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Extended abstract (EA): To examine the characteristics
of polar stratospheric clouds (PSCs) in the Antarctic, we
have analyzed short-time (within 5 days) changes in
nitric acid (HNO3;) and aerosol extinction coefficient
(AEC) at 780 nm, focusing near 20 km altitude in June
2003 as observed by the Improved Limb Atmospheric
Spectrometer (ILAS)-I11. The Match technigue based on
the air parcel trajectory was applied to the ILAS-11 data.
The several Match pairs have revealed decreased HNO,
values with increased AEC values within the short times,
Indicating temporary denitrification. Itis also
suggested that the observed PSCs could be nitric acid
trihydrate (NAT) particles, considering that the
temperatures were above existence temperatures for
supercooled ternary solution (STS), but below those for
NAT. Given appropriate size distributions for NAT
particles, it Is suggested that the median radius of
particles was less than 3 micron.



(EA cont'd): For these cases where temporary
denitrification by NAT particles were found, a
Lagrangian microphysical box model (including
nucleation, growth, and sedimentation) was used to
calculate the temporal changes in HNO; along the Match
trajectories. The model utilizes a mechanism that
nucleation of nitric acid dihydrate (NAD) on STS droplet
surfaces takes place and then instantaneous conversion
of NAD nuclei into NAT occurs. A parameterization for
the free energy of NAD nucleus formation on the STS
surfaces will be discussed from a view point of HNO,
variations between measurement and model results.

ILAS-11 observations: Vertical profiles of O5;, HNO,
AEC@780 nm, as well as several trace molecules, Iin the
high latitude stratosphere were observed with the
Improved Limb Atmospheric Spectrometer (ILAS)-11
from April to October 2003. ILAS-I11 utilizes the solar
occultation method and was aboard the sun-
synchronous polar-orbiting satellite, ADEOS-I1.
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Match technique: To examine time variations in HNO,
and AEC data measured by ILAS-11, a Lagrangian
approach is useful. Analyses were made for five PT
levels; initial PT levels with 2 km intervals between 16
and 24 km were taken. For trajectory calculations, the
ECMWEF operational analysis data were used (6 hourly
time resolution and a horizontal resolution of 2.5x2.5
degrees in latitude and longitude). The trajectory
calculation for an air parcel was made for 5 days with a
time step of 30 minutes, using diabatic heating rates
calculated by Rosenfield et al. [1994]. The criteria for
time and space for Match pairs are 1 hour and 100 km,
respectively. Only pairs, of which both the forward and
backward trajectories met the criteria, were used to
tighten the validity of the trajectory. We only show
results at 490 K (around 20 km, 36 hPa for temperature
of 190 K) where the time variations in HNO3; and AEC
values were most obvious.
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Figure 2: Difference in HNO; values at the initial and final times as a
function of HNO; values at the initial time, (a), and as a function of a
ratio of AEC values at the final and initial times, (b). Data points are
color-coded by —log,,[AEC] value (e.g., 10 km™ = 4) at the initial
time, (a), and at the final time, (b). Results for June 2003 at 20 km
are shown. Bars in (b) correspond to error ranges that consider the
measurement uncertainties of AEC. (c) Calculated HNO; values in STS
particles as a function of temperature (every 0.2 K) for five
temporary denitrification cases. Observed AHNO, values for those
cases are also plotted. Horizontal bars correspond to possible biases
in the ECMWF temperatures (cold bias of up to 3 K). Ty,r and Tyxp
values (see Table 1) are shown as vertical bars.
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Table 1: Results from several Match pairs that are labeled in Fig. 2.
The starting date of trajectories and the matching time (MT), HNO,,
AEC, and temperature between the initial and final measurements are
listed. Ty ,r (and T ,p ONly for temporary denitrification) is calculated
using background HNOj; values for each cases and an assumed H,O
value of 4 ppmv. The minimum temperature during the Match is also
listed. For temporary denitrification, values are shown as blue for
clarity.

Case Date MT HNOs,,; HNOsy;,, AEC;,; AECy, Ti,i(Tnar/Tnap) Trin(Tnar/Tnap) Thin
(hours) (ppbv) (ppbv)  (km—1) (km—1) (K) (K) (K)
Al June 25 57 10.5 13.6 3.6(—'—1}5‘ 1.1(- 4) 90(193.4/’191.5;]) 193[:19'3.?) 190
A2 June 25 39 10.0 14.1 3.1(—4) 6.'—1{—5) 92(193.6){19?.1) 201[:19—1.5) 192
A3 June 23 59 2.6 04 1.2(-3)  5.9(-5)  191(193.0/191.4) 103(193.3) 190
B1 June 24 79 12.9 6.4 7.2(—5) 7.5{—4) 198(19—1.1) 00(193.4/(191.9) 190
B2 June 22 118 9.0 1.9 4.5(—5) 6.0{—4) 199(193.7) 01(193.1‘/191.5) 187

2 Read A(B) as A x10B,



Results and discussion (RD): As ILAS-11 measured only
gas-phase HNO,, total HNO; is not known when HNO;-
containing PSCs occur below Ty,t- It is well known that
the HNO; VMR varies with a thermodynamic equilibrium
between gas and liquid (STS) phases (e.g., Carslaw et
al., 1995). At 35 hPa for HNO; = 13 ppbv, more than 5
ppbv temporary uptake of HNO; in STS occurs when
ambient temperature cooled to about 188 K (Tgs)- The
NAT particle can also exist below T,,;, though its
formation mechanism is still not clear.

Figures 2a and 2b shows HNO; and AEC variations
between initial and final locations of each Match pair.
Aerosol conditions can be classified into four groups;

(1) BKG(nit.) — BKG(fin.) Blue dotted square

(2) PSC(init.) — BKG(fin.) Cases Al, A2, and A3

(3) BKG(init.) — PSC(fin.) Cases B1 and B2

(4) PSC(init.) — PSC(fin.) AHNOS3 ~ 0, high AEC
We focus on groups (2) and (3) in which large

variations of HNO; and AEC occurred as "'temporary
denitrification™.



(RD cont'd): For five
temporary denitrification
cases, HNO; values in STS
particles were calculated
(Fig. 2c¢) [Carslaw et al.,
1995]. Whereas, AHNO,
values were also plotted as
a measure of degree of
temporary denitrification.

Disagreement between
theory and measurement
suggests that PSC particles
other than STS caused
temporary denitrification,
possibly NAT.

Given particle size
distribution for NAT, HNO,
value in particle can be
computed as:

HNOS (ppr) = V-d-f 'I\/Iair/(l\/I 'pair)
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Figure 3: . Calculated AEC values for
NAT particles as a function of
calculated HNO, values in NAT
particles at the initial time for the
case A2. Different particle number
densities are assumed for this
calculation with several median radii
and widths for the log-normal particle
size distribution. A vertical line
corresponds to a AHNO, value for this
case. Horizontal lines also correspond
to AEC values for this case.



(RD cont'd): where, V is particle volume density, d is density of
NAT, f is weight fraction of HNO; in NAT, M_;, is molecular weight of
dry air, M is molecular weight of HNO;, and p_;, is air density.

Since we have two known parameters (AHNO; and
AEC) for estimating three parameters of PSD (N, r, and
o) for NAT, we assumed probable ranges of them. AEC
(at 780 nm) can be calculated on the basis of the Mie
theory. An example of the result for the case A2 is
shown In Fig. 3.

In this case A2(init.), the estimated r (o) ranged from
2.5+0.4 to 1.4+0.3 um (1.5 to 1.9) for N between 5x1073
and 1x1072 cm™—3. We obtained upper limit radii around
2.5 uym for A2(init.). Upper limit particle radii were also
obtained for other three Match cases; 2.0, 1.1, and 2.8
um for A1(init.), B1(final), and B2(final), respectively.
Although this is a limited case study, it was found that
temporary denitrification by NAT particles with r £ 3 um
could occur when temperatures at the measurements
were between T, (around 193 K) and T4 (around 188
K) in the beginning of the Antarctic winter vortex.



(RD cont'd): HOpfner et al. [2006] also reported that
NAT particles with radii smaller than 3 um were
measured with the satellite sensor MIPAS in the same
period.

Then, we have compared the observed HNO; values
with the theoretical results using a microphysical box
model, which includes nucleation, growth, and
sedimentation (Fig. 4). The model utilizes a mechanism
that nucleation of NAD on STS droplet surfaces
| Tabazadeh et al., 2002] takes place and then
Instantaneous conversion of NAD nuclei into NAT occurs.
A parameterization for the free energy of NAD nucleus
formation (AG) was performed by sensitivity tests for
the five Match cases presented above. For the case A3,
good agreement between observed and calculated HNO,
values was seen for combinations of the AG value and
the ECMWF temperature of 0.0%2%6/+1K and 2.5%0/-1K.
Similarly, good agreement was obtained for B2
(0.0%/+1K). For other Match cases, there are some
disagreements (up to 35%06 in HNO; values).
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Figure 4: Calculated HNO,
values for gas and particulate
phases using a microphysical
box model [Irie et al., 2004]
(left-hand column).
Sensitivity tests are
preformed with AG values
ranging from 1.000 to 1.100
and temperatures from -2 to
+3 K, respectively. The case
A3 is only presented,
revealing better agreements
between measurement and
model results than other
Match cases. Short horizontal
bars reveal the observed
HNO, values at the initial and
the final times.
Corresponding variations in
the surface nucleation rates
for NAT and NAD in STS
particles are also presented
(right-hand column). The last
row is a reference, using a
different initial HNO, value.



Concluding remarks:

- ILAS-I11 onboard the ADEOS-11 satellite observed the 2003 Antarctic
stratosphere from onset through dissipation of the polar vortex [Nakajima,
2006; and references therein]. Using these data, short-time (< 5 days)
variations of HNO; and AEC values were examined by using the Match
technique.

- Several Match pairs have revealed decreased HNO; values with increased
AEC values within the short times, indicating temporary denitrification.

- The observed PSCs could be NAT particles, considering that the
temperatures were above existence temperatures for STS, but below those
for NAT. Given some size distributions for NAT particles, the median radius of
particles was less than 3 micron, although this is a very limited case study.

- The observed HNO; values were compared with those calculated by a
microphysical box model (MBM), which includes nucleation, growth, and
sedimentation.

- For next steps, we will compare the observed AEC values with those
calculated by the MBM. ILAS data in June 1997 will be also examined.
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