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KEY POINTS: 15 

1. Seasonal station-based pressure reconstructions across Antarctica back to 1905 16 

are possible. 17 

2. The highest reconstruction skill is found in austral summer and along the 18 

Antarctic Peninsula in all seasons. 19 

3. Using gridded pressure estimates over ocean basins as additional input significant 20 

aids reconstruction skill in austral winter.  21 

mailto:fogtr@ohio.edu


 2 

Abstract 22 

 Seasonal mean Antarctic pressures at 17 stations are reconstructed based on the 23 

method of principal component regression, employing midlatitude pressure data as 24 

predictors.  Several reconstruction methods were performed in order to assess the 25 

stability and reliability of the reconstructions obtained, including performing the 26 

reconstructions over a shorter 30-year window and withholding the remaining data for an 27 

independent validation.  Generally, there were small differences between the various 28 

approaches, but typically reconstructions conducted on data with the trends still present 29 

and over the full period of observations achieved the highest skill.  Seasonally, 30 

reconstruction skill was high in austral summer across the entire Antarctic continent.  31 

Reconstructions that employed gridded pressure data over oceans as well as the 32 

observations (here termed ‘pseudo-reconstructions) also performed remarkably well in 33 

austral winter. Spatially, the reconstruction skill was highest near the Antarctic Peninsula 34 

in all seasons, and weakest in coastal East Antarctica and the Antarctic Interior during 35 

austral spring and autumn; the spatial variability of the skill in part reflects the distance to 36 

the nearest mid-latitude predictor.  Nonetheless, for nearly all seasons and locations the 37 

observed trends since 1957 were well captured by the reconstructions, as was the low-38 

frequency decadal scale variability.  These results suggest Antarctic pressure 39 

observations can be extended throughout the 20th century with high confidence, 40 

especially in summer, allowing for a more precise understanding of the role and 41 

magnitude of natural atmospheric circulation variability across Antarctica.  42 

  43 
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1.  Introduction 44 

 The development of the Reference Antarctic Data for Environmental Research 45 

[READER, www.antarctica.ac.uk/met/READER; Turner et al., 2004] archive of 46 

Antarctic surface (both staffed and from automatic weather stations) and upper air 47 

meteorological observations has been a valuable tool in understanding the extent of 48 

atmospheric variations and changes across the Antarctic continent over the last ~60 years.  49 

This archive hosts long-term meteorological data (at least 25 years of record) that have 50 

been quality controlled, and metadata are provided when available.  For the latter, this 51 

includes identifying how much of the daily observations were available before 52 

calculating the monthly mean (at least 90% and 30% of daily surface and upper air 53 

observations, respectively, are needed to calculate an accurate mean).  Due to its 54 

widespread use, later research archives covering ice core data (iceREADER, 55 

www.icereader.org/icereader) and physical observations from the Southern Ocean 56 

(OceanREADER, www.antarctica.ac.uk/met/SCAR_ssg/ps/OceanREADER) were later 57 

developed.  Together, these provide a fairly comprehensive online resource for 58 

understanding the wide range of climate variability across Antarctica on monthly and 59 

longer timescales. 60 

 Using the READER archive, Turner et al. [2005] described the changes in the 61 

Antarctic atmosphere, and were among the first to discuss the regional differences 62 

between warming in East and West Antarctica.  During the period 1971-2001, when most 63 

stations had data, they noted a statistically significant warming (p<0.10) across much of 64 

the northern Antarctic Peninsula, ranging from 0.2-0.7 °C decade-1.  In contrast, 65 

statistically insignificant negative temperature trends were observed across much of 66 

http://www.antarctica.ac.uk/met/READER
http://www.icereader.org/icereader
http://www.antarctica.ac.uk/met/SCAR_ssg/ps/OceanREADER
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coastal East Antarctica during the same time period; a few stations (Halley, Amundsen-67 

Scott, and Casey) displayed significant (p<0.10) negative temperature trends in austral 68 

autumn.  In terms of the atmospheric circulation, Turner et al. [2005] found that pressure 69 

was decreasing more uniformly across the continent, with the most significant decreases 70 

during 1971-2010 across East Antarctica in austral summer and autumn.  They related 71 

these changes to the increase in the circumpolar westerlies and the positive trend in the 72 

Southern Hemisphere Annular Mode (SAM) index over the same period. 73 

 Since atmospheric reanalysis datasets have been deemed unreliable prior to the 74 

start of the modern satellite era [1979; Bromwich and Fogt, 2004; Bromwich et al., 2007], 75 

several studies have worked to reconstruct the Antarctic temperature field back to 1957, 76 

when most surface observations began with the start of the International Geophysical 77 

Year [Chapman and Walsh, 2007; Monaghan et al., 2008; Steig et al., 2009; O’Donnell 78 

et al., 2011; Nicolas and Bromwich, 2014].  While there are differences in the magnitude 79 

of the warming among the reconstructions, the largest warming is confined to the 80 

Antarctic Peninsula and West Antarctica, particularly in austral winter and spring.  81 

Nicolas and Bromwich [2014] suggest that only in austral spring is the warming 82 

significant throughout time; at other locations or seasons the warming becomes 83 

insignificant or is marked with weak (i.e., statistically insignificant) cooling trends. 84 

 Additional work has tried to understand the cause of the changes, and has linked 85 

the changes to variations in the sea ice cover (especially in the Ross and Amundsen / 86 

Bellingshausen Seas) and changes in the atmospheric circulation, forced from the tropics 87 

or from Antarctic stratospheric ozone depletion.  A study by Holland and Kwok [2012] 88 

determined that much of the trends in the sea ice extent and motion in the Ross, 89 
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Amundsen, and Bellingshausen Seas was tied to the changes in the wind pattern, 90 

manifested in the deepening of the Amundsen Sea Low off the coast of West Antarctica 91 

[Fogt et al., 2012a; Turner et al., 2013; Hosking et al., 2013; Raphael et al., 2015].   92 

 Despite how these studies have improved the understanding of the ongoing 93 

Antarctic climate change, all of them are plagued with working with very short 94 

observational records.  Since many of the changes are related to the atmospheric 95 

circulation (as indicated by pressure trends), the primary goals of these two companion 96 

papers are to reconstruct, evaluate, and analyze seasonal station-based pressure changes 97 

across Antarctica during the 20th century.  We use principal component regression, a 98 

proven reconstruction technique detailed further in section 2, and station observations of 99 

pressure across the midlatitudes of the Southern Hemisphere (from the major continents).  100 

The remainder of this paper is laid out as follows: section 2 provides a discussion of the 101 

data employed while section 3 gives an overview of the various reconstruction 102 

methodologies performed.  Section 4 evaluates the reconstructions across the Antarctic 103 

continent.  Finally, ‘pseudo’ reconstructions employing mean sea level pressure (MSLP) 104 

estimates over ocean basins from various long-term gridded datasets, in addition to the 105 

direct observations, will be presented and evaluated in section 5.  A summary and 106 

conclusions is offered in section 6; the companion paper [Fogt et al., 2016] delves deeper 107 

into the reconstructions themselves and highlights Antarctic atmospheric circulation 108 

changes over the last century. 109 

 110 

2.  Data Used 111 

a) Observational pressure records 112 
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 The reconstructions were based on selected Antarctic stations from the READER 113 

archive, which have been quality-controlled prior to publishing online [Turner et al., 114 

2004].  Although small errors may exist in these data, many of the uncertainties in the 115 

underlying daily data are reduced when focusing on seasonal means used in our study. 116 

We chose the 17 stations with the longest and most complete records, and a map of the 117 

stations is provided in Fig. 1; Byrd station in West Antarctica was also reconstructed.  118 

However, as discussed for the temperature record [Bromwich et al., 2013, 2014], most of 119 

the data during the 1970s is missing for this station, until the automatic weather station 120 

(AWS) data became available in 1980.  The missing AWS data at Byrd were patched 121 

using bi-linearly interpolated surface pressure data from the European Centre for Medium 122 

Range Weather Forecasts (ECMWF) Interim-reanalysis (ERA-Int) through monthly 123 

linear regression.  Unfortunately, other data sources used to patch many missing 124 

temperature records for Byrd during the 1970s [Bromwich et al., 2014] were not available 125 

for surface pressure, and therefore this record still has a considerable portion of missing 126 

data, which presented some challenges in its reconstruction.  As such, the reconstructions 127 

for this station are discussed separately.   128 

A few other patches were made in order to extend the Antarctic records and make 129 

them as complete as possible.  Both Casey and Rothera stations were extended further 130 

back into time than available on the READER archive with nearby temporary records 131 

compiled together in the Global Historical Climatological Network [GHCN, Peterson 132 

and Vose, 1997; Peterson et al., 1998].  The Bellingshausen station record was extended 133 

back to 1958 using earlier records from nearby (within 20 km) Arturo Prat and Deception 134 

stations.  A few missing months after 1996 in the Vostok record were patched using 135 
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linear regression with the Dome C II AWS (75.1°S, 123.4°E), situated in proximity on 136 

the high East Antarctic plateau, available on the READER archive.  Two other stations 137 

were also combined using linear regression by month to aid in missing data: on the 138 

Antarctic Peninsula, the O’Higgins record was patched with the Marsh record situated 139 

nearby on King George Island, and on Ross Island the adjacent records of McMurdo and 140 

Scott Base were merged to form a more complete pressure record there.  A listing of the 141 

Antarctic stations reconstructed is provided in Table 1.  Mean sea level pressure data 142 

were used for all but the three stations on the Antarctic plateau (Amundsen-Scott, Byrd, 143 

and Vostok), where surface pressure was used. 144 

 The Antarctic pressure reconstructions at each station in Table 1 were based on 145 

pressure records from the Southern Hemisphere, mostly in the midlatitude regions.  To be 146 

considered, all must have records that extend back until 1905, and be more than 75% 147 

complete.  These monthly Southern Hemisphere midlatitude pressure records were 148 

obtained from either the GHCN [Peterson and Vose, 1997; Peterson et al., 1998], the 149 

University Corporation for Atmospheric Research (UCAR) research data archive dataset 150 

ds570.0, or quality-controlled observations from the Climatic Research Unit [Jones, 151 

1987; Jones et al., 1999].  Many of these data were used previously in reconstructions of 152 

the SAM index [Jones et al., 2009], and further details on these records are given in 153 

Table 2.  We made primary use of the ds570.0 dataset, and merged records from other 154 

datasets for individual stations as needed (including a few that had slight location 155 

changes in time) in order to obtain the most complete records for the midlatitude stations 156 

as possible.  Data for Auckland, New Zealand during 1905-1915 were patched with daily 157 

surface data at Auckland from the International Surface Pressure Databank version 3 158 
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(ISPDv3), available from UCAR research data archive dataset ds132.1. The patching / 159 

merging does not substantially alter the reliability of the long-term midlatitude records 160 

since there are a relatively small number of gaps in the ds570.0 archive at most stations 161 

(Table 2), and strong similarities exist between the merged records during periods of 162 

overlap. 163 

 Both the Antarctic and midlatitude data have been updated through 2013.  164 

Seasonal means were calculated from the monthly data if there were at least two months 165 

present, otherwise the seasonal data were treated as missing.  All seasons refer to the 166 

standard Southern Hemisphere meteorological seasons: austral summer, December-167 

February (DJF); autumn, March-May (MAM); winter, June-August (JJA); and spring, 168 

September-October (SON). 169 

b) Gridded pressure data 170 

 We employ four different gridded pressure datasets, namely ERA-Int [Dee et al., 171 

2011] and the ECMWF 20th century reanalysis (ERA-20C), the Hadley Centre gridded 172 

mean sea level pressure version 2 [HadSLP2; Allan and Ansell, 2006], and the National 173 

Oceanic and Atmospheric Administration 20th – Cooperative Institute for Research in 174 

Environmental Studies (NOAA-CIRES) century reanalysis, version 2c [20CR, Compo et 175 

al., 2011].  In all cases, monthly or seasonal mean data are utilized. 176 

 177 

3. Reconstruction methodology 178 

The Antarctic historical pressure values at individual stations are reconstructed 179 

using principal component regression (PCR).  This method has been successful in many 180 

climatological reconstructions such as the SAM index [Jones et al., 2009; Fogt et al., 181 
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2009], U.S. drought characteristics [Cook et al., 1999], and well-known temperature 182 

reconstructions [Mann et al., 1998, 1999].  For each station and season, we employ two 183 

subsets of the midlatitude pressure data (the predictors): those stations that are 184 

significantly correlated with the Antarctic station at p<0.05 and p<0.10, termed the 5% 185 

and 10% networks.  The PCR methodology then uses the covariance matrix of these 186 

established predictors and conducts principal component analysis to partition the 187 

covariance matrix into distinct (i.e., orthogonal) modes of variability.  Inherent in each of 188 

these modes is a spatial pattern, called empirical orthogonal functions (EOFs), and a time 189 

series that represents the amplitude of this pattern, termed the PCs.  A subset of these PCs 190 

is regressed, using ordinary least squares linear regression, onto the Antarctic station 191 

being reconstructed (the predictand) in order that each predictor may be precisely 192 

calibrated to the predictand.  The reconstruction is obtained using these regression 193 

coefficients back in time through the length of the midlatitude pressure records; 194 

alternatively the reconstruction can be thought of as a weighted sum of the predictors, 195 

where the weights are determined through matrix multiplication of the relationship each 196 

predictor shares with the retained PCs and the relationship these PCs share with the 197 

predictand.  The precise number of retained PCs is determined through an independent 198 

validation technique (described below).  While other approaches could be employed to 199 

reconstruct the stations, it is anticipated that the error in the reconstructions dominates 200 

any error observed from the various reconstruction models employed. Seasonal mean 201 

reconstructions are the primary focus, as these lower-frequency timescales have shown 202 

the best skill for the SAM reconstructions [Jones et al., 2009; Visbeck, 2009] as well as 203 

pan-Antarctic temperature reconstructions [Chapman and Walsh, 2007; Monaghan et al., 204 
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2008; Steig et al., 2009; O’Donnell et al., 2011; Nicolas and Bromwich, 2014]; annual 205 

mean reconstructions were not attempted since the high-to-midlatitude atmospheric 206 

relationships vary seasonally and are thus underrepresented with the use of annual means 207 

[Jones et al., 2009; Fogt et al., 2012b].  Seasons with missing data (in either the 208 

predictand or predictor stations) are not included for model calibration.  When calculating 209 

the reconstruction back in time, missing values in the predictor stations are replaced with 210 

the climatological seasonal mean.  We performed the PCR method originally using data 211 

extending through 2011 and then with updated data through 2013; both are discussed 212 

here to assess the sensitivity and consistency of this approach.  Additionally, to analyze 213 

the sensitivity of the model to trends, we have performed the PCR using detrended and 214 

original / trended data for both the predictors and predictand. 215 

The uncertainty in the PCR model is obtained through several validation tests.  216 

For each reconstruction, the reduction of error (RE), coefficient of efficiency (CE), and 217 

the correlations during both model calibration and validation, are calculated.  Both RE 218 

and CE values range from negative infinity to positive 1; an RE or CE value greater than 219 

zero indicates reconstruction skill better than using the climatological mean and values of 220 

1.0 indicate a perfect reconstruction [Cook et al., 1999]. In our ‘full ’ reconstructions, the 221 

full period of 1957-2011/ 2013 is used for model calibration; these reconstructions are 222 

validated using the leave-one-out cross validation procedure as in Jones et al. [2009].  In 223 

this technique, the PCR is performed as many times as there are values during the 224 

calibration period (here, 55 or 57 times).  Each time PCR is performed, a year and its two 225 

neighboring years are left out to account for potential autocorrelation.  The center year is 226 

then predicted using PCR, and all of the predicted years are subsequently concatenated to 227 
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produce an independent validation time series.  Uncertainty in the final reconstruction is 228 

determined by how well the final concatenated reconstruction compares with the 229 

calibration series during the period of overlap.    230 

Two other techniques, ‘early’ and ‘late’, where data are withheld during model 231 

calibration to provide an independent validation series, are also performed to address the 232 

model uncertainty and reliability.  In these schemes, the PCR model will be calibrated 233 

separately to both the first 30 years (1957-1986, the ‘early’ reconstructions) and the last 234 

30 years of station data (1982-2011 or 1984-2013, the ‘late’ reconstructions).  A similar 235 

approach of performing the calibration on the beginning and end half of the data for 236 

model validation was employed by Steig et al. [2009] in their Antarctic surface 237 

temperature reconstructions.  In each case, a validation series of at least 25 years is made 238 

available, and a reconstruction computed from the PCR model can be compared to these 239 

25 years of direct observations in order to assess the model performance. 240 

 241 

4.  Results 242 

a) Reconstructions except Byrd Station 243 

 We first evaluate the pressure reconstruction performance at all stations except 244 

Byrd station, which is evaluated separately due to the larger percentage of missing data.  245 

Figure 2 provides box plots of the reconstruction skill metrics, by season, for the highest 246 

performing reconstructions across the 8 different approaches (detrended vs. trended; 5% 247 

vs. 10% networks, and data ending in 2011 vs. 2013).  Furthermore, Fig. 2 compares the 248 

reconstruction skill from reconstructions based on the full calibration period, as well as 249 
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the PCR model calibrated on the first 30 years (‘early period’) and last 30 years (‘late 250 

period’) as described previously. 251 

 Notably, the reconstruction skill is remarkably high in DJF: except for the early 252 

period reconstructions, all skill metrics are above 0.40, and correlations (both calibration 253 

and validation) are above 0.50.  In comparison, the reconstruction skill is lowest in SON: 254 

despite these being the best performing reconstructions, the CE for the late period 255 

reconstruction at Amundsen-Scott is weakly negative (-0.035); the median in many other 256 

metrics is ~0.40 in this season (not shown).  The reconstructions during MAM and JJA 257 

are of comparable skill, falling between DJF and SON.  Examining across the different 258 

calibration / validation periods, there are not significant differences.  However, the late 259 

period reconstructions often outperform the early period reconstructions outside of SON, 260 

especially in DJF.  Calibrating over the last 30 years (as is done in the late period 261 

reconstructions) produces slightly higher skill since many stations have pressure trends 262 

during the last 30 years [Turner et al., 2005; and discussed here later], and the missing 263 

data, if present in the Antarctic observations (Table 1), occurs more frequently in the 264 

earlier part of the record rather than the later (i.e., a few stations have start dates after 265 

1957).  Nonetheless, Fig. 2 demonstrates that skillful Antarctic pressure reconstructions 266 

are possible, and even the lower values of RE and CE in some seasons exceed the 267 

continent-average RE and CE values observed in the Steig et al., [2009] temperature 268 

reconstructions. 269 

 Given the similarity between the full, early, and late reconstructions, and that if 270 

anything the full reconstructions provide a more conservative estimate of the overall 271 

reconstruction performance (since the late reconstructions often perform better), the 272 
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remainder of the paper will focus on a further evaluation of the full reconstructions only.  273 

The sensitivity of the reconstruction methodology is further examined in Fig. 3, which 274 

shows the full reconstructions for three key stations, for all 8 different approaches tested, 275 

as well as the mean cross-correlation between all possible reconstruction pairs from the 8 276 

methods in the upper right above each panel. The three stations were chosen to provide a 277 

rough geographic sampling of the Antarctic continent: Bellingshausen represents the 278 

Antarctic Peninsula; Amundsen-Scott provides a representation of reconstruction 279 

performance on the Antarctic Plateau; Casey highlights the performance along coastal 280 

East Antarctica.  While there are naturally differences between the reconstructions, these 281 

are most marked in the extent of the variability or shifts in the mean values of the 282 

reconstruction back in time.  At Bellingshausen, the mean correlation between the various 283 

approaches is above 0.90 in all seasons.  Similarly high mean cross-correlations are also 284 

seen at Amundsen-Scott (except in JJA and SON) and all but SON for Casey.  Therefore, 285 

the reconstruction performance is fairly stable and independent of the precise approach 286 

employed; this is true except for where the reconstruction skill is particularly low, as at 287 

Amundsen-Scott in SON, for example. 288 

 To demonstrate the stability graphically, boxplots comparing the performance of 289 

the full reconstructions from the detrended / raw (trended) data as well as the 5% and 290 

10% predictor networks are displayed in Fig. 4.  The differences are rather small and 291 

statistically insignificant between these trials, although the raw data do have smaller 292 

ranges and a slightly higher performance than the detrended data in DJF and MAM.  This 293 

again relates to the fact that Antarctic pressure trends are strongest in these two seasons.  294 

Figure 4 also slightly suggests that the 10% network performs better in general compared 295 
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to the 5% network, but this is dependent on the station.  In most cases, including 296 

additional stations strengthens the PCR model only slightly, and the median values and 297 

overall range are comparable in most panels in the bottom row of Fig. 4.   Additionally, 298 

using data that ended in 2011 or 2013 had negligible influence on the overall 299 

performance, with mean differences in the various skill metrics of about +0.03 in DJF 300 

(2013 performed slightly better) to -0.01 in MAM (2011 performed slightly higher).   We 301 

therefore deem the PCR model to provide stable seasonal Antarctic pressure 302 

reconstructions through the various methods tested. 303 

 Not surprisingly, there are differences in the reconstruction performance spatially 304 

across Antarctica, as demonstrated by the calibration correlations of the best full period 305 

reconstructions in Fig. 5.  The skill is highest near the Antarctic Peninsula in all seasons, 306 

due to the proximity of the predictor station Orcadas located northeast of the Antarctic 307 

Peninsula (Fig. 1b).  In DJF, as indicated by the box plot in Fig. 2, the skill is high across 308 

the entire continent, including the interior.  Notably, the reconstruction skill drops 309 

considerably outside of DJF across much of coastal East Antarctica, especially for 310 

Novolazarevskaya and Syowa stations in SON.  The skill in the Antarctic plateau is also 311 

notably lower in SON.  The reason for the lower skill in these regions will be discussed 312 

later. 313 

 Before examining a few individual reconstructions, we provide two additional 314 

evaluation metrics. First, we examine how well the best full period reconstructions 315 

produce the observed pressure trends at each Antarctic station in Fig. 6.  It should be 316 

noted that this figure is comprised of several reconstructions where the PCR model was 317 

calibrated using detrended data, so in these cases the reproduction of the observed trends 318 
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is an additional independent test on the reconstruction reliability.  In Fig. 6, the trends and 319 

95% confidence intervals are grouped geographically, with the observed values in black 320 

and the reconstructions in red.  The trends are calculated during the period 1957-2013, 321 

from the observation starting year through the end of the reconstruction (either 2011 or 322 

2013, depending on which reconstruction performed better at each station).  The 323 

confidence intervals in Fig. 6 reflect the ‘goodness of fit’ of the regression lines, not the 324 

observation uncertainty or skill in the reconstructions; this facilitates comparisons 325 

between the imprecise trend estimates in both observations and reconstructions.  326 

 In all seasons and stations, there is not a statistically significant difference 327 

between the observed and reconstructed trend, even despite some of the lower 328 

reconstruction performance in SON.  In the majority of the locations, the reconstructed 329 

trends are nearly identical to the observed trends, giving further confidence in the ability 330 

to reconstruct (in particular) the low-frequency variability.  However, in a number of 331 

locations in East Antarctica, the reconstructions produce a statistically significant trend 332 

(p<0.05) while the observations do not. This is most likely due to the slightly dampened 333 

interannual variability in the reconstructions, which reduce the extent of the 95% 334 

confidence intervals.  Nonetheless, every significant (p<0.05) observed Antarctic 335 

pressure trend (mostly in DJF, as discussed earlier) is also reproduced as a significant 336 

trend in the reconstructions.  As before, the performance overall is higher for the 337 

Antarctic Peninsula and Halley stations. 338 

 Although the reconstructions were done individually by season and station, to be 339 

deemed reliable they should capture the inherent cross-correlations that are present in the 340 

observations between the stations.  To measure this, a scatter plot of the cross correlations 341 
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for various station pairs, grouped geographically, is presented in Fig. 7.  The station 342 

groupings are as follows: Western Antarctic Peninsula (Faraday, Rothera); Northern 343 

Antarctic Peninsula (Bellingshausen, Esperanza, O’Higgins / Marsh, Marambio); East 344 

Antarctica (Casey, Davis, Mawson, Mirny); Dronning Maud Land (Halley, 345 

Novolazarevskaya, Syowa); Ross Sea Region (Dumont d’Urville, McMurdo / Scott 346 

Base); Antarctic Plateau (Amundsen-Scott, Vostok).  A perfect reconstruction would 347 

mirror exactly the correlation between these pairs in the observed records, and would 348 

therefore fall on the thickened x=y line in Fig. 7. 349 

 In DJF, the reconstructions again perform very well on this metric, reproducing 350 

the high correlation between the observed station pairs, with only a very slight (but 351 

insignificant) stronger cross-correlation in some of the East Antarctic stations.  The 352 

reconstruction performance based on this metric is also fairly high in JJA, with the 353 

reconstruction correlations being slightly lower in the East Antarctic stations.  The ability 354 

to capture the spatial structure of the Antarctic pressure correlations is more mixed in 355 

MAM and SON.  In MAM, the reconstructions have a much stronger correlation between 356 

McMurdo and Dumont d’Urville than observed, but weaker correlations again in East 357 

Antarctica, particularly for the Mirny-Casey pair, r=0.84 in observations but r=0.63 in the 358 

reconstruction, the greatest absolute difference in Fig. 7b.  In SON, the weaker 359 

reconstruction skill is again captured by this metric, and in particular the lower skill at 360 

Syowa, Novolazarevskaya, and Amundsen-Scott (Fig. 5, bottom panel) stand out with 361 

large absolute differences in Fig. 7d.  The challenges in reconstructing these locations 362 

will be investigated in section 4c. 363 
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 The time series for the full period reconstructions with the highest and lowest skill 364 

(overall measures presented in the boxplots in Fig. 2) for each season are presented in 365 

Fig. 8; low-frequency version of these time series, smoothed with an 11-year Hamming 366 

filter, are provided in Fig. 9.  A Hamming filter was used over the more commonly used 367 

running mean in order to give higher weight to the middle of the averaging period and 368 

therefore better highlight decadal-scale variability. In both Fig. 8 and 9, the gray shading 369 

represents the 95% confidence intervals for the reconstructions.  These were calculated as 370 

1.96 times the standard deviation of the residuals, defined as the difference between the 371 

reconstruction and observations (smoothed differences in Fig. 9).  In all but DJF, 372 

Bellingshausen is the station with the highest reconstruction skill, due to its proximity 373 

and strong relationship with the predictor station Orcadas near the northeastern Antarctic 374 

Peninsula (Fig. 1).  The best reconstruction consistently has a calibration and validation 375 

correlation above r=0.85 and r=0.80, respectively.  The interannual variability is well 376 

captured, including several years with rapid pressure changes and notable extreme 377 

pressure minima or maxima.  In DJF, the downward trend at Halley since the mid 1960s 378 

is captured remarkably well (Fig. 8a; Fig. 6a).  The validation correlations (from the 379 

leave-one-out cross validation procedure) are particularly high in DJF and JJA for these 380 

highest performing stations. This indicates the very robust nature of these 381 

reconstructions, higher than that seen for temperature reconstructions [Steig et al., 2009] 382 

or SAM index reconstructions [Jones et al., 2009].   383 

 For the stations with the lower skill, the reconstruction performance in DJF is still 384 

higher than or comparable to Antarctic temperature reconstructions [Steig et al. 2009] or 385 

SAM index reconstructions.  Outside of this season, the lowest performing 386 
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reconstructions capture portions of the interannual variability in the observed records, but 387 

notably underestimate large portions of the observed variability.  The Syowa 388 

reconstruction in JJA (Fig. 8f) and Amundsen-Scott reconstruction in SON (Fig. 8h) have 389 

much smaller ranges of pressure values than the observed records, and as such the RE 390 

and CE values for these stations are only weakly positive (the minimum values in the full 391 

period boxplots in Figs. 2c and d).  Nonetheless, despite challenges in reproducing the 392 

interannual variability for these locations, at most locations and seasons the low-393 

frequency variability is well captured, as indicated in Fig. 9 (note different y-axis scale in 394 

Fig. 9 compared to Fig. 8).  The median of the correlations is above r=0.82 in all but 395 

SON for the smoothed time series, again reflecting the fact that low-frequency variability, 396 

including trends over longer time periods, are reasonably well captured (Fig. 5).  For 397 

some stations, as at Bellingshausen in SON (Figs. 8g and 9g), the interannual variability 398 

is better captured than the low-frequency variability; this usually arises due to subtle 399 

differences in the timing of mean pressure changes.  For example, at Bellingshausen 400 

during SON, although the reconstruction has similar interannual variability, the values 401 

are slightly lower on average for much of the late 1970s and early 1980s (Fig. 8g).  When 402 

smoothed, this creates a notable difference in the low-frequency variability (Fig. 9g), and 403 

gives rise to a much weaker smoothed correlation than interannual (r=0.853 for 404 

interannual, r=0.477 for smoothed).  It is noted, however, that such large decreases in the 405 

low-frequency performance are rare; the overwhelming majority of stations capture the 406 

low-frequency variability as well or even better than the interannual variability.  This is 407 

an encouraging result, as the PCR model was calibrated on interannual variability, and no 408 



 19 

specific constraints were made on the ability of the model to directly capture low-409 

frequency variability. 410 

b) Byrd station reconstructions 411 

 As mentioned earlier, reconstructions were also performed for Byrd station in 412 

West Antarctica, but have not been included in the evaluation presented thus far since the 413 

observational gap in the 1970s presented additional challenges in reconstructing pressure 414 

at the station.  Additionally, ERA-Interim surface pressure data were used to patch the 415 

observed record, and this station therefore is unlike the others in being a blend of direct 416 

observations and reanalysis data.  Despite these challenges, the reconstructions at Byrd 417 

station only once have the lowest skill compared to the other stations, and demonstrated 418 

modest skill in DJF, as shown in the full period reconstruction time series in Fig. 10.  The 419 

early reconstructions calibrated during the first 30 years performed lower than both the 420 

full period and late period reconstructions, which were comparable in overall skill (not 421 

shown). 422 

 During DJF and SON, much of the interannual variability is captured by the Byrd 423 

reconstruction, although the extent of individual peaks and troughs in the observed record 424 

is not fully captured (especially in the early observation record during SON, Fig. 10d).    425 

The overall skill in SON, however, is considerably higher than at Amundsen-Scott (Fig. 426 

8h): the validation correlation for Byrd in SON was higher than the calibration 427 

correlation at Amundsen-Scott.  In contrast, the JJA Byrd reconstruction was altogether 428 

the lowest skill full period reconstruction (Fig. 10c), and it is clear that much of the large 429 

interannual variability, if present at all, is severely dampened in the reconstruction.  430 

Because of the reduced variability in the reconstruction, the smoothed (low-frequency) 431 
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performance at Byrd station (not shown) is often lower than the interannual, although this 432 

metric is harder to compare directly with other reconstructions due to the gap in the Byrd 433 

observations. However, in all seasons, the full period reconstructions at Byrd maintained 434 

positive RE and CE values (the lowest being the CE of 0.17 in JJA), indicating that the 435 

reconstructions are still performing better than compared to the climatological mean.  By 436 

comparison,  Antarctic temperature reconstructions by Steig et al. [2009] were not always 437 

able to produce positive RE and CE values within the Antarctic interior..   438 

c) Challenges in reconstructing stations 439 

 While the reconstruction skill is remarkable in DJF, and fairly high in all other 440 

seasons near the Antarctic Peninsula, the skill declines markedly in East Antarctica and to 441 

some extent over the Antarctic plateau, particularly in SON.  One of the lowest 442 

performing stations is Syowa station (Figs. 5 and 8), and we use this station as an 443 

example here to address some of the broader issues in maintaining the high level of 444 

reconstruction skill outside of DJF.  Figure 11 displays the correlation of ERA-Int MSLP 445 

from the gridpoint closest to Syowa station (indicated with the large circle) with every 446 

other gridpoint south of 15°S, during 1979-2013.  The gray shading highlights 447 

correlations that are significantly different from zero at p<0.10.  A similar method was 448 

used to determine the predictor stations for each reconstruction by season, except that 449 

these correlations were based solely on observed values and during 1957-2013.  To 450 

highlight the predictors used in the Syowa (full period) reconstruction, individual filled 451 

circles are plotted across the Southern Hemisphere, with the color and size representing 452 

the weight each predictor location had in the final reconstruction.  In general, the sign and 453 

magnitude follow the correlation pattern, although some stations close together may be 454 
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weighted differently depending on the number of principal components retained in the 455 

PCR model, and the relationships each of these stations had with these principal 456 

components (i.e., some stations in New Zealand are strongly weighted, and not all are of 457 

the same sign).   458 

 In DJF, as with nearly every station, there is a strong relationship between the 459 

pressures across Antarctica and the midlatitudes of the Southern Hemisphere, and the 460 

significant correlations extend over many of the continents where the majority of the 461 

predictor data are available.  As such, there are considerably more stations included in the 462 

reconstruction, and the reconstruction is better constrained and more stable.  Due to 463 

changes in the climatological jet, the correlation pattern changes seasonally [Fogt et al., 464 

2012b], and in particular for stations in East Antarctica and in the Antarctic interior, the 465 

relationship between Antarctica and the Southern Hemisphere midlatitudes weakens 466 

considerably.  Near the Antarctic Peninsula where the skill is higher in all seasons (Fig. 467 

5), stations in nearby South America as well as the Orcadas station are able to more 468 

strongly constrain the reconstruction.  In SON, the position of the climatological wave-469 

three pattern is such that only portions of South America and the south island of New 470 

Zealand show significant correlations with the Syowa station (Fig. 11d, and also at 471 

Novolazarevskaya and Amundsen-Scott, not shown).  The smaller number of stations 472 

therefore used in the reconstruction make it more challenging to capture the full extent of 473 

variability at the Antarctic station being reconstructed, and the reconstruction skill drops 474 

as a result. 475 

 Nonetheless, Fig. 11 highlights an important concept that has been further 476 

exploited in order to improve reconstruction skill, namely that there are strong 477 
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correlations that occur over the midlatitude ocean basins.  Unfortunately, no long-term 478 

continuous direct observations are available at these locations, even if they fall near an 479 

island (as much of meteorological records from the islands in the southern Atlantic and 480 

Indian Oceans start in the 1940s or 1950s).  We therefore make use of gridded data to 481 

estimate the pressure in these regions of highly significant correlations to provide 482 

additional sources of data input for our PCR model, and term these ‘pseudo-483 

reconstructions’ since they are made of a blend of direct observations and gridded 484 

pressure data. 485 

 486 

5.  Pseudo-reconstructions 487 

a) Methodology 488 

 We conducted four pseudo-reconstructions for each station / season, one based on 489 

HadSLP2 and another based on 20CR for both the 5% and 10% midlatitude station 490 

networks; we have evaluated the performance of recently released ERA-20C and found 491 

this reanalysis to be an outlier compared to the other two products in the early 20th 492 

century, as will be discussed in more detail in our companion paper [Fogt et al., 2016].  493 

We therefore have not conducted pseudo-reconstructions for ERA-20C.  For each 494 

product, we calculated correlation maps of the model gridpoint closest to the Antarctic 495 

station of interest by season, during 1979-2013, as in Fig. 11.  From these maps, we 496 

selected regions (encompassing several gridpoints) of large, highly significant correlation 497 

(r>0.40, p<0.01) over the ocean basins; these regions were then area-averaged to provide 498 

an individual time series.   499 
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To address the uncertainty and reliability in these time series, particularly in the 500 

earlier portions of the 20th century, we make use of the number of observations available 501 

from HadSLP2 [totaling the total number of direct observations in the each of the 502 

gridboxes; Allan and Ansell, 2006] and the ensemble spread from 20CR [Compo et al., 503 

2011].  For HadSLP2, seasonal data were only included in these time series if at least one 504 

direct observation was included in the region, otherwise the data were treated as missing.  505 

For the 20CR, the data were only included if the area-averaged ensemble spread was less 506 

than 4 standard deviations from the variability in the area-averaged pressure time series.  507 

If the ensemble spread exceeded four standard deviations in any season, the data were 508 

similarly treated as missing.  As with observations, if more than 75% of the pseudo data 509 

were missing, the time series was not used in the reconstruction.  For the pseudo-510 

reconstructions, areas were chosen over a single grid point since it is more likely that 511 

observations were included in HadSLP2, and generally the ensemble spread decreased 512 

with increasing area (most likely tied to the inclusion also of more ship data in situ).  513 

Finally, these time series, usually from 2-4 regions, were appended to the direct 514 

observation matrix, and the PCR model was re-run and the pseudo-reconstructions were 515 

produced.  While we continued to construct full, early, and late reconstructions based on 516 

both 5% and 10% midlatitude networks to more fully evaluate the stability of the 517 

reconstructions, we only worked with raw / trended data through 2011, as these changes 518 

had much smaller effect on the overall reconstruction skill (Fig. 4). 519 

b) Pseudo-reconstruction performance 520 

Figure 12 displays the reconstruction statistics for the best full period 521 

reconstruction (as in Fig. 2), as well as the pseudo-reconstructions based on both 20CR 522 
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and HadSLP2.  The numbers on each panel provide the mean difference between the best 523 

original full period reconstruction and the best overall pseudo-reconstruction; a positive 524 

value indicates that the pseudo-reconstructions performed higher on average.  In DJF, 525 

there are small differences between the original method and the pseudo-reconstructions, 526 

and the pseudo-reconstructions actually produce slightly lower RE and CE values.  This 527 

is perhaps not surprising, given the high skill obtained in the original reconstructions.  In 528 

all other seasons, the pseudo-reconstructions improve the original reconstructions.  The 529 

improvement is most marked in JJA, where the pseudo-reconstructions are of high 530 

quality and comparable to the original reconstructions in DJF.  The improvement is less 531 

in other seasons as many of the significant correlations in MAM and SON occur in more 532 

southern portions of the ocean basins, where the HadSLP2 and 20CR are more uncertain 533 

(and therefore less pseudo data are used).  Despite the coarse resolution of HadSLP2 534 

(5°x5° latitude-longitude), there is no clear preference between HadSLP2 and 20CR in 535 

terms of their reconstruction skill; both perform similarly.  This is likely a reflection that 536 

even with the addition of the pseudo data from these products, the majority of the data 537 

used in the reconstructions is the same, coming from direct observations. 538 

The pseudo-reconstruction performance is examined spatially in Fig. 13 through 539 

the calibration correlations of the best full period pseudo-reconstruction, as in Fig. 5.  The 540 

numbers by each station indicate the difference between the best original full period 541 

reconstruction and the best pseudo-reconstruction, with positive values indicating an 542 

improvement in the pseudo-reconstruction.  As noted earlier, the improvements are small 543 

in DJF, and similarly because of the relatively high skill in the original reconstructions 544 

along the Antarctic Peninsula, the improvements here are also modest in all seasons.  In 545 
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MAM, the pseudo-reconstructions lead to widespread improvements in the reconstruction 546 

skill, most notably at Halley, Amundsen-Scott, and McMurdo / Scott Base, where the 547 

calibration correlations all increase by more than 0.10.  In JJA, as indicated in Fig. 12, the 548 

pseudo-reconstructions dramatically improve the overall reconstruction skill, and many 549 

stations see improvements in the calibration correlation of more than 0.10 outside of the 550 

Antarctic Peninsula; the improvement at Syowa station is remarkable with an increase in 551 

the calibration correlation of 0.23 (this was previously the worst performing station in 552 

this season, Fig. 8f).  In SON, the pseudo-reconstructions have a mixed performance, 553 

increasing the skill across the Antarctic Peninsula, but only slight changes (including a 554 

few decreases in the calibration correlation) along much of the Antarctic coast.  Notably, 555 

the pseudo-reconstruction skill at Amundsen-Scott in SON, the worst performing original 556 

reconstruction in this season (Fig. 8h), decreases slightly (the calibration correlation 557 

drops by 0.07, Fig. 13).  As with Syowa station (Fig. 11), there are few predictor stations, 558 

and the uncertainties in both HadSLP2 and 20CR (and therefore missing pseudo data) 559 

make this interior station challenging to reconstruct by these approaches in SON. 560 

  561 

6.  Conclusions 562 

 This paper has examined the reliability of several seasonal Antarctic station-based 563 

pressure reconstructions since 1905, using midlatitude pressure data as predictors in the 564 

model calibration.  The reconstructions were based on principal component regression, a 565 

method successfully used in previous temperature [Mann et al., 2008, 2009] and SAM 566 

index reconstructions [Jones et al., 2009, Fogt et al., 2009].  To further test this approach, 567 

we performed multiple reconstructions at each station and season: separate 568 
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reconstructions based on two networks of midlatitude pressure data, reconstructions 569 

based on all data detrended before model calibration and another based on the original 570 

data with any trends, as well as one reconstruction with data ending in 2011, and another 571 

updated with all data ending in 2013.  The reconstructions were validated in three ways: 572 

one in which the model was calibrated over the full period of observations, and validated 573 

using the leave-one-out cross validation procedure, as in Jones et al. [2009] for SAM 574 

index reconstructions, and two other approaches where only 30 years were used for 575 

model calibration and the remaining 25 or 27 years used independently for model 576 

validation.  In all seasons, reconstructions that outperformed the climatological mean 577 

were possible at all stations across Antarctica, indicated by positive values in both the 578 

reduction of error and coefficient of efficiency. However, there are important differences 579 

in reconstruction skill, both seasonally and regionally. 580 

 In general, reconstruction skill was considerably higher in austral summer, where 581 

calibration correlations were frequently high (r>0.80), and other skill metrics were 582 

consistently above 0.50, due to stronger relationships with midlatitude predictor data.  583 

Spatially, reconstruction skill was highest in and near the Antarctic Peninsula, due to the 584 

strong weight of the nearby station Orcadas (situated east and slightly north of the 585 

Antarctic Peninsula) in the final reconstructions.  The reconstruction skill tended to be the 586 

lowest during austral spring, especially along coastal East Antarctica.  Comparing across 587 

the various reconstruction techniques, all produced very similar reconstructions, although 588 

there was a tendency for reconstructions based on the original / trended data to perform 589 

better in austral summer and autumn, when recent pressure trends are the strongest in the 590 

Antarctic station data.  In addition to the main metrics of reconstruction skill, we also 591 
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demonstrated that the majority of the pressure trends in the Antarctic records were 592 

reproduced by the reconstructions during 1957-2013, as well as the inherent spatial 593 

correlation between subgroups of Antarctic stations, especially outside of austral spring. 594 

 The reconstruction performance is naturally, and strongly, impacted by the 595 

location and relationship of midlatitude pressure data with the individual Antarctic station 596 

being reconstructed.  For cases along coastal East Antarctica and the Antarctic plateau 597 

during austral spring (and to some extent winter), these relationships are moderately 598 

weaker, and stronger relationships are observed over the ocean basins rather than on 599 

islands / continents with long-term meteorological measurements.  In an attempt to 600 

improve the reconstruction skill, pseudo-reconstructions were therefore performed, 601 

employing area-averaged gridded pressure data from HadSLP2 [Allan and Ansell, 2006] 602 

or the NOAA 20th century reanalysis [Compo et al., 2011].  Both of these pseudo-603 

reconstructions performed similarly, and outside of austral summer where the original 604 

reconstruction skill was already high, the pseudo-reconstructions improved the original 605 

reconstructions.  The improvement was largest in austral winter, with the pseudo-606 

reconstructions having similar skill across all of Antarctica as the original reconstructions 607 

in austral summer. 608 

 These reconstructions, especially in austral summer and along the Antarctic 609 

Peninsula, as well as the pseudo-reconstructions in austral winter, now afford a much 610 

longer investigation of the Antarctic atmospheric circulation variability during the 20th 611 

century.  This analysis is the heart of our companion paper [Fogt et al., 2016], where 612 

comparisons are made to other long-term climatological datasets to better evaluate their 613 

performance prior to Antarctic observations.  Recent trends and variability are also 614 
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placed in a longer historical context from the near doubling of the length of the Antarctic 615 

pressure reconstructions.  Future work includes creating an Antarctic continental wide 616 

pressure reconstruction, as well as comparing to several unique new climate model 617 

simulations currently being processed in order to better understand the relative roles of 618 

various external and internal forcing mechanisms in causing pressure changes over 619 

Antarctica during the 20th century. 620 
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Table Captions 724 

 725 

Table 1.  Details of Antarctic stations reconstructed. Station ID = World Meteorological 726 

Organization (WMO) station identifier, and start yr = starting year of pressure 727 

observations. Patched with IDs lists any WMO IDs used in patching the record, if 728 

applicable. All stations extend through 2013.  The percent complete is based on the total 729 

number of monthly records available after any patching from the start of the station 730 

through 2013. 731 

 732 

Table 2.  As in Table 1, but for Southern Hemisphere midlatitude pressure records that 733 

begin before 1905. Percent complete for Auckland data is calculated during 1900-2013. 734 

 735 

 736 

Figure Captions 737 

 738 

Figure 1.  Map of a) Antarctic pressure stations reconstructed and b) midlatitude 739 

predictor stations used in the reconstructions, with records extending back until 1905. 740 

 741 

Figure 2. Box plots from the 17 main stations of seasonal reconstruction skill metrics for 742 

the highest performing reconstructions for full, early, and late period reconstruction 743 

techniques. Cal r = calibration correlation, Val r = validation correlation.  RE and CE 744 

reflect the performance of the reconstruction and validation series, respectively, against 745 

climatology during the verification period. 746 

 747 

Figure 3.  Time series plots of all 8 reconstruction trials (as indicated in legend) for three 748 

select stations: Bellingshausen (left column, representing the Antarctic Peninsula); 749 

Amundsen-Scott (middle column, representing the Antarctic Plateau); Casey (right 750 

column, representing coastal East Antarctica).  The number in the upper right of each 751 

panel is the mean cross-correlation among the 8 different reconstructions. 752 

 753 

Figure 4.  As in Fig. 2, but for boxplots highlighting skill metric comparisons between 754 

reconstructions based on detrended / original data (top row), and from the 5% and 10% 755 

networks (bottom row). 756 

 757 

Figure 5.  Spatial plot of calibration correlations for the best full period reconstructions. 758 

 759 

Figure 6.  Trends and 95% confidence intervals for the observations (black) and best full 760 

period reconstructions (red) during 1957-2013, from the start of the observations to the 761 

end of the reconstruction (either 2011 or 2013). Some station names have been shortened. 762 

 763 

Figure 7.  Scatterplot of cross-correlations between various station pairs during 1957-764 

2013, grouped geographically by colors (see text for details).  The x-axis denotes the 765 

correlations between the station pairs in the observed data, while the y-axis shows the 766 

correlations in the reconstructions. 767 

 768 
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Figure 8. Time series of the reconstructions with the highest (left column) and lowest 769 

(right column) skill by season.  Also given is the calibration and validation correlation for 770 

each reconstruction.  The gray shading represents the 95% confidence intervals, taken as 771 

1.96 times the standard deviation of the reconstruction – observation residuals. 772 

 773 

Figure 9.  As in Fig. 8, but for the observations and reconstructions smoothed with an 774 

11-yr Hamming filter.  The correlation between the smoothed observations and 775 

reconstructions is given for each panel. 776 

 777 

Figure 10.  Time series for the Byrd station reconstructions in West Antarctica. 778 

 779 

Figure 11.  Map of MSLP correlations (contoured, significant correlations at p<0.10 780 

shaded in gray) of the ERA-Int gridpoint closest to Syowa station (indicated with large 781 

black circle) and every other gridpoint from ERA-Int south of 15°S during 1979-2013.  782 

Also shown are the predictor stations used in the full period Syowa reconstruction, with 783 

the weight each midlatitude predictor station had in the final reconstruction indicated by 784 

the color / size of the circle, as indicated below the figure. 785 

 786 

Figure 12.  Boxplots of reconstruction statistics across the main 17 Antarctic stations for 787 

the best full period reconstruction (‘Original’) and the full period, 10% trended 788 

reconstructions from 20CR (red) and HadSLP2 (green).  The numbers in each panel 789 

represent the mean difference between the best original and best pseudo-reconstruction 790 

(between 20CR and HadSLP2), with positive values indicating improvements in the 791 

pseudo-reconstructions. 792 

 793 

Figure 13. Maps of the best full period pseudo-reconstruction calibration correlation by 794 

season, as in Fig. 5.  The number by each station is the difference between the original 795 

and pseudo-reconstruction, with positive numbers indicating improvement in the pseudo-796 

reconstructions  797 
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Table 1.  Details of Antarctic stations reconstructed. Station ID = World Meteorological 798 

Organization (WMO) station identifier, and start yr = starting year of pressure 799 

observations. Patched with IDs lists any WMO IDs used in patching the record, if 800 

applicable. All stations extend through 2013.  The percent complete is based on the total 801 

number of monthly records available after any patching from the start of the station 802 

through 2013. 803 

 804 

Station Name Lat Lon 
Station 
ID 

Start 
yr 

Patched 
with IDs 

% 
complete 

Amundsen-Scott -90.0 0.0 890090 1957  100 

Bellingshausen -62.2 -58.9 890500 1959 
889380 
890570 99.85 

Byrd -80.0 -119.4 893240 1957 
893240 and 
ERA-Int 84.30 

Casey+ -66.3 110.6 896110 1957  99.71 
Davis -68.6 78.0 895710 1957  92.25 
Dumont d'Urville -66.7 140.0 896420 1956  99.57 
Esperanza -63.4 -57.0 889630 1945  94.69 
Faraday / Vernadsky -65.3 -64.3 890630 1947  95.15 
Halley -75.5 -26.7 890220 1957  100 
Marambio -64.2 -56.7 890550 1970  98.48 
Mawson -67.6 62.9 895640 1954  99.86 

McMurdo / Scott Base -77.9 166.8 
896640/
896650 1956 

 
99.71 

Mirny -66.6 93.0 895920 1956  100 
Novolazarevskaya -70.8 11.8 895120 1961  99.84 

O'Higgins / Marsh* -63.3 -57.9 
890590/
890560 1969 

 
97.55 

Rothera+ -67.6 -68.1 890620 1946  90.69 
Syowa -69.0 39.6 895320 1957  91.67 
Vostok -78.5 106.9 896060 1958 898280 97.02 

*For O’Higgins / Marsh, the latitude, longitude, ID, and Start yr given are that of 805 

O’Higgins station.  Marsh is located very close to the Bellingshausen station on King 806 

George Island. 807 
+Both Casey and Rothera records start earlier in the GHCN archive than in READER.  808 

These earlier records in GHCN were compiled from nearby temporary stations before the 809 

bases were established in 1959 and 1976, respectively. 810 

  811 
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Table 2.  As in Table 1, but for Southern Hemisphere midlatitude pressure records that 812 

begin before 1905. Percent complete for Auckland data is calculated during 1900-2013. 813 

 814 

Station Name Lat Lon Station ID 
Start 

yr 
Patched 
with IDs 

% 
complete 

Adelaide -35.0 138.5 946720 1857  99.68 
Alice Springs -23.8 133.9 943260 1885  99.55 

Auckland -37.0 174.8 931190 1863 
ISPDv3 
933090 99.63 

Bahia Blanca -38.7 -62.2 877500 1896  97.88 
Brisbane -27.4 153.1 945780 1887 845760 99.93 
Buenos Aires -34.6 -58.5 875850 1858 875760 99.15 
Cape Town -34.0 18.6 688160 1841  99.86 
Catamarca -28.6 -65.8 872220 1901 873450 98.75 
Chatham Island -44.0 -176.6 939870 1878  98.9 
Christchurch -43.5 172.5 937800 1864  98.61 
Cordoba -31.3 -64.2 873440 1873  99.76 
Dunedin -45.9 170.5 938940 1864 938440 99.44 
Durban -30.0 31.0 685880 1884  99.17 
Hobart -42.8 147.5 949750 1866  96.34 
Hokitika -42.7 171.0 936150 1866  91.16 
Melbourne -37.8 145.0 948680 1903 948650 99.92 
Orcadas -60.7 -44.7 889680 1903  99.55 
Perth -31.9 116 946100 1876  99.82 
Port Elizabeth -34.0 25.6 688420 1887  99.87 
Punta Arenas -53.0 -70.8 859340 1889  99.80 
Rio de Janeiro -22.9 -43.2 837430 1851 837810 99.49 
Salta -24.9 -65.5 870470 1901  97.42 
Santiago -33.4 -70.8 855740 1861  99.84 
Sarmiento -45.6 -69.1 878490 1903 878600 98.72 
St. Helena Island -16.0 -5.7 619010 1892  99.25 
Sydney -33.9 151.2 947680 1859 947670 99.3 
Tahiti -17.6 -149.6 919380 1876  100 
Valdivia -39.6 -73.1 857660 1899 857430 100 

Wellington -41.3 174.8 934340 1864 
934170 
936780 99.33 

  815 



 37 

Figure 1.  Map of a) Antarctic pressure stations reconstructed and b) midlatitude predictor stations used in the reconstructions, with 
records extending back until 1905.
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Figure 2. Box plots from the 17 main stations of seasonal reconstruction skill metrics for 
the highest performing reconstructions for full, early, and late period reconstruction 
techniques.  Cal r = calibration correlation, Val r = validation correlation.  RE and CE 
reflect the performance of the reconstruction and validation series, respectively, against 
climatology during the verification period.  
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Figure 3.  Time series plots of all 8 reconstruction trials (as indicated in legend) for three 
select stations: Bellingshausen (left column, representing the Antarctic Peninsula); 
Amundsen-Scott (middle column, representing the Antarctic Plateau); Casey (right 
column, representing coastal East Antarctica).  The number in the upper right of each 
panel is the mean cross-correlation among the 8 different reconstructions. 
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Figure 4.  As in Fig. 2, but for boxplots highlighting skill metric comparisons between 
reconstructions based on detrended / original data (top row), and from the 5% and 10% 
networks (bottom row). 
 
  



 41 

 
Figure 5.  Spatial plot of calibration correlations for the best full period reconstructions. 
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Figure 6.  Trends and 95% confidence intervals for the observations (black) and best full 
period reconstructions (red) during 1957-2013, from the start of the observations to the 
end of the reconstruction (either 2011 or 2013). Some station names have been shortened. 
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Figure 7.  Scatterplot of cross-correlations between various station pairs during 1957-
2013, grouped geographically by colors (see text for details).  The x-axis denotes the 
correlations between the station pairs in the observed data, while the y-axis shows the 
correlations in the reconstructions. 
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Figure 8. Time series of the reconstructions with the highest (left column) and lowest 
(right column) skill by season.  Also given is the calibration and validation correlation for 
each reconstruction.  The gray shading represents the 95% confidence intervals, taken as 
1.96 times the standard deviation of the reconstruction – observation residuals. 
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Figure 9.  As in Fig. 8, but for the observations and reconstructions smoothed with an 
11-yr Hamming filter.  The correlation between the smoothed observations and 
reconstructions is given for each panel. 
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Figure 10.  Time series for the Byrd station reconstructions in West Antarctica. 
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Figure 11.  Map of MSLP correlations (contoured, significant correlations at p<0.10 
shaded in gray) of the ERA-Int gridpoint closest to Syowa station (indicated with large 
black circle) and every other gridpoint from ERA-Int south of 15°S during 1979-2013.  
Also shown are the predictor stations used in the full period Syowa reconstruction, with 
the weight each midlatitude predictor station had in the final reconstruction indicated by 
the color / size of the circle, as indicated below the figure. 
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Figure 12.  Boxplots of reconstruction statistics across the main 17 Antarctic stations for 
the best full period reconstruction (‘Original’) and the full period, 10% trended 
reconstructions from 20CR (red) and HadSLP2 (green).  The numbers in each panel 
represent the mean difference between the best original and best pseudo-reconstruction 
(between 20CR and HadSLP2), with positive values indicating improvements in the 
pseudo-reconstructions. 
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Figure 13. Maps of the best full period pseudo-reconstruction calibration correlation by 
season, as in Fig. 5.  The number by each station is the difference between the original 
and pseudo-reconstruction, with positive numbers indicating improvement in the pseudo-
reconstructions. 


