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ABSTRACT. The high altitudes and extremely low temperatures of the Antarctic plateau result in an exceedingly
low atmospheric water vapor content. In this article we estimate the precipitable water vapor at Dome A using
optical spectra of the diffuse solar irradiance in the zenith direction. The spectra were obtained from the Nigel
spectrometer at Dome A during 2009. We find that the Nigel spectra contain sufficient information to extract daily
average water vapor estimates, which agree with satellite observations to within �0:22 mm. Finally, we use these
water vapor estimates to model the optical and near-IR transmission (between 700 nm and 2.5 μm) of Dome A to
demonstrate significant advantages gained in this wavelength range and compare it with that of Paranal and
Chajnantor, two midlatitude observatories.

Online material: color figures

1. INTRODUCTION

Water vapor is one of the main absorbers of infrared radiat-
ion in the Earth’s atmosphere. The amount of water vapor
present in a column of atmosphere, known as precipitable water
vapor (PWV), ultimately determines the suitability of an
astronomical site for infrared (IR) and near-IR observations.
The benefits of locations on the Antarctic plateau with respect
to IR astronomy have been recognized for some time (e.g.,
Lawrence 2004), with Dome A (S80.37°, E77.53°), the highest
point on the plateau, predicted to have the lowest PWV of the
few Antarctic plateau sites that are currently developed and

operational13 (Saunders et al. 2009). Such extremely low PWV
levels have already been recorded from ground-based observa-
tions using Pre-HEAT instrument (so-called because it is a
precursor to the High Elevation Antarctic Terahertz; Kulesa et al.
2008b) during 2008 (Kulesa et al. 2008a; Yang et al. 2010).

Various methods have been successfully employed to deter-
mine the atmospheric PWV content from the ground. These
range from simple (even handheld) solar pointing photometers
(e.g., Halthore et al. 1997; Raj et al. 2004) to dedicated micro-
wave radiometers that are sensitive to the 183 GHz water vapor
line (e.g., Wiedner et al. 2002; Emrich et al. 2009; Ricaud et al.
2010). Another option is to use radiative transfer codes to fit
atmospheric models to absorption lines in high-resolution IR
stellar spectra (e.g., Querel et al. 2008, 2011); this has also been
applied to low-resolution stellar spectra in the optical regime
(e.g., Dempsey et al. 2004; Patat et al. 2011). Finally, GPS me-
teorology techniques have been widely used whereby the PWV
can be calculated by analyzing the delay in the microwave sig-
nal from a GPS satellite to a ground receiver. This delay is a
function of temperature, pressure, and water vapor content
(Bevis et al. 1992, 1994). GPS techniques have the advantage
of high temporal resolution and the ability to be analyzed in
retrospect, and they are able to be utilized in remote locations
(e.g., Suparta et al. 2008; Thomas et al. 2011). With accuracies
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of ∼1–2 mm, GPS meteorology can be used for temperate sites
and even coastal Antarctic stations, but is not suitable for use
over the Antarctic plateau, where typical PWV amounts are
consistently submillimeter.

In this article we review a number of satellites available for
Antarctic PWV retrieval, and we present measurements made
with the Nigel14 spectrometer of the water vapor absorption
in the atmosphere above Dome A. The measurements are made
from spectra of diffuse scattered sunlight integrated over a large
area of sky. Because the illuminating source (i.e., the Sun) is not
entirely behind the absorbing material (as would be the case for
a direct absorption measurement), it is effectively a distributed
source embedded in the absorbing medium. As such, a more
complicated retrieval method is necessary. To our knowledge,
Kiedron et al. (2003) provide the only previous documented
attempt to do this and had remarkable success. Typical water
vapor columns at their site (in Alaska), however, are at least
an order of magnitude greater than those found on the Antarctic
plateau.

2. SATELLITE PWV RETRIEVAL

A number of satellite instruments exist whose measure-
ments allow the derivation of PWV over the Antarctic plateau.
Three such instruments are reviewed and compared in this
section.

2.1. MHS/NOAA-18

The Microwave Humidity Sounder (MHS) is a five-channel
microwave instrument on the NOAA-18 polar-orbiting satellite
launched in 2005. Developed by NASA for the National Ocea-
nic and Atmospheric Administration (NOAA), the satellite
hosts an array of instruments to form a complete meteorological
space platform. It has a Sun-synchronous orbit at 98.7° inclina-
tion with a period of 102 minutes at 854 km altitude.15

The satellite passes over Dome A 5 times per day, with a
circular field of view at nadir of approximately 16 km in diam-
eter. MHS has four humidity channels in the 157 GHz to
190 GHz range and a surface-viewing window channel at
89 GHz (Bonsignori 2007).

Level-2 data are provided by the Comprehensive Large
Array-data Stewardship System (CLASS),16 an electronic li-
brary of NOAA environmental data, which include calibrated
brightness temperature images in the various bands near or
in the 183 GHz water vapor line. By comparing the brightness
temperatures of each of the three main MHS bands, a PWV cal-
culation can be made (Miao et al. 2001):

PWV ðmmÞ ¼ cos θ ×
�
C0 þ C1 log

�
T 5 � T 4 � b45
T 4 � T 3 � b34

��
; (1)

where θ is the satellite zenith angle, TN is the brightness tem-
perature of channel N , bij are biases related to the temperature
and humidity profiles of the atmosphere, and C0 and C1 are
constants dependent on surface emissivities. The biases and
constants were determined by zero-point calibration with obser-
vations using the Pre-HEAT instrument (Kulesa et al. 2008b)
during 2008 (Yang et al. 2010).

FIG. 1.—Comparison of satellite PWV retrievals for Dome A in 2009. Values
plotted are daily averages. Top: Spans the entire year. Bottom: Zooms in on a
50 day period during winter. See the electronic edition of the PASP for a color
version of this figure.

FIG. 2.—Systematic deviations of satellite PWV retrievals for Dome A in
2009. See the electronic edition of the PASP for a color version of this figure.

14 Nigel is the name given to the spectrometer (Kenyon et al. 2006).
15 See http://www.oso.noaa.gov/poesstatus/spacecraftStatusSummary.asp?

spacecraft=18.
16 See http://www.class.noaa.gov.
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2.2. IASI/MetOp-A

The Infrared Atmospheric Sounding Interferometer (IASI) is
an instrument of the space platform MetOp-A launched in 2006.
The platform has a Sun-synchronous polar orbit inclined 98.7°
and crosses the equator (descending node) at 09∶30 local solar
time at an altitude of about 815 km. The time for an orbit is
101 minutes with a cycle of 29 days.

IASI is a high-resolution sounder working in the infrared do-
main that measures temperature and humidity with accuracies
better than 1 K and 10%, respectively, for numerical weather
prediction and climate models. The IASI field of view consists
of four circular pixels of 0.8° of angular diameter, corresponding
to 12 km at the surface at nadir. A cross-track angle of sight of
�48:3° allows a global coverage of the Earth twice a day. Based
on a Michelson interferometer, IASI is an accurately calibrated
Fourier transform spectrometer covering the 3.6–15.5 μm spec-
tral range with 8461 spectral channels and a resolution between
0.35 and 0:5 cm�1 (Hébert et al. 2004; Schlüssel et al. 2005).

Geophysical level-2 preoperational data are provided by
EUMETSAT.17 They produce near-real-time vertical profiles of
temperature and humidity on a vertical pressure grid (Schlüssel
et al. 2005). This grid is converted into an altitude grid by
considering the hydrostatic equilibrium and the surface pressure
and temperature.

A 2° × 2° bin centered on Dome A is considered for the
study. Only IASI data without cloud contamination in the line
of sight are used. This restriction explains why data may not be
available for some particular days.

2.3. AIRS/Aqua

The Atmospheric Infrared Sounder (AIRS) is an instrument
of the space platform NASA EOS Aqua launched in 2002. To-
gether with the Advanced Microwave Sounding Unit and the
Humidity Sounder for Brazil, they form an integrated cross-
track scanning temperature and humidity sounding system.
The platform has a Sun-synchronous polar orbit with 14 orbits
per day and equatorial crossing at 13∶30 local solar time ascend-
ing node, at the altitude of about 705 km. A cross-track angle of
sight of �49° allows eight overpasses of Dome A each day with
a resolution of 13.5 km at nadir and 41 × 21:4 km at the scan
extremes.18

AIRS is a high spectral resolution spectrometer working in
the thermal infrared that measures humidity with an accuracy
better than 20% in layers 2 km thick in the troposphere. The
primary spectral calibration of the AIRS spectrometer, covering
the 3.7–15.4 μm spectral range with 2378 spectral channels, is
based on the cross-correlation between spectral features ob-
served in the upwelling radiance spectrum with precalculated
spectra (Aumann et al. 2003).

FIG. 3.—Equivalent width calculation (bottom) from a sample Nigel spectrum (top; solid line). Also shown in the upper plot is the continuum approximation (dashed
line) and interpolation points (circles). Interpolation points were chosen outside of the oxygen and water absorption bands, where no absorption is expected. The
observation was taken on day 68 (during summer), when the PWV was relatively high (∼0:27 mm). See the electronic edition of the PASP for a color version
of this figure.

17 See http://oiswww.eumetsat.org/WEBOPS/eps‑pg/IASI‑L2/IASIL2‑PG‑
0TOC.htm. 18 See http://airs.jpl.nasa.gov/instrument/specs/.
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The level-3 geophysical parameters (version 5) averaged dai-
ly and binned into 1° × 1° grid cells are provided by NASA on
Giovanni,19 an online application developed by the Goddard
Earth Sciences Data and Information Services Center (Susskind
et al. 2009). As for IASI, the profiles of temperature and humid-
ity on a vertical pressure grid are converted into an altitude grid
by considering the hydrostatic equilibrium and the surface pres-
sure and temperature.

2.4. Comparison

A comparison of the three instruments is shown in Figure 1.
Although the satellites generally agree, there are a number of
obvious deviations, particularly over the summer months when
atmospheric PWV is higher. The systematic deviations are high-
lighted in Figure 2, where the MHS values were chosen as a
base for comparison.

Both AIRS and IASI show significant deviations for days
0–50 and 300–365 (AIRS lower; IASI higher). During days
50–300, AIRS and IASI show smaller systematic overestima-
tions of PWV (compared with that of MHS) by medians of
0.046 mm and 0.075 mm, respectively.

Previous ground-based PWV observations at Dome A have
shown an exceptionally good correlation with the MHS satellite
data (Yang et al. 2010).AtDomeC, comparisonswith radiosondes
and a ground-based microwave radiometer show IASI and AIRS
systematic dry biases of around 5% (Ricaud et al. 2011) and 10%
(Carminati et al. 2012, in preparation), respectively.

For consistency with prior results used to determine the
PWV at Dome A (i.e., Saunders et al. 2009; Yang et al. 2010),
the MHS/NOAA-18 instrument is chosen as a benchmark for
comparison against the ground measurements in § 4.

3. INSTRUMENTATION

The ground-based instrument used for this study is the Nigel
spectrometer (Sims et al. 2010), one of the various site-testing

and scientific instruments on PLATO (Plateau Observatory), a
self-powered robotic observatory that runs autonomously at
Dome A (Lawrence et al. 2009a). Nigel continuously records
sky spectra over a wide-field (∼25° diameter or 491 deg2) from
approximately 300 to 850 nm in three fixed directions on the
sky (north at 40° altitude, west at 71.5° altitude, and the zenith).
The achieved spectral resolution is 3 nm FWHM at 500 nm.
Although the primary aim of Nigel is to measure night sky
brightness, the wavelength range includes two water vapor
absorption features that, along with the continuous nature of
Nigel’s observations (including times when the Sun is above
the horizon), make it a suitable instrument to probe the PWV
above Dome A.

The two H2O bands of interest, designated α and β
(Rozenberg 1966), are found at approximately 710–740 nm and
800–840 nm, respectively. For each Nigel blue sky (Sun above
the horizon) and twilight (Sun not more than 5° below the hor-
izon) observation, the equivalent widths (EWs) of both bands,
EWα and EWβ , were measured (Brault et al. 1975) by first
approximating the continuum—essentially the blackbody

FIG. 4.—Relationship between solar zenith distance (ζ⊙), equivalent width
(EWβ), and PWV from the diffuse irradiance model. See the electronic edition
of the PASP for a color version of this figure.

TABLE 1

INPUT PARAMETERS TO BIRD & RIORDAN (1986) DIFFUSE IRRADIANCE MODEL

Parameter Value Source Location

Temperature . . . . . . . . . . . . . . . . . . . −50°Ca Australian Antarctic Divisionb Dome A
Surface pressure . . . . . . . . . . . . . . 570 mbar Australian Antarctic Divisionb Dome A
Ozone column . . . . . . . . . . . . . . . . 0.15 cm Commonwealth Scientific and Industrial Research Organizationc ∼DomeA
Aerosol optical depth, τa . . . . . 0.02 Stone (2002) South Pole
Turbidity exponent, α . . . . . . . . 1.65 Six et al. (2005) Dome C
Surface albedo, rg . . . . . . . . . . . . 0.85 Laine (2008) ∼DomeA

a The values are chosen based on typical values observed on the Antarctic plateau.
b See http://www.antarctica.gov.au/science/ice‑ocean‑atmosphere‑and‑climate/glaciology‑research/antarctic‑weather/dome‑a‑

details.
c See http://www.environment.gov.au/atmosphere/ozone/ozone‑hole/image2009.html.

19 See http://disc.sci.gsfc.nasa.gov/giovanni/overview/index.html.
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spectrum of the Sun—with a polynomial curve of order three. A
transmissionlike spectrum was produced by dividing through by
the continuum, from which the EW was then derived. A sample
observation is presented in Figure 3. In a similar manner the
equivalent widths of the Fraunhofer absorption bands of mole-
cular oxygen, EWA and EWB, were also extracted.

The analysis presented here was performed with data ob-
tained in 2009 from Nigel’s zenith field, with a focus on data
from day numbers ∼60–120. The day range was selected to be-
gin with Nigel’s first light around March and to end when it was
no longer possible to obtain a bright twilight spectrum (i.e., the
Sun was constantly 5° or more below the horizon). Despite the
frequency of Nigel observations, the results that follow are ulti-
mately collapsed into daily averages in order to match the re-
lative infrequent satellite passes, which provide the only
benchmark for comparison.

4. PWV EXTRACTION USING NIGEL

4.1. Diffuse Irradiance Model

One approach to obtain the PWV from diffuse sky spectra is
to model the diffuse irradiance analytically. The most complete
model available is that of Bird & Riordan (1986), which uses
algorithms to model the spectral irradiance at low (10 nm) reso-
lution. The formulae have been rigorously tested and tweaked
against full radiative transfer codes such as BRITE (Bird 1981),
as well as field measurements, and they include the contribu-
tions due to both Rayleigh and Mie scattering. There are a num-
ber of input parameters for the model; Table 1 lists those
parameters that are considered to be fixed (i.e., do not affect
the water absorption bands within the scope of the model), with
values chosen to be appropriate for the Antarctic plateau.

The other primary inputs are the tilt (chosen to be 0 for a
horizontal surface; i.e., looking at the zenith), aspect (chosen
arbitrarily to be north), solar zenith distance (via the date
and time of the observation), and the PWV content. The model

FIG. 5.—PWVestimates from Nigel using the Bird & Riordan (1986) diffuse
irradiance model. See the electronic edition of the PASP for a color version of
this figure.

FIG. 6.—Correlation of daily average PWV as determined with Nigel using
the diffuse irradiance model, with the MHS/NOAA-18 values. The equation of
the line is y ¼ 0:43xþ 0:03. See the electronic edition of the PASP for a color
version of this figure.

FIG. 7.—Oxygen A-band curve of growth. See the electronic edition of the
PASP for a color version of this figure.

FIG. 8.—Correlation of air-mass-corrected EWβ with MHS/NOAA-18 PWV
values. The equation of the line is y ¼ 1:89x� 0:16. See the electronic edition
of the PASP for a color version of this figure.
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was run using a C implementation20 that was modified to allow
batch processing of the input parameters.

A grid of models was produced for solar zenith distances
(ζ⊙) from 74–89° (in 1° increments) and with PWV values from
0–2 mm (in 0.1 mm increments). The continuum spectrum was
estimated by setting the water content to zero, and the equivalent
widths, EWα and EWβ , were then calculated (computed at the
same ζ⊙). The relationship is presented in Figure 4. One limita-
tion of the model is that it is only valid for ζ⊙ < 90°.

Using the gridded data points and 2D interpolation, the PWV
content was calculated as a function of the measured equivalent
widths and known solar zenith distance at the time of each ob-
servation, giving two estimates for the PWV—wα and wβ . The
final estimate, w, was taken to be the average of the two values.
Figure 5 presents w and the values as measured by MHS/
NOAA-18. The daily average values of w are also shown.

The model predicts a physically unrealistic large diurnal
effect, driven by the model’s strong dependence of EWon solar
zenith distance. It remains unclear as to the reason for such a large
divergence, since only a small (<5%) diurnal variation is ex-
pected (P. Ricaud 2011, private communication). Daily averages,
however,while clearly overestimating the actual PWV, are of cor-
rect order of magnitude and appear to follow the same trends as
the satellite measurements. The rms error between the raw daily
averages and MHS values is 0.22 mm. Figure 6 shows the actual
correlations of w with the values from MHS/NOAA-18. The
equation of the line obtained using an unconstrained least-
squares fit is y ¼ 0:43xþ 0:03, indicating that the diffuse model
has a wet bias of 0.03 mm, and it overestimates the PWV by al-
most a factor of 2. The data show a clear correlation (R2 ¼ 0:57)
and a resultant rms error of 0.06 mm or ∼10–50% of typical
values from the sample period.

4.2. Kiedron Method

As a second approach to determining the PWV from Nigel
spectra, we follow themethod ofKiedron et al. (2003). Themeth-
od builds on the premise that the EWs of water absorption fea-
tures of a direct source are related to the column abundance of
water vapor by a curve of growth. The additional and unknown
amount of scattering present in diffuse irradiance is taken into
account by introducing a new quantity called the “effective dif-
fuse air mass.” The effective diffuse air mass, based on the ob-
served depth of the Fraunhofer oxygen A band at 759.4 nm,
represents the air mass at which you would expect the observa-
tion to have taken place in the absence of any scattering (i.e., ob-
serving direct irradiance). Using a precalculated curve of growth
relating the EWof the oxygen A band to zenith distance for the

FIG. 9.—Comparison of satellite and Nigel PWVestimates from diffuse mod-
el and Keidron method. The Nigel values have been corrected with an offset and
multiplicative factor. See the electronic edition of the PASP for a color version of
this figure.

FIG. 10.—Comparison of Dome A and Paranal twilight sky spectra. The lack
of H2O absorption in the Dome A spectrum is evident. Both spectra were ob-
tained while the Sun was ∼1:4° below the horizon. Dome A spectrum obtained
with Nigel on 2009 April 4. Paranal spectrum were obtained with FORS1 on
2003 October 30 and adapted from Patat et al. (2006). The Dome A spectrum has
been vertically offset by þ0:3 for presentation. See the electronic edition of the
PASP for a color version of this figure.

FIG. 11.—Atmospheric transmission of Dome A and Paranal using median
PWV values. The spectrum is presented at low (3 nm) resolution for clarity.
Curves on the upper plot trace the normalized ZY JHK photometric passbands
(Hewett et al. 2006). See the electronic edition of the PASP for a color version of
this figure.20 See http://rredc.nrel.gov/solar/models/spectral/spectrl2/.
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direct case, themeasuredEWfrom the diffuse spectrum is used as
input to obtain the effective diffuse zenith distance, and hence
effective diffuse air mass, of the observation.

The effective diffuse air mass is then used to scale the mea-
sured EW of the H2O bands in the diffuse spectra. Since the
amount of oxygen is assumed to be constant, this effectively
removes any dependency on the solar zenith distance or the
amount of scattering that occurred. In theory, the scaled EW
should then be directly proportional to the column-integrated
water vapor.

One area in which our method differs from that of Kiedron
et al. (2003) is that we use equivalent width as a measure of the
depth of the absorption features, rather than the transmission at

the center of the absorption feature. Second, Kiedron et al. use
an empirically derived curve of growth for determining the ef-
fective diffuse air mass, utilizing side-by-side observations of
the direct solar irradiance. These observations do not exist at
our site, so instead a curve of growth was modeled using Spec-
tralCalc.21 This curve of growth, shown in Figure 7, allows us to
find the effective diffuse zenith distance (and hence air mass),
given the measured EW of the oxygen A band, EWA.

The equivalent width measurements of interest, EWβ and
EWA, were collapsed into daily averages. The effective diffuse

FIG. 12.—Atmospheric transmission of Dome A (solid line), Chajnantor (dashed line), and Paranal (dotted line) using median PWV values. The plots zoom in on the
various atmospheric H2O bands at 1 nm resolution. Note the varying wavelength and transmission scales used. See the electronic edition of the PASP for a color version
of this figure.

21 See http://www.spectralcalc.com.
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zenith distance was found using the curve of growth in Figure 7,
which was then converted into effective diffuse air mass using
the standard Kasten & Young (1989) equation. The air-mass-
corrected equivalent width correlation with satellite PWV
values is presented in Figure 8. The best-fit line has an equa-
tion y ¼ 1:89x� 0:16.

Once again a correlation is evident (R2 ¼ 0:50), with a resul-
tant rms error associated with the empirically determined relation-
ship of 0.06 mm (10–50% over the measured range), coincidently
the same as that observed using the diffuse irradiance model. The
correlation is not as strong as that observed by Kiedron et al.
(2003), who reported R2 ¼ 0:98 and rms ¼ 0:23 mm. While
their rms error appears much higher, it is just 5–25% of their
range of PWV values (1–5 mm).

A summary of the two methods is presented in Figure 9,
where the PWV as derived from Nigel (and corrected with
the MHS/NOAA-18 values) is plotted against the satellite val-
ues. The corrections involve an offset and multiplicative factor,
as determined through the linear best-fit equations for each re-
spective method.

5. ATMOSPHERIC TRANSMISSION

The extremely dry atmosphere above Dome A gives rise to
an increased atmospheric transmission relative to temperate
sites. While this has received extensive discussion as it relates
to submillimeter and mid-infrared observations (e.g., Yang et al.
2010; Tremblin et al. 2011), its effect in the optical and near-IR
spectral regions has not. The advantages conferred at these
shorter wavelengths can be substantial. For example, the lack
of absorption due to H2O can be clearly seen in a comparison
of typical twilight sky spectra taken from Dome A and Paranal
(a midlatitude observatory), shown in Figure 10. While previous
authors have speculated on the potential gains in the optical/
near-IR (e.g., Lawrence et al. 2009b), we are now in a position
to quantify these advantages.

To examine the benefits at these wavelengths, the atmo-
spheric transmission in the zenith direction was modeled from
700 nm to 2.5 μm. The transmission spectrum for Dome Awas
compared with that of the Paranal and Chajnantor observatories
in the Atacama desert, Chile, using the median22 PWV value for
each site. Spectra were modeled using SpectralCalc, which uses
the HITRAN 2008 database (Rothman et al. 2009) and an online
interface of the LINEPAK algorithm (Gordley et al. 1994) for
modeling spectral transmittance and radiance. PWV amounts
were specified by varying the water content of standard atmo-
spheres (polar winter for Dome A; midlatitude winter for
Chajnantor and Paranal), for which the PWVat specific altitudes
had been precalculated. Figures 11, 12, and 13 show the mod-
eled transmission. The actual median PWV values, along with
the best 25 percentile and 10 percentile amounts for each site,
are compared in Table 2.

The atmospheric models demonstrate that the transparency in
the optical and near-IR regions at Dome A is far superior to that
of even the highest and driest midlatitude observatories. With
such improved transmission, observations are no longer limited
to the standard photometric bands (which are defined largely to
avoid water vapor absorption).

Cool stars and planets, for example, contain a host of metallic
and molecular lines that appear in the near-IR spectrum (e.g.,
Kleinmann & Hall 1986; Hinkle et al. 1989; Wallace & Hinkle
1997; Joyce et al. 1998; Lançon & Wood 2000; Lyubchik et al.
2004), some of which inevitably appear within the atmospheric
H2O bands. One example is the CH4 icosad region (1.30–
1.49 μm), which is of particular importance to the study of
Saturn’s moon Titan (Boudon et al. 2009; Campargue et al.
2010). In general, a dry atmosphere such as Dome A would
allow a more complete interpretation of stellar spectra without
such a strong dependence on the removal of telluric H2O
absorption (Lançon et al. 2007), ultimately leading to a better

FIG. 13.—Bottom: Transmission of Dome A, Chajnantor, and Paranal around
the Paα emission line at 1.875 μm, using median PWV values. Top: N1875 filter
profile (dash-dotted line) and the effective filter profiles at each site. The spec-
trum is presented at 1.5 Å resolution to match similar simulations in Motohara
et al. (2010). See the electronic edition of the PASP for a color version of this
figure.

TABLE 2

PWV COMPARISON AT DOME A, CHAJNANTOR, AND PARANAL

Site
Altitude
(m)

Median
(mm)

Best 25%
(mm)

Best 10%
(mm)

Dome A, Antarcticaa . . . . . 4083 0.13 0.09 0.06
Chajnantor, Chileb . . . . . . . 5640 1.13 0.50 0.42
Paranal, Chilec . . . . . . . . . . . 2635 2.30 1.60 1.07

a MHS/NOAA-18, during 2009 winter (days 120–300).
b Erasmus & van Staden (2001, unpublished) and Erasmus (2002; http://

www.eso.org/gen‑fac/pubs/astclim/espas/radioseeing/pdf/ALMAFnlRep_
Erasmus_Dec2002.pdf), during 1993–1999.

c Kerber et al. (2010), during 2001–2008.

22In the optical/near-IR, only nighttime observations are usable, so the median
is calculated on a year-round basis at Paranal and Chajnantor, but for only six
months during winter (days 120–300) at Dome A.
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understanding of stellar evolution and improved stellar models
(Lançon et al. 2009).

The hydrogen Paschen alpha (Paα) emission line (at
1.875 μm), is another spectral feature that could be exploited
at Dome A. Paα emission is a reliable tracer of star formation
rates in regions that are otherwise obscured by dust clouds,
where traditional indicators (e.g., Hα) are unsuitable due to
the added extinction (Díaz-Santos et al. 2008). Until recently,
Paα emissions had only been observed from space-based sur-
veys (e.g., Wang et al. 2010, using the Near-Infrared Camera
and Multi-Object Spectrometer on Hubble Space Telescope).
The first ground-based detections were reported by Motohara
et al. (2010) from Chajnantor mountain, using the miniTAO
1 m telescope and a narrowband N1875 filter. The initial success
has prompted plans for a larger (6.5 m) telescope to be devel-
oped (Yoshii et al. 2010). Figure 13 shows the atmospheric
transmission around the Paα line, once again emphasizing
the advantages of Dome A compared with Chajnantor, the site
of the first ground-based Paα observation.

The three Antarctic Schmidt Telescopes (AST3) are the first
planned instruments to utilize the unique near-IR conditions
found at Dome A. Functioning as an array, the three 50 cm tele-
scopes are intended to operate in the 400–900 nm range (g, r,
and i filters), each with one unique filter to enable simultaneous
multicolor observations (Cui et al. 2008; Yuan et al. 2010).
Science goals of AST3 include studying Type Ia supernovae
and dark energy, microlensing and searching for extrasolar plan-
ets, searching for variable stars, asteroseismology, and general
site testing. Deployment for AST3 is scheduled to begin in the
2011–2012 summer (Wang et al. 2012, in preparation).

It is worth noting that although Dome A is the driest estab-
lished site on the Antarctic plateau, other stations such as
Dome C and Dome F still boast lower PWV values (and hence
increased transmission) than anymidlatitude site (Saunders et al.
2009). As previously noted, the benefits of such conditions ex-
tend into the submillimeter (or terahertz) regime, but are beyond
the scope of this article.

6. CONCLUSION

Diffuse optical sky spectra from Nigel have provided another
technique to ground-truth satellite observations and yet again
verify the extremely low atmospheric water vapor content at
Dome A. The corrected daily averages as derived from Nigel
using the diffuse irradiance model agree with the MHS/
NOAA-18 satellite values to within �50%. The Keidron analy-
sis produced an empirical relationship that allows PWV deter-
minations from Nigel with similar accuracy. Relative infrequent
satellite passes, compared with the Nigel observation frequency,
prohibit a more detailed analysis (higher temporal resolution)
from being undertaken. Additionally, both methods are limited
to times when the Sun is above (diffuse model) or no more than
5° below (Keidron method) the horizon.

The increased transmission at Dome A on the Antarctic pla-
teau, resulting from extremely dry atmospheric conditions, cre-
ates a near-continuous atmospheric window in the optical to
near-IR spectral regime, unrivaled anywhere else on Earth.
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