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Abstract

Five years (2010-2014) of hourly surface measurements of ozone (O3) and carbon monoxide (CO) at the
GAW-WMO station in Ushuaia (Argentina) were analysed and characterised. A meteorological study of
the region was carried out using in situ observations and meteorological fields from the ECMWF
(European Centre for Medium-Range Weather Forecast) global meteorological model. Atmospheric
transport was investigated with the air mass trajectories computed with HYSPLIT (Hybrid Single Particle
Lagrangian Integrated Trajectory) model using ERA-Interim meteorological fields. Airflows primarily arise
from the W-SW (South Pacific Ocean) which are associated with an almost permanent low pressure
system. Collected winds from the South (Antarctic Peninsula and Weddell Sea), polar easterlies, occur
less frequently. The hourly averages of O3 and CO were 2017 ppb and 71145 ppb, respectively, typical
values in remote environments. A clear seasonal pattern was obtained for O3, with a monthly peak in
winter of 25 ppb and minimum in summer of 12 ppb. Similar behaviour was found for CO, with 93 and 48
ppb maximum and minimum values, respectively. Both species show a weak daily cycle with an
amplitude of 2-4 ppb for O3 and 13-20 ppb for CO. Peaks in O3 and CO in the cold season could be
associated with low photochemical activity, fewer destructive processes and transport of these species
from the South Pacific. O3 vertical behaviour was analysed using 139 O3 soundings at Ushuaia in the
period studied. The seasonal patterns and levels of the O; profiles from the surface up to 5 km are similar
to measurements on surface and thus it can be assumed that the O; measured on the surface could be
representative of the low-mid troposphere. To investigate the spatial distribution of O3 and CO in this
region and the spatial representativeness of the Ushuaia measurements, daily observations from the
AIRS (Atmospheric Infrared Sounder) instrument on board the AQUA satellite were used. The results
obtained show that the O3 levels in Ushuaia could be representative of a wide region in the Pacific South

and that the CO levels are representative of a continental region around the observatory.
Highlights

e The levels, seasonal and daily variations of O3 and CO at the Ushuaia GAW are analysed.
e The meteorology in this region is governed by westerly flows.

e 0O3and CO reached a maximum in winter and a minimum in summer.

e 05 soundings and AIRS satellite observations were used.



e O; measurements are representative of the MBL in the South Pacific and CO of a continental local
area.

Keywords: Surface ozone; carbon monoxide; Ushuaia GAW-WMO global station; AIRS instrument.

1. Introduction

Ozone (03) and carbon monoxide (CO) on the Earth’s surface have a substantial impact on atmospheric
chemistry, air quality and the climate. They are two key species in the photochemical system of the
troposphere. The atmospheric chemistry of O3 is an important context to understand the connections
between air quality and climate change because it is linked to many indirect effects (Von Schneidemesser
et al., 2015). CO contributes to positive radiative forcing (warming) through its role in O; production and

through anincrease in methane persistence.

O3 undergoes complex atmospheric formation and destruction chemistry that causes O; concentrations
to vary widely on geographical and temporal scales (Schnell et al., 2015; Hardacre et al., 2015; Verma et
al., 2017). Tropospheric O3 controls the oxidizing capacity of the atmosphere by photolysis and reactions
with water vapor (H,0) that form OH radicals, and as a greenhouse gas (Logan et al., 1981). Oj is
produced in the troposphere through photochemical oxidation of methane (CH,4), CO, and non-methane
volatile organic compounds (NMVOCs) in the presence of nitrogen oxides (NO,). Ozone is formed,
typically referred to as NOx-sensitive and VOC-sensitive in two chemical regimes. The regimes are
identified according to the VOC/NOx ratios, VOC reactivity, biogenic emissions, photochemical ageing
and meteorological conditions. Moreover, the type of regime is closely associated with sources
(produced by photolysis of O;, HCHO, and other intermediate organics) and sinks of odd hydrogen

radicals (Von Schneidemesser et al., 2015).

Clean air environments such as the MBL (Marine Boundary Layer) with low NO, are NOx-sensitive, i.e.,
net ozone sinks (He et al., 2016). Ozone in the MBL is mainly destroyed by photo dissociation (Os+hv->0,
+0('D)), subsequent reaction of O('D) with water vapour (O(*D) + H,0->20H) and production of OH
radical or is attacked by OH and HO, radicals (OH+03—>0,+HO, and HO,+O3; ->0H+20,) that are formed
photochemically from solar radiation. In the absence of NO,, which would favour ozone formation, the
net balance is ozone destruction.

0O; causes harmful effects on human health, animals and vegetation on earth (Lefohn et al., 2017) and
has a significant contribution as a greenhouse gas because its long-term concentration changes have
increased the radiative forcing of climate (IPCC, 2014).

CO is primarily emitted from combustion processes but is also formed in substantial amounts from the
oxidation of methane (CH,) and volatile organic compounds (VOCs). The primary sink of CO is oxidation
by the hydroxyl radical (OH). CO is a major O3 precursor and has a strong impact on its oxidizing capacity
and thus indirectly impacts the concentration of the climate gas CH,. CO controls the concentrations and
distributions of atmospheric oxidants such as O3, hydroperoxy (HO,) and hydroxyl (OH) radicals (Seinfeld
and Pandis, 1998). An increase in CO is expected to decrease OH and to increase the lifetime and
abundance of these gases. CO has a lifetime of weeks to months and thus is an ideal tracer of transport
processes. CO originating in polluted areas often produces significant enhancements over background
values at distant sites.



High-latitude regions (Antarctica and surroundings) are of interest in investigating O; and CO behaviour
for several reasons: i) anthropogenic sources and sinks are scarce due to low human population density
and the general absence of industries; ii) O; and CO in these environments are determined by natural
processes, synoptic transport and downward transport from upper layers (Ali et al., 2017) and it is
recognized as a climate-sensitive hotspot region (IPCC, 2014). Consequently, O; data from these high
latitudes are of interest for assessing O3 background levels and trends at hemispheric scales (Legrand et
al., 2009).

The World Meteorological Organization (WMO) Global Atmosphere Watch (GAW) Programme comprises
a large worldwide observation network and the spatial representativeness of the measurements at each
observatory is of interest (Sofen et al.,, 2016) to use the information as input in global transport and
other models. In addition, the data collected at GAW stations such as the Ushuaia station is useful for
conducting global studies (Tarasova et al., 2007; Boylan et al., 2015; Cooper et al., 2014; Parrish et al.,
2016). However, use of these databases in research to improve the knowledge of physical and chemical

atmospheric processes of these regions is lacking.

This work examines a five-year (2010-2014) record of O; and CO measurements at the Ushuaia GAW
station, to investigate the annual, monthly and daily evolution of these species and discover their spatial
(horizontal and vertical) representativeness and origins. To achieve this, a meteorological analysis of the
region was performed (section 3.1). The analysis of the values, seasonal and diurnal evolutions of O3 and
CO is shown in section 3.2. In section 3.3 the vertical and horizontal distribution is investigated using O3
profiles and satellite observations. Finally, in last section the Discussion and Conclusions are presented.

2. Experimental conditions and methods
2.1. Measurement site

The Ushuaia observatory (54° 50'S - 68° 18' W) is part of the GAW programme and is in the southwest
Ushuaia Peninsula, southern Isla Grande de Tierra del Fuego, in a marine sub-Antarctic environment. It is
approximately 5 km away from the city of Ushuaia, which has 75000 inhabitants. The observatory is a
few metres from a coastal cliff, 17 m above sea level (asl). The Martial mountains of the Andes range are
to the North, East and West and do not exceed 1400 m asl, the Beagle channel and Navarino and Hoste
islands are to the South. Grasses and small shrubs are the typical vegetation in the zone, with sub-
Antarctic (Magallanic) forest (Nothofagus) prevailing. The main atmospheric emissions sources have
origins in fossil fuels burned for domestic heating, low vehicular traffic and power generation from cities
on the island, Ushuaia, Rio Grande, and the city of Punta Arenas to the northwest. There are no
significant industrial, agriculture or livestock activities in the area. In this region the summer covers
December to February, autumn from March to May, winter from June to August and spring from

September to November.
2.2. Instrumentation and data

O; was measured by UV absorption using a TEI 49C (Thermo Electron Corporation, Environmental
Instruments). CO was measured by nondispersive IR absorption photometry (NDIR) using a HORIBA
(APMA-360). In both cases, the data have a temporal resolution of one minute.

The air inlet system has an air intake 7 m above ground level over the observatory roof that consists of
Teflon tubing flushed at 11 | min™. For O; and CO, an hour-long automatic zero check is performed daily.
In addition, an automatic span calibration is performed daily for the CO instrument. Every four-months, a



manual calibration of span with three points (10, 50 and 100 ppb) for O; is performed and every six
months a calibration with three points (200, 500 and 800 ppb) is performed for CO.

The O; analyzer is calibrated every year at the WMO-GAW Regional Calibration Centre for Surface Ozone
(RCC-BsAs) in Buenos Aires (Argentina). The WMO/GAW World Calibration Centre WCC-EMPA for
Surface Ozone, Carbon Monoxide, Methane and Carbon Dioxide, with instrumentation from the Swiss
Federal Laboratories for Materials Science and Technology (EMPA), audits O3 and CO instruments
approximately every five years. For traceability of O3 measurements, the standard scale of reference
given by NIST SRP#15 and (for CO) the WMO-2000 is used. The zero values for O; and CO obtained in the
daily calibrations are used to correct the data each minute and later are obtained the hourly values.

A Vaisala weather station is used to collect the pressure, temperature and relative humidity at 2m, and a
Young instrument on a 10 m mast is used to measure the wind direction and speed. An Eppley
pyranometer measures global solar radiation (integrated from 285 to 3000 nm). All the parameters are

recorded with a 1 minute temporal resolution.

The measurements of O3, CO and surface meteorology are available in the World Data Centre for

Greenhouse Gases (WDCGG), specifically in the webpage: http://ds.data.jma.go.jp/gmd/wdcgg/.

Ozonesondes are launched routinely from the Ushuaia GAW station under a framework of collaboration
between the National Meteorological Service (SMN) of Argentina, the State Meteorological Agency
(AEMET) of Spain and the National Institute for Aerospace Technology (INTA) of Spain; there were
approximately 150 O; soundings during the study period. Electro-chemical concentration cells (ECC) are
used. The 05 sensor consists of a coupled to a radiosonde from Vaisala that measures pressure,
temperature, humidity and wind. The system is released with a TOTEX balloon (TX-1200) filled with
helium. A TSC-1 ozonizer/test unit (Science Pump Corporation) was used for the preparation, calibration
and ground check of ECC sondes according to World Meteorological Organization (WMO)
recommendations (Smit et al., 2011). The ozone profiles are available in the webpage:
https://woudc.org/home.php.

2.3. Meteorological and trajectory models and satellite observations

To investigate the synoptic conditions in this region, meteorological fields from the global ECMWF
(European Centre for Medium Range Weather Forecasts) model were used, specifically the ERA-Interim
(Dee et al., 2011) with spatial and temporal resolutions of 0.5°x0.5° (latitude x longitude) and 6 hours,
respectively, and 26 vertical levels from the surface to 50 mb.

Air mass pathways were explored using the HYSPLIT (Hybrid Single-Particle Lagrangian Integrated
Trajectory) model developed by the NOAA’s Air Resources Laboratory (ARL) (Draxler et al., 2009). Three-
dimensional kinematic daily back-trajectories were computed at 12:00 UTC, with a 120-hour pathway (5
days) at 500 m agl (above ground level) with an ending point at Ushuaia during the complete five-year
period. The back trajectories were calculated using ERA-Interim meteorological fields that were
converted to ARL, the standard format of the HYSPLIT model. A seasonal cluster analyzes have been
applied to the back-trajectories, to identify atmospheric trajectory groups. In the HYSPLIT model, the
clustering process is based in the spatial variance (SPVAR) and total spatial variance (TSV) (Stunder,
1996). Four clusters centres have been considered sufficient to capture the air masses variability in this

region.


http://ds.data.jma.go.jp/gmd/wdcgg/

To investigate the spatial distribution on the surface, O; and CO satellite observations from the AIRS
(Atmospheric Infrared Sounder) instrument on board of AQUA satellite were used (Aumann et al., 2003;
Susskind et al., 2003; Nara et al., 2011; Lin et al., 2012). For this work, the AIRS Level 3 Daily Standard
Physical Retrieval V006 (AIRX3STD) was used. The AIRS Level 3 daily data are gridded by 1°x1° (latitude x
longitude) and the 1000 hPa level was selected for this study for comparison with the in situ surface
measurements.

3. Results
3.1. Meteorological description

The synoptic conditions were studied using seasonal maps of the mean sea level pressure (MLP) using
the ERA-Interim meteorological fields from the ECMWF global model. Figure 1 (a-b) illustrates a low-
pressure system in the Pacific Ocean to the South and West of the Antarctica Peninsula. This is one of the
low-pressure systems that surround the Antarctic continent and remains nearly constant throughout the
year (Polian et al. 1986, Simmonds et al., 2003). This configuration generates westerly flows in an area
from approximately 55° to 70° S latitude and 70° to 150° W longitude.

A seasonal cluster analysis has been carried out using four as an optimal number for the centre cluster.
Fig. 1 (c-f) shows the seasonal pathways of cluster means back trajectories. The air masses arriving at
Ushuaia can have its origin five days before at ~3500-5000 km away on the Southern Pacific, area
between 60° and 80° N and 130° to 170° W, with a frequency between 45 and 77 % in summer and
autumn respectively. With a shorter pathway, ~2500 km and origin in an area between 40° and 50° N
and 80° to 100° W, have been obtained back-trajectories means, with a occurrence which vary between
8 and 28 % in spring and summer respectively. Finally, the air masses with the shortest route (~1000-
1500 km) coming from a maritime zone located in the west of the Antarctica Peninsula (65°-70° N and
70°-90° W) with a frequency ranging between 11 and 34 % in autumn and spring. Therefore, the air
masses that reach the Ushuaia region come from the West throughout the year and are oceanic and sub
polar air from the Pacific South associated with the above mentioned low-pressure system. These results
indicate that the surface air measured at this observatory could be representative of the MBL of the
South Pacific Ocean.

The local weather conditions on the surface were analysed using the meteorological observations at the
Ushuaia GAW station. Figure 2 presents the monthly evolutions for temperature, relative humidity, wind
speed and global solar radiation and the seasonal diurnal variations for temperature and relative
humidity.

Fig. 1.

The monthly evolution for global solar radiation shows minimum values in winter and peaks in summer,
with an amplitude of 186 W m™. In summer months, the solar radiation oscillates from 170 to 204 W m™,
decreases in autumn from 106 to 35 W m?, and reaches a minimum in the cold months of June and July,
with monthly values of 17-23 W m™. In the Ushuaia region, there is no absolute darkness in wintertime.
From August, the global solar radiation begins to increase, with values in spring from 100 to 190 W m™.

The temperature shows a clear monthly evolution, oscillating around ~9.0 °C in January and ~4.2 °C
observed in the cold season, with a thermal amplitude of 5 °C. The diurnal variation is stable, with
variations of 1-2 °C, and a maximum temperature at 18:00 UTC. With the exception of winter, with



temperatures ranging between 3 and 4 °C during the day, the temperature oscillates between 6 and 9 °C
the remainder of the year. The relative humidity does not show a clear monthly variation, featured in
coastal areas, minimum in October with 67% and maximum in June with 73%, during ten months the
monthly values are ~70 %. As expected, a slight daily cycle was observed for the relative humidity, with a
minimum at 18:00-19:00 UTC. The winter months present minimum values of 58-60 % and the
remainder of the year has similar values of ~65-75 %.

Fig. 2.

The wind speed shows a seasonal variation with peaks in warm months (7.1+1.0 m s™) and low values in
the cold season (4.2+0.4 m s™'). The daily evolution of the wind speed (not shown in Fig. 2) presents three
different patterns based on the time of year. In winter, no variations are observed, with values of 3.5 ms’
! In autumn, a slight increase in the later hours that is more abrupt in spring/summer (peaks between 6
and 8 ms!) was observed, with an increase from 10:00 UTC and a decrease during the night.

Basically, the wind regime of this region is driven by the Beagle channel orography, the wind blows from
two prevalent directions, west and east. In detail, the annual and seasonal wind roses present a clear
main direction (not shown), with airflows blowing from WSW-W with a frequency greater than 35 % in
winter and with a peak of 48 % in summer. In addition, these flows present the highest wind speeds.
These westerly flows have origins in the isobaric configuration mentioned above. NW flows were also
observed at lower frequencies and velocities, likely associated with a weak isobaric gradient. The calm
conditions frequently occur in autumn (~10 %) and winter (~4 %) months.

3.2. Ozand CO overview: annual, monthly and daily evolutions

Using the monthly values has been calculated the annual mean both for the O; and CO. For O3 the
annual values vary between 19.8+4.6 ppb (in 2014) and 20.8+5.8 ppb (in 2012) with a mean of 20.3+5.2
ppb. In the case of CO, the values oscillate between 67.1+14.3 ppb (in 2010) and 75.04£19.3 ppb (in 2013)
with a mean in the whole period of 71.5£16.6 ppb. Therefore, no variations year to year have been found
in the five years of measures. These results could point out that there has not been a significant change

in the weather or emission conditions which could affect O3 and CO concentrations during this period.

In the five-year measurement period, hourly O; values showed a 95" percentile of 32.3 ppb and a 5"
percentile of 8.4 ppb. The mean value was 20.3+7.6 ppb, with a median of 19.8 ppb, showing no large
variations. The O; values registered at Ushuaia are similar to or slightly lower than those measured at
other GAW stations of similar latitude. In Vingarzan (2004) were reported annual means ranging
between 19 and 33 ppb in six remote sites around the world. For CO the 95t percentile was of 157 ppb
and the 5% percentile of 40.8 ppb. The mean was 71.5+45.2 ppb, with a median of 60 ppb, and the CO
variability is higher than that of O;. The hourly minimum was 18 ppb (5th percentile of 40 ppb).

Figure 3 shows the monthly and diurnal variations for O; and CO. The monthly evolution of O3 presents a
clear variation, with a minimum in the summer months, 12-13 ppb in January and February, and peaks in
winter of 25 ppb between June and August. Similar or lower values to the obtained in other works where
05 was studied in this region (Nadzir et al., 2018). A low monthly deviation was observed, with values of
1-2 ppb, showing a low day-to-day variability. From January to June, a monthly increase of 2.5 ppb
month™* was observed, which could be associated with decreases in the temperature, solar radiation and
dispersive capacity. As we know the relationship between O; and CO levels with weather conditions
could provide information of the spatial and temporal variations shown of these chemical species. The



mentioned O; seasonal pattern is similar to those observed in high-latitude stations (Antarctic and sub-
Antarctic regions) and is typical of remote, low NOx environments where more O; destruction than O;
production occurs during summer months, resulting in a decrease in O3 levels (Ayers et al., 1997; Parrish
et al., 2016; Cristofanelli et al., 2018).

Fig. 3.

The diurnal Oj variation is similar year-round, with nearly constant values during the first 12 hours, a
slight increase of 2 to 4 ppb from midday, and a peak near 18:00 UTC. The daily cycle was similar to that
measured for temperature and was opposite to that of relative humidity. Two patterns can be identified
in the daily variation, according to the absolute levels, in summer and autumn (from December to May),
with values from 10 to 18 ppb, and in winter and spring (from June to November), with levels from 21 to
25 ppb. As examples of the O; and CO hourly evolutions in summer and winter, it has been selected two
periods with typical concentrations and variations (Fig. 3d-e). From 26 to 31 January 2010, O3 had shown
in these six days concentrations almost constant between 12 and 14 ppb and CO hourly values of 40 ppb.
As representative of winter season, it has been stated the period from 6 to 9 July 2014 with O; ranging
between 32 and 34 ppb and CO oscillating between 50 and 60 ppb.

Ushuaia is relatively close to the Antarctic continent, showing levels and daily and seasonal ozone
patterns similar to those of Antarctic stations. However, the day-to-day variations observed on the
surface remain almost constant with slight changes. Despite these levels and behaviour, O3 chemistry
does not present the two phenomena characteristic of Antarctic stations: O; depletion events (ODEs)
(Jones et al., 2013; Mastromonaco et al., 2016) and a sudden increase of O3 from November to January,
with values close to those measured at the midwinter maximum, attributed to NOx snowpack emissions
(Helming et al., 2007). The main reason for this is that Ushuaia far away from the Antarctic polar circle,

out of the polar vortex, and is not surrounded by sea ice.

The CO levels show the same monthly evolution as those of O3, with peaks in the cold months of 90 ppb
and a minimum in summer of 48 ppb in January and February, with an annual oscillation of 45 ppb. The
CO variability is higher than that of Os; the monthly deviation oscillates from 2.5 to 16 ppb. This result
could be associated with the influence of the weak local anthropogenic emissions, which could be mainly
associated to fossil fuels burned for domestic heating. The maximum values and the highest deviations
are observed in winter. The daily pattern observed for CO is similar year-round, with the highest values in
the first 15 hours, a decrease at 20:00, and subsequent increase. The daily amplitude oscillates from 12
to 20 ppb based on the season. In autumn and winter, an increase between 10:00 to 14:00 is observed,
which could be associated with local anthropogenic emissions, such as the use of home heating. Similar
to Os, two daily patterns can be identified, the first from December to May with values from 46 to 70 ppb

and the second from June to November with values from 67 to 84 ppb.
3.3. Vertical and horizontal distribution using ozone profiles and satellite observations

The vertical behaviour of O; was investigated using 139 O3 soundings launched during the measurement
period (14 in autumn, 60 in spring, 28 in summer and 37 in winter) (Fig. 4). From the surface to the
middle troposphere, the values range from 15 to 40 ppb. These values are lower than those obtained in
remote clean environments in the Northern hemisphere under clean conditions in a remote site in the
Atlantic Ocean (Andrey et al., 2014) or in the central Himalayas (Ojha et al., 2014). However, the values
are similar to those recorded at a coastal Antarctic station (Jones et al., 2010).



As expected, the O; displays an increase with the altitude and presents a ratio of 2.8-3.9 ppb km™ in the
first 5000 m. The value increases from 6 to 8 km and are multiplied by a factor of 1.5-2 in a few hundred
meters up to 8 km.

From 100 m to the middle troposphere, the O values oscillate from 12 to 28 ppb in summer, from 16 to
34 ppb in autumn and from 26 to 42 ppb in spring and winter. From the middle troposphere, the winter
and spring behaviour are reversed, with higher values in spring. These results could be associated with
downward transport from upper levels. Therefore, in the middle troposphere O; profiles show similar
seasonal behaviour to the surface O; observations. In the first 100 metres, the O; sounding values are
similar to those measured on the surface, with differences lower than 3 ppb.

To investigate the spatial distribution of O; and CO in the Ushuaia region, observations measured with
the AIRS instrument were used. A region defined by South America, the eastern Antarctic continent and
the Southern Atlantic and Pacific Oceans was used to investigate the horizontal distribution of O; and
CO. Seasonal maps were obtained from daily AIRS observations. Fig. 5 shows these seasonal maps (in

summer and winter) for CO and Os.

Fig. 4.
The horizontal distribution obtained for O3 AIRS data indicates a clear latitudinal gradient with high levels
in low latitudes, a behaviour found in all seasons. According to the AIRS observations, surface O3
presents a weak latitudinal gradient in all seasons with the greatest variations in summer and spring, a
gradient of ~3 ppb between the Antarctic Peninsula and the Ushuaia region. There were no Oj
differences around South America, i.e., between continental and marine zones. According to the results
obtained from the seasonal O; maps, the O3 observed in summer at Ushuaia could be representative of a
wide region, with values of approximately 16-20 ppb. In autumn and winter, its spatial
representativeness increases and it is very homogeneous in a wide area North and South of Ushuaia,
with AIRS values of 21-23 ppb and ~30 ppb, respectively. These results indicate that surface O; measured
at Ushuaia could be spatially representative of a wide region in the South Pacific, west of South America

and the Antarctic continent.

The seasonal patterns and values of CO measured with AIRS are similar to those collected at Ushuaia. In
all four seasons, differences between the continental area of South America and the surrounding oceanic
regions were observed. In winter and spring, a weak latitudinal gradient in CO in latitudes higher than
55%-60° was observed. In summer and autumn, the studied continental area of South America shows
lower values than those in the Pacific and Atlantic Oceans, with differences of approximately 10-15 ppb.

This result could be attributed to increased destruction of CO by photochemical processes in the
planetary boundary layer than in the marine boundary layer. However, in winter and spring, an opposite
spatial pattern is observed, with higher CO values in continental areas than in marine zones and
differences of 10-15 ppb according to the AIRS measurements. In this case, these results could be
associated with major CO emissions due to human activities. In addition, the lower atmosphere is more
stable, so emissions are confined close to the ground. CO measurements collected at Ushuaia could be
spatially representative of the continental area in the southern cone of South America due to the
influence of regional emissions.

Fig. 5.



4. Discussion and conclusions

The meteorology of the Ushuaia region is governed by the arrival of airflows from the west, south of the
Pacific Ocean, associated with an almost permanent low-pressure system in the western Antarctic
continent. The lowest temperatures and highest relative humidity values are observed (~4 °C and 75 %
respectively) in the cold months of late autumn and winter, with the lowest global solar radiation levels
(less than 25 W m™), and a major probability of atmospheric stagnations (low wind speed). In these
meteorological conditions, the chemical species in the lower troposphere arrives at this region by low
advection processes and in well-defined layers under weak vertical mixing. Although the air masses
coming from the west during all the year, the thermal and solar radiation conditions vary and affect to
the photochemical processes, obtaining different O3 and CO levels during the year.

Conversely, the highest temperatures and solar radiation (~9 °C and ~200 W m™) and lowest humidity
(approximately 67 %) are observed in summer and the advection processes are more intense (the
highest wind speed). The long-range transport from the west to Ushuaia is faster and the height of the
MBL is greater.

The levels of surface O; and CO detected are similar to or lower than those observed at other high-
latitude stations, such as those in Antarctica (Helmig et al., 2007; Legrand et al., 2016). Ushuaia has a
mean O; level of 20.3+7.6 ppb and mean CO level of 71.51£45.2 ppb.

The seasonal variations in O; and CO at Ushuaia show a similar pattern, with a maximum in winter and a
minimum in summer. The seasonal and daily patterns observed at Ushuaia with lower O3 in summer
could be associated with air transported to this site or more efficient O; depletion chemistry. Spring and
summer Os levels decline due to sinks that are greater than O3 production and transport.

The observed behaviour can be interpreted as an indicator that the MBL is dominated by net
photochemical destruction of O, which is expected given the low or null emissions of O precursors (NO,
and VOCs) in the MBL.

Although the photochemical O; production is supposed to be very low and the solar radiation and O3
precursor levels are low in autumn and winter, the highest O3 levels are observed. This could be
attributed to the weakness of O; sinks during the cold period because of the relatively low water vapour
mixing ratios and the effective O3 transport within the MBL from the South Pacific where O;
concentrations are higher. To corroborate these hypothesis NO,, VOC’s and OH measurements would be
necessaries in this region. Alternatively, chemical transport models could be used in future studies.

Therefore, the ozone and carbon monoxide dynamic in this region is conditioned by the absence of
ozone precursors (mainly NOy) and the long-range transport of these species through the MBL from the
South Pacific Ocean. The results were corroborated by the O; and CO maps obtained from the satellite
observations. The surface O; measured at Ushuaia could be representative of the low-mid troposphere,
as indicated by the results obtained from O; profiles, and of a wide region in the South Pacific whereas
CO may be representative of a continental region around the observatory and is likely affected by local

emissions.
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Fig. 1. Mean sea level pressure maps in summer and winter (a-b) and seasonal pathways of cluster
means back trajectories with 120 h run time at 500 m agl with an ending point at Ushuaia (c-f). The star
on the maps marks the location of the Ushuaia observatory.

Fig. 2. Monthly evolution of temperature and relative humidity (a), wind speed and global solar radiation

(b), seasonal daily variation for temperature (c) and relative humidity (d).

Fig. 3. Monthly means (standard deviation) variation of measured O3 and CO (a) and daily seasonal
variation for O3 (b) and CO (c) measured at the Ushuaia GAW station (2010-2014), O; and CO hourly
temporal evolutions from 26 to 31 January 2010 (d) as representative of warm season and 6 to 9 July
2014 (e) of cold season.

Fig. 4. Seasonal ozone profiles from launches at the Ushuaia GAW station.

Fig. 5. Seasonal maps of O; (a-d) and CO (e-h) obtained from daily AIRS observations.
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Ozone and carbon monoxide at the Ushuaia GAW-WMO global station

Adame, J.A.®"", Cupeiro, M., Yela, M.?, Cuevas, E.©, Carbajal, G.%®

Highlights

e The levels, seasonal and daily variations of O3 and CO at the Ushuaia GAW are analysed.
e The meteorology in this region is governed by westerly flows.

e 05 and CO reached a maximum in winter and a minimum in summer.

e O3 soundings and AIRS satellite observations were used.

e O; measurements are representative of the MBL in the South Pacific and CO of a continental local
area.
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