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Abstract. The use of SAGE lll multiwavelength aerosol ex- 1 Introduction
tinction coefficient measurements to infer PSC type is con-

tingent on the robustness of both the extinction magnituderhe Stratospheric Aerosol and Gas Experiment Il (SAGE
and |tS Spectl’al Variation. Past Validation W|th SAGE Il and |||) produced prof"es from the mid_tropOSphere to the meso-
other similar measurements has shown that the SAGE |”sphere of ozone, N water vapor, and multiwavelength
extinction coefficient measurements are reliable though theyergsol extinction between February 2002 and March 2006.
comparisons have been greatly weighted toward measureyye to orbital considerations, these profiles were made pri-
ments made at mid-latitudes. Some aerosol comparisongarily between 50 and 80 and 25 and 60S. During Arc-
made in the Arctic winter as a part of SOLVE Il suggested ic winter SAGE IIl sunset observations occurred at lati-
that SAGE Il values, particularly at longer wavelengths, aretdes greater than 60! and produced numerous profiles
too small with the implication that both the magnitude and yithin the Arctic vortex including frequent observations of
the wavelength dependence are not reliable. Comparisongolar stratospheric clouds (PSCs). Since SAGE Il made
with POAM lII have also suggested a similar discrepancy. gerosol extinction measurements from 385 nm to 1545 nm,
Herein, we use SAGE Il data as a common standard for comthese measurements have the potential to allow the infer-

parison of SAGE IIl and POAM Il measurements in the ence of PSC microphysical properties (Poole et al., 2003).
Arctic winters of 2002/2003 through 2004/2005. During the Sing'e_wavelength /\(,1 Mm) aerosol extinction data from
winter, SAGE |l measurements are made infrequently at thesam (Stratospheric Aerosol Measurement) 1, POAM (Po-
same latitudes as these instruments. We have mitigated thiay Ozone and Aerosol Measurement) 1I/lll, and SAGE I
problem through the use of potential vorticity as a spatialhaye provided much of our present knowledge of PSC cli-
coordinate and thus greatly increased of the number of COinmatoIogy (McCormick et al., 1982; Poole and Pitts, 1994;
cident events. We find that SAGE Il and IlI extinction co- Fromm et al., 2003). In these studies, PSCs were identified as
efficient measurements show a high degree of compatibilitythose measurements having.in extinction coefficients sig-

at both 1020 nm and 450 nm except a 10-20% bias at bothficantly larger than the background (non-PSC) aerosol ex-
wavelengths. In addition, the 452 to 1020 nm extinction ra-tinction. This approach provides reasonably accurate statis-
tio shows a consistent bias 6f30% throughout the lower tics on PSC occurrence, but it obviously excludes any PSCs
stratosphere. We also find that SAGE Il and POAM Ill are jith extinctions below the detection threshold, and it pro-
on average consistent though the comparisons show a mugfjdes little information on PSC particle properties. Several
higher variability and larger bias than SAGE II/lll compar- recent studies have shown that a dual-wavelength analysis of
isons. In addition, we find that SAGE Il and POAM lll data extinction data provides significantly enhanced information
sets are not well correlated at and below 18 km. Overall, wepn PSC microphysics, in particular the ability to discriminate
find both the extinction values and the spectral dependenCﬁquid and solid particles. For example, Strawa et al. (2002)
from SAGE Ill are robust and we find no evidence of a sig- showed that multiwavelength POAM Il aerosol extinction
nificant defect within the Arctic vortex. data is consistent with the observation of supercooled ternary
solution (STS) and nitric acid trihydrate (NAT) PSC parti-
cles. Poole et al. (2003) found similar results using 2 SAGE
Correspondence td-. W. Thomason lIl channels and also found evidence for mixtures of STS
(Lw.thomason@larc.nasa.gov) with very few relatively large NAT particles (so-called “NAT
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1424 L. W. Thomason et al.: SAGE Ill aerosol extinction validation

Table 1. Aerosol extinction coefficient wavelengths for SAGE I, tinction coefficients within the polar vortices compared to

SAGE IIl, and POAM 1l in nanometers. mid-latitude values is a well known phenomenon (Kent el al.,
1985; Curtius et al., 2005; Thomason and Poole, 1993) that
SAGE Il SAGE Il POAM III has been taken into account in PSC identification schemes
(e.g., Poole and Pitts, 1994).
386 385 354 To facilitate the use of SAGE Il measurements in PSC
452 449 442 composition studies and illuminate the differences between
525 521 600 .
1020 600 779 SAGE IlIl and POAM Il we have conducted an extensive
676 920 comparison of multiwavelength extinction measurements by
755 1018 SAGE Ill and POAM lIl with observations made by SAGE Il
368 (1984—2005). While SAGE Il and SAGE Il are more simi-
1020 lar to each other than to POAM llI, they also have significant
1545 differences in hardware configuration and operation. In addi-

tion, the SAGE lll and SAGE Il algorithms that produce the

data products including aerosol extinction coefficient, while
following similar approaches, are also distinct and have min-
3 imal common software. Thus, we do not believe that there
J is any inherent predilection for the two SAGE instruments

(1/km)

%
S
S

é E to agree at the expense of POAM Il and that comparison of

%10-5 A 1 4 these three instruments will provide insight into the source of
2004 2005 2006 reported disagreements. Matching SAGE Il events to SAGE
Time Il and POAM lll is a non-trivial task since SAGE Il is in

an inclined orbit and, as a result, makes relatively few obser-
Fig. 1. This figure shows the 18-km, 1020-nm aerosol extinction vations at high latitudes particularly in winter. However, by
coefficient measured by SAGE lll (black) and POAM I1l (gold) in - combining such coincidences over the three winters in which
the Northern Hemisphere. _Note that th_is figure_shows all observa-data from all 3 instruments are available (2002/2003 through
tions by each instrument with no matching requirement. 2004/2005) and using potential vorticity as a spatial coordi-

nate rather than latitude, we find roughly 200 coincidences

for SAGE Il and SAGE Il and roughly 100 coincidences for
rocks”) based on the multiwavelength analysis. POAM Il and SAGE II. Herein, we will describe the three

The use of SAGE Ill multispectral aerosol extinction data instruments and highlight where they and their processing al-

to infer PSC composition is plainly dependent on the quality gorithms are different. We then show the results of the data
of the extinction measurements including the spectral vari-intercomparisons and discuss the results.
ation. While the works cited above indicate that these data
are useful in this application, there is some question regard-
ing the overall quality of the SAGE Il aerosol data. Russell 2  Instrument and algorithm descriptions
et al. (2004) made measurements of the multispectral depen-
dence of aerosol column optical depth above NASA DC-8All three instruments are solar occultation devices and share
flight altitudes (~12 km) as a part of the SAGE Ill Ozone the fundamental strengths and weaknesses of this approach.
Loss and Validation Experiment (SOLVE Il) using the Ames The instruments observe the change in the apparent bright-
Airborne Tracking Sunphotometer (AATS-14). They found ness of the Sun as it is obscured (or “occulted”) by the Earth’s
that AATS-14 optical depths were generally larger than theatmosphere during each sunrise and sunset encountered by
integrated column SAGE Il values, particularly at longer the spacecraft or about 30 times per day. A line-of-sight
wavelengths where the discrepancy could reach a factor ofLOS) transmission is computed by dividing the observed
3. Similarly, Russell et al. (2004) note that, while SAGE IIl through-the-atmosphere intensity by a value measured above
and measurements made by POAM lII are consistent outthe atmosphere. By measuring the LOS transmission at mul-
side of the polar vortex, SAGE lll values are consistently tiple wavelengths it is possible to produce profiles of gas
lower within the Arctic vortex. This is demonstrated in Fig. 1 species such as ozone, Bl@&nd water vapor as well as the
which shows a time series of northern hemisphere SAGEspectral dependence of aerosol extinction coefficient. The
11l and POAM l1l 1020-nm aerosol extinction measurements occultation method is well suited to stratospheric applica-
at 18km. SAGE IIl observes many more low aerosol ex-tions where the optical depths of these species are low and
tinction coefficient values<2.x10°km~1) during winter ~ where the horizontal variability is small since the horizon-
months (particularly in the winter of 2002/2003) than doestal scale of the measurements is on the order of hundreds of
POAM III while conversely showing much less variability kilometers and sampling is sparse (Thomason et al., 2003).
during the summer months. Nominally, smaller aerosol ex-SAGE 1l uses 87 channels between 290 and 1545nm to
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produce profiles of ozone, NQwater vapor, temperature, channels at 448 (N& and 600 nm (ozone) are approximated
and aerosol extinction coefficient at the 9 wavelengths showras linear combinations of the aerosol LOS optical depth at
in Table 1 (SAGE Il ATBD, 2002). POAM lll uses 9 chan- 452, 525, and 1020 nm where the coefficients for these re-
nels between 354 and 1018 nm to produce profiles of ozondationships have been derived based on the relationship pre-
NO,, and water vapor as well as aerosol extinction at the édicted by single mode log-normal size distributions for sul-
wavelengths shown in Table 1 (Lumpe et al., 2002). SAGE lIfate aerosol at stratospheric temperatures (Thomason et al.,
is the least complex of these instruments with only 7 channel2001). The aerosol contribution at 386 nm and in the wa-
from which ozone, N@, water vapor and aerosol extinction ter vapor channel are computed after the primary process-
coefficient at 4 wavelengths are produced (Chu et al., 1989ing. SAGE Ill uses a multi-linear regression (MLR) tech-
Thomason et al., 2000). We will limit our discussion to the nique with the twenty 1-nm wide Nf£xhannels between 430
current releases for all instruments: SAGE Il (Mersion 3), and 450 nm and the ten 7-nm wide ozone channels between
POAM III (Version 4), and SAGE Il (Version 6.2). In addi- 560 and 630 nm. The LOS aerosol contribution is produced
tion, since all three instruments make aerosol extinction co-as a residual following the subtraction of the contributions
efficient measurements near 1020 nm and 450 nm, we wilfrom other components. These include the a priori molecu-
focus on these common measurements. lar density profile (from NCEP) and the retrieved ozone and
In addition to the differences in the number of channels,NO; values as well as the contribution of water vapor (where
there are other differences in how the instruments operateappropriate) that is retrieved using a non-linear least squares
For instance, SAGE Il and SAGE Il instruments use a mir- method prior to the application of the MLR technique. Since
ror to scan across the Sun normal to the horizon continuouslyhere is essentially no contribution by ozone at 1020 nm, this
during an event. The spacecraft ephemeris and the times afhannel for both SAGE Il and SAGE Il is only dependent on
crossing the Sun edges form the basis for determining the althe measured transmission and the a priori molecular density
titude of the on-Sun measurements. In the lower atmosphergrofile.
where the lower edge of the Sun may be totally obscured, the POAM Il uses an optimal estimation technique that si-
time of crossing the upper Sun edge and the measured mirranultaneously solves for the target gas species and the coef-
scan rate is used for altitude registration. On the other handficients to an empirical function that accounts for the effects
POAM llI stares at the center of brightness of the Sun. Withof aerosol. In this model, aerosol LOS optical degth,is
no atmospheric attenuation, the physical center and the cergiven by
ter of brightness are the same. However, for Sun position%
below ~40km, the center of brightness moves to a higher™
position on the Sun due to the effects of refraction and thewhere theu ; are the effective aerosol coefficients retrieved in
opacity of the atmosphere. At altitudes abov26 km, the  the algorithm, and; = In(%;), with A; being the central wave-
pointing position is determined from the optical depth ra- length of channel i. This relationship has been found to be an
tios of Rayleigh dominated channels. Belev26 km, point-  adequate representation of the spectral dependence predicted
ing is determined from changes in the elevation angle of theby stratospheric aerosol models (Lumpe et al., 2002). In de-
optical head as recorded by the instrument. Thus all threescribing the previous version (Version 3), Lumpe et al. (2002)
instruments are dependent on knowledge of a Sun positionfound that the aerosol extinction coefficient at 442 nm is not
dependent exoatmospheric Sun brightness curve to produdsghly coupled to the extinction at other wavelengths while
transmission profiles from the measured signals. The field othe value at 1020 nm is significantly coupled to values mea-
view of the instruments are 0.5 by 1.5 arc minutes for SAGEsured at 779 and 920 nm at all altitudes and to shorter wave-
Ill, 0.5 by 5 arc minutes for SAGE Il, and 0.8 by 48 arc lengths above 20km. For all three instruments, species are
minutes for POAM Il (the unrefracted Sun is 30 arc min- separated using LOS values, and those profiles are subse-
utes wide) where the first number denotes the vertical fieldquently “peeled” to the vertical data product profiles.
of view and is a key parameter in defining the vertical resolu- Randall et al. (2001) compared version 3.0 POAM llI
tion. POAM lII has a slightly coarser vertical resolution than aerosol extinction to version 6.0 SAGE Il data. They showed
the SAGE instruments but this should not be relevant to thethat at 1um the instruments agreed to withh30% from
following discussions. 10-22km, but that there was significantly more variabil-
SAGE Il and SAGE Il use a similar approach for the con- ity in the POAM measurements. Both the SAGE Il and
version of the measured LOS transmission profiles to LOSPOAM llI algorithms have been improved since then; anal-
product profiles. The effects of molecular scattering are com-ogous comparisons with the newer versions show agreement
puted using temperature and pressure profiles obtained froto within £10% at 1um from 15-24 km, with larger dis-
the National Center for Environmental Prediction (NCEP). agreements#30%) down to 11 km. Substantial variability
The remaining optical depth (-log(transmission)) is separatedn the POAM data remains, however, even in the version 4.0
into contributions by gas species and aerosol using a leas?OAM retrievals. The precision at 450 nm was similar be-
squares approach (Chu et al., 1989; Thomason et al., 2000)ween the two instruments, but systematic biases existed that
For SAGE II, the contributions of aerosol in nominal gas were attributed to problems with the v6.0 SAGE Il retrieval

= Wo + H1ki + pak?, 1)
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dynamical information have been produced by Gloria Man-
ney (Manney et al., 2001) using National Centers for Envi-
ronmental Prediction (NCEP) analyses and are available at
ftp://mis.jpl.nasa.gov/pub/outgoing/mann@V is a dynam-
ical tracer and as such more useful than latitude for matching
event locations in the Arctic winter since it can better char-
i acterize the air mass in which the measurements are made
Latitude Potential Vorticity particularly in the presence of strong PV and species gra-
dients across the edge of the wintertime polar vortex. It is
Fig. 2. This figure depicts a comparison of the distribution of 1020- clear that the use of PV greatly increases the organization of
nm aerosol extinction coefficient from SAGE Il in January through the distribution and illustrates the strength of using this co-
March of 2003 through 2005 at 18 km in the northern hemisphere.qrdinate particularly in the vicinity of the Arctic vortex. As
Frame(a) shows the distribution as a function of latitude while a result, we use time, longitude, altitude, and PV as coor-
frame (b) shows the distribution as a function of potential vortic-yinates for determining coincidences. Since, as previously
ity in units of kP s~ kg™ x 10, noted, there are relatively few opportunities to match SAGE
Il events in the wintertime Arctic, we found that we needed
to use relatively broad match criteria to maximize the num-
ber of coincident events. Thus the noise in the matches is
likely larger than would be observed with tighter match cri-
teria due to actual geophysical variability. We used identi-
cal altitudes 41 day, +-24° longitude, andt-5% of the PV
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%10_4 i ek scnnt as b 4 ® ] range observed in the SAGE Il data for observations in north-
s REEREALAMASE A 3 ern hemisphere winters. This latter value is very roughly the
£l % . ] equivalent of a 2range in latitude. Since, as will be shown
. 3 below, all three instruments’ observations have roughly the
© | same range in potential vorticity, the opportunity exists to

match events for the entire domain of PV. We find some

coincidences by these criteria where the latitude difference

; approaches T0 Including these points increased the stan-

2003 ?ﬁg‘e‘ 2005 2006 dard deviation of the comparisons but had little impact on
the mean values. As a compromise between increasing the

Fig. 3. This figure shows 18 km, 1020-nm aerosol extinction co- number of cqincide_nces by openi_ng the coi_ncid_ence window
efficient measured by SAGE IIl, SAGE II, and POAM Il using the a&nd decreasing variance by restricting spatial differences, we
match requirements described in the text. Frda)esshows SAGE  also include a limit of 3 difference in latitude. We also elim-
11l (black) matched with POAM 111 (gold); framéb) shows SAGE  inated all coincidences where relative errors are greater than
Il (black) matched with SAGE Il (blue); and framg) shows  75% and where 1020-nm extinction values are greater than
POAM Il (gold) matched with SAGE Il (blue). 4x10~*km~1 and temperatures are less than 200K as a first
cut at removing PSCs. We choose to eliminate most PSCs
since they tend to be spatially inhomogeneous and, for the
algorithm. These problems have been fixed in the versiorgeometry of these instruments, matching PSC events yield
6.2 algorithm used here, and comparisons of POAM lll dataextremely different results simply due to spatial variability.
in the northern hemisphere with the newer retrievals agree tdt is not critical to eliminate all PSCs but restricting compar-
within £20% from 13-21 km, increasing $530-40% above isons to low values of extinction mitigates the inhomogene-
and below this range. ity problem. This is mostly accomplished through the use of
the temperature cutoff where the extinction cutoff removes
a few large values that escape the temperature filter. This
3 Comparisons complicates the comparison however the biggest outstand-
ing issue for SAGE Il extinction data quality is at low val-
Figure 2 shows the distribution of SAGE Il 1020-nm extinc- ues. In addition, solar occulation measurements of aerosol
tion coefficient measurements at 18 km north of M5or the extinction improve in quality for increasing magnitudes of
winters of 2002/2003 to 2004/2005. In frame (a), the data isextinction so it is not unreasonable to expect the results for
plotted as a function of latitude and in frame (b) it is plotted low extinctions to persist into the higher values exhibited by
as a function of Ertel potential vorticity (PV) expressed in PSCs. The value used for the relative error limit made vir-
units of kn?s~1kg~1x10*. SAGE Ill and SAGE Il auxil- tually no difference in the quality and quantity of matches
iary data sets which contain PV, equivalent latitude and otheexcept above 22 km where significant numbers of POAM Il
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Fig. 4. This figure shows 18 km, aerosol extinction coefficient near
450-nm as measured by SAGE lll, SAGE II, and POAM Il using the
match requirements described in the text. Frga)eshows POAM

Il (gold) matched with SAGE III (black); framéb) shows SAGE

Il (black) matched with SAGE Il (blue); and framg) shows
SAGE Il (blue) matched with POAM llI (gold).
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events are eliminated by a criterion more restrictive than that
required by the SAGE instruments. As reported by Lumpe
et al. (2002) POAM IlI extinction measurements report sig-

nificantly larger uncertainties, particularly at 1020 nm, than at 15(a), 18(b), 21(c), and 24 kir(d) for January through March of

thos.,e associated with either _SAGE data set. ) 2003 through 2005. The plots show all data without any matching
Figure 3 shows the match time history for matching SAGE requirements.

llland POAM 11l (a), SAGE Ill and SAGE 11 (b), and POAM
Il and SAGE 11 (c) coincidences at 18 km using the above oo
match criteria. Clearly Fig. 3a is very similar to Fig. 1 and &€ systematic differences between the three data sets but all

reflects the similarity in sampling that POAM 11l and SAGE Show low variability during the summer and a substantial ex-
Il have in the Northern Hemisphere. At the same time, pansion of the aerosol extinction coefficient domain toward
the differences between SAGE Il and POAM Il are un- 'ower values during the winter months. All three data sets
changed by the more robust matching criteria reinforcing the/ €ach similar minimum values of 4?0-nm extinction during
idea that the differences are in fact real differences. On théh€ winter periods, around 16km~t. This IS In contrast
other hand, the matched SAGE Iil and SAGE Il events, asi© thé comparisons at 1020nm, where particularly during
shown in Fig. 3b, demonstrate a strong qualitative agreemeri{'® 2002-2003 winter minimum POAM Il extinction values
with fewer though still substantial number of matches. Both Were significantly higher than from SAGE Il.

show a tight clustering during most of the year with some  Since our goal is to verify SAGE IlI's suitability for PSC
scatter toward lower values in the winter. In Fig. 3c, the studies, we now take a closer look at the matches that oc-
matched POAM lll and SAGE Il events appear similar to the cur during the Arctic winter (January—March; 2003-2005)
POAM IlI-SAGE Ill comparisons shown in Fig. 3a. Here, at both 1020 and 450 nm including the extinction or “color”
the POAM IlI data show greater variability than the SAGE ratios since they play such a crucial role in PSC type de-
Il at all times particularly in the summer of 2003. This is termination. Figures 5 and 6 show a winter-only compari-
consistent with the POAM 1l validation results of Randall son of 1020-nm aerosol extinction coefficients as a function
et al. (2001). The late winter POAM lll data also show a of PV. In Fig. 5, we show the distribution of SAGE Ill and
similar scatter toward lower values as SAGE Il that may beSAGE Il 1020-nm extinction at 15, 18, 21, and 24km as a
consistent with that observed between SAGE Ill and SAGEfunction of PV for the three focus winters. Given the dif-
Il. Figure 4 shows the same analysis except using the meaferences in sampling locations, times of measurements, and
surement channels located near 450 nm. For this set of medhe mixture of years, some variation in the ensemble of ex-
surements, the variability of the three data sets is far mordinctions is expected. There is no matching of events in this
consistent than is found for the 1020-nm comparisons. Therease. Nonetheless we see a similar distribution of values

Fig. 5. This figure shows the distribution of 1020-nm aerosol extinc-
tion coefficient measured by SAGE Il (black) and SAGE Il (blue)
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Fig. 7. This figure shows the relationship between SAGE IIl and
] o o ~ SAGE Il 1020-nm aerosol extinction coefficient pairs matched us-
Fig. 6. This figure shows the distribution of 1020-nm aerosol extinc- ing the criteria described in the text for 1&), 18 (b), 21 (c), and
tion coefficient measured by POAM 11l (gold) and SAGE Il (blue) 24km (d). All extinctions are multiplied by 19 The mean statis-

at 15(a), 18(b), 21(c), and 24 kn(d) for January through March of  jcs shown were computed using the ratio defined in Eq. (2). The
2003 through 2005. The plots show all data without any matchingsg|id line has a slope of 1.

requirements.

on the ratioy, of the data pairs as given by

for two instruments though SAGE Il has significantly fewer k()
measurements at high PV values than does SAGE IIl. Othef = — "7 )
than the 15 km altitude, we observe a significant negative tilt ksacen(*)
in the aerosol extinction dependence on PV. For instance, th@here k; (1) is the aerosol extinction coefficient at wave-
mean value drops by nearly an order of magnitude acrosgengthy for either SAGE Il or POAM Il andksacen(}) is
the domain of PV. Figure 6 shows the same comparisons fothe corresponding aerosol extinction coefficient for SAGE II.
POAM Il and SAGE Il (the same set of points shown in We use the ratio rather than absolute values to even out the
Fig. 5). POAM lII also shows a tilt with PV but, as would jmportance of the low values (that are of particular interest)
be expected from Fig. 3, with a much larger variation in ex- with the large values that would otherwise dominate the sta-
tinction coefficient at all values of PV. As a result, POAM Il tistical calculations. The statistics shown in Figs. 7, 8, 10,
1020-nm extinction coefficients are more weakly correlatedand 11 and summarized in Figs. 9 and 12 are based on this
with PV than either SAGE Il or SAGE lIl. Since POAM Il parameter. In these figures, we find that the 1020-nm data
uses a different PV source than SAGE Il/11l, it is possible that from SAGE 11l and SAGE |l are well correlated with a mean
differences between the PV products could produce an appapf » between 0.83 and 0.90 or a mean difference between
ently noisy outcome for POAM I1I. This does not seem likely —17 and —10%. These values are consistent with the pre-
to be the sole factor since the POAM Ill summer data still viously reported bias of up to 20% between SAGE Il and
show (shown in Fig. 3) far more variation in extinction co- SAGE Il (Thomason and Taha, 2003). The ratio standard
efficient than either SAGE instrument in a period with much deviation values run between 0.15 and 0.35 for roughly 200
weaker PV gradients. matches. Each of the scatter plots shows a fairly tidy primary

Figure 7 shows the scatter of SAGE IIl versus SAGE Il cluster with a noisier tail toward lower extinction values. The
1020-nm extinction coefficient limited to data pairs that sat- correlation coefficient, R, (the linear Pearson correlation co-
isfy our match criteria. We perform our statistical averaging efficient) between these data sets varies between 0.3 and 0.7.
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of extinction coefficient measured by the two instruments is

very similar. There are some indications of an 'ncre_ased b_'a%—ig. 10. This figure shows the relationship between SAGE Ill and

between the two instruments at the lowest extinctions WithsagE i1 short wavelength aerosol extinction coefficient pairs (449

SAGE Ill more than 20% less than SAGE Il values. HOwW- and 452 nm) matched using the criteria described in the text for 15

ever, the noise in the matches makes it difficult to assert thiga), 18 (b), 21 (c), and 24 km(d). All extinctions are multiplied

with any certainty. Figure 8 shows the scatter of the approxi-by 10*. The mean statistics shown were computed using the ratio

mately 100 matches between POAM lIl and SAGE II. Here, defined in Eq. (2). The solid line has a slope of 1.

the mean of the ratios varies from 0.92 to 1.5 with standard

deviations of 0.38 to 1.37 or about twice that found between

the SAGE instruments. The noise found in this comparisonson and the POAM Il to SAGE Il comparison. We find that

is greatly driven by noise in the POAM Ill 1im data previ-  the SAGE Ill and SAGE Il comparison has a consistent bias

ously discussed. In this figure, while on average the agreeef ~15% that increases slightly with altitude. The standard

ment is fairly good, correlation between the data sets is poodeviation of the ratio also shows an increase with altitude go-

particularly below 20 km. The correlation coefficient is be- ing from 15% to near 35%. The POAM IIl to SAGE Il profile

tween 0.0 and 0.5 increasing toward higher altitudes. shows greater structure but averages to a similar bias (though
Figure 9 shows a summary of the 1020-nm comparison an the opposite sense) to the SAGE III/SAGE Il analysis. In

a function of height for the SAGE Il to SAGE Il compari- this comparison, the standard deviation varies between 40%
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Z 2} L - EE short wavelength comparison. In addition, above 18 km, the

+H+ . . . . .

2 X LE ] correlation coefficient is similar to or larger than the corre-
M A . © | TP lation between SAGE Il and SAGE Il measurements and is
A N7 ‘ ol consistently greater than 0.5. On the other hand, at and be-

o L2 3 4 5 6 0. L2 3 4 low 18 km the correlation coefficient between POAM Il and
SAGE II 452-nm Extinction SAGE 1II 452-nm Extinction

SAGE ll is close to zero. Again, even below 18 km, we con-
Fig. 11. This figure shows the relationship between SAGE Il and clude that the good agreement between SAGE |l and SAGE

POAM 1l short wavelength aerosol extinction coefficient pairs (452 I SUQQGSFS that the SAGE Il 449-nm extinction c.:oeff|C|ent.
and 442 nm) matched using the criteria described in the text for 150ata is reliable. The short wavelength summary is shown in
(a), 18 (b), 21 (c), and 24km(d). All extinctions are multiplied ~ Fig. 12. As with the 1020-nm comparison, the SAGE Il and
by 10*. The mean statistics shown were computed using the raticSSAGE Il short wavelength comparison is consistent with al-
defined in Eq. (2). The solid line has a slope of 1. titude with a bias between 10 and 20% and the standard devi-
ation between 25 and 60%. The POAM IlII/SAGE Il compar-
ison is significantly better behaved than the 1020-nm com-

and 140% over the depth of the profile. The good agreemenl?arison- While the mean is similar (ranging from 0.95 to 1.5

with SAGE Il data argues that the SAGE 11l 1020-nm extinc- over the profile), the standard deviations are much less than
tion coefficient data is reliable. at 1020 nm and vary from 27 t0 55%.

Figures 10 and 11 are complementary to Figs. 7 and 8 for Since the wfa_velength ratio is such an important compo-
the comparisons at short wavelengths. Since the wavelengt ent of the ability to infer PSC composition typ.e, we have
are not the same for these wavelength channels, we expe 0 compared the450 to 102Q-nm aerosol extinction co-
some differences simply due to the wavelength dependencg |.C|ent. collor ratios for the two instruments where the color
of aerosol extinction coefficient. For the SAGE Ill and SAGE ratio, r, is given by
Il pair (449 and 452 nm), this could be as large as 2% while k(450nm)  kspagen(1020 nm
for POAM Ill and SAGE Il (442 and 452nm), it could be as ™ = =750 X 7= = Zeo o )
large as 5%. Just by eye it is clear that both comparisons are
noisier than at 1020 nm. This is expected since the shortewhere the §” subscript denotes either the SAGE Il or
wavelengths are more strongly influenced by molecular scatPOAM IlI instruments. Figure 13 shows the results of this
ter and absorption by gases. As observed for the 1020-nnanalysis for both SAGE 11l and POAM lIl at 18 km; these re-
comparison, the SAGE Il and SAGE Il comparison shows sults are typical of what is seen between 15 and 25km. The
little variation with altitude. The mean ratio varies from 1.08 results are summarized in Fig. 14. For SAGE lll, the mean
to 1.22, the standard deviation is between 0.24 and 0.62, andf the ratio of the extinction ratios is nearly constant at 1.3
the correlation coefficient is between 0.24 and 0.72, where albelow 21 km and increases above that altitude to near 1.5 at
generally increase with altitude. On the other hand, we find25 km. Similarly the standard deviation is nearly constant
that the correspondence between POAM Ill and SAGE Il isbelow 21 km at a value of 0.2 and increases above that al-
better for this pair than at 1020 nm. The mean has a similatitude to 0.5. While the mean value of the color ratio can
range of 0.95 to 1.52 but the standard deviation is betweelbe inferred from previous figures, the low standard deviation
0.27 and 0.55 or about 2/3 of that for the 1020-nm compari-in the ratio is less obvious and arises out of the fact that the
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Fig. 13. This figure shows the relationship betwe@) SAGE lII (b) Same as frame (a) except for POAM Il 442nm to 1018 nm

and SAGE Il aerosol extinction coefficient ratio pairs (449 to 1020- aerosol extinction ratio and the SAGE I 452 to 1020-nm aerosol

nm and 452 to 1020-nm) arfd) POAM Il and SAGE Il aerosol ex- ~ €xtinction ratio.

tinction coefficient ratio pairs (442 to 1018-nm and 452 to 1020 nm)

at 18 km matched using the criteria described in the text. The mean

statistics shown were computed using the ratio defined in Eq (3)ments for more standard coincidence criteria (a@ﬁ, h'

The solid line has a slope of 1. 500km). These comparisons comprise more than 2000
SAGE IlI/POAM llI coincidences (many during the winter)
and more than 300 SAGE III/SAGE Il coincidences (none

errors in the extinction coefficient measurements as a funcduring the winter). These comparisons reveal that the color

tion of wavelength are highly correlated for both instrumentsratio for SAGE 1l is 20-30% higher than the color ratio
and do not fluctuate independently (Kent et al., 2006). Thefor SAGE IlI, from 10-22km. This results from the fact
low dynamic range in the ratio (only abotitl 5%) leads to  that SAGE Il extinction at 450 nm is’10-15% higher than
relatively low correlation coefficient values that lie near 0.3 SAGE II, whereas it is 10-15% lower atuIn. Given the
over the entire depth of the profile. The POAM Il to SAGE very low background levels of aerosol extinction that per-

Il comparisons can also be inferred from the results showrsisted throughout the lifetime of SAGE IlI, this is quite rea-

above. There is substantial structure in the altitude profilessonable agreement. As expected from the more variable

of the individual comparisons shown in Figs. 9 and 12, whichPOAM measurements afdm, the color ratio comparison for
leads to the structure observed in Fig. 14. In this case, the raSAGE Il vs. POAM lII shows more structure, but on aver-
tio varies from 1.7 at 12 km to around 0.83 at 23km and isage is within+=20% from~13-21 km. In this altitude range
generally near 1.5 between 15 and 20 km. As shown aboveSAGE Il and POAM Il extinctions at 450 nm are within
the POAM lll extinction at both km and 450 nm is on av- +15%, while at Jum POAM lll is higher than SAGE lll by
erage biased high compared to SAGE Il, with a larger bias aR0-30% (increasing to 40—-60% below 15 km).

450 nm. This leads to the generally positive bias in the wave- \e now return to the original question raised by the results
length ratio seen in Fig. 14. The large scatter in color ratiogf Ryssell et al. (2004) and shown in Fig. 1: are the differ-
between these instruments is clearly seen in Fig. 13 wher@nces between POAM Ill and SAGE I1l aerosol extinction at
the range for POAM llI ranges from values of about 2 to 1 ,m that are most obvious in the 2002—2003 winter indica-
nearly 20 while SAGE Il varies from 4 to 9 and SAGE Il tive of a problem in the SAGE IIl data? We conclude that
varies between 5.5 and 9 with a few points between 10 anghased on comparisons of both the SAGE Ill and POAM I
15. This results primarily from the large noise in the POAM (gata sets to a common standard, SAGE II, we have no evi-
Il 1- um measurements, as described previously (Randall e§jence to suggest that there is any more error in the SAGE IlI
al.,, 2001). Not surprisingly, the correlation between SAGE gata than in the other data sets. The precision of the SAGE
Il land POAM Il color ratios is for all intents and purposes ||| 1-;,m data is significantly higher than that of POAM I,
zero. Since the SAGE II/SAGE Il color ratios comparisons which lends credibility to the SAGE Il retrievals. On av-
are well behaved and the POAM III/SAGE Il problems are erage, as seen from Fig. 14, the color ratio of SAGE IIl is
understood to be primarily the product of noise in the POAM jntermediate between that of SAGE Il and POAM lll, an-
Il 1-um extinction coefficient data as shown in Fig. 1 and gther point that suggests the SAGE Il measurements are not
following figures, we conclude that the SAGE Ill color ratio sjgnificantly in error. In addition, the lack of an appreciable
data is reasonably reliable. altitude dependence in the relationship between the 1020 and
SAGE IIl and POAM Il instruments show larger color 450-nm measurements by SAGE Il and SAGE Il (Figs. 9a
ratios than the SAGE Il instrument. This is consistent and 12a) suggests that these measurements are robust since
with comparisons (not shown) between the three instru-most known sources of bias in these measurements are both

SAGE II Extinxtion Ratio SAGE II Extinxtion Ratio
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strongly wavelength and altitude dependent (Thomason eEdited by: R. MacKenzie
al., 2007%. Conversely, SAGE Il extinctions at/m are
lower than both SAGE 1l and POAM llI, so this could point
to a low bias in the SAGE Ill Jtm extinction measurements
that might be at least partly responsible for the low values in
winter. At this time, hoyvever, the causes of the overall biases lfred, J., Fromm, M., Bevilacqua, R., et al.. Observations and
between these three instruments (and the results of RUS,S‘?' analysis of polar stratospheric clouds detected by POAM Il and
etal., 2005) are not understood, and errors cannot be defini- saGg 111 during the SOLVE I/VINTERSOL campaign in the
tively attributed to one instrument instead of another. We  2002/2003 Northern Hemisphere winter, Atmos. Chem. Phys.
also note that Alfred et al. (2006) concluded that the biases Discuss., 6, 11 391-11 426, 20086.

described by Russell et al. (2005) pertained to conditions ofChu, W. P., McCormick, M. P., Lenoble, J., Brogniez, C., and Pru-
very low extinctions, and that the POAM Il and SAGE Il vost, P.. SAGE Il inversion algorithm, J. Geophys. Res., 94,

measurements of PSCs agreed well with each other. 8339-8351, 1989.

Curtius, J., Weigel, R., ¥ssing, H.-J., Wernli, H., Werner, A,
Volk, C.-M., Konopka, P., Krebsbach, M., Schiller, C., Roiger,
A., Schlager, H., Dreilling, V., and Borrmann, S.: Observations
of meteoric material and implications for aerosol nucleation in

. . . the winter Arctic lower stratosphere derived from in situ particle
Based on this analysis, we find that the SAGE Il data at both measurements, Atmos. Chem. Phys., 5, 30533069, 2005,

102_0 qnd 449 nm are reI_iabIe over a proad range pf aerosol http://www. atmos-chem-phys.net/5/3053/2005/
extinction values and suitable for'usg in PSQ studies. Botl]:romm' M., Alfred, J., and Pitts, M.: A unified, long-term, high-
of these channels show systematic bias relative to the SAGE |atitude stratospheric aerosol and cloud database using SAM 11,
Il values that are nearly constant from 12 to 25km, but in  SAGE II, and POAM II/lll data: algorithm description, database
opposite directions. In addition, the color ratios for these definition, and climatology, J. Geophys. Res., 108, 4366, doi:
instruments, while reflecting the individual biases, remains 10.1029/2002JD002772, 2003.
highly robust and are extremely consistent as a function ofkent, G. S., Trepte, C. R., Farrukh, U. O., and McCormick, M. P.:
altitude. We have not attempted to diagnose the source of Variation in the stratospheric aerosol associated with the north
the differences between the two SAGE instruments. Differ- Ccyclonic polar vortex as measured by the SAM Il satellite sensor,
ences between POAM IIl and SAGE I, particularly at 1020  9- Atmos. Sci., 42, 1536-1551, 1985.
nm, vary significantly with altitude, but the overall magni- Lumpe, J. D, Bevul_acqua, R. M., Hoppel, K. W., a.nd Randall, C.

. L E.: POAM lll retrieval algorithm and error analysis, J. Geophys.
tude of the differences is similar to that betyve(_ap SAGE llI Res., 107(D21), 4575, doi:10.1029/2002JD002137, 2002.
anq SAGE II. POAM Il measurements are S|gn|flf:antly less Manney, G. L., Michelsen, H. A., Bevilacqua, R. M., Gunson, M.
noisy at 450 nm than at/Im, so the comparisons with SAGE R _ rion, F. W., Livesey, N. J., Oberheide, J., Riese, M., Rus-
Il at the shorter wavelengths are better behaved. As has been seli 111, J. M., Toon, G. C., and Zawodny, J. M.: Comparison
previously reported, the POAM Ill aerosol extinction data at  of satellite 0zone observations in coincident air masses in early
1m is significantly noisier than the data from either SAGE = November 1994, J. Geophys. Res., 106, 9923-9943, 2001.
instrument. The noise may contribute to the disagreemenMcCormick, M. P., Chu, W. P., Grams, G. W., Hamill, P., Herman,
between instruments reported here. The disagreements re- B- M., McMaster, L. R., Pepin, T. J., Russell, P. B., Steele, H. M.,
ported by Russell et al. (2005) might arise in part from the and Swissler, T. J.: I—_||gh-lat|tudg stratospheric aerosqls measured
small systematic low bias, currently not understood, that is Y the SAM Il satellite system in 1978 and 1979, Science, 214,

328-331, 1981.
observed between SAGE il and both SAGE Il and POAM Poole, L. R. and Pitts, M. C.: Polar stratospheric cloud climatol-

at 1'“m' In any case, we ConCIUd? that based on the abovg ogy based on Stratospheric Aerosol Measurement Il observations
analysis that, beyond the modest biases repprted here, .there ISfrom 1978 to 1989, J. Geophys. Res., 99, 13 083-13 089, 1994.
no reason to believe that the SAGE Il data is pathologicallypggle, L. R., Trepte, C. R., Harvey, V. L., Toon, G. C., and Van-
biased low within the polar vortex or that the low extinctions  valkenberg, R. L.: SAGE IIl observations of Arctic polar strato-
recorded by the instrument are anything but the product of spheric clouds — December 2002, Geophys. Res., Lett., 30(23),
geophysical processes. 2216, doi10.1029/2003GL018496, 2003.
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