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Abstract In 2005 the Study of Stable Boundary Layer Environment at Dome C (STA-
BLEDC) experimental campaign was conducted at the plateau station of Concordia at Dome
C, Antarctica. Temperature profiles measured with a microwave radiometer were used to
study the characteristics of surface-based temperature inversions over the course of a year.
Statistics of temperature profiles for every month are discussed; the difference between day-
time and nocturnal cases observed during the summer months disappears during winter.
Surface-based temperature inversions occurred in 70 % of the time during summer, and
almost all of the time during winter. During winter the occurrence of warming events leads
to a decrease in the temperature difference between the top and the base of the inversion (i.e.
the inversion strength). The inversion strength maxima ranged between 3 ◦C (December) and
35 ◦C (August) corresponding to gradients of 0.1 and 0.3 ◦C m−1 , respectively. The average
surface-based inversion height presents a daily cycle during the summer months with values
up to 200 m in the morning hours, while it affects a layer always deeper than 100 m during the
winter months. The relationships between inversion strength and the downward longwave
radiative flux, absolute temperature, and wind speed are examined. The inversion strength
decreases as the longwave radiation increases. A clear anti-correlation between inversion
strength and near-surface temperature is evident throughout the year. During the winter, the
largest inversion strength values were observed under low wind-speed conditions; in contrast,
a clear dependence was not found during the summer.
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132 I. Pietroni et al.

1 Introduction

The surface-based temperature inversion (hereafter SBTI) is the most characteristic feature
of the atmospheric boundary layer (hereafter ABL) in polar regions. During the night and
in winter the formation of the SBTI is common due to the imbalance between the outgoing
longwave radiation and the downwelling solar and infrared radiation. The advection of warm
air over a cooler surface can occur at any time and can also lead to the development of the
SBTI, but this situation is rare in polar regions. Over the Antarctic plateau during the winter
the imbalance between surface and atmosphere longwave emission produces a condition of
permanent inversion ensuring the presence of a long-lived stable boundary layer. During the
summer, in contrast, the formation of a convective layer was observed in the warmest hours
of the day (Mastrantonio et al. 1999; Argentini et al. 2005; King et al. 2006; Pietroni et
al. 2012), while the SBTI develops during the hours of minimum irradiation. The presence
of a permanent condition of the SBTI over the Antarctic plateau leads to important mete-
orological consequences. The most important of these is the formation of strong katabatic
winds observed in the confluence zone along the east Antarctic coast. The katabatic winds
are caused by the pool of cold air masses that form in the dome-shaped Antarctic interior
and, in the presence of the Coriolis force, air-flows towards the coast (Ball 1956). These
winds have a determinant impact in the production and distribution of sea-ice around the
continent, and strongly influence the atmospheric circulation in the Southern Hemisphere
(Connolley 1996). The knowledge of SBTI behaviour through the year is therefore funda-
mental in understanding the mechanisms determining the formation and the persistence of
the katabatic flow. The importance of accurate models for the stable boundary layer in the
polar region has been pointed out by Bromwich et al. (2001) and Cassano et al. (2001). In
particular, an incorrect simulation of the stable boundary layer in regional models during
the winter over the Antarctic plateau can lead to simulations that fail to fully demonstrate
the link between the climate of this region and the global system (Gallée and Gorodetskaya
2010). Studying the performance of the Antarctic Mesoscale Prediction System (described
by Powers et al. 2003) in retrieving surface temperature, Bromwich et al. (2005) have shown
that over the Antarctic plateau this model gives a positive bias of about 1 ◦C during the sum-
mer. Lascaux et al. (2009), when comparing 47 radiosoundings temperature profiles collected
at Dome C in the winter of 2005 with the results of a mesoscale model simulation, found
substantial differences between experimental and model profiles in the first 200 m above the
surface. Gallée and Gorodetskaya (2010) validated a limited area model over Dome C during
the cold season. Comparing the model temperature profiles with the radiosoundings, they
found the highest bias (of about 5 ◦C) in the first 100 hPa. Too cold values were found near
the surface, while too warm values were found in the layers above, implying that the SBTI
is not well represented. They stress the importance of a correct simulation of temperature
and humidity vertical profiles in representing the warm and cold regimes at Dome C for an
accurate estimate of the longwave radiative fluxes.

Due to the extreme temperatures, dryness and elevation, the Antarctic plateau is considered
to be an excellent potential site for conducting astronomical observations that would otherwise
only be possible from space. For this reason, in recent years, the optical turbulence over the
Antarctic plateau has been the subject of studies by astronomers (e.g. Aristidi et al. 2005a,b;
Geissler and Masciadri 2006; Hagelin et al. 2008; Trinquet et al. 2008; Lascaux et al. 2009).
As shown by e.g. Marks et al. (1996, 1999) the level of optical turbulence depends on the
vertical gradient of the wind velocity and on the SBTI.

The characteristics of the SBTI are also important in the retrieval of temperature profiles
from satellite measurements (Liu and Key 2003). Waddington and Morse (1994) and Van
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One Year of Surface-Based Temperature Inversions 133

Lipzig et al. (2002) have pointed to the importance of considering the SBTI for a proper
understanding of the paleoclimate from ice cores (Helsen et al. 2005).

Meteorological studies of the SBTI in Antarctica have been done in recent decades in order
to characterize the different regions of the Antarctic continent, and primarily to highlight
the differences between the coastal and continental regions. Phillpot and Zillman (1970)
used radiosoundings from 21 stations (three of which were in the interior) to study the
climatology of the SBTI across the Antarctic continent. They found that at the South Pole the
SBTI characterized a 500–700 m thick layer and had a strength (i.e. the difference between
the temperature at the inversion top and at the ground) of 20 ◦C on average during the
winter, while over the highest parts of the inner plateau the strength reached on average
25 ◦C. Using radiosoundings from 15 stations (two of which were in the interior) and data
from the UK Meteorological Office Global Climate Model, Connolley (1996) provided an
overview of the modelled SBTI over Antarctica. Based on Jouzel and Merlivat (1984), he
derived a relationship between surface temperature and the inversion strength over the entire
Antarctic continent and noted that the parameters of this relationship depend on terrain slope.
However, these results are limited due to the scarce number of observations over the interior
of Antarctica. Hudson and Brandt (2005) studied the SBTI at two sites in the interior of
Antarctica, and focused on measurements from radiosondes and towers collected over a
10-year period at the South Pole and measurements collected during two summer periods
at Dome C. They described the SBTI throughout the year at the South Pole and the lapse
conditions found at Dome C during the summer. The SBTI is related to wind speed as shown
by Dalrymple et al. (1966) and Lettau and Schwerdtfeger (1967). Hudson and Brandt (2005)
found that in the inner part of the Antarctic plateau the relationship between the SBTI and the
wind speed is characterized by the presence of two maxima in the median of the inversion
strength: the first occurs at very low wind speeds, the second for wind speeds between 3
and 5 m s1. The second maximum is probably due to development of an inversion wind
(Schwerdtfeger and Mahrt 1968).

Different instruments are generally used to measure the SBTI and its characteristic para-
meters. Instrumented towers have the advantage of gathering accurate measurements but
have a limited vertical range (a few tens of metres). Over the Antarctic plateau, studies of
the SBTI using instrumented towers were conducted at the South Pole by Dalrymple et al.
(1966) and Hudson and Brandt (2005), at Plateau Station by Riordan (1977) and Kuhn et al.
(1977), and at Dome C by Genthon et al. (2010).

The number of radiosounding campaigns in Antarctica has increased in the last few
decades (Schwerdtfeger 1970, 1984; Phillpot and Zillman 1970; Aristidi et al. 2005a; Walden
et al. 2005; Turner et al. 2006; Hagelin et al. 2008; Rowe et al. 2008; Seidel et al. 2010; Zhang
et al. 2011), albeit radiosoundings have serious limitations due to their high operational cost.
For manned stations, such soundings are able to cover either a few hours of the day or the entire
day for limited periods during intensive campaigns. A further problem is that radiosoundings
cannot give accurate values at the lowest heights, especially when an intense SBTI occurs,
and the required corrections in near surface-layer measurements are not obvious (Mahesh et
al. 1997).

The use of surface-based passive microwave radiometers for the retrieval of the temper-
ature profiles has strongly increased in recent years. This instrument has a good resolution
both in time and space and has the advantage of being unmanned (Kadygrov and Pick 1998).

This paper aims to characterize the SBTI behaviour over the course of 1 year using
measurements obtained from a microwave radiometer set at the French-Italian Station of
Concordia, at Dome C. The paper is divided into three parts: the experimental site and
the measurements are described in Sect. 2, the behaviour of temperature profiles and the
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134 I. Pietroni et al.

Fig. 1 Behaviour of temperature and wind during STABLEDC: a annual behaviour of the daily-averaged
temperature (dotted line) with the running average (full line) superimposed; b wind rose obtained for 12
angular sectors, the winds speeds are divided into 2 m s−1 bins from 0 to 6 m s−1 and represented in a grey
scale

characteristics of SBTI are reported in Sect. 3, and a summary and conclusions are given in
Sect. 4.

2 Site and Instrumentation

2.1 Geographical Setting

The French-Italian Station of Concordia (74◦06′S, 123◦20′E, 3,233 m a.s.l.) is located on
the Antarctic plateau in the eastern sector of the continent. Dome C, the dome at which the
base is located, has an average slope of less than 0.1 %. With an unobstructed horizon and
negligible advection, the phenomena observed at this site can be considered representative
of a large area around the station. A detailed description of this site can be found in Argentini
and Pietroni (2010).

In order to characterize the site and to ensure the representativeness of the period under
investigation, a brief overview of the mean meteorological parameters (temperature and
wind speed) measured by automatic weather stations (AWS) is given below. The daily mean
temperature behaviour is shown as a dotted line in Fig. 1a; the full black line represents the
running average over a 1-month period centred on each day. The dataset can be divided into
seasons according to the shape of the temperature curve (Schwerdtfeger 1970): summer = 15
November to 31 January; autumn = 1 February to 31 March; winter = 1 April to 14 September
and spring = 15 September to 14 November. The summer is characterized by daily mean
temperatures ranging from −40 to −20 ◦C , by a clear trend before and after the peak value
observed at the beginning of January and by low inter-daily variability. During the winter,
due to the coupled effect of the absence of solar radiation and the isolation of the plateau from
the maritime air masses, a rapid loss of heat occurs in the dry polar-continental atmosphere
so that almost constant air temperatures are recorded and the seasonal trend disappears. This
behaviour, which is a typical feature of the Antarctic plateau, inspired the well-known term
“coreless winter” commonly used in the literature (e. g. Schwerdtfeger 1977). The inter-daily
variability during the winter is due to the occurrence of warming events (Astapenko 1964),
periods that are characterized by a fast temperature increase of several ◦C and generally have
a duration ranging from 4 to 7 days and a periodicity of about 10 to 15 days (Argentini
et al. 2001; Petenko et al. 2007). This phenomenon was observed at various locations in
Antarctica and reported previously, but there is still a lack of understanding of its origins and
mechanisms of development. Possible mechanisms to explain the warming events include:
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One Year of Surface-Based Temperature Inversions 135

Table 1 Warming events during
the winter 2005

April May June July August September

2 1–4 1–5 1–7 1–5 8–11

24–28 20–23 10–11 15–18 9–16

30–31 14–18 25–26

30 30–31

(1) advection of warm and moist air with different air temperature (Carroll 1982; Neff 1999);
(2) vertical mixing of air from different layers (Carroll 1982); (3) variation in longwave
radiation emitted by clouds associated with moist air from the upper part of the atmosphere
(Schwerdtfeger and Weller 1977; Stone et al. 1990; Stone and Kahl 1991; Stone 1993);
(4) nuclei of condensation originating from the coast that reach the interior of Antarctica,
producing a variety of types of clouds (Othake 1978). More recently, Petenko et al. (2007)
showed that the warming events have different characteristics in different zones of Antarctica
depending on site latitude, elevation and proximity to the sea. In particular, at Dome C, the
warming episodes are more often associated with high-pressure anomalies accompanied by
an increase in wind speed, with flow mainly from the sector north-west to north-east. In
the same study, the authors hypothesized that the warming events are due to the passage
of cloudy warm air masses advected from the sea when the large-scale pressure anomalies
over east Antarctica favour their intrusion into the inner parts of the continent. The warming
events observed during the winter of 2005 represent 37 % of the total period and are listed
in Table 1.

The statistical analysis of the wind speed and direction is shown in Fig. 1b. In the polar
histogram the wind directions are divided into 30 ◦ bins, whereas the wind speed is categorized
into four classes: 0–2 m s−1; 2–4 m s−1; 4–6 m s−1 and >6 m s−1 represented on a grey scale.
The airflow is from the sector 150–300 ◦ for 75 % of the time, and the strongest winds are
from this sector. A seasonal variability has been observed with highest wind speeds observed
during the winter (not shown). During the summer, a daily cycle in wind speed occurs (King
et al. 2006) with the highest values observed during the day (Zhou et al. 2009).

The behaviour described can be considered representative of the general situation at this
site. In fact, the distribution and the annual mean values of the relevant meteorological
parameters (namely temperature, wind speed, wind direction and air pressure) collected by
AWS during 2005 reveal a substantial agreement with both those collected during the period
between 2002 and 2011 and with values reported in Allison et al. (1993) and in Van Lipzig
et al. (2004).

2.2 Instrumentation and Quality Assessment of Temperature Profiles

During 2005 an experimental campaign was conducted at Concordia Station in the framework
of the Study of Stable Boundary Layer Environment at Dome C (STABLEDC) project. The
experimental area, flat and clear, was located upwind from the base, at a distance of 1,000 m in
the southern direction. This location ensured that the measurements would not be disturbed
by the presence of the buildings. The measurements were taken over the period from 20
December 2004 to 10 January 2006. The aim of the experimental campaign and a complete
list of the operational instrumentation during STABLEDC are summarized in Argentini and
Pietroni (2010). Here we give only a brief description of the instrumentation relevant to the
parameters analyzed below, i.e. temperature profiles, near-surface radiation components, air
temperature and wind velocity.
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136 I. Pietroni et al.

The ABL temperature profiles were provided by the improved polar version of the Mete-
orological Temperature Profiler (hereafter MTP 5-P), i.e. a scanning microwave radiometer
(Kadygrov and Pick 1998) specifically designed to provide continuous, unattended obser-
vations under extreme meteorological polar conditions. The instrument, a single channel
microwave radiometer operating in the molecular oxygen absorption band (Kadygrov et al.
1998, 2001), measures the brightness temperature at different discrete elevation angles. The
temperature profile is retrieved using the algorithm described in (Kadygrov and Pick 1998),
with the boundary conditions given by an external thermometer. A detailed description of the
retrieval method used specifically for the MTP 5-P can be found in Argentini et al. (2004).
The MTP 5-P allows for the collection of temperature profiles having a high spatial and tem-
poral resolution. In fact the vertical nominal resolution is 10 m in the first 50 m of the ABL,
and 50 m up to 600 m (Kadygrov et al. 2001, 2012); the averaging period is 10 min. During
STABLEDC the instrument was mounted on a 5-m tall box, so that the first measurement
point is at 5 m.

Although this kind of instrument was only developed in the last few years, it has already
been used in different experimental fields due to its transportability, dimensions and high
performance. Temperature profiles obtained with a radiometer of the same type, but with
a smaller antenna (MTP 5-HE), during a field experiment held in Payerne, were presented
by Kadygrov et al. (2005). They investigated the ability of the MTP 5-HE to detect tem-
perature inversions. Comparing the radiometer and radiosonde profiles, they found that the
mean difference and root-mean-square are smaller under the inversion conditions than dur-
ing adiabatic cases. The maximum accuracy that can be achieved is 0.5–0.8 ◦C. Yushkov
and Kouznetsova (2008) compared the nocturnal inversion characteristics obtained with
an MTP 5 and a sodar for different land uses (urban and rural areas). According to their
measurements, the sensitivity for the MTP 5 was larger at the lower levels (between 200
and 300 m). Berger et al. (2006) and Argentini et al. (2009) showed that, in general,
this type of radiometer has difficulties in detecting and measuring elevated temperature
inversions.

Radiosonde profiles, gathered in the framework of the Routine Meteorological Observa-
tions programme (i.e. the basic meteorological measurements collected by the Italian National
Antarctic Research Programme for general purposes and meteorological assistance to oper-
ations in Antarctica as described in www.climantartide.it), were used to assess the quality
of the MTP 5-P measurements. However, these measurements have only been taken since
April 2005 and with a frequency of once or twice a week. The temperature sensor mounted
in the Vaisala RS 92 sondes is an F-Thermocup (Jauhiainen et al. 2005), which has been
described by Luers (1997). The most important source of errors in these sensors is the solar
heating (Tomasi 2006). Considering the elevation angle at Dome C, and the fact that only data
gathered during the winter were considered, a correction for solar heating is not necessary.
As shown by Rowe et al. (2008), a lag correction in the temperature profiles is not necessary
for this kind of sonde.

A mast installed near the MTP 5-P was equipped with a four-component radiometer:
CNR1 by Kipp & Zonen, mounted at 2 m above the snow surface, having a time aver-
aging of 10 min. This instrument combines two CM3 pyranometers for downward and
upward broadband shortwave radiation flux (spectral range 305–2,800 nm) and two CG3
pyrgeometers for downward and upward broadband longwave radiation flux (spectral range
5–50 µm).

Air temperature, wind speed and direction measurements are provided by the AWS Milos
520 by Vaisala with an acquisition rate of 10 min at a height of 3 m above the surface. These
data are provided by the Antarctic Meteorological Research Center in Wisconsin (ftp://amrc.
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Fig. 2 Comparison between MTP 5-P and radiosounding temperature profiles: a time series of mean difference
over the first 205 m; b MTP 5-P (dotted line) and radiosounding (starred line) mean temperature profiles

ssec.wisc.edu). For the entire dataset, any missing data were filled by linear interpolation if
the lack of data had a duration <1 h.

To check the reliability of the microwave radiometer measurements a comparison with
radiosounding temperature profiles was conducted, and each pair of profiles (MTP 5-P and
radiosounding) has been analyzed independently. The MTP 5-P profiles show a disagreement
with the radiosoundings in the upper part of the profiles so that we limit our analysis to the
lower 200 m layer. Figure 2a shows the time series of the mean differences between the MTP
5-P and radiosounding profiles in the first 205 m in the period 1 April 2005 to 2 September
2005. The differences range between −3 and 6 ◦C . These discrepancies can be partially
explained by the fact that the MTP 5-P temperature is representative of a layer of at least
10 m depth, so that the profile is smoother than that obtained with radiosoundings. The
day-by-day differences can be attributed to case-to-case changes in the performance of the
radiosoundings; probably due to both manufacturing and ventilation differences as shown
by Mahesh et al. (1997). These results are in agreement with those of Leuski and Westwater
(2001) for the mid-latitude version of the radiometer. The mean temperature profiles taken by
the MTP 5-P and the radiosoundings during the period under investigation are represented in
Fig. 2b as dotted and starred lines respectively, an underestimation of the MTP 5-P up to 1 ◦C
being found in the first 50 m. This difference can be attributed to the scarce capability of the
sondes to adjust to the external temperature before launch (Hudson et al. 2004). These values
are comparable both with the differences found in the literature between the MTP 5 and
radiosoundings (e.g. Kadygrov et al. 2001; Yushkov and Kouznetsova 2008), and between
radiosoundings and tower measurements described by Genthon et al. (2010). In contrast an
overestimation of about 0.5 ◦C occurs in the layer between 55 and 205 m (Fig. 2b).

3 Results

The temperature behaviour in the low troposphere (below 205 m) presents a strong inter-
seasonal variability due to the occurrence of continuous sunlight (summer) or darkness (win-
ter). During the summer months a variation in the temperature profile occurs due to the
daily cycle (Hudson and Brandt 2005): a clear SBTI is present at night due to the radiative
cooling in the atmosphere. In contrast, during the middle part of the day the temperature
decreases with height, and a shallow mixing layer forms (Mastrantonio et al. 1999; Argentini
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138 I. Pietroni et al.

Fig. 3 Monthly distribution of temperature profiles from January 2005 (upper left panel) to December 2005
(lower right panel). The grey scale represents the occurrence of each temperature values at a given height.
The white superimposed lines represent the mean temperature profiles during the day marked by a dotted
line, during the daytime hours (1000–1400 LST) marked by a dashed line and during the nocturnal hours
(2200–0200 LST) marked by full line

et al. 2005). During the winter the daily cycle disappears, and the lower troposphere is in a
condition of permanent stability. As a consequence, a strong and persistent SBTI develops.

The large dataset collected during STABLEDC enabled the accurate investigation of the
behaviour of temperature profiles during the year. In order to highlight the inter-monthly
differences the analysis of the SBTI characteristics has been performed on a monthly basis.
Finally, the dependence of the SBTI on the near-surface energy balance (hereafter SEB),
temperature, and wind speed is described.

3.1 Average Temperature Profiles During 2005

The statistical distributions of the MTP 5-P temperature profiles between 5 and 205 m for
each month are shown in Fig. 3; the grey scale corresponds to the percentage of the temper-
ature values at a given height. The superimposed dotted white lines represent the averaged
temperature profiles in the selected period. To highlight the variation during the course of the
day the daytime and nocturnal mean profiles averaged in the time intervals 1000–1400 LST
(local standard time) and 2200–0200 LST are presented with white dashed and solid lines,
respectively.

A rapid process of warming with height generally occurs during the entire year although
a considerable difference is observed month by month. During the months of January and
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December the mean profiles are stable in the first few tens of metres, topped by a near-
isothermal layer. The probability distribution shows a negative skewness in the first 40 m
and kurtosis increasing with height, indicating that the amplitude of the diurnal cycle is not
constant along the vertical, but decreases with height. The daytime profiles are characterized
by lapse conditions; in contrast the nocturnal profiles demonstrate the occurrence of the SBTI.
During the months of February and November the mean profiles show an SBTI deepening,
but lapse conditions are still present during the daytime hours. The kurtosis is small over the
entire profile in the months of January and December because these months are characterized
by a fast cooling process involving the air masses above the surface (as shown by the near-
surface temperature in Fig. 1a). In October the low SBTI values in the daytime temperature
profile associated with the positive skewness indicate a continuous and rapid warming in the
200-m thick layer above the surface. During the coldest months, i.e. from April to September,
the SBTI intensifies and involves a thicker layer. In regard to the strength and persistence of
the winter SBTI, it is worth noting the similar behaviour during the months of April, May,
July and August. June is characterized by an increase in temperature along the vertical and
a weakening in the SBTI. This anomaly with respect to the other winter months is probably
due to the occurrence of intense warming events (Fig. 1a; Table 1). The month of September
is characterized by low kurtosis along the entire profile, implying that the high variability
observed at the surface (Fig. 1a) affects also the above layers. During the winter months, the
probability distribution in the layers close to the snow surface is positively skewed because
the surface can be easily warmed, e.g. by the presence of clouds, while the process of radiative
cooling is weak and requires long periods of clear sky. These months are also characterized
by the coincidence between daytime and nocturnal profiles due to the complete absence of
solar radiation.

3.2 Analysis of the Surface-Based Temperature Inversions

The SBTI layer is determined according to its characteristics: height, strength, and gradient.
Various definitions of the SBTI height (hereafter hSBTI) can be found in the literature, so that
a comparison with previous studies may be difficult. Kahl (1990) defines the hSBTI as the
bottom of the first layer in which the temperature decreases with altitude. Thin non-inversion
layers are ignored if they are embedded within a deeper inversion layer. The inversion strength
(hereafter �T ) is defined as the temperature difference between the top and the base of the
inversion. It is worth noting that the level of the inversion base is fixed at ground level, while
the top is computed for each profile. The inversion gradient (hereafter Γ ) is the ratio between
�T and hSBTI. The temperature profiles were interpolated in order to have values at constant
intervals of 10 m; as the analysis is performed on profiles ranging between 5 and 205 m,
values of hSBTI above 205 m could not be determined.

Figure 4 shows the annual temperature behaviour as a function of height (ordinate on
the left side). The two lines superimposed represent hSBTI (black dots, ordinate on the left
side) and �T (white line, ordinate on the right side), respectively. Each panel refers to
3 months. The summer months are characterized by a daily cycle in the entire profile reflecting
that observed at the surface, but with minor amplitude (Fig. 4a, d). During the winter the
temperature changes have the order of the day (Fig. 4b, c). The presence of the winter
warming events is evidenced by the light blue or green in the lowest levels topped by a
warmer layer (red colour). The hSBTI values present a well-defined annual trend with values
ranging between 5 and 105 m during the summer months (Fig. 4a, d) and above 105 m in the
remaining periods (Fig. 4b, c). The hSBTI values have a diurnal behaviour in the month of
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Fig. 4 Temperature profiles (colour scale) in the lowest 205 m during 2005: a January, February and March;
b April, May, June; c July, August, September; d October, November, December. The black dots represents
hSBTI and refers to the left scale of the ordinate; the white line is the �T and refers to the right scale of the
ordinate

January and in the first days of February (Fig. 4a), as the SBTI involves a narrow layer during
the evening and deepens during the night. With the decrease of the sun elevation the SBTI
persists during the whole day, and hSBTI is characterized by large values. This behaviour
persists over the winter months (Figs. 4b, c) until the middle of November (Fig. 4d) when
a daily cycle begins again. A similar behaviour is detectable in the time series of �T . The
annual cycle is evident with the maximum values oscillating between 5 and 30 ◦C during
the summer (Fig. 4a, d) and winter (Fig. 4b, c), respectively. In the first months of the year
(Fig. 4a) �T shows a diurnal cycle that vanishes during the month of February and reappears
in the month of October, lasting until December (Fig. 4d). During these months �T ranges
between 0 and 15 ◦C. The values found for the SBTI parameters during the summer are in
agreement with those observed at Dome C by Genthon et al. (2010). Hudson and Brandt
(2005) studied the SBTI at Dome C during January 2005 using tower measurements, and
considering two specified levels (2 and 30 m) to compute �T they found a maximum value
of 6 ◦C at 0100 LST that is in agreement with the values presented in Fig. 4 and reported in
Table 2. During the period between April and September (Fig. 4b, c) �T oscillates around
20 ◦C. The variability observed during the winter months must be attributed to the presence
of the warming events.

To investigate the influence of these episodes on the SBTI, the averaged temperature
profiles for the entire winter, during the warming events only and during the days without
warming events, are shown in Fig. 5a as the full dotted line, open circle line and starred
line, respectively. The type of profile does not change substantially, although the temperature
increases at all levels during the warming events and �T decreases. Figure 5b shows the
histogram of �T during the winter (black bars) with superimposed values observed during
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Fig. 5 Effect of warming events in the winter profiles: the open dotted lines represent the mean obtained
considering only the warming events, the full dotted line represents the averaged value, and the starred line
is the mean obtained disregarding the profiles during the warming events (a). Effect of warming events in
the winter distribution of �T : the black bars represent the entire winter, the grey bars the warming events
cases (b)

the periods of warming events (grey bars); both the histograms are normalized to the entire
winter. The �T distribution during the winter peaks at 20 ◦C, and the most populated bins
are between 22 and 28 ◦C. During the warming events the �T peak is centred at 15 ◦C. The
values corresponding to the warming events represent the entire winter distribution below
10 ◦C and most of the distribution up to 18 ◦C, confirming a mean decrease in �T of about
5 ◦C during the warming events.

The time series of Γ during the year depicted in Fig. 6 reveals the presence of an annual
trend. During the summer (January, February, November, December) Γ is characterized by
values <0.1 ◦C m−1 and by a diurnal cycle (Fig. 6a, d). This behaviour is in agreement with
that shown for the month of January by Genthon et al. (2010). During the other months
Γ oscillates around 0.2 ◦C m−1 (Fig. 6b, c); the lowest values (around 0.15 ◦C m−1) are
observed in June. These values are consistent with the potential temperature gradient in the
lowest 150 m estimated by Hagelin et al. (2008) using the ECMWF model. Table 2 reports
the average values of the parameters describing the SBTI: the first column gives the period
under investigation. From the second to the last column the following parameters are given:
number of profiles collected during the period, percentage of profiles characterized by a
SBTI, percentage of hSBTI values equal to 205 m, hSBTI,�T, Γ , and temperature difference
in layers of 10, 50 and 100 m depth, respectively, above the reference level of 5 m. The last
column reports the temperature difference in the layer 105–205 m. As the field experiment
commenced in December 2004 and finished in January 2006, the mean for the months of
January and December include the measurements for 2 years. The SBTI occurs in the 69 % of
the cases during January and 86 % on December: hSBTI<90 m and �T ≈3 ◦C. The duration
of the SBTI increases in February and covers the entire day during the winter months. The
�T for this period presents mean values oscillating around 20 ◦C. For all the year, especially
for the months of January and December, these values are larger than those found at the South
Pole by Hudson and Brandt (2005).

As shown by the time series reported in Figs. 4 and 6, a clear diurnal cycle in the SBTI
characteristics is observable during the summer, while it is absent during the winter months.
In order to detail this cycle, the diurnal behaviour of the occurrence of hSBTI,�T , and Γ

for 2 months, namely January and July, representative of summer and winter, respectively,

123



One Year of Surface-Based Temperature Inversions 143

Fig. 6 Behaviour of Γ the during 2005: a January, February and March; b April, May, June; c July, August,
September; d October, November, December

is reported in Fig. 7. In January the SBTI is almost absent between 0900 and 1500 LST
(Fig. 7a, c, e). The hSBTI varies between 0 and 205 m with the most probable values in the
layer below 105 m (Fig. 7a). The observed daily cycle in hSBTI is in agreement with that
shown by Aristidi et al. (2005b) who studied the temperature profiles at Dome C for 2 days
during the summer 2003–2004. In July, the hSBTI ranges between 75 and 205 m (Fig. 7b): the
higher occurrence is observed at the top of the range, while a uniform distribution is observed
below. An analogous behaviour characterizes �T , which presents a pronounced daily cycle
in January (Fig. 7c) ranging between 0 ◦C (reached around midday) and 13 ◦C (reached at
0200 LST). The �T values are uniformly distributed in a broader range between 10 and
30 ◦C during the month of July (Fig. 7d). Γ ranges between 0 and 0.15 ◦C m−1 during the
night in January (Fig. 7e) and between 0.07 and 0.22 ◦C m−1 in July (Fig. 7f).

3.3 Influence of Near-Surface Parameters on SBTI

Over the Antarctic plateau the surface radiative cooling is the primary process influencing
the SBTI. Other relevant parameters are the surface temperature and the wind speed. We here
report the dependence of SBTI on these parameters. The SEB equation can be written as
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Fig. 7 Daily behaviour of hSBTI,�T , and Γ for the month of January, representative of summer, and July,
representative of winter

H0 + LE + LW↓ + LW↑ + SW↓ + SW↑ − G = 0 (1)

where H0 is the sensible heat flux, LE is the latent heat flux, LW↓ and LW↑ denote incoming
and outgoing longwave radiative fluxes, respectively, SW↓ and SW ↑ denote incoming and
outgoing shortwave radiative fluxes, respectively, and G is the ground heat flux. Sublimation,
evaporation from liquid and melting are included in LE. All components refer to the air–
snow interface and are defined positive toward the snow surface. The sensible heat flux is
derived from eddy-covariance measurements using a sonic thermo-anemometer (Metek USA-
1) installed at 3.6 m, sampling at 10 Hz. Unfortunately, this instrument functioned properly
only at temperatures above −60 ◦C, so that during the winter only a few measurements,
mainly those related to the warming events, are available. For this limitation we cannot fully
investigate the dependence of SBTI on H0. The second term of the equation, namely LE, is
usually omitted in the Antarctic SEB as its value is negligible respect to the others, and its
relative uncertainty would be high due to the difficulties in measurement. For the calculation
of G we use the measurements of three thermometers deployed at 0.05, 0.15, and 0.30 m below
the snow surface and a HFP01 flux plate at 0.10 m. The dependence of the SBTI parameters
on G is not shown because it is not clear, especially during the winter. The surface radiation
budget is extremely low over the Antarctic plateau because during winter little or no shortwave
radiation is present, so that the primary role is played by the longwave radiation. During the
summer, the surface heating due to the absorption of shortwave radiation introduces a diurnal
cycle (Georgiadis et al. 2002) and, despite the high surface albedo limits the amount of solar
radiation available to heat the surface, the SBTI can be destroyed by convection as seen in
the previous paragraph. For these reasons the following analysis is limited to the longwave
radiation. In order to highlight the role of cloudiness LW↓ is considered. The impact of the
longwave radiation on the SBTI is shown in Fig. 8. The increase in LW↓ under overcast
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Fig. 8 Dependence between�T and LW↓ during the months of 2005. The grey scale represents the occurrence
for each month

conditions is expected to produce a warming of the surface, or at least reduce its cooling rate,
thus reducing �T . As shown in Fig. 8 �T tends to decrease when LW↓ increases. During the
winter months for LW↓<75 W m−2 the �T distribution reaches a plateau with values varying
within a wide range. This behaviour indicates that below this threshold value the radiative
cooling is no longer the dominant process. This behaviour confirms the findings of Hudson
and Brandt (2005) who demonstrate the existence at the South Pole of a plateau in the median
value of �T for values of LW↓<80 W m−2. The behaviour observed in June (and with minor
intensity in August) seems to be due to the combined effect of cloudiness and high wind speed.
In fact, during this month, a general increase in LW ↓ linked to the cloudiness is evident.
Values of LW↓>120 W m−2 are associated with flow from the sector north-east to north-
north-west advecting warm and moist air from the coast. In these situations �T decreases,
ranging from 10 to 20 ◦C. For southerly flow the value of LW↓ decreases dramatically; if
strong winds occur the radiative cooling is not the dominant process and �T reduces as
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Fig. 9 Dependence between �T and near-surface temperature during the months of 2005. The grey scale
represents the occurrence for each month

a consequence of the vertical mixing. In contrast, the maximum in �T is associated with
low wind conditions. An analogous behaviour is shown by LW↑ (not shown). During the
months of January, February, November and December the behaviour is less clear. In fact,
in these months the presence of solar radiation plays the main role in the surface energy
balance.

The correlation between �T and surface temperature is well documented in the literature,
in particular at high latitudes (e.g. Bradley et al. 1992; King et al. 2003). Analyzing measure-
ments from various places in Antarctica Connolley (1996) proposed a relationship between
�T and surface temperature, and showed a dependence of the relationship coefficient on
slope terrain. The dependence of �T on near-surface temperature is shown for each month
in Fig. 9. The grey scale represents the occurrence of a given �T normalized to the total
number of measurements during the month. Due to the diurnal cycle of temperature, a strong
anti-correlation (−0.85) between the temperature and �T is present in January, and fluctu-
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Fig. 10 Dependence between �T and near-surface wind speed during the months of 2005. The grey scale
represents the occurrence for each month

ates around −0.7 during other months. The link between temperature and hSBTI is less clear:
during the summer months the higher inversions are observed during period characterized
by low temperatures, while during the winter a large scatter in the measurements is found,
without any clear relationship between these two parameters (not shown).

Figure 10 shows the dependence of �T on near-surface wind speed. Strong winds lead to
increased levels of mechanical turbulence, and colder air close to the surface is mixed with
warmer air aloft. As a result of this mixing process, a weakening in the SBTI occurs. Low
winds are instead expected to support the development and the maintenance of the SBTI.
In January, February, November and December, due to the diurnal cycles of wind speed
(King et al. 2006), the values of �T span between 0 and 20 ◦C in corresponding to wind
speeds <3 m s−1. As the wind speed increases �T tends to decrease; however, as mentioned
by Genthon et al. (2010), it is not possible to find a clear relationship between these two
quantities. During the other months the highest �T were observed alongside the lowest
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wind velocities. In April and May the presence of weak winds leads to a flat distribution in
�T . In the month of June �T is lower than in the other months due to the occurrence of
wind speeds >6 m s−1. The plateau in the distribution observed during the winter months for
wind speeds <3 m s−1 is specific to the Antarctic plateau where the slope is small and flow
cannot be created by the presence of SBTI (as observed in other places of Antarctica, e. g. at
the South Pole by Hudson and Brandt (2005).

During the winter months the general increase in hSBTI was found to correspond to the
highest wind speed.

4 Summary and Conclusions

The measurements collected during the STABLEDC field experiment held at Concordia
Station in 2005 are analyzed. The temperature profiles derived with a scanning microwave
radiometer were used to determine the surface-based temperature inversion and its behaviour
in relation to the main atmospheric parameters. Data analyzed can be considered represen-
tative for a large area around the station and for different situations occurring in the East
Antarctic plateau. The results obtained were expected, but the time and height resolution in
measurements, the vertical extent of the profiles, and the duration of the campaign add detail
to previous work.

The SBTI characterizes the entire year, but with different characteristics. In fact the para-
meters used to describe the SBTI, i.e. hSBTI,�T and Γ , show a monthly trend, with slight
values in January that increase from February to August, then decrease from October to
December.

During the summer months the SBTI occurs 67 % of the time and is interrupted by lapse
conditions occurring during daytime. A diurnal cycle characterizes all the SBTI parameters:
hSBTI varying between 5 and 205 m, �T showing a maximum at 0200 LST and Γ ranging
between 0 and 0.15 ◦C m−1.

During the winter months the surface-based inversion occurs 99 % of the time, and the
daily cycle disappears. The observed values of hSBTI are >100 m, associated to �T ranging
between 10 and 30 ◦C and Γ that can overpass 0.3 ◦C m−1. In these months the only changes
observed in the SBTI characteristics are due to the warming events, during which �T
decreases significantly.

The analyses of the dependence of �T on the near-surface measurements of LW↓, temper-
ature and wind speed show that during the winter months, �T decreases as LW ↓ increases,
with a plateau reached for LW ↓<75 W m−2. The �T is anti-correlated with the near-surface
temperature. The strongest SBTI occurs in the presence of weak winds when the radia-
tive cooling is the dominant process. Under these conditions the SBTI thickens and its
strength increases with time. In contrast, the �T decreases in the presence of high wind
speed. The analysis done for the month of June shows the role of the warming events: the
warming events are accompanied by an increasing in LW↓, coastal wind and a decreasing
in �T .
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