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Abstract. The large bush fires which occurred in southeast2007 Coheur et al. 2007, 2009 Turquety et al. 2009.
Australia in February 2009 were unusually destructive. How-While much of this pollution is emitted into the boundary
ever, they were also unusual in the amounts of various comfayer, a vigorous fire may release sufficient heat to cause a
bustion products which were injected directly into the strato-convective event, thereby releasing the pollutants at a greater
sphere. We report the observations by the Microwave Limbaltitude Fromm et al.2010.
Sounder (MLS) instrument on the Aura satellite of some of On 7 February 2009, the state of Victoria suffered the
these combustion products. The highest quality observationmost damaging series of bush fires on record for Australia.
are of CO; these clearly show a large region of enhanced 73 lives were lost and the damage has been estimated by a
mixing ratios to the north of New Zealand which remains Royal CommissionTeague et a].2010 to be of the order
in that region for about ten days before drifting westwardsof AUS$ 4.4 billion. The event has become known as Black
and finally dissipating over the Atlantic about a month af- Saturday. One of the many extreme aspects of this event was
ter the fire. The region of enhanced CO ascends from thehe altitude reached by the plume of combustion products.
tropopause to 46 hPa during this period. Back trajectoriesThese products include both smoke particles and gases. In
run from the points where MLS observes enhanced CO pasthis paper we report on the gaseous combustion products as
close to the site of the fire. The MLS observations ofsCN observed by the Microwave Limb Sounder (MLS) instrument
and HCN resemble those of CO except for their poorer ver-on NASA's Aura platform.
tical resolution and more limited vertical range. An apparent  Aura (Schoeberl et 812006 was launched in July 2004,
enhancement in CIO is also observed by MLS, but detailedand the MLS instrumentWaters et al.2006 has operated
analysis of the measured radiances reveals this feature to begth little interruption from August 2004 to date. MLS
signature of CHOH, which is not currently retrieved by the measures the mixing ratios of a number of chemical species,
MLS data processing system. The fires of February 2009 aréncluding several biomass burning products. It was known
the only event of this type and magnitude in the 7-yr MLS prior to the MLS launch that injections of such gases
record. into the lower stratosphere do occur (see &gmm and
Servranckx2003 Fromm et al. 2010, and can be observed
by a microwave limb-sounding instrumeritifesey et al,
1 Introduction 2004. It was part of the MLS science plan to observe any
such events that might occur during the mission.

Biomass burning releases a wide variety of chemicals into the
atmosphereAndreae and Merle2001). The phenomenon is

prevalent enough to permit many of these chemical species

to be observed by satellite remote sensiRingland et al. 2 The observations

MLS consists of a 1.6 m parabolic dish antenna feeding

Correspondence td:. C. Pumphrey heterodyne radiometers operating at 118, 190, 240 and
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operating at 2.5 THz. The output of the radiometers is anal-
ysed by banks of filters. The antenna looks forward from the
Aura platform, in the plane of the orbit, and is scanned across
the Earth’s limb 240 times per orbit. As the orbit is inclined _3¢°
at 98 to the equator, the instrument observes a latitude range
from 82 S to 82 N every day. The observations are of ther- —so" 8 =~
mal emission from the atmosphere and can therefore be made

) " 300°330° 0° 30° 60° 90° 120° 150° 180° 2107 240° 270° 300°
day and night. The orbit is sun-synchronous, so the observa-

tions are always made at the same two local times for a given I:m
latitude. The radiances reported by the filter banks are used 0 100 200 300 400 500
as input to a software packageivesey et al. 2006 which

estimates profileslof temp(_arature, and of thg mixing rat.iOSFig. 1. MLS CO volume mixing ratio (in ppbv) at 100 hPa on

of the target chemical species. Most MLS estimated proﬁleslz and 13 February 2009. Each dot represents a single MLS data
are reported on pressure levels spaced at 6 levels per pressyfgint. Both descending and ascending orbits are shown. Successive
decade, a spacing of approximately 2.7 km. An exception isascending (or descending) orbits are separated byp2kngitude.

H->0O, which is reported at 12 levels per pressure decade forrhe ascending orbit tracks for a given day are displaced by approx-
part of its vertical range. All mixing ratios in this paper are imately 12 of longitude from those of the previous day. Values
produced by version 2.2 (V2.2) of this software package. Theplotted as purple and blue are much larger than those usually seen
precisions and accuracies of these data are summarised ina4 this altitude. Negative values can occur in places where the mix-
data quality document_{vesey et al. 2007). ing ratio is small compared to the measurement error.

Among the suite of MLS V2.2 measurements are three
biomass-burning products: carbon monoxide (ClOydsey
et al, 2008 Pumphrey et a).2007), Hydrogen Cyanide version was released after this paper was written.) As the
(HCN) (Pumphrey et a). 2006 2008 and acetonitrile CO is the most reliable of these three MLS measurements of
(methyl cyanide, CHCN). Of these, the CO data are the biomass-burning products, we used it to obtain an overview
most reliable and best-validated. The CO data are of goo®f the Black Saturday event.
quality at the 100 hPa and 147 hPa levels and at all higher
altitudes in the middle atmosphere. At the 215 hPa level the2.1 Mapping the plume
data are usable with care: a positive bias of about 100 % must
be accounted forL{vesey et al, 2008. The lowest level at  Figurel shows the MLS CO mixing ratio at 100 hPa on 12
which retrieval is attempted is 316 hPa; the data at this leveRnd 13 February 2009. The orbits from 13 February lie in
are very highly correlated with the data at 215 hPa. between the orbits from 12 February.

The HCN and CHCN data have not been extensively val- ~ As we will show later, the region of large values to the
idated (ivesey et al. 2007. The HCN data are known north of New Zealand is a direct result of the Black Saturday
to have biases of around 100 % in the lower stratospherdires. Figurel is typical of the two weeks following the fire.
(100 hPa—10 hPa) when compared with earlier in-situ meaTo summarise the development of the fire-affected airmass,
surements. There are large regions (mostly at higher latwe began by identifying which of the MLS measurements
itudes) where the retrieved mixing ratios are persistentlyare clearly part of that airmass. We did this by finding the
negative. The random error on a single profile is aroundmean value and standard deviation for all measurements in
0.025 ppbv (about 10 %) at 31 hPa and higher altitudes, worsa given latitude band and at a given pressure level. We then
ening rapidly to 0.08 ppbv (about 40 %) at 100 hPa. defined a point as affected if its mixing ratio was more than

Two separate CECN products are produced: one from the 4.2 standard deviations above the mean. (The value of 4.2
190 GHz region and one from the 640 GHz region; there ards somewhat arbitrary but in practice tends to detect most of
systematic differences between the products and both havée interesting events while rejecting almost all of the back-
large biases in the lower stratosphere when compared to eaground points.) An iterative approach is used to ensure that
lier measurements (e.§chneider et 311997 Singh et al.  the mean and standard deviation are calculated from the un-
2003. Both products must therefore be used with some cauaffected points; there are few enough affected points that this
tion. Although the 190 GHz CECN is the standard prod- calculation converges very quickly. Figu2eshows the loca-
uct in V2.2, subsequent analysis suggests that the 640 GHitons of the affected points in four consecutive 6-day periods
CH3CN provides better sensitivity. The random errors in at six of the standard MLS pressure levels in the upper tro-
the 640 GHz CHCN product are about 0.03 ppbv at 31 hPa, posphere and lower stratosphere.

0.05 ppbv at 100 hPa and 0.15 ppmv at 147 hPa. The bias in The points are clustered to the north of New Zealand and to
the lower stratosphere is positive and is very approximatelythe east of Australia for the first six days. In the next six days

0.4 ppbv (200%). (The 640 GHz GEN has become the the plume of pollutants becomes elongated and drawn out to-
standard CHCN product in version 3 of the MLS data; that wards the southeast. Over the following twelve days most of
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Fig. 2. Locations of MLS measurements where the CO values are anomalously high as defined in the text. The four maps show four
successive 6-day periods beginning on 8 February, one day after the Black Saturday fire. (Dates are shown at the bottom of each panel in th
form Year-month-day.) Apart from a few instances at the higher pressures, these points all appear to be part of the same event.

the plume moves northwestwards and then westwards, pass- Figure4 shows how many standard deviations above the
ing across the Indian ocean towards Africa. A smaller com-mean the points identified as unusual in FHgvere.

ponent at 100 hPa moves towards the southeast; this is just |t is clear from Figs3—4 that the event is observable from
visible in the third panel of Fig. day 39 of 2009 (8 February), the day after the fires, until day

To further summarise the history of the polluted airmass,70 of 2009 (11 March). It is also clear from Figs-4 that
we show in Fig3 the number of points identified as unusual the 46 hPa level is not affected by the plume until the 8th day
at each MLS pressure level, as a function of time. of the event, and remains affected after the other levels have

www.atmos-chem-phys.net/11/6285/2011/ Atmos. Chem. Phys., 11, 628652011



6288 H. C. Pumphrey et al.: MLS observations of burning products
]
£ 316 hPa < ) - - 215hPa
'g 9 215 hPa - § HI‘ <= 147hPa
e . 147 hP > 1 — = 100 hP:
S 100 hPa E < Jd Elll‘ 5 — 68.1hPa
a2 9 68.1 hPg &5 < |8 g!‘{l‘ s —— 46.4hPa
= 46.4 hPg » . LLN( - - - 31.6hPa
] \
5 91 | 8 31.6 hP4 E “ Llso ] J
@ < S 7]
Re] ~ ) S =|- -
£ . — g LL{4/% '| o Y~
2 w| x '|/ ~.—
o al [ VAR WA S
T T T T T ST T T T T
30 40 50 60 70 80 30 40 50 60 70 80
Time / Day of 2009 Time / Day of 2009
T
. . . : — - 100 hP
Fig. 3. Number of points for each day for which the CO mix- S 4 o I "ll\\ o 6391 h;‘a
ing ratio was identified as unusual (as defined in the text) in the 2 £a \/' f\‘fr —— 46.4hPa
5° S-60 S latitude range. SEE P e AR - = 31.6hPa
; S 7 [}") 1& ” s » ,\ A
@ -
= o AV MYy A
0 Z g _H’\u@ - \\"/\)\ BI4 A 7\4’
z Q4 316 hPa Z S , \
5 ™ O \Ify
o g | - - 215hPa = | <
- 9 L .= 147 hPa - M
S o ld = l" - — - 100 hPa < Uy
— 1] © -— 2
g SY g g | e T E—
R ,Ji,-‘_\‘/,\‘ — - - 31.6hP4 30 40 50 60 70 80
o 9 o\ U\ ]
_g '.,. o\ Time / Day of 2009
= o > ', ‘-. A/ ‘C'-\v'x\ T
b R e o oA _O,';f‘ <= 147hPa
© 8 - S — - 100hPa
! ! ! ! ! = N ST -— 68.1hPa
S S AL A E — 46.4hPa
30 40 50 60 70 80 E g | ﬁt:‘ & I{ \ \‘I\\‘l‘ s — — 316hPa
L T TR R S -
Time / Day of 2009 Z 4 T, I:I\',\I ISNTH P KNI
3 gy RSV ARG W R L
. - z 3 Lyl \ ma gy A
Fig. 4. Mean number of standard deviations above the mean CO g R VS VA U V '*71‘/\;\“/
mixing ratio for the points identified as unusual in F3g. 5 _:\/j}’,, A finer. A
S -~
ST T T T T
returned to their background values. This suggests that the 30 40 50 60 70 80

polluted region in the stratosphere is ascending as it moves.
At the 215 hPa and 147 hPa levels the enhancement lasts for

only a few days. This is probably because these levels argig_ 5. Time series of the mixing ratio of MLS CO, HCN and

in the upper troposphere or lowermost stratosphere; these F&H,CN within the polluted airmass. The GEN shown is that
gions have more rapid mixing than does the stratosphere &jerived from the 640 GHz measurements.

100 hPa and higher altitudes.

Time / Day of 2009

2.2 Enhancements of other species in the polluted as described in Sec2.1, and the daily mean mixing ratio
airmass of various species for the marked locations was calculated.
Where there are no affected points we show an average from
2.2.1 Retrieved mixing ratios whichever three points happened to have the largest CO mix-

ing ratio. Although these points could lie anywhere between
The large enhancement in CO is the most obvious differencé°® S and 60 S, they all have rather similar CO values. Some
between the polluted airmass described above and the sufesults are shown in Figé and6; CO itself is plotted in
rounding air. We now consider whether any of the otherFig. 5 to facilitate direct comparison.
species observed by MLS are enhanced or depleted within
the polluted airmass. An MLS measurement location was
marked as being polluted by using the CO mixing ratio
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Fig. 6. Time series of the mixing ratio of MLS $O and CIO within
the polluted airmass. Note the logarithmic axis used fe®H

Similar plots (not shown) were made for nitric acid
(HNOg), sulphur dioxide (S@), hydrogen chloride (HCI)
and ozone (@), none of which showed any obvious differ-

be used to qualitatively indicate large changes in the HCN
mixing ratio. Retrieval of HCN is not attempted at pressures
greater than 100 hPa. At the levels where it is retrieved, HCN
shows enhancements at similar times and altitudes to those
shown by CO.

MLS is sensitive to CHCN in two of its radiometers:
those at 190 GHz and 640 GHz. The retrieval software pro-
duces two separate GBN products but the 190 GHz prod-
uct is not of usable quality, so we show only the 640 GHz
product in Fig.5. As with HCN, this shows a significant in-
crease at similar times and altitudes to those shown by CO.

Water vapour (Fig6) is produced by the fire itself but is
also transported vertically by the strong convective events
that are often triggered by fires. The plume appears to be
considerably wetter than the surrounding air at 100 hPa and
147 hPa, but the enhancement at 68 hPa is small. In contrast
to CO, HCN and CHCN, no enhancement can be discerned
at 46 hPa.

Chlorine monoxide (CIO) is not normally thought of as
a product of biomass burningindreae and Merle2001)
give an extensive list on which it does not feature. As
with CH3CN, MLS measures CIO in both the 640 GHz and
190 GHz radiometers. Unlike GEN, both CIO products
are considered to be useful and are shown in Big.The
640 GHz product is of higher qualityséntee et gl.2008
and is the standard product recommended for general use.
The 640 GHz product shows a substantial enhancement in
the polluted airmass, but the 190 GHz product shows no
enhancement at all. (At 100 hPa it actually shows a de-
crease from zero te-1ppbv; this is clearly a systematic
error which becomes rapidly less serious with increasing
height.) These results imply that there are unusual amounts
of some molecule in the plume which is not CIO and which
has spectral lines in the 640 GHz CIO band, but not in the
190 GHz CIO band. It is suggested Bantee et al(2008
that the most likely candidate molecules are methyl chlo-
ride (chloromethane: C4Cl) and methanol (CEOH). We
investigate these possibilities by examining the measured ra-
diances.

2.2.2 Radiances

We examined the radiances in the plume by choosing a day
(14 February) on which the measurements with enhanced CO
are located in a particularly small region: °335° S, 160—

180° W. We averaged the radiances from limb scans which lie

ence between the polluted period and the periods before angithin that region. As the tangent altitudes at which the ra-

after.

diances are reported are slightly different for each limb scan,

HCN and CHCN both have biomass burning as their only we interpolate the radiances to a fixed vertical grid with a

significant source in the atmosphe&r(gh et al. 2003 Li

1 km spacing before averaging. We then subtracted averaged

et al, 2003. HCN, together with CO, has been previously radiances for the same latitudes and all other longitudes from
observed from space to have elevated values in regions athis mean. The spectral features which show up should there-

fected by biomass burningr{nsland et a].2005 2007). The

fore be due to the pollution and not to latitudinal gradients.

MLS HCN product is not recommended for general use in theWe show the results for the 190 GHz radiometer in Fignd
100 hPa—10 hPa range as it has large biases. It can, howevédor the 640 GHz radiometer in Fi§.

www.atmos-chem-phys.net/11/6285/2011/
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Fig. 7. Spectra from the 190 GHz radiometer (R2) of MLS. The top panel is the measured difference between spectra in the plume and out

14000

of it. The other four panels show the difference between a default calculated spectrum and ones for which HCN, CI& and HO are

enhanced by roughly the amount observed in the retrieved profiles. If the top panel shows features similar to those in one of the other panels
this implies that the species which is enhanced in the calculation for the lower panel was also enhanced in the plume region. The vertical
labels (e.g. R2.B5F) mark the centres of the individual filterbanks or “bands” which analyse the signal from this radiometer. Intermediate

frequency is the difference between the frequency entering the instrument and the local oscillator frequency, which is 191.9 GHz for R2; see

Waters et al(2006 for details.

As an aid to interpretation we also show in Figsand8

68 hPa levels. If the measured radiance differences in the top

calculated spectral differences for selected chemical speciepanel show features similar to the calculated differences in
These were produced by using a radiative transfer model t@ne of the other panels, this implies that the species which
calculate the radiances which MLS would observe for a typ-is enhanced in the calculation for the lower panel was also

ical atmosphere, and then for the same atmosphere with thenhanced in the plume region.
mixing ratio of a single species enhanced at the 100 hPa and

Atmos. Chem. Phys., 11, 6285296 2011
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Fig. 8. Spectra from the 640 GHz radiometer (R4) of MLS, plotted in the same manner as  Flge top panel is the measured difference
between spectra in the plume and out of it. The other four panels show the difference between a default calculated spectrum and ones fol
which CHzOH, CHzCN, CHzCl and CIO are enhanced by roughly the amount observed in the retrieved profiles.

The 190 GHz radiances from the plume are clearly en-is less clear against the enhancement from water vapour. The
hanced in bands 6 and 27 due to HCN and in bands 2, 3vhole radiometer appears to also be affected by a spectrally
and 4 due to water vapour. (The centre of band 2 is less afflat enhancement; this may be due to a variety of effects
fected because water vapour at higher altitudes renders thehich are not adequately handled by the radiative transfer
atmosphere opaque at these frequencies. Radiation emittadodel. There is no clear enhancement in the centre of band
in the lower stratosphere is re-absorbed and does not reachof the instrument; this explains why the CIO retrieved from
the instrument.) The enhancement in band 4 due tg@NH  this band also shows no enhancement in the plume.
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Fig. 9. Examples of back trajectories run from MLS measurement
locations with elevated CO levels. The measurements in the toq:ig 10. Back trajectories run from MLS measurement locations

panel were made within 30 minutes of 14:00 UTC on 9 February, it elevated CO levels for the ten days after the fire. The symbols

while those in the bottom panel were made within 30 minutes ofj, e jegend show the locations of the MLS measurements. The
13:00UTC on 15 February. (Starting date and UTC hour is showngjjeq circles show the trajectory location at 09:00 UTC on 7 Febru-

on each panel in the form YYYYMMDDHH.) The small dots on 51 (ypper map: examples are shown as filled circles in@jignd
the trajectories are placed at 24-h intervals. at the time of their closest pass to the fire region (lower map: exam-
ples are shown as triangles in F8).

The top panel of Fig8 shows that the 640 GHz radiances

from the plume region are clearly enhanced in bands 14, 3Giterature. These published values range from 0.006 to 0.037
and 31; comparison with the third panel suggests that this en¢Chyistian et al. 2003, with many reported values being
hancement s consistent with an enhancedCNmixingra-  close to 0.018Raton-Walsh et 812008 Andreae and Mer-

tio. The radiances from the plume are also clearly enhancegkt 2001). An earlier measurement of both CO and 40

in bands 10, 11, 28 and 29. The enhancement is strongesfom space Rinsland et al.2007) gives an emission ratio of

in the centre of band 10. Comparison with the lower four 9.0278+0.00456. The agreement of the methanol emission
panels of Fig8 suggests that this enhancement would not beratios estimated from the MLS measurements of the Black
consistent with enhancement of @1 alone, but would be  saturday plume with those in the literature supports our hy-

consistent with an enhancement of either methanol or ClOpothesis that methanol is the main species responsible for the
However, we know from the 190 GHz radiances that the en-signal observed in the 640 Gz radiometer of MLS.

hancementin ClO is negligible, leaving methanol as the most

likely candidate. Note that some GEI may also be present

in the plume; it is difficult to be certain about this, but the 3 Attribution

asymmetric shape of the spectral peak is suggestive. The

results shown in Figsz and 8 imply that it should be pos- While it seems a reasonable working hypothesis that the pol-
sible to add CHOH to the species routinely retrieved from luted airmass observed by MLS is the result of the Black Sat-
the MLS measurements. This would require the use of datairday fires, the observations for the first 12 days of the event
from both radiometers 2 and 4 in the same retrieval phaseare clustered in a rather restricted region which is not located
in order to separate the signals from §ldH and CIO. The  over Victoria, but to the north of New Zealand. In order to
calculated spectral radiance differences in the second panstrengthen or refute the hypothesis, we ran back-trajectory
of Fig. 8 were generated by increasing the methanol mixingcalculations from the MLS observations. The trajectories
ratio by 9.2 ppbv at 68 hPa and 3 ppbv at 100 hPa. We nextvere produced using the online trajectory service of the
ask if an enhancement of that magnitude is likely, given theBritish Atmospheric Data Centre (BADChitp://badc.nerc.
mixing ratio increase of CO. On 14 February, the CO val- ac.uk/community/trajectojydriven by winds from the oper-
ues in the plume were about 180 pbbv and 220 ppbv abovational analysis of the European Centre for Medium-Range
the background value at 100 hPa and 68 hPa, respectively¥Veather Forecasts (ECMWF). Trajectories were launched at
This implies a CHOH/CO emission ratio between 0.017 the latitude, longitude and pressure of each of the MLS posi-
and 0.042, in reasonable agreement with the values in théons where the CO mixing ratio was identified as unusually
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Fig. 11. MLS CO data analysed as in Figsand4 but for the entire mission. The troposphere and stratosphere levels are plotted on separate
panels to improve clarity. Panga) and(b) are equivalent to FigB; (c) and(d) are equivalent to Fig}
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high. If there were anomalous CO values at two adjacentyears in which the biomass burning season appears vigorous

pressure levels, an extra trajectory was launched at an intein the upper-troposphere levels.

mediate pressure as well. Two examples are shown irfFig.  We carried out similar calculations to those shown in
Back trajectories like those in Fi§. were run for every  Fig. 11 for the other latitude regions of the Earth; again, we

hour in which an MLS observation of elevated CO was madefound no events in any way similar to the Black Saturday

during the ten days after the fires. The results are summarisegvent.

in Fig. 10. The plume from the Black Saturday event has been ob-
These trajectory calculations show that most of the pol-served by instruments other than MLS, including CALIPSO

luted air parcels moved past southeastern Australia, travel(Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Ob-

ling in an east-southeastwards direction, on the day of theservationWinker et al, 2010, Odin-OSIRIS (Optical Spec-

fire. They reached New Zealand within a day and spent atrograph and InfraRed Imaging Syste@iddaway and Pe-

least the next eight days executing anti-cyclonic motion intelina 2011) and MIPAS (Michelson Interferometer for Pas-

the region to the north of New Zealand. The process whichsive Atmospheric Sounding) on Envisagmbhi et al.

injected the pollution into the stratosphere occurs on far too2011). The position and motion of the plume observed

small a spatial scale to be captured by the trajectory calcuby these instruments is in agreement with that observed by

lations. However, the clustering of the closest passes to thILS.

south of the coast suggests that processes in the troposphere

transported the pollutants south and west from the fire durings Conclusions

the course of the injection process.

In February/March 2009 MLS observed an unusual airmass
in the lower stratosphere containing high concentrations of
several biomass-burning products. Biomass-burning prod-

In order to gain some understanding as to how unusual th cts directly observed by MLS in this airmass are CO, HCN,

H3CN, CHzOH and possibly ChICI. The CIO mixing ra-
Black Saturday event was for the lower stratosphere, we re-, ; ) .
peat the analysis shown in Figgand4 for the entire MLS tios retrieved from the 640 GHz MLS data imply that the air-

mission to date. The results are shown in Hi. mass has enhanced CIO mixing ratios. This is, however, al-

We consider first the nominally upper-tropospheric lev- most certainly due to CsOH, which has a similar spectral
Y upp posp ignature to CIO in the spectral region covered by MLS band

. S
els (316hPa, 215hPa and 147hPa) ShOV.V” in panels a anflo_ Trajectory calculations link this polluted airmass to the
c. Viewed in terms of number of MLS locations affected per ' : . o

I?rge bush fires which occurred in the state of Victoria, Aus-

day (panel a), the Black Saturday event does not look unusug; dliaon 7 February 2009. There is no other event of the same
at a first glance. The most conspicuous feature of the time se- ) .
pe and magnitude in the Aura MLS dataset.

ries is the annual biomass-burning season in South Americg/
and southern Africa, which occurs between July and Novem-cknowledgementsiork at the Jet Propulsion Laboratory,
ber. The Black Saturday event occurred in February, and igalifornia Institute of Technology, was carried out under a contract
more conspicuous when viewed in terms of how unusual thewith the National Aeronautics and Space Administration. HCP
affected points are (panel c). Even then, it is of a similarthanks the University of Edinburgh for granting the sabbatical
magnitude to the event in late 2006. This event was observedime during which this paper was written. Thanks are also due
between 12 and 17 December, initially to the East of New!o Svetlana Petelina, Ha_rjinder Sembhi, Mike Fromm and an
Zealand and moving towards South America. It seems plau2nonymous referee for various helpful suggestions.
sible that it is connected with the Great Divide fires which Edited by: W, Lahoz
burned throughout December 2006 and January 2007 in Vic- T
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