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ABSTRACT  

Dome-C is a recommended CEOS invariant target that has been utilized by the calibration community for several 
decades for monitoring onboard sensor calibration systems as well radiometric inter-comparisons. Dome-C is a high-
altitude Earth target located on the East Antarctic interior plateau, which has a permanent bright, flat, and homogeneous 
snow-covered surface with little aerosol, cloud cover, snowfall, and water vapor burden. This paper describes angular 
directional models for characterizing the Dome-C top-of-atmosphere (TOA) radiances as a function of cosine solar 
zenith angle for pre-solstice and post-solstice conditions. The 0.86-µm channel Dome-C reflectance decreases over the 
summer due to snow metamorphosis is not observed by the visible channels. Coinciding Terra and Aqua MODIS Dome-
C reflectance showed occasional inter-annual anomalies when compared against the deep convective cloud and Libya-4 
invariant targets observations. Further characterization of the Dome-C reflectances with the Dome-C surface broadband 
albedo, Antarctic Oscillation (AAO) index, and ozone concentration values were evaluated. A strong correlation with 
ozone was found for the 0.55-µm and 0.65-µm MODIS channels. The monthly Dome-C reflectances were linearly 
regressed with ozone to derive the ozone correction coefficients. The uncertainty in the Aqua- and Terra-MODIS Dome-
C trends was reduced by half after applying ozone corrections to both the 0.55-µm and 0.65-µm channel TOA 
observations.  

Keywords: MODIS visible band calibration stability, Dome Concordia invariant target calibration, visible band ozone 
absorption 

1. INTRODUCTION  
The NASA Clouds and the Earth's Radiant Energy System (CERES) [1] project uses Dome Concordia (Dome-C) as an 
invariant target to independently monitor the radiometric stability of Moderate Resolution Imaging Spectroradiometer 
(MODIS) and Visible Infrared Imaging Radiometer Suite (VIIRS) L1B imager reflective solar band (RSB) channel 
reflectances. CERES also uses deep convective clouds (DCC) and the Libya-4 desert target to monitor the stability of 
these imagers. The MODIS and VIIRS sensors have onboard calibration systems that reliably correct for any optical 
degradation. For real-time processing, the VIIRS characterization support team (VCST) updates the calibration 
coefficients if the onboard calibration systems indicate that the optical throughput has varied by more than 0.2% [Jack 
Xiong personal communication]. This forward processing procedure might allow small long-term drifts to go 
undetected. The CERES and VIIRS product versioning and reprocessing efforts are not coordinated. If the CERES 
project finds a need to reprocess the record to preserve the climate quality due to unforeseen circumstances, such as 
satellite outages or other input dataset algorithm changes, the CERES project can mitigate the imager channel drifts 
before reprocessing based on the invariant target radiometric stability analysis. However, such calibration drifts are 
corrected by the VCST when an updated VIIRS L1B dataset collection is released. CERES relies on MODIS and VIIRS 
cloud properties to convert the CERES observed radiances into fluxes. The radiance to flux conversion models are based 
on cloud properties obtained from the early CERES record. Any change in the cloud properties due to imager calibration 
drifts could impact the resulting fluxes [2]. Also, the geostationary imager radiances, which are used to determine the 
regional diurnal flux signal in between Aqua and Terra measurements, are radiometrically scaled to Aqua-MODIS to 
facilitate consistent cloud and fluxes [3].  



 
 

 
 

The CERES project monitors the imager RSB channels in near real-time. Any unidentified reflectance variability in the 
invariant target could bias the monitoring results. By using DCC, Libya-4 and Dome-C invariant targets, any one 
invariant target reflectance outlier not observed by the other two targets would suggest that the outlier should not be 
considered when monitoring the invariant target. However, this approach only identifies large anomalies, since the 
invariant targets are not completely unvarying. The three independent invariant target anomalies are not correlated with 
global scale weather events except for large volcanic eruptions. This approach is not able to identify small scale invariant 
target anomalies with respect to the other two targets, which are also varying in both time and magnitude. Another 
approach would be to further characterize the Dome-C invariant target by using real-time auxiliary data that can be 
correlated with the Dome-C reflectances. Currently, the Dome-C invariant target methodology only accounts for angular 
dependencies. The Dome-C monitoring methodology is only effective for RSB with wavelengths less than 1 µm. For 
wavelengths greater than 1 µm the signal to noise is reduced due to the limited radiance values, which are a result of the 
lower surface reflectivity in combination with the large solar zenith angles. Figure 1 shows the SCanning Imaging 
Absorption SpectroMeter for Atmospheric CHartographY (SCIAMACHY) hyper-spectral mean radiance (blue points) 
and standard deviation (gray points) observed over Dome-C. Note the radiance standard deviation is similar to the mean 
due to the quickly changing solar illumination conditions observed over the Dome-C summer.  

 
Fig. 1. The Dome-C SCIAMACHY mean (blue dots) and standard deviation (gray dots) spectral radiances observed 
between 2002 and 2010. The large standard deviation is due to large range of solar zenith angles observed between during 
the Dome-C austral summer, which are never less than 60°. For reference, the MODIS band 1 and 2 normalized spectral 
response functions are also shown. Note the for wavelengths greater than 1 µm, the radiance is much smaller than for 
visible wavelengths. 

Polar ice pseudo invariant calibration sites (PICS) have been used to calibrate satellite sensors vicariously for over two 
decades. Beginning in the 1980’s, the International Satellite Cloud Climatology Project (ISCCP) project used the clear-
sky portion of the Earth as an invariant target, which included Antarctica to track the degradation of the NOAA 
Advanced Very High-Resolution Radiometer (AVHRR) imagers [4]. By the 1990’s, the use of bright desert invariant 
targets was used to officially derive the AVHRR sensor calibration coefficients [5][6][7]. However, certain limitations of 
desert targets were realized, which included identifying aerosols, dust, and cloud events as well as accounting for surface 
bidirectional and humidity effects. By the late 1990’s, the Antarctic plateau was recognized as having a stable surface 
reflectivity over a large region of interest with an extremely dry atmosphere with few aerosols and clouds. Loeb et al. 
1997 [8] characterized the Antarctic TOA reflectance by a 2nd order regression with cosine of the solar zenith angle 
utilizing spatially uniform observations. Masonis et al. 2001 [9] utilized an empirical derived BRDF model and TOMS 
ozone measurements over Antarctica to determine the AVHRR calibration coefficients. Updated Antarctic based 
AVHRR calibration coefficients were provided by Tahnk et al. 2001a [10], Tahnk et al. 2001b [11], Tahnk et a. 2002 
[12]. Six et al. 2004 [13] focused on Dome-C to construct an empirical bidirectional reflectance distribution function 
(BRDF) designed to monitor the degradation of the Satellite Pour l'Observation de la Terre (SPOT)-4 land use sensor. 
During the mid 2000’s, Dome-C surface based multi-spectral measurements, where used to model the BRDF over the 
site [14][15][16][17]. It was also discovered that snow grain size and shape influence the spectral reflectance especially 
for near infrared (NIR) and shortwave infrared (SWIR) wavelengths, which can change seasonally due to snow 
metamorphosis [18][19][20][21]. Soon thereafter, Dome-C was established to monitor the stability of sensors with 
onboard calibration systems sensors such as MODIS and to compare to their relative L1B reflectance differences 



 
 

 
 

[22][23][24][25]. Dome-C along with other invariant targets and intercalibration methods was used to provide a 
consistent multiple overlapping AVHRR calibrated sensor [26][27][28]. Dome-C is a Committee on Earth Observation 
Satellites (CEOS) recommended cal/val site and is widely used to monitor sensor performance and to compare sensor 
calibration differences [29]. 

Dome-C is a French-Italian scientific station directed by the French Polar Institute and the Italian polar institute and is 
positioned on the East Antarctic plateau at 75.1° South and 123.4° East. Polar orbiting sun-synchronous satellite cross-
track sensors observe Dome-C multiple times a day [22]. The polar latitudes limit the Dome-C solar illumination 
between the southern hemisphere spring and fall equinox with the lowest observed solar zenith angles occurring during 
summer solstice. The permanent snow-covered Antarctic plateau has a high surface reflectance for wavelengths less than 
1 µm. The Dome-C high surface elevation of 3200 m and long distance (1000 km) from the nearest coast limits the cloud 
cover, snow accumulation, and aerosol coverage. The site has very low water vapor burden due to the cold air 
temperature that remains below freezing year-round. The cold temperatures also limit the seasonal snow metamorphosis 
over summer. The low wind speeds over the flat surface create a spatially homogeneous surface with low surface 
roughness due to the relatively small scale sastrugi compared with the rest of Antarctica [13][24]. 

The objective of this study is to further characterize the Dome-C invariant target by correlating real-time auxiliary data 
with the observed Dome-C reflectances. Section 2 describes the Dome-C invariant target method, which considers snow 
metamorphosis, the Terra and Aqua MODIS observed Dome-C spurious inter-annual reflectance outliers and compares 
the Dome-C spectra against the DCC and Libya-4 spectra to reveal any wavelength dependent differences. Section 3 
analyzes the Dome-C reflectances for any correlation with the Antarctic Oscillation index, broadband surface albedo, 
and ozone concentration. The seasonal and inter-annual ozone concentration variability is described to optimally 
correlate the ozone concentration with Dome-C reflectance to determine ozone correction factors. These corrections 
factors are then used to reduce the Dome-C MODIS trend uncertainty. Section 4 contains the conclusions. 

2. METHODOLOGY 
2.1 Data 

The Terra and Aqua MODIS Collection 6.1 L1B radiances used in this study were downloaded from the Atmospheric 
Science Data Center (ASDC) at NASA Langley Research Center. The monthly Antarctic Oscillation (AAO) indices are 
obtained from the NOAA AAO web site [30][31]. The monthly column ozone over Dome-C derived from the CERES 
SYN1deg-month product [3] was downloaded from the CERES ordering, subsetting, and ordering tool [32]. The CERES 
SYN1deg product utilizes the Goddard Space Flight Center (GSFC) Global Modelling and Assimilation Office (GMAO) 
Goddard Earth Observing System (GEOS) 5.4.1 reanalysis product [33] column ozone, which is a combination of 
TOMS, Aura-OMI and NPP-OMPS retrievals. The Baseline Surface Radiation Network (BSRN) [34] Dome-C [35] 
surface and 32-m tower radiometer minute resolution fluxes were used to compute the monthly surface broadband 
albedo. The Dome-C, Libya-4, and precise-DCC SCIAMACHY Earth scene spectral were obtained from the NASA-
Langley SCIAMACHY spectral plotting tool [36] [37][38]. 

2.2 The Dome-C invariant target methodology 

The CERES project Dome-C invariant target methodology averages the instantaneous MODIS pixel-level near nadir 
(<10° view angle) radiances that are located over the Dome-C region of interest (0.6°x0.6° region centered at 75.1° 
South latitude and 123.4° East longitude). If the instantaneous pixel radiance standard deviation or homogeneity within 
the ROI is less than 1.5%, the measurement is identified as a clear-sky observation. This study presents analysis for 
MODIS band 1 (0.645 µm), band 2 (0.86 µm), band 3 (0.48 µm) and band 4 (0.55 µm). The Hudson et al. 2006 [16] 
parameterized snow BRDF is reduced to a second order fit with respect to cosine solar zenith angle for near nadir 
measurements [22][25]. We found no significant difference between a second order and linear. The first 5-years of the 
MODIS record is used to construct the TOA radiance as a function of cosine solar zenith angle model referred to as a 
directional model in this study. Nakamura et al. 2001 [19] has shown that as snow ages, otherwise known as snow 
metamorphosis, the surface to volume ratio decreases and the effective snow grain size increases. The surface albedo has 
been shown to vary seasonally over Antarctica due to snow metamorphosis [21][39]. However, precipitation can inhibit 
snow metamorphosis [40]. Here, snow metamorphosis was considered by computing pre-solstice and post-solstice 
directional models for each MODIS channel. The Rayleigh scattering for a surface albedo of 0.8 is twice as large as for a 
surface albedo of 0.0 [14]. The Vostock and South Pole station observed ~ 0.97 surface albedo was uniform across the 



 
 

 
 

UV and visible wavelengths. The surface albedo for NIR and SWIR wavelengths is dependent on snow grain size and 
rapidly decreases to 0.15 at 1.5µm [41]. 

As expected, there is no pre-solstice and post-solstice difference in the directional model linear regression coefficients 
for the 0.46-µm Terra-MODIS channel (Fig. 2a). The 0.46-µm channel is not impacted by snow grain size and has a 
strong Rayleigh scattering component. Unlike the 0.46-µm, the 0.86-µm (Fig. 2b) channel shows a clear distinction 
between pre-solstice and post-solstice directional models. The two directional models converge during solstice solar 
conditions. This channel is dependent on snow grain size and shows the seasonal impact of snow metamorphosis as the 
Dome-C summer ensues. Like the 0.46-µm channel, both the 0.55-µm and 0.65-µm channel pre- and post-solstice 
directional models do not show any significant differences (not shown). 

 
Fig. 2. The Terra-MODIS (a) 0.46-µm and (b) 0.86-µm channel Dome-C pre-solstice (green points and line) and post-
solstice (red points and line) directional models (TOA radiance vs cosine solar zenith angle) based on the first 5 years of 
data. The linear regression slope, offset and standard error as well as the mean radiance values are given in the upper left of 
the plot. TOA radiance units are in Wm-2sr-1µm-1. 

2.3 Dome-C TOA response natural variability 

To determine the Dome-C natural variability, we compare the Dome-C TOA response timeseries with those from the 
DCC and Libya-4 invariant targets over the Terra and Aqua-MODIS records. The DCC invariant target approach 
collectively tracks DCC-identified pixels [42][43][27]. Tropical DCC are near-Lambertian and spectrally flat for 
wavelengths less than 1 µm, and solar and view angle conditions less than 40°. The bright DCC tropopause targets 
greatly limit the water vapor absorption. The Libya-4 Saharan Desert site is also a CEOS recommend invariant target. 
The Libya-4 invariant target approach is similar to the Dome-C approach [43][27]. Directional models are empirically 
derived using the first 5 years of MODIS near nadir observations. The variation in cosine solar zenith angle not only 
considers the surface reflectance but also the seasonal atmospheric conditions. All invariant target TOA reflectances 
have seasonal dependencies, however, the interannual variability of these targets are small compared to the seasonal 
dependencies. The sun-synchronous angular, seasonal, and local time observations are repeated annually and ensure that 
these dependencies are not aliased into the invariant target inter-annual variability. 

Fig. 3a and 3b show the Aqua and Terra-MODIS band 3 (0.46 µm) TOA response over the three invariant targets. For 
the 0.46-µm channel no invariant target outliers were observed. The invariant targets clearly show that Terra-MODIS 
radiometric noise is greater than for Aqua-MODIS. All three invariant target Terra-MODIS reflectances show an 
increase in the TOA response during 2013. The Terra-MODIS 0.46-µm channel has unresolved polarization and 
response versus scan angle dependencies [44]. The Libya-4 TOA response shows a distinct coinciding Terra and Aqua 
MODIS 0.55-µm, 0.65-µm and 0.86-µm channel anomaly during 2013. Whereas the Dome-C MODIS 0.55-µm and 
0.65-µm channel response, shows a positive and negative anomaly during the austral summer of 2015-2016 and 2019-
2020, respectively. The next section will compare the invariant target spectral response for any wavelength dependent 
mechanisms. 



 
 

 
 

 
Fig. 3. The Aqua (a) and Terra (b) MODIS 0.46-µm channel and the Aqua (c) and Terra (d) MODIS 0.55-µm channel 
DCC (red), Libya-4 (red), and Dome-C (blue) normalized TOA monthly (small open circles) and annual (solid triangles) 
response. The temporal linear regression standard error (SE%) and trend slope (Trend%) over the record for each invariant 
target is given at the bottom of the plot. The monthly statistics are shown on the left and the annual statistics on the right in 
parenthesis. The thin black dashed line represents a ±2% change in calibration from the thin solid black line representing 
perfect stability. The red shaded circles identify the Libya-4 response anomaly during 2013, whereas the blue shaded 
circles denote the austral summer 2015-2016 and 2019-2020 Dome-C anomalies. Note the Terra-MODIS 0.46µm (Fig. 3b) 
calibration drift during 2013 where all three invariant targets show an anomaly. 

 
Fig. 4. Same as Fig. 3 except for the Aqua (a) and Terra (b) MODIS 0.65-µm channel and the Aqua (c) and Terra (d) 
MODIS 0.86-µm channel TOA response.  

2.4 Dome-C, DCC, Libya-4 SCIAMACHY spectra 

Figure 5 shows the Dome-C, DCC and Libya-4 SCIAMACHY mean observed spectra. The Dome-C and DCC spectra 
are very similar for wavelengths less than 1 µm. The Dome-C snow grains and DCC ice crystals have similar reflectance 
behaviors. A few wavelength-dependent differences can be explained. Dome-C is a bit brighter over the 0.48-µm 
spectral range. Both Dome-C and DCC have bright surfaces, however, the Dome-C surface is located at a much lower 
elevation and has greater Rayleigh scattering than DCC. The Dome-C 0.55-µm and 0.65-µm reflectance is slightly 
darker than DCC. This is due to the increased ozone concentration over the poles than observed over tropical DCC. The 
Dome-C 0.86-µm reflectance is slightly darker than DCC, because the snow grain size is larger than the DCC ice 



 
 

 
 

crystals, which are suspended in the atmosphere. The Libya-4 TOA spectral reflectance is not correlated with either the 
DCC or Dome-C reflectance. The Libya-4 TOA reflectance increases as the wavelength increases after disregarding the 
near UV Rayleigh scattering, whereas the Dome-C and DCC TOA reflectance mostly decreases as wavelength increases. 
Libya-4 does not seem to be impacted by ozone absorption as the other two invariant targets. 

 
Fig. 5. The DCC (blue), Dome-C (orange) and Libya-4 (gray) SCIAMACHY mean spectra observed between 2002 and 
2010. 

3. RESULTS 
3.1 Dome-C TOA reflectance comparison with AAO, surface albedo, and ozone concentration 

The Antarctic Oscillation (AAO) or Southern Annular Mode describes the intensity and migration of the Southern Ocean 
westerlies. During a positive AAO, the circumpolar westerlies intensify and migrate towards Antarctica. During a 
negative AAO, the westerlies weaken and move towards Australia. The AAO is a low frequency event that tends to last 
about two weeks. The timing between positive and negative events is random and range from a week to a few months 
[45]. Lubin et al. 2005 [46] suggests that positive AAO events decreases the probability of Dome-C cloud cover and 
snowfall. Arblaster et al. 2006 [47] study suggests that ozone concentration may be a driver of the AAO variability. Fig. 
6b shows that for the austral summer of 2015 and 2016 there was a positive AAO event and for the 2019-2020 summer 
there was a negative event.   

Fig. 6a shows the broadband surface albedo deseasonalized anomalies based on Dome-C BSRN ground and tower 
irradiance measurements. Observed shortwave irradiances are averaged to daily averages in the following manner. One 
minute data are averaged to 15 minutes requiring a minimum of 7 minutes to have a valid average. We then fill some 
data gaps by converting downward irradiances to transmission and linearly interpolating across gaps of four hours or 
less. The 15-minute data are averaged to hourly values and then hourly averages are integrated across the day, weighted 
by cosine of the solar zenith angle. The daily upwelling and downwelling fluxes were averaged monthly and the ratio of 
the upwelling and downwelling flux denotes the albedo. Only the months of November through February are plotted. No 
BSRN measurements are available at Dome C before 2010. There seems to be a downward trend from 2010 and ending 
in 2016, after which the albedo anomalies were noisy. Comparing the surface albedo anomaly with the AAO index, 
shows that for the austral summer of 2105 and 2016 the surface albedo anomaly was negative and the AAO index was 
positive, while for 2019 and 2020, shows the opposite, where the AAO and surface albedo anomaly was negative before 
the solstice.  

Figure 6c shows the ozone concentration anomaly. The ozone anomaly behavior is characterized by occasional spikes 
over the record. The strong ozone positive spike is correlated with the 2019-2020 decrease in the MODIS channel 0.55 
µm response. An increase in ozone would increase the solar absorption and thus decrease the solar reflectance to space. 
Two strong ozone negative spikes are correlated with the 2015-2016 and 2020-2021 austral summer increase in the 0.55-



 
 

 
 

µm response. A decrease in ozone would decrease the solar absorption allowing more reflection to space. The gray 
rectangles in Fig. 6 show that the occasional strong ozone concentration anomalies are well correlated with the TOA 
0.55-µm reflectance departures. In the next section, we describe the monthly ozone variability over Dome-C in order to 
find an optimal ozone-based reflectance correction approach. 

 
Fig. 6a. The Dome-C monthly (a) surface albedo deseasonalized anomaly (unitless), (b) Antarctic Oscillation (AAO) 
index, (c) ozone column anomaly (DU) and (d) Terra-MODIS TOA response (same as Fig. 3d). The mean surface albedo 
was 0.811 and ozone column was 280 DU. The gray rectangles represent the austral summer 2015-2016 and 2019-2020 
anomaly period. Note the strong correlation with ozone and weak correlation with surface albedo anomaly and AAO index. 

3.2 Dome-C ozone seasonal and interannual variability 

Figure 7 illustrates the Dome-C ozone seasonal and interannual variability. During the Antarctic Spring, the ozone hole 
forms, which is delineated by the low ozone concentrations in Figure 7. The Antarctic ozone hole is formed when the 
chlorine and bromine contained within the cold polar vortex stratospheric clouds and solar radiation cause ozone 
depleting reactions [48]. A large anomalous ozone hole formed during the austral Spring of 2015. The ozone hole 
appeared in early, mid, and late austral Spring in 2016, 2018, and 2020, respectively. A small anomalous ozone hole 
occurred in 2019 and is surrounding by large ozone concentrations. The post-solstice ozone variations, which range from 
260 and 320 DU, are much smaller than the pre-solstice variations, which can range from 100 to 500 DU. The monthly 
ozone concentrations seem to be well-correlated with the Dome-C TOA reflectance (Fig. 6d). Note the ~0.95 monthly 



 
 

 
 

mean 0.55-µm reflectance value in late 2019 and the two ~1.03 monthly mean 0.55-µm reflectance values in late 2015 
and 2020. The Dome-C ozone inter-annual variation has the potential of causing an 8% TOA 0.55-µm reflectance 
variation. The Dome-C monthly 0.55-µm band response trend standard error is ~1% greater than the DCC response. By 
regressing the ozone concentration with the TOA reflectance and applying the ozone regression coefficients should 
reduce the Dome-C trend standard error. 

 
Fig. 7. The 2015 to 2021 September through March monthly mean regional ozone column (DU) centered at the South Pole 
overlaid with the Antarctic coastline. Greenwich, 90° West, Dateline, and 90° East longitude are oriented towards to the 
top, left, bottom, and right of the plot. Dome-C is located in the lower right quadrant at 75.1° South and 123.4° East. Note 
the large ozone variability prior to solstice and low ozone variability following solstice. An anomalous large ozone hole is 
observed during the austral Spring of 2015, whereas an anomalous small ozone hole is observed during the austral Spring 
of 2019. 

3.3 Dome-C ozone correction 

The monthly mean ozone column and the reflectance adjusted for nadir solar conditions based on the directional model 
are linearly regressed to obtain the ozone correction coefficients. Figure 8 reveal the nearly identical Terra and Aqua-
MODIS 0.55-µm channel ozone correction coefficients, which suggests that the correction is robust. The ozone 
absorption is greater for the 0.55-µm band than the 0.65-µm band, and therefore, the regression slopes (~ -3.0) for the 
0.55-µm channel are steeper than those (~ -2.5) for the 0.65-µm channel (not shown). The linear regression standard 
errors are comprabable. The 0.46-µm and 0.86-µm bands are not significantly correlated with ozone, because the 
Chappuis ozone bands do not encompass these wavelengths. The cluster of points centered at 280 DU more than likely 
denote the post-solstice months. Ozone absorption does not explain all of the TOA variability in Fig. 8a. The plot also 
reveals that the ozone outlier events are not that common. Some Dome-C invariant target approaches do not take into 
account the ozone absorption because the large ozone anomalies are infrequent [22][25][27].  



 
 

 
 

 
Fig. 8. The monthly TOA reflectance adjusted for nadir sun conditions as a function of the ozone column in DU units for 
the Aqua (black open circles) and Terra (red open circles) -MODIS (a) 0.55-µm and (b) 0.65-µm channels. The linear 
regression slope, offset, and standard error (SE%) are located at the bottom of the plot 

The ozone correction coefficients are applied to the TOA radiances and the directional models are recomputed for the 
Terra-MODIS 0.55-µm channel. Figure 9 shows that the directional model trend standard error was reduced from 1.90% 
to 1.25% for pre-solstice conditions after ozone correction. However, the post-solstice directional model standard error 
remains the same as expected. The post-solstice directional model standard error is close to that of the 0.86-µm 
diectional model standard error of 0.79 (Fig. 2b). However, the pre-solstice 0.55-µm ozone corrected standard error of 
1.25% (Fig. 9b) is larger than the 0.86-µm standard error of 0.80% (Fig. 2b). This would suggest that the monthly mean 
ozone concentration is perhaps temporally too coarse to resolve the daily ozone variability or that the GEOS reanlysis 
product stratospheric ozone advection and gradients are not well modeled. The Dome-C TOA instantaneous observed 
reflectances are corrected for ozone absorption after which the ozone adjusted directional models are applied. The Aqua-
MODIS before and after ozone corrected trends based on the annual mean Dome-C reflectances are shown in Fig. 8b. 
The Aqua and Terra-MODIS 0.55-µm and 0.65-µm trend standard errors were reduced by half (Table 1). The Aqua-
MODIS 0.55-µm and 0.65-µm ozone corrected Dome-C reflectance trend standard errors are on par with their 0.46-µm 
and 0.86-µm counterparts. 

 
Fig. 9a. Same as Fig. 2 except the Terra-MODIS 0.55-µm channel (a) before ozone correction and (b) after ozone 
correction based on the Fig. 8a coefficients. Note the pre-solstice TOA reflectance scatter is reduced after applying the 
ozone correction coefficients. 

 

 



 
 

 
 

Table 1. The linear trend standard error (%) of the annually averaged Dome-C Aqua- and Terra-MODIS reflectances before in () and 
after ozone correction. Note that the 0.46-µm and 0.86-µm are not impacted by ozone. 

Dome-C 0.46µm 0.55µm 0.65µm 0.86µm 

Aqua 0.28 (0.77) 0.32 (0.56) 0.36 0.34 

Terra 0.48 (0.94) 0.42 (0.66) 0.30 0.44 

 

4. CONCLUSIONS AND FUTURE WORK 
Dome-C is a recommended CEOS invariant target, which has been extensively used by the calibration community for 
monitoring onboard calibration systems and inter-calibration of the sun-synchronous polar orbiting sensors. Dome-C is a 
high-altitude calibration target located on the East Antarctic interior plateau, which has a permanent bright, flat, and 
homogeneous snow-covered surface with little aerosol, cloud cover, snowfall, and water vapor burden. Dome-C’s near 
polar location guarantees it is observed multiple times a day by polar orbiting sensors. The Dome-C BRDF corrections 
were characterized by a radiance versus cosine solar zenith angle linear regression referred to as a directional model. The 
0.86-µm channel Dome-C reflectance decreased over the summer due to snow metamorphosis. As snow ages over the 
summer the snow grain size increases. Pre-solstice and post-solstice directional models were computed to account for 
snow metamorphosis. The 0.46-µm, 0.55-µm and 0.65-µm channels were not impacted by snow metamorphosis. Both 
the Terra and Aqua MODIS Dome-C visible reflectance showed coinciding occasional inter-annual anomalies when 
compared against DCC and Libya-4 invariant target observations. The objective of this study was to determine if the 
Dome-C reflectances can be further characterized with near real-time auxiliary observations to remove the occasional 
interannual anomaly. 

The Dome-C reflectances were evaluated for any relationship with the Dome-C surface broadband albedo, AAO index, 
and ozone concentration values. A strong relationship with total column ozone was observed for the 0.55-µm and 0.65-
µm MODIS channels. The Chappuis ozone absorption band encompasses the 0.55-µm and 0.65-µm channels but does 
extend to the 0.48-µm and 0.86-µm channels. The areal extent of the ozone concentration varied greatly inter-annually 
prior to the solstice, whereas the post-solstice ozone variability was found to be nearly constant.  The monthly Dome-C 
reflectances were linearly regressed with ozone to derive the ozone correction coefficients. The coefficients were applied 
to the 0.55-µm and 0.65-µm directional models. The standard error of the pre-solstice directional was reduced from 
1.90% to 1.25% while the post-solstice directional model standard error had an unchanged value of 0.76%. The Aqua- 
and Terra-MODIS Dome-C ozone corrected trend standard errors were reduced by half for both the 0.55-µm and 0.65-
µm channels, and were similar to the 0.46-µm and 0.86-µm trend standard errors. 
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