the ACE-FTS 30km gpq5 an example of all ACE-FTS ozone observations (be-
reference tangent point as was done in Nassar et al. (2006) ¢ and after 3 MAD filtering) for the latitude bin centered

LST = UTC + (24/360¢. (1) at 67.3 S during the month of January (2004—-2009). The ob-
servations here have been sorted into the relevant pressure

For consistency, we apply this method to all 14 species tabins defined above. Also shown is the median profile based
provide AM, PM and AM + PM combined climatologies. upon these values as well as a surrounding envelope which
During the process of sorting individual measurementsdesignates the 3 MAD range. Thus, values that are outside
into the relevant grid bin for a given month, various crite- the envelope (red dots) are considered non-representative,

www.atmos-chem-phys.net/12/5207/2012/ Atmos. Chem. Phys., 12, 55724 2012


https://databace.uwaterloo.ca/validation/data_issues_table.php
https://databace.uwaterloo.ca/validation/data_issues_table.php

5212 A. Jones et al.: Technical Note: A trace gas climatology

<,
T

Frequency
Pressure [hPa]

\ 10°F

\ ¢ | | L | . | |
10° 5

3
Data Values 1sigma 2sigma 3 sSigma VMR [ppmv]

Fig. 2. A random set of values can be characterized by a normaIFlg' 3. Example_ of January Qdata (67.8S bin) and how outliers
2 L . . “are removed using MAD filtering. Red dots are data that are deemed
distribution curve (black thick line). The thick black dot-dash line . . . L
represents the equal mean and median values for the normally di non-representative-(5 %) and are thus rejected. Solid black [ine is
iributed data. The MAD values are represented by the red soli he median of all observations, while the dashed line isH8&1AD

. . ) ; . envelopeN represents the percentage of retained measurements af-
lines, while the blue dashed lines characterize the standard deV'%-er 3 MpADA:‘ilte?ing (~95 %)p g

tions.

ie. Out”erS, and are therefore disregarded_ For this part|cSC|SAT satellite’s orbit Only certain IatitudeS/equivalent lat-
ular case, 95 % of the observations (blue stars) are retainedfUdes are measured for any given month. For some species,
Since experimental data sets are not always entirely GaussidRis can result in apparent discontinuities in the climatologi-
in nature, more than 5 % of all observations will be removedcal values in regions where there are sharp gradients in VMR.
by 3MAD filtering in most cases. We find this number to

be typically 5-10 % of the total population for each bin, but 3.4 Additional information

this still allows the data set to be representative of the atmo-

spheric state. To complement the climatological VMR data, we have in-
cluded a suite of information to aid in the interpretation of the
3.3 Calculating the climatological mean values data set comparison. These extra data are provided as part of

the climatological data products and describe the data in each

After applying the filtering methods described above, the re-bin. These data are provided on the same pressure/latitude
maining measurements in each bin are used to produce th@id (or pressure/equivalent latitude grid) as the VMR in-
climatologies. The mean value for a given bin, either latitudeformation. Firstly, the standard deviation for each grid bin
or equivalent latitude range, will be included in the clima- for each species is supplied, which will help characterize the
tology if there are five or more data points used in the cal-degree of variation on a monthly (or three-monthly) basis.
culation. This provides a level of statistical robustness in theWe also provide the number of observations for every grid
climatological values. In making the climatologies, we cal- bin, thus offering a measure of the level of statistical robust-
culate the Weighted mean value within each bin using thenN€ess for a given climatological value. LST information is also
inverse of the absolute fitting uncertainty (rather than the in-stored for each grid bin. These include the mean, standard
verse variance) as the weighting factor. Hence, observationgeviation, median, maximum, and minimum of the LSTs for
with large fitting uncertainties are weighted less than thosethe measurements that are used to calculate the VMR clima-
with smaller fitting uncertainties. This method is used to taketological value in each grid bin.
the quality of the retrieved data into account when calculat-
ing the climatological mean. This technique is similar to that3.5 Data formats and availability
used by Groofl3 and Russell (2005) in their HALOE climatol-
ogy, where they weighted by the inverse of the accuracy toThe ACE-FTS climatological data products are available in
account for the quality of the data in their calculations. ASCII and NetCDF formats. These products are available as
Climatological VMR values are calculated by month a supplement to this paper. In addition, updates to these data
and combined three-monthly climatologies are also pro-products (to include additional years of data) will be made
duced, namely, December-January-February (DJF), Marchavailable via the ACE websitéttp://www.ace.uwaterloo.ca/
April-May (MAM), June-July-August (JJA), and September- climatology.htm). The additional information is also avail-
October-November (SON). Note that these three-monthable through the ACE website and can be provided on request
combinations are not strictly a seasonal average. Due to th@MATLAB format only).
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Fig. 4. ACE-FTS Q& climatology for FebruaryA) and August(C). Also shown is the one standard deviation of thg dimatology for
February(B) and Augus{D). The gaps in the data are either where there were no observations made (for example, the summer hemisphere
pole for the months considered here) or where there are less than 5 observations for a given bin.

4 Results model and measurement climatology produced by Brohede
et al. (2008). These results are discussed below.

In addition, the ACE-FTS climatology has been compared
with other satellite climatologies as part of the SPARC Data
anmauve The user is directed to the report from this initiative
Yor additional comparisons and assessments (SPARC Data
Initiative, in preparation).

The following h|gh||ghts some results from the ACE- FTS cli-

fourteen baseline species. We have selected two radiativel
important species (§$and H0O), examples of chlorine reser-
voir and source species (HCl and GE) and active nitrogen
species (NO and N§) for illustration. For Q, H20O, HCI,
and CC4F, we provide examples of the February and Au- 4.1 Monthly zonal mean climatologies
gust climatological VMR fields, obtained by combining the
AM +PM measurements. For NO and NGspecies which  Oz: Figure 4 shows the monthly climatological products for
have strong diurnal variations, we show AM and PM clima- ozone in February and August (panels A and C) as well
tologies separately. Also, some examples of the three-months the one sigma variability for the same months respec-
combined climatologies are shown. In all cases, we show thdively (panels B and D). The VMR values at around 10 hPa
climatology calculated in terms of pressure as a function ofare typically greater than 10 ppmv in the tropics, while val-
equivalent latitude. ues decrease gradually as one moves towards the polar lat-
To ascertain a level of confidence, each of the 14 climato-tudes. For these particular months, polar observations are
logical products have been compared to various other climaenly made in the winter. The stronger southern polar vortex
tological data sets. §) HCI, CH;, H20O, and HF have been (August) is more evident compared to the Northern Hemi-
compared directly to the HALOE climatology (Grool3 et al., sphere polar vortex activity (February), which is more per-
2005), while the other species have been compared to zonalirbed (and hence weaker) due to more frequent stratospheric
mean fields calculated from the outputs from a CCM (thesudden warmings. The estimates of ozone variation are based
Canadian Middle Atmospheric Model (CMAM), Scinocca et on one standard deviation of the VMR values for each grid
al., 2008) and a chemical transport model (the Global Mod-bin. The largest variations are found close to the peak alti-
eling Initiative (GMI) combo-model driven by GEOS-4 me- tude in VMR in the extra-tropics and polar latitudes and are
teorological fields (Strahan et al., 2007). In these model comiypically 0.5—-1 ppmv. We can expect varying strengths of the
parisons, the agreement between data sets is generally vepolar vortex from year to year due to the relative timings of
good. When comparing the ACE-FTS and HALOE clima- stratospheric warmings, hence we would expect to see the
tologies, we find similar biases as were found in the compargreatest variability in this region.
isons of coincident ACE-FTS and HALOE measurements, Large variations are occasionally seen at the limits of the
as reported in the ACE validation special issh#(://www. grid, such as the highest and/or lowest altitudes. This is often
atmos-chem-phys.org/speciabue114.htn)l Also, we have  due to a minimum number of measurements included in the
compared our climatology results for N@ the combined climatological average. If the MAD filtering process has few
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Fig. 6. Same as Fig. 4, but for CeH.

samples to consider then it may fail to remove (what wouldpospheric concentrations of water vapour are significantly
be considered otherwise) outliers. Although this may not af-higher than those found in the stratosphere, the tropospheric
fect the overall climatological VMR value for a given bin, it mixing ratio values are off the scale in these plots. The very
might well produce an unreliable variation value, due to thelow water vapour values seen at high southern latitudes (Au-
presence of an outlier(s). The total number of observationgjust) are evidence of dehydration in the polar vortex. The
per grid cell can be used in these cases to determine the dene standard deviation climatological fields show the water
gree of statistical robustness. vapour variation to be typically less than 0.4 ppmv through-
H>O: Figure 5 illustrates the climatology for water vapour out most of the stratosphere and lower mesosphere. Larger
for February and August. The main photochemical sourcevariation values (typically greater than 0.8 ppmv) are seen
of water vapour in the stratosphere is the oxidation ofyCH near polar latitudes and the mid-latitude/polar stratopause
hence a typical KO profile is anti-correlated to a typical (~0.1hPa) region.
CHg4 profile. Thus, VMRs increase with altitude through- CClsF: The ACE-FTS CGF distribution in the mid-
out the stratosphere, yielding on average maximum valueslle/upper troposphere and lowermost stratosphere is shown
of 7-8 ppmv in the upper stratosphere in the tropics. Thein Fig. 6. The CGF VMR values obtained range from 220—
scale for the plots in Fig. 5 were chosen to best display theB00 ppbv throughout the middle to upper troposphere. The
stratospheric and lower mesospheric results. Because the tré#MR values start to decrease once it enters the stratosphere
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Fig. 8.NO> AM and PM climatologies for Februaip) and(B) and Augus{C) and(D).

as CChF is photolysed by intense UV radiation. The one- tex, these variations are closer to 0.6 ppbv. The extra-tropical
sigma variation values are highest in the extra-tropics in theupper stratosphere also shows a tendency towards slightly
region just above the tropopause and on the order of 30 pptwhigher variation values of about 0.4-0.5ppb. This is likely
Otherwise, variation values are typically less than 20 pptv into be related to a high bias found in the ACE-FTS HCI data
the troposphere and in the stratosphere. at altitudes above 1 hPa. This bias has been reported in pre-
HCI: Examples of the HCI climatology for February and vious validation studies with MLS (Froidevaux et al., 2008).
August are given in Fig. 7. The stratospheric production of NO and NQ: Both NO; and NO, which form the NQ
HClI is via the photolytic breakdown of CFCs, HCFCs, and family, are active nitrogen species that are important for the
chlorocarbons therefore HCI concentrations increase with al€atalytic ozone loss cycles in the stratosphere. Both of these
titude. HCI acts as a reservoir species outside of the polar respecies have strong diurnal variations, such that they are
gions, but it is converted to its reactive form (ClO) through active during sunlit hours, but are quickly locked up into
heterogeneous reactions on polar stratospheric clouds (PSCsservoir species such as® during the night. The strong
during the polar night. The breakdown of HCI is well rep- diurnal variation of NQ can be seen from Fig. 8. Here,
resented by the low VMR values seen in the winter polarobservations have been separated into AM and PM based
vortex region (below 30 hPa). Background variation valueson the LST of the measurements. In both months, the PM
are generally less than 0.2 ppbv, but around the polar vorobservations {8 ppbv) are almost double that of the AM
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Fig. 10. Spread of LST for ACE-FTS AM observations during Mai@). The median LST climatological field for MardB). The ACE
NO, March AM Climatology(C). The OSIRIS + model (Brohede et al., 2008) modelNgbmatology (2001-2008)D).

observations~4 ppbv) in the tropical middle stratosphere, and PM independently), from typically less than 1 ppbv in the
the region dominated by ozone chemistry. Figure 9 uses théropics to as large as 10-15 ppbv in EPP influenced regions.
same format as Fig. 8 to show the NO climatology. It can be When using the climatologies for diurnally varying
seen that PM values are slightly higher than AM in the trop- species, the LST must be considered. Figure 10, panel A
ical middle stratosphere. Moreover, it is also apparent thashows how the LST of all March NDAM measurements
large abundances of NG-Q0 ppbv) are descending from the varies as a function of longitude. It should be noted that
winter polar mesosphere to the stratosphere, particularly irduring March, AM occultations occur only in the South-
the Northern Hemisphere. These are periods typically associern Hemisphere, while the PM occultations only occur in
ated with solar energetic particle precipitation (EPP) (Funkethe Northern Hemisphere. It can be seen that most of the
etal., 2005; lbpez-Puertas et al., 2005; Rinsland et al., 2005;AM occultations occur at approximately 05:00-06:00 a.m.
Randall et al., 2005, 2006, 2007; Natarajan et al., 2004). Al-Panel B presents the resulting median LST for each grid
though the variation plots for NO and N@re not shown, box based on these measurements. In the tropics and mid-
we have found the values to vary widely (considering AM latitudes, each climatological value has a median LST close
to 05:00-06:00a.m. while the median LST values in the
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Fig. 11.ACE-FTS three-month combined climatologies (September-October-November (SON) faj,@or HF (B), for H,O (C), and for
CHy (D).

polar latitudes are closer to 09:00a.m. The N&M cli- VMRs are less £1.5-1.7 ppbv). Finally, there is also evi-
matology is exhibited in panel C. We now compare the dence for strong horizontal mixing in the southern extra trop-
ACE-FTS NG zonal average to the climatology produced ics (below~3 hPa) seen in panel B, D, and to a lesser degree
by Brohede et al. (2008), who incorporated Optical Spec-in panel C.

trograph InfraRed Imager System (OSIRIS) measurements

and results from a photochemical box model. Panel D shows

the OSIRIS + model climatology data for March (2001— > Summary

2008) computed for a LST of 6 AM. Comparing panels ) . -
C and D, there is a good agreement between ACE-FTéACE FTS profiles from the version 2.2 (plus updates fgr O

. and NOs) data set have been utilized to produce multi-year
and OSIRIS +model in terms of structure and VMR val- . . .
2004-2 I limatol for 14 atmosph
ues. Here, differences in NOVMRs between ACE-FTS and (2004-2009) zonal average climatologies for 14 atmospheric

. . =77 species. Monthly and combined three-month (DJF, MAM,
.OSlRIS - model_are typlca}lly less than .lppbv, which is sim- JJA, SON) climatologies are produced on a vertical pressure
ilar to the magnitude of bias reported in the Kerzenmacher

S : o grid and as a function of latitude or equivalent latitude. The
et al. (2008) validation analysis for coincident ACE-FTS and ] - : s
Odin OSIRIS NG profiles. ACE-FTS climatological data set containsz,H20, CHy,

N2O, CO, NO, N@Q, N20s, HNO3, HCI, CIONG;, CCkF,
CChLF,, and HF. A statistical technique using the median
average deviation (MAD) has been employed to eliminate

Figure 11 shows an example of three-month combined Zona?utliers effectively from the data set. The data quality of the
averages for four different species: panel A shows O retrievals (given by the inverse of the fitting error) is used to

panel B shows HF, panel C shows®, and panel D shows weight the values used in the climatological averages. This

CHg during September-October-November (SON). QCE'FTS tcllzpat(?[lcigy.W|:ldb(?[ an tt-:'xck;)eller:jt complement to ¢
We can see that by using this methodology we can ob- e current climatological data sets based on measurements

tain an excellent coverage from pole to pole for these fourfrom other s_atelllte mISsIons and_ ozqnesonde_s by providing
ata for a wider number of species in a consistent data set.

cases. Some examples of interesting features are in panel limatological broducts will id f dat
where there is evidence for ozone depletion in the Souther ese climatological products will provide a source of data
or model intercomparison studies and other atmospheric re-

Hemisphere polar vortex, while panel C illustrates nicely the h iacts. including the SPARC initiative t luat
dehydration of water vapour in the Southern Hemisphere po_se':arc Projects, Inciuding the iniuative o evajuate
climatological data sets obtained from satellite instruments

lar vortex. Comparison of panels C and D show the anti- o )
correlated behaviour of #0 and CH, where CH is ox- (SPARC Data Initiative, in preparation).
idized to O as one moves up through the atmosphere.
Panel B illustrates evidence of vertical descent of enhance®upplementary material related to this article is

HF VMRs (~2-2.2 ppbv) from the mesospheric southern po-available online at: http://www.atmos-chem-phys.net/12/
lar latitudes into the stratospheric polar region, where HF5207/2012/acp-12-5207-2012-supplement.zip

4.2 The 3 month combined zonal averages
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