
Environmental Modelling and Software 140 (2021) 105015

Available online 2 March 2021
1364-8152/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Quantarctica, an integrated mapping environment for Antarctica, the 
Southern Ocean, and sub-Antarctic islands 

Kenichi Matsuoka a,*, Anders Skoglund a, George Roth a, Jean de Pomereu b, Huw Griffiths c, 
Robert Headland b, Brad Herried d, Katsuro Katsumata e, Anne Le Brocq f, Kathy Licht g, 
Fraser Morgan h,i, Peter D. Neff j, Catherine Ritz k, Mirko Scheinert l, Takeshi Tamura m, 
Anton Van de Putte n, Michiel van den Broeke o, Angela von Deschwanden a,2, 
César Deschamps-Berger a,1, Brice Van Liefferinge a, Stein Tronstad a, Yngve Melvær a 

a Norwegian Polar Institute, Tromsø, Norway 
b Scott Polar Research Institute, University of Cambridge, Cambridge, UK 
c British Antarctic Survey, Cambridge, UK 
d Polar Geospatial Center, University of Minnesota, Saint Paul, MN, USA 
e Japan Agency for Marine-Earth Science and Technology, Yokosuka, Kanagawa, Japan 
f Geography, College of Life and Environmental Sciences, University of Exeter, Exeter, UK 
g Indiana University Purdue University Indianapolis, Indianapolis, IN, USA 
h Manaaki Whenua Landcare Research, Auckland, New Zealand 
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A B S T R A C T   

Quantarctica (https://www.npolar.no/quantarctica) is a geospatial data package, analysis environment, and 
visualization platform for the Antarctic Continent, Southern Ocean (>40oS), and sub-Antarctic islands. Quan-
tarctica works with the free, cross-platform Geographical Information System (GIS) software QGIS and can run 
without an Internet connection, making it a viable tool for fieldwork in remote areas. The data package includes 
basemaps, satellite imagery, terrain models, and scientific data in nine disciplines, including physical and bio-
logical sciences, environmental management, and social science. To provide a clear and responsive user expe-
rience, cartography and rendering settings are carefully prepared using colour sets that work well for typical data 
combinations and with consideration of users with common colour vision deficiencies. Metadata included in each 
dataset provides brief abstracts for non-specialists and references to the original data sources. Thus, Quantarctica 
provides an integrated environment to view and analyse multiple Antarctic datasets together conveniently and 
with a low entry barrier.   

Product availability 

The product is released under the CC-BY4.0 license with DOI: 
https://doi.org/10.21334/npolar.2018.8516e961. Quantarctica is 

downloadable from the Norwegian Polar Institute (ftp://ftp.quan 
tarctica.npolar.no/), as well as from global mirrors generously pro-
vided by the Tasmanian Partnership for Advanced Computing at the 
University of Tasmania (ftp://quantarctica.tpac.org.au/), the Arctic and 
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Antarctic Data Archive System at Japan’s National Institute of Polar 
Research (https://ads.nipr.ac.jp/gis/quantarctica/), India’s National 
Center for Polar and Ocean Research (ftp://ftp.ncaor.gov.in/), and the 
Polar Geospatial Center at the University of Minnesota (ftp://ftp.data. 
pgc.umn.edu/gis/packages/quantarctica/). All download sites and 
Quantarctica-friendly datasets (see Section 4.2) are listed at Quantarc-
tica’s project web page at the Norwegian Polar Institute: https://www. 
npolar.no/quantarctica. 

1. Introduction 

The Antarctic Ice Sheet and Southern Ocean are major thermal res-
ervoirs in the earth system that significantly influence climate change 
(Kennicutt et al., 2015, 2019). As the amount and availability of scien-
tific data in this region grows, and the needs of more interdisciplinary 
research are realized (Kennicutt et al., 2014), researchers and students 
increasingly require an easy-to-use, unified platform to import, display, 
and analyse geospatial datasets for work involving this region. Educa-
tors and logistics operators also need a convenient platform with low 
entry barrier to get a complete picture of these remote areas as well as 
develop practical tools for their work. Many such users develop their 
own dedicated analysis environments for individual purposes, bringing 
together basic data such as terrain models, satellite imagery, and sci-
entific data from different disciplines. Unfortunately, this entails sig-
nificant start-up cost and duplicated effort. 

Basic Antarctic datasets, such as the Antarctic Digital Database 
(ADD, https://www.add.scar.org/), and the Southern Ocean Observa-
tion System Map (SOOSmap, http://www.soosmap.aq/) exist as online 
portals. One can download satellite data for Antarctica from the earliest 
such data (decades ago) through to the present (e.g., NASA’s World 

View, https://worldview.earthdata.nasa.gov/, Polar View, https 
://www.polarview.aq/antarctic, and the US Geological Survey’s 
EarthExplorer, https://earthexplorer.usgs.gov/). In addition, the Ant-
arctic Environmental Portal (https://www.environments.aq/) provides 
an important link between Antarctic science and Antarctic policy, 
particularly in environmental management. However, being online 
portals, all these data sources are not immediately helpful during remote 
field work or a scientific cruise. One exception is Antarctic Mapping 
Tools (Greene et al., 2017), which provides Antarctic data that can be 
operated offline. However, it is limited mostly to physical science data 
and its analysis functions require proprietary Matlab computing soft-
ware. Thus, instead of having to gather Antarctic scientific data from 
numerous online data portals in many file formats and geographic 
projections, a user-friendly system would provide pre-compiled basic 
Antarctic datasets in multiple disciplines and load consistently both in 
the office and in the field. For this purpose, the base software platform 
should be low cost and multiple-platform operational with little or no 
license restrictions to maximize benefits for the rapidly growing Ant-
arctic research community. 

In 2011, we began developing a GIS data package that can operate 
with modest computer capabilities so that the system is useful at remote 
field camps and for a wide range of users. We selected Quantum GIS 
(renamed to QGIS in 2013, https://qgis.org/) for the software platform, 
and named the data package “Quantarctica” (hereafter QA). Version 1 of 
QA was released in 2012. For version 2 released in 2014, we improved 
the glaciology and geophysics data coverage and data visualization. The 
Scientific Committee on Antarctic Research (SCAR), a thematic organi-
zation of the International Science Council, selected QA version 2 as a 
SCAR map product in 2014 (https://scar.org/resources/maps/). To 
respond to the Antarctic scientific community’s increased interest in QA, 

Fig. 1. Sample screenshot of Quantarctica. A QGIS interface displays both raster and vector data layers. Expandable tree options (left panel) show colour bars and 
legends for each data layer. The main panel at right shows the detailed basemap together with year-round and summer-only research stations, and ocean surface 
salinity in the summer at the scale of 1:5,054,222 (see the bottom status bar). Labels of station name and operating nation disappear when the scale goes 
below 1:10,000,000. 
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we decided to develop version 3 (QA3) with scientific data from other 
disciplines and expand its geographical coverage from 50oS to 40oS to 
include research in the Southern Ocean and Sub-Antarctic islands. QA3 
was released in February 2018 for use with QGIS version 2. As our 
integration tests were completed, we updated QA3 to version 3.2 in 
2021, which runs on QGIS version 3.16 (Fig. 1). 

Here, we describe methods used to develop QA3, present the current 
contents of QA3, demonstrate user applications, and finally present its 
outlook. 

2. Methods 

2.1. Choice of software 

To choose the base GIS software for which our data package is 
optimized, the following criteria were used. The software should (1) be 
free of charge or at least low cost, (2) work on the most common com-
puter operating systems, (3) be able to function without an internet 
connection (offline readiness), (4) be relatively easy to use, (5) have a 
rich toolset, (6) be able to read and write common geographical-data file 
formats, (7) allow advanced cartography, (8) allow good map figure 
production, (9) be actively maintained and in development, (10) have a 
process that allows transparent bug-fixing processes, (11) have an active 
user community and rich knowledge resources, and (12) be available for 
bundling with the QA package (e.g., in a USB stick), for standalone 
offline use. We found Quantum GIS (renamed to QGIS in 2013, https:// 
qgis.org/) to satisfy these requirements best. 

2.2. Selection of data 

To select data used for basemaps, miscellaneous base layers, satellite 
data, and terrain models, we considered Antarctic map products widely 
available as best suited for the purpose in the combined terms of 
coverage, completeness, and detail (Sections 3.1–3.4). 

To select the scientific data, we first surveyed the relevant scientific 
community in 2016 to identify community priorities for included 
datasets. This input was considered by one or two editors for each 
discipline, and then the recommended datasets were further screened by 
the core development team at the Norwegian Polar Institute. QA3 in-
cludes 265 data layers, of which 164 layers represent scientific datasets 
(Tables 1 and 2). These selections will be re-visited when QA version 4 is 
developed in the future. 

2.3. Mapping projection 

The Antarctic Polar Stereographic projection EPSG:3031 was chosen 
because it is both Antarctic centric and the most commonly used pro-
jection for Antarctic geographical data already. Some datasets are 
originally in other projections. QGIS can handle multiple data layers 
projected to different systems, nonetheless, on-the-fly reprojection 
hampers fast rendering and demands CPU work. Therefore, all data in 
QA are projected to the single projection, EPSG:3031. 

2.4. File formats, compression, and data re-sampling 

Individual datasets are originally in various file formats. For con-
sistency, we convert all vector data to ESRI shapefile format, and raster 
data to GeoTIFF format. Most raster files are compressed with lossless 
LZW and Deflate algorithms. These file formats are commonly used in 
the GIS community and are supported in most other GIS systems. 
However, including high-resolution imagery in a lossless format largely 
decreases QA’s portability, so we converted them to the JPEG format 
with associated georeferenced files or to the JPEG2000 format, with a 
compression level that provides a hardly noticeable quality reduction 
(Section 3.3). These formats are less common in the GIS community but 
still supported widely. In this way, datasets in QA can be used in other 
platforms as well. 

Except for re-projection, the original data are not altered. 

2.5. Cartography 

The presentation of data layers is carefully adjusted to be intuitive, 
readable and visually pleasant at all map scales. The scientific datasets 
are presented such as to stand out when rendered on the top of basemaps 
and satellite imagery. The presentation is also made so that datasets 
often viewed together are easily distinguishable from one another for 
colour-deficient users. If the predefined cartography is not fully suited 
for a specific purpose, QA is fully customizable, so users can change the 
appearance. Many data layers, particularly the detailed basemaps, use 
scale-dependent features so that these layers are rendered to an appro-
priate level of details at a given scale (Fig. 1). Most data layers consti-
tuting detailed basemaps are stored at high, medium, and low 
resolutions for high-performance rendering and for best cartographic 
expression. 

2.6. Meta data 

Metadata includes a brief description of the dataset for general use. 
Also included are original data location, citation, and the editor 
responsible for the data layer. We urge all users to cite this original data 
source, not QA, when they use the dataset in their work. In QA version 
3.2, all metadata are stored as a part of the QGIS project file (.QGS file 
format), and in each data folder associated with individual data layers in 
the QMD file format. The abstract section of the metadata (brief 
description of the data, citation, and handling editor) is stored as plain 
text (TXT) files for quick reference. The latter is useful when users are 
interested in using specific data layers on different platforms such as 
ArcGIS and non-GIS platforms such as computing software R (https: 
//www.R-project.org). 

3. Results 

QA3 includes datasets categorized as (1) simple and detailed base-
maps, (2) miscellaneous base layers, (3) satellite imagery, (4) terrain 
models, and (5) a range of scientific data (Table 1). Users can display and 

Table 1 
Overview of the dataset.  

Category Number of data layers Total data size (MB) 

Simple/detailed basemaps 1 (simple), 24 (detailed) 1270 
Miscellaneous base layers 35 339 
Satellite imagery 7 2010 
Terrain models 34 2120 
Scientific data in 9 disciplines 164 1793 
TOTAL 265 7532  

Table 2 
Nine scientific data disciplines.  

Discipline Number of data layers Total data size (MB) 

Atmosphere 6 5 
Biology 8 76 
Environmental management 9 27 
Geology 9 590 
Geophysics 9 20 
Glaciology and ice cores 43 1050 
Oceanography 50 13 
Sea ice 26 11 
Social science 4 1 
TOTAL 164 1793  
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rearrange the order of data layers that lay on top of basemaps, satellite 
imagery, and terrain models at a user-chosen continuously adjustable 
map scale (Fig. 1). Scientific data are categorized into nine disciplines 
(Table 2). All data layers are stored with a folder-tree structure so that 
individual data files and associated metadata can be easily found. 
Table 3 lists all data included in QA3. 

The total size of QA3’s data files is 7.53 GB, with the satellite imagery 
and terrain models constituting about 4.13 GB (Table 1). Our distribu-
tion package with QGIS version 3.16.1 is 8.65 GB. We provide a start-up 
manual to adjust QGIS to the Quantarctica workspace (ftp://ftp.quanta 
rctica.npolar.no/Quantarctica3/Quantarctica_GetStarted.pdf), which 
typically takes 0.5–1 h for first-time users to follow after QGIS and 
Quantarctica are installed. 

3.1. Simple and detailed basemaps 

Simple basemaps allow users to quickly render oceans, ice sheet, ice 
shelves, and other continents, primarily composed of the ADD data 
layers (Fig. 2b inset). Detailed basemaps are a composite of vector layers 
of ice and rock surface elevation contours, outcrops, moraines, lakes and 
streams, ice shelves’ calving front, as well as raster layers of both ba-
thymetry and topographic hillshade. These basemaps use the ADD and 
several terrain models (Figs. 1, 2b and 2c and 2d). As users zoom in, 
features appear with a higher resolution to balance the level of detail 
necessary for a given scale and rendering speed. 

3.2. Miscellaneous base layers 

Additional base layers show other scale-dependent features such as 
the 37,628 place names south of 60oS registered in the SCAR Composite 
Gazetteer of Antarctica (https://data.aad.gov.au/aadc/gaz/scar/). 
Further north, the names come from other reliable resources and shown 
in the language of the sovereignty. Some features are left unlabelled 
when the sovereignty might be disputed. Other layers show latitude/ 
longitude lines, the Antarctic Circle, South Pole, Universal Transverse 
Mercator (UTM) zones, and locations and facility details of 108 research 
stations from a list of Antarctic facilities maintained by the Council of 
Managers of National Antarctic Programs (COMNAP, Fig. 1). Users can 
filter and search for place names and features using attribute tables. An 
overview place name layer gives a quick reference to large regions in a 
small map scale. 

3.3. Satellite imagery 

QA3 includes three sets of satellite imagery. One, for the Landsat 
images, users can view the 240-m resolution Landsat Image Mosaic of 
Antarctica (LIMA, taken in 1999–2002) that covers the entire ice sheet 
and ice shelves (Bindschadler et al., 2008), or view the 15-m resolution 
Landsat image tiles (taken in 2013–2017) over islands, outcrops, ice 
shelves, and the ice sheet except for regions ~82.7oS poleward. Two, the 
RADARSAT Antarctic Mapping Project’s (RAMP) 100-m resolution 
mosaic covers the entire ice sheet and ice shelves (taken in 1997) (Jezek 
et al., 2013). Three is the Moderate Resolution Image Spectroradiometer 
(MODIS) Mosaic of Antarctica (MOA) 125-m resolution image mosaic 
(taken in 2003–2004) that covers the entire ice sheet and ice shelves 
(Haran et al., 2014; Scambos et al., 2007). These specific satellite 
products allow users to optimize the display of overall topographic 
features (LIMA, RAMP, MOA), areas of blue ice and outcrops (LIMA), 
and sub-surface features such as crevasses under snow detected using 
ice-penetrating microwaves (RAMP). 

To balance image resolutions, and portability of QA, we converted 
LIMA to the JPEG format with associated georeferenced files and RAMP 
and individual Landsat tiles to the JPEG2000 format, with a compres-
sion level that provides a hardly noticeable quality reduction. To in-
crease the rendering performance and user friendliness, more than 654 
individual Landsat image tiles are combined to a single virtual mosaic 

file with image pyramids so that lower resolution versions are rendered 
when zoomed out. 

3.4. Terrain models 

Six terrain models are included, with spatial resolutions ranging 
from 0.2 to 2.0 km. Specifically, the RAMP2 (Liu et al., 2015) and 
CryoSat-2 (Helm et al., 2014) terrain models, as well as the ADD 
elevation contours, represent the surface of the outcrops, ice sheet and 
ice shelves (Figs. 2a and 3b). The BEDMAP2 compilation represents the 
ice thickness and bed topography under the ice sheet (Fretwell et al., 
2013). BEDMAP2 shows uncertainties in ice thickness and bed eleva-
tion, and geographic coverage (and corresponding data sparse regions) 
of the ice-penetrating radar data with which ice thickness and bed 
elevation were determined over the ice sheet. The International Ba-
thymetry Chart of the Southern Ocean (IBCSO) shows the bathymetry of 
the Southern Ocean at latitudes south of 60oS, as well as metadata on the 
availability and type of data used for the compilation (e.g., multibeam or 
single beam; Fig. 2c; Arndt et al., 2013). Finally, a global ETOPO1 relief 
model applies to latitudes north of 60oS (NOAA National Geophysical 
Data Center, 2009). Elevation references differ between the terrain 
models: CryoSat-2 and RAMP2 refer to the WGS84 ellipsoid, whereas the 
others refer to the mean sea level using different geoid models. Simi-
larly, each terrain model has different features with different strengths 
and weaknesses, so users can choose the dataset that best matches their 
needs. All models are displayed as rasters, derived hillshades and 
elevation contours. Contour intervals and hillshade parameters can be 
customized in QGIS to better view highly variable terrains such as 
continental shelf breaks, abyssal plains, steep mountainous regions near 
the coast, and virtually flat and featureless inland ice sheet over a range 
of spatial scales. 

3.5. Atmosphere data 

Most atmospheric data provided in QA are outputs from RACMO2, a 
regional atmospheric climate model (van Wessem et al., 2014a, 2014b). 
These include near surface data, such as 2-m-high temperature and 
10-m-high wind speeds over the ice sheet and ocean (Fig. 2a), as well as 
surface mass balance over the ice sheet and ice shelves, all annual values 
averaged between 1971 and 2011. The 27 km resolution RACMO2 raster 
datasets are originally projected in a rotated polar coordinate system 
which cannot easily be converted to EPSG:3031. However, each model 
cell has EPSG:4326 coordinate values as well, which we used to build up 
EPSG:3031 rasters at 35 km resolution, the best achievable without 
creating void data cells anywhere in between. Atmospheric data also 
include a dataset of satellite-observed wind scour zones over the ice 
sheet (Fig. 2a; Das et al., 2013). These near-surface and surface data 
have been selected over middle and upper atmosphere data because of 
their stronger influences on processes in the other disciplines. 

3.6. Biology data 

Biology datasets for the Southern Ocean include summer 
chlorophyll-a density near the ocean surface (Fig. 2b; Johnson et al., 
2013; Johnson et al., 2017), 20 pelagic regions based on seawater 
temperature and sea-ice distribution (Raymond, 2014), and 29 benthic 
regions (Douglass et al., 2014). On top of these raster or polygon data 
layers, users can plot locations of available vertical profiles of temper-
ature and salinity collected by the Marine Mammals Exploring the Ocean 
Pole to Pole project (MEOP, Fig. 2b; Treasure et al., 2017), as well as 
population densities of Antarctic krill and salps surveyed in 1926–2016 
by 10 countries (KRILLBASE; Atkinson et al., 2017). For the Antarctic 
coast, data include 204 areas classified as important bird areas (IBA; 
Harris et al., 2016) and populations of 46 major emperor penguin col-
onies identified using satellite imagery (Fig. 2b; Fretwell et al., 2012). 
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Table 3 
All data layers in Quantarctica as appeared as the tree structure.  

Group Layer or subgroup Sub layer or layer description Data type (Vector or 
Raster) and spatial 
resolution if raster 

Reference 

Miscellaneous Overview place names  V  
COMNAP listed facilities  V  
Subantarctic stations  V  
SCAR Composite gazetteer  V  
IHO-IOC GEBCO Undersea 
feature names 

6 differents features V  

Map frame  V  
UTM zones  V  
South Pole  V  
Antarctic Circle  V  
Latitude lines Sub layers of 15’, 30’ 1o, 2o, 5o, 10o, 15o, 20o and 30o V  
Longitude lines Sub layers of 30’, 1o, 2o, 3o, 5o, 10o, 15o, 20o, 30o, 45o, 

and 90o 
V  

ADD Sea mask Low, medium and high resolutions V  

Atmosphere Wind scour zones  V Das et al., 2013 
RACMO Model output ->

RACMO Average 2m temperature R, 35 km van Wessem et al., 2014a  
RACMO Total sublimation R, 35 km van Wessem et al., 2014b  
RACMO Surface mass balance R, 35 km van Wessem et al., 2014b  
RACMO Total precipitation R, 35 km van Wessem et al., 2014b  
RACMO Average absolute 10m wind speed R, 35 km van Wessem et al., 2014a 

Biology MEOP Seal tracks  V Treasure et al., 2017 
Emperor penguin colonies 
(2009)  

V Fretwell et al., 2012 

KRILLBASE  V Aktinson et al., 2017 
Important Bird Areas (IBAs, 
BirdLife International)  

V Harris et al., 2016 

chl-a concentration ->
chl-a summer climatology (Johnson) R, 9km Johnson et al., 2017  
chl-a summer climatology (NASA) R, 9km Johnson et al., 2013 

Pelagic regionalisation  V Raymond, 2014 
Benthic regionalisation  V Douglass et al., 2014 

Environmental 
management 

Antarctic Specially 
Protected Areas (ASPAs, 
points)  

V Terauds, 2016 

Antarctic Specially 
Protected Areas (ASPAs, 
polygons)  

V Terauds, 2016 

Antarctic Specially 
Managed Areas (ASMAs)  

V  

Antarctic Conservation 
Biogeographic Regions 
(ACBRs)  

V Terauds et al., 2012; Terauds and Lee 
(2016) 

CCAMLR -> V   
Research Blocks V   
Marine Protected Areas (MPAs) V   
Small Scale Management Units (SSMUs) V   
Small Scale Research Units (SSRUs) V   
Statistical Areas, subareas, and divisions V  

Geology ADD Rock outcrop (high, 
Landsat8)  

V Burton-Johnson et al., 2016 

OSU BPCRC Polar Rock 
Repository  

V  

IBCSO Multibeam footprint  V Arndt et al., 2013 
GeoMAP source 
bibliography  

V Cox et al., 2019 

USGS Earthquakes (M>2.5, 
1900-2017)  

V  

Tectonic plate boundaries  V Bird, 2003 
Tectonic plates  V Bird, 2003 
Schematic Geological Map 
of Antarctica  

V Tingey, 1991 

Geomorphic features  V Post et al., 2014 

Geophysics AntGG Gravity Anomaly 
Grid ->

Scheinert et al., 2016  

AntGG Accuracy R, 10 km   
AntGG Free-air gravity anomaly R, 10 km   
AntGG Bouguer anomaly R, 10 km  

EIGEN-6C4 Gravity Model 
->

Förste et al., 2014 

(continued on next page) 
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Table 3 (continued ) 

Group Layer or subgroup Sub layer or layer description Data type (Vector or 
Raster) and spatial 
resolution if raster 

Reference  

EIGEN-6C4 Gravity disturbance R, 10 km   
EIGEN-6C4 Height anomaly R, 10 km  

World Magnetic Model -> Golynsky et al., 2001; Golynsky 
et al., 2013  

Magnetic South Pole locations (1590-2015) V   
Magnetic declination contours V  

ADMAP Magnetic anomaly  R, 5 km Chulliat et al., 2014 
Geothermal heat flux, An  R, 5 km An et al., 2015 

Glaciology SAMBA Surface mass 
balance measurements  

V Favier et al., 2013 

Ice cores database  V  
Surface snow isotopes  V Touzeau et al., 2016 
ASAID Grounding/ 
hydrostatic lines ->

Bindschadler et al., 2011  

Sub layers for grounding lines (continent) V   
Sub layers for grounding lines (islands) V   
Sub layers for hydrostatic lines (continent) V   
Sub layers for hydrostatic lines (islands) V   
ASAID Grounding line, simplified V  

RAISED Paleo ice extents At 5ka, 10ka, 15ka, and 20 ka with three different 
confidence levels 

V Bentley et al., 2014 

Blue ice areas  V Hui et al., 2014 
Ice rises inventory  V Matsuoka et al., 2015 
Subglacial lakes ->

Subglacial lakes, Wright & Siegert V Wright and Siegert, 2012  
Subglacial lakes, Blankenship V Carter et al., 2007  
Subglacial lakes, Smith V Smith et al., 2009  
Recovery Subglacial Lakes V Bell et al., 2007  
Vostok Subglacial Lake V Studinger et al., 2003 

GSFC Drainage systems  V Rignot et al., 2013 
MEaSUREs Antarctic 
boundaries (v2) 

sub layers for Coastline, Grounding line and Ice 
boundaries 

V Rignot et al., 2013 

Subglacial water flux 
(modelled)  

R, 1 km Le Brocq et al., 2013 

ALBMAP compilation -> Le Brocq et al., 2010  
ALBMAP mask layers for (1) surface topography, (2) 
bed/bathymetry source, (3) ice free/ice stream, (4) ice 
plain, and (5) MOA grounidng line 

R, 5km   

ALBMAP Snow accumulation, Arthern R, 5km Arthern et al., 2006  
ALBMAP Snow accumulation, Van de Berg R, 5km van den Broeke et al., 2006  
ALBMAP Surface air temperature R, 5km Comiso, 2000  
ALBMAP Firn thickness (clipped) R, 5km van den Broeke, 2008  
ALBMAP Geothermal flux, Fox Maule R, 5km Fox-Maule et al., 2005  
ALBMAP Geothermal flux, Shapiro & Ritzwoller R, 5km Shapiro and Ritzwoller, 2004  
ALBMAP Upper ice surface elevation R, 5km   
ALBMAP Lower ice surface elevation 2 R, 5km   
ALBMAP Lower ice surface elevation R, 5km   
ALBMAP Bed/bathymetry elevation 2 R, 5km   
ALBMAP Bed/bathymetry elevation R, 5km  

MEaSUREs Flow speed -> Rignot et al., 2011 and Mouginot 
et al., 2012  

MEaSUREs_Flow vectors V   
MEaSUREs Flow speed error R, 0.45 km   
MEaSUREs Ice flow speed R, 0.45 km  

Firn density -> Ligtenberg et al., 2011  
Surface firn density (modelled) R, 33 km   
Firn depth for density 830 kg/m3 (modelled) R, 33 km   
Firn depth for density 550 kg/m3 (modelled) R, 33 km  

SUMER Ice shelf 
buttressing (modelled)  

R, 1km Furst et al., 2016 

Surface melt flux (1999- 
2009, QuikSCAT, 
observed)  

R, 4.5 km Trusel et al., 2013 

Oceanography Southern Ocean fronts Sub layers for 5 fronts V  
SOSE Mean surface current 
speed  

R, 16 km Mazloff et al., 2010 

World Ocean Atlas (WOA) 
2013 ->

Temperature, sub layers for summer and winter at the 
surface and 50 m, 200 m, and 500 m depths 

R, 25 km Locarnini et al., 2013  

Salinity, sub layers for summer and winter at the surface 
and 50 m, 200 m, and 500 m depths 

R, 25 km Zweng et al., 2013 

(continued on next page) 
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Table 3 (continued ) 

Group Layer or subgroup Sub layer or layer description Data type (Vector or 
Raster) and spatial 
resolution if raster 

Reference  

Oxygen, sub layers for summer and winter at the surface 
and 50 m, 200 m, and 500 m depths 

R, 25 km Garcia et al., 2014a  

Silicate, sub layers for summer and winter at the surface 
and 50 m, 200 m, and 500 m depths 

R, 25 km Garcia et al., 2014b  

Phosphate, sub layers for summer and winter at the 
surface and 50 m, 200 m, and 500 m depths 

R, 25 km Garcia et al., 2014b  

Nox, sub layers for summer and winter at the surface 
and 50 m, 200 m, and 500 m depths 

R, 25 km Garcia et al., 2014b 

Sea ice Median sea ice extent 
1981-2010 

Sub layers for each month V Fetterer et al., 2017 

NSIDC Concentration -> Fetterer et al., 2016  
February (min extent) median between 1981 and 2010 V   
Sub layers of February (min extent) for eac year from 
2007 to 2017 

R, 25 km   

September (max extent) median between 1981 and 
2010 

V   

Sub layers of September (max extent) for each year from 
2007 to 2017 

R, 25 km  

Proportion of year ice 
covered  

R, 6.25 km Spreen et al., 2008 

Social science Non-native species 
incursions  

V Hughes and Pertierra, 2016 

ADD Historic sites and 
monuments  

V  

Historic stations  V Headland, 2009 
Historic expedition routes Sub layers for six expeditions V Dater, 1975 

Terrain models BEDMAP2 -> Fretwell et al., 2013  
BEDMAP2 Data coverage R, 1 km   
BEDMAP2 Exposed rock mask R, 1 km   
BEDMAP2 Lake Vostok mask R, 1 km   
BEDMAP2 Ice outline mask R, 1 km   
BEDMAP2 Surface elevation, virtual hillshade R, 1 km   
BEDMAP2 Surface elevation R, 1 km   
BEDMAP2 Bed elevation, virtual hillshade R, 1 km   
BEDMAP2 Bed uncertainty R, 1 km   
BEDMAP2 Bed elevation R, 1 km   
BEDMAP2 Ice thickness uncertainty R, 1 km   
BEDMAP2 Ice thickness R, 1 km  

ADD Contours High spatial resolutions, variable intervals V  
ADD Contours low resolution, 1000-m interval V  
RAMP2 Contours 100 m and customizable interval V Liu et al., 2015 
RAMP2 OSU Contours 100 m and customizable interval V Liu et al., 2015 
RAMP2 Elevation model  R, 0.2 km Liu et al., 2015 
RAMP2 Elevation model, 
hillshade  

R, 0.2 km Liu et al., 2015 

RAMP2 Elevation model 
(OSU91a datum)  

R, 0.2 km Liu et al., 2015 

CryoSat-2 Contours 100 m and customizable intervals V Helm et al., 2014 
CryoSat-2 Elevation model 
error  

R, 1 km Helm et al., 2014 

CryoSat-2 Elevation model  R, 1 km Helm et al., 2014 
CryoSat-2 Elevation model, 
hillshade  

R, 1 km Helm et al., 2014 

IBCSO Contours 1000 m intervals V Arndt et al., 2013 
IBCSO Data type  R, 0.5 km Arndt et al., 2013 
IBCSO Elevation model, 
surface  

R, 0.5 km Arndt et al., 2013 

IBCSO Elevation model, 
surface, hillshade  

R, 0.5 km Arndt et al., 2013 

IBCSO Elevation model, 
bed  

R, 0.5 km Arndt et al., 2013 

IBCSO Elevation model, 
bed, hillshade  

R, 0.5 km Arndt et al., 2013 

ETOPO1 Contours 1000 m intervals V NOAA National Geophysical Data 
Center (2009) 

ETOPO1 Elevation model  R, 2km NOAA National Geophysical Data 
Center (2009) 

ETOPO1 Elevation model, 
hillshade  

R, 2km NOAA National Geophysical Data 
Center (2009) 

Satellite imagery Landsat subantarctic index  V   
R, 15 m  

(continued on next page) 
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3.7. Environmental management data 

This discipline focuses on specially designated areas for environ-
mental protection purposes. Included are the Antarctic Specially Pro-
tected Areas (ASPAs; Terauds, 2016), and Antarctic Specially Managed 
Areas (ASMAs; https://www.ats.aq/devph/en/apa-database/search#ap 
a-results) adopted by the Parties to the Antarctic Treaty under the pro-
visions of Annex V to the Protocol on Environmental Protection to the 
Antarctic Treaty. Also included are the Convention for the Conservation 
of Antarctic Marine Living Resources’ (CCAMLR’s) Marine Protected 
Areas (MPAs), Small-Scale Management Units (SSMUs), and Small-Scale 
Research Units (SSRUs), all available from https://gis.ccamlr.org/h 
ome/ccamlrgis, as well as 16 Antarctic Conservation Biogeographic 
Regions (ACBRs) that cover most ice-free areas in Antarctica (Terauds 
et al., 2012; Terauds and Lee, 2016). 

3.8. Geology data 

Geological data layers include ADD’s high-resolution rock outcrop 
(Burton-Johnson et al., 2016), undersea geomorphic features (Post et al., 
2014), a schematic geological map (Tingey, 1991), tectonic plate 
boundaries (Fig. 2c; Bird, 2003), and epicentres of earthquakes since 
1900 (Fig. 2c, https://earthquake.usgs.gov/earthquakes/search/). This 
discipline has three more layers. The first layer has attributes of the data 
source at each location of multibeam seafloor survey data included in 
IBCSO’s bathymetry terrain model (Arndt et al., 2013). The second layer 
is locations of rock and sediment samples available from the Byrd Polar 
and Climate Research Center’s Rock Repository at Ohio State University 
(https://research.bpcrc.osu.edu/rr/). Users can learn about the sample 
by clicking a feature and can request a physical sample. The third layer 
shows the coverage of geological maps used for SCAR’s ongoing Geo-
MAP project to compile numerous geological maps (Cox et al., 2019). 
These three layers provide additional use to geologists, rather than 
presenting established knowledge for a wide audience. Nonetheless, 
these layers are most useful when displayed together with other datasets 
and act as important tools in QA to explore a diverse array of potential 

projects. 

3.9. Geophysics data 

Geophysics data include two gravity-field and one magnetic-field 
datasets. The first gravity-field one gives 10-km-resolution free-air and 
Bouguer gravity anomalies. It was developed by the International As-
sociation of Geodesy’s (IAG) subcommission 2.4f Gravity and Geoid in 
Antarctica (AntGG) using ground-based, airborne, and shipborne data 
(Fig. 3a; Scheinert et al., 2016). Above the anomalies, a semi-transparent 
layer gives the accuracy estimates. As the transparency is assigned in 
terms of accuracy, anomalies are less visible at lower accuracy. The 
second one is a satellite-based EIGEN-6C4 gravity field (geoid) model 
available for 60oS poleward (Förste et al., 2014), which has 
lower-resolution, yet greater geographical coverage than the AntGG 
compilation (Fig. 3a). Finally, the magnetic-field dataset is a 
satellite-measured magnetic field with 5-km resolution for ~59–90oS 
from SCAR’s Antarctic Digital Magnetic Anomaly Project (ADMAP; 
Golynsky et al., 2013; Golynsky et al., 2001). Also included are magnetic 
pole locations since 1590 and present-day magnetic declination con-
tours, which may be used in fieldwork (Chulliat et al., 2014). For 
sub-surface geothermal flux, the geophysics discipline includes one 
dataset inferred from seismic velocity (An et al., 2015), which adds to 
the two datasets in glaciology’s ALBMAP compilation (Section 3.10). 

3.10. Glaciology and ice-core data 

Glaciological and ice-core data have the largest data volume in QA3. 
Data are provided on grounding lines (Bindschadler et al., 2011), hy-
drostatic lines (Bindschadler et al., 2011), two sets of major drainage 
boundaries (http://icesat4.gsfc.nasa.gov/cryo_data/ant_grn_draina 
ge_systems.php, and Rignot et al., 2013), and an inventory of coastal 
ice rises and rumples (Matsuoka et al., 2015), all of which give the basic 
form of the Antarctic Ice Sheet. For the grounding and hydrostatic lines, 
colours indicate the level of confidence in their locations. Looking to the 
past, paleo ice-sheet extents are shown at four epochs since the Last 

Table 3 (continued ) 

Group Layer or subgroup Sub layer or layer description Data type (Vector or 
Raster) and spatial 
resolution if raster 

Reference 

USGS/NASA subantarctic 
Landsat 
LIMA Landsat high- 
resolution tiles index  

V Bindschadler et al., 2008 

LIMA Landsat high- 
resolution virtual mosaic  

R, 15 m Bindschadler et al., 2008 

LIMA Landsat low- 
resolution mosaic  

R, 240 m Bindschadler et al., 2008 

MODIS mosaic  R, 125 m Haran et al., 2014; Scambos et al., 
2007 

RAMP RADARSAT mosaic  R, 100 m Jezek et al., 2013 

Detailed basemap RAMP2 Hillshade Regular and 2x v. exag R, 200 m Liu et al., 2015 
ADD Coastlines High and low resolution V  
ADD Streams High resolution V  
ADD Lakes (high) High and medium resolution V  
ADD Contours High, medium and low resolution V  
ADD Moraines High and medium resolution V  
ADD Rock_outcrop High, medium and low resolution V  
ADD Coastlines High, medium and low resolution V  
ETOPO1/IBCSO/RAMP2 
Hillshade 

5, 10, 25 and 50 times vertical exaggeration R, 0.5 - 10 km NOAA National Geophysical Data 
Center (2009) 

ADD Simple basemap, Sub- 
antarctic  

V  

ETOPO1/IBCSO/RAMP2 
Elevation model  

R, 2 km Liu et al., 2015; Arndt et al., 2013;  
NOAA National Geophysical Data 
Center (2009) 

ADD Simple 
basemap  

Ice shelf, Land, Ocean, and Sub-antarctic V   
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Glacial Maximum, together with three levels of confidence (Bentley 
et al., 2014). A 450-m-resolution surface ice-flow field derived from 
satellite data is shown in a raster and also as flow vectors (Fig. 3b; 
Mouginot et al., 2012; Rignot et al., 2011). Flow-speed uncertainty ap-
pears in a semi-transparent layer consistent with those given for the 
gravity layers (Section 3.9). Differential roles of ice shelves in stabilizing 
the grounding line and inland ice sheet are modelled at the 1-km reso-
lution (Fig. 2d; Furst et al., 2016). Melting at the base of the ice sheet is 

represented by about 130 satellite-detected active subglacial lakes, 
which are filled and drained repeatedly over months to years (Smith 
et al., 2009), and about 250 radar-detected subglacial lakes (Fig. 2d; Bell 
et al., 2007; Carter et al., 2007; Studinger et al., 2003; Wright and Sie-
gert, 2012). At some locations, the modelled subglacial water flux (Le 
Brocq et al., 2013) shows the meltwater network that connects these 
lakes and drains to the ocean. Other data layers are modelled surface firn 
density (with depths at which the firn density reaches about 60% and 

Fig. 2. Quantarctica data visualization examples that involve several disciplines and multiple sources. Inset in panel (b) is the simple basemap showing geographical 
coverages of panels (a), (b), and (d). Colour bars and legends for each layer appear in the layer panel of the QA workplace (Fig. 1); those and other properties (e.g., 
grids and north arrow) can be added to these presentations using QGIS’s Print Layout function. For simplicity, we show here only the distance bar to (a), (b), and (d). 
(a) Annual-average, 10-m wind speeds modelled with a regional atmospheric climate model RACMO2 (van Wessem et al., 2014b) and satellite-mapped wind scour 
zones (Das et al., 2013) are plotted together with CryoSat-2’s ice-surface elevation contours (100 m intervals; Helm et al., 2014). (b) MEOP profile locations recorded 
by loggers equipped to seals (Treasure et al., 2017) and satellite-mapped Emperor penguin colony locations with estimated populations given by the circle sizes 
(Fretwell et al., 2012) superimposed on chlorophyll-a summer density (Johnson et al., 2017) and detailed basemap. One of 685 MEOP tracks is selected (red) so that 
one can use QGIS’s identify features tool to see attributes of this track (e.g., data collection time, file name for the full dataset, seal platform used for the data 
collection). (c) Epicentres of earthquakes with colour indicating magnitudes are shown clustered along the tectonic plate boundaries. Thin black curves mark lo-
cations of multibeam bathymetry data used for the IBCSO’s bathymetry compilation (Arndt et al., 2013). (d) Subglacial lakes outlined (Smith et al., 2009) and shown 
with different colours for different lake properties (Carter et al., 2007), superimposed on modelled subglacial water flux (blue; Le Brocq et al., 2013) and outcrops 
(brown) using the detailed basemap. Orange–pink shading at bottom right over the ice shelf is modelled magnitude of buttressing given to the upstream ice (Furst 
et al., 2016). 
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90% of the pure-ice density) (Ligtenberg et al., 2011), satellite-observed, 
5-km resolution surface melt flux averaged between 1999 and 2009 
(Trusel et al., 2013), and satellite-observed blue ice areas (Hui et al., 
2014). 

ALBMAP is a compilation of glaciological datasets (Le Brocq et al., 
2010) that include satellite-observed and modelled surface mass balance 
(Arthern et al., 2006; van den Broeke et al., 2006), modelled surface 
temperature (Comiso, 2000) and firn thickness (van den Broeke, 2008), 

two geothermal flux datasets inferred each from global seismic models 
(Shapiro and Ritzwoller, 2004) and satellite-measured magnetic fields 
(Fox-Maule et al., 2005), and newly-generated ice and bed topography 
datasets. These individual datasets originally have different spatial 
resolutions, extents, and geographic projections. ALBMAP modifies 
these original datasets and provides them with 5-km-resolution to be 
used as boundary conditions for ice-flow modelling. We include ALB-
MAP in QA as a grouped set of layers. 

Fig. 3. Sample of Quantarctica applications. (a) QGIS’s profile tool shows raster values along the black line (connected line segments can be profiled). For this 
specific case, the airborne-measured high-resolution AntGG free-air gravity anomaly (Scheinert et al., 2016) is shown together with the satellite-measured low--
resolution EIGEN-6C4 gravity disturbance (Förste et al., 2014). (b) QGIS’s 3D perspective capability allows users to see glaciers going down the coastal slope towards 
an ice shelf. Ice-flow speed (Mouginot et al., 2012; Rignot et al., 2011) is shown on the CryoSat-2’s ice-surface topography (exaggerated 50 times vertically; Helm 
et al., 2014). (c) To plan fieldwork, high-resolution satellite imagery (in this case, RADARSAT-2 using snow-penetrating microwave) taken just before the deployment 
is loaded to QGIS. Darker areas arise from both surface topography and exposed or snow-covered crevasses. Independent analysts worked on this image and 
developed a group consensus of zoning of hazardous (red) and cautious (yellow-brown), and a few alternative routes with waypoints (white dots). During fieldwork, 
one can also superimpose the vehicle’s trajectory (solid red) and current position (plus mark) obtained by a GPS receiver connected to the navigation laptop. For this 
case, the first choice of the three routes from the site F23 did not work, so the traverse team returned to the waypoint F23 and made the second choice through F23_3, 
which was successful. RADARSAT-2 Data and Products copyrighted by MacDonald, Dettwiler and Associates Ltd (2013). All Rights Reserved. RADARSAT is an 
official mark of the Canadian Space Agency. 
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QA3 has an ice-core database that includes the location, depth, and 
reported literature of 241 ice cores around Antarctica, which were re-
ported by ITASE IceReader (http://www.icereader.org/icereader/lis 
tData.jsp), Climate Change Institute Antarctic Ice Core Data (http://cc 
i.icecoredata.org/Antarctica.html) and WAIS Divide Ice Core Project 
(Fudge et al., 2013). Also included is a dataset of surface mass balance 
measured at 3236 sites, together with metadata for each site showing 
methods, and the year of ice-core retrieval (Favier et al., 2013). This 
measured surface mass balance dataset complements model output 
layers included in the atmosphere discipline (Section 3.5). Isotopic 
compositions of snow, with a complete attribute table, are reported at 
1279 locations, which are presented using progressive symbol colours 
for δ18O of water stable isotope ratios, a proxy for the local temperature 
(Touzeau et al., 2016). 

3.11. Oceanography data 

QA3 includes oceanography data to 40oS, so that the Subantarctic 
Ocean Front and even most of the Subtropical Ocean Front are included. 
Most oceanography data layers are taken from the World Ocean Atlas 
2013 (WOA), including temperature (Locarnini et al., 2013), salinity 
(Zweng et al., 2013), and concentrations of oxygen (Garcia et al., 
2014a), silicate, phosphate, and nitrate (Garcia et al., 2014b) at the 
surface and three depths (50, 200, and 500 m), both in the summer and 
winter (Fig. 1). All WOA data layers are gridded every 25 km. Other 
oceanography datasets include five ocean fronts (Southern Antarctic 
Circumpolar Current Front, Southern Boundary of the Antarctic 
Circumpolar Current, Polar Front, Subantarctic Front, and Subtropical 
Front), and a grid of mean surface current speed with the 16-km reso-
lution that is obtained using observation-data assimilation techniques 
(Mazloff et al., 2010). 

3.12. Sea ice data 

For sea ice data, QA3 has satellite-observed, monthly median sea ice 
extent between 1981 and 2010 (Fetterer et al., 2017). To indicate his-
torical changes and seasonal variability, satellite-observed, 25-km res-
olution sea ice concentrations in September (maximum coverage in 
early austral summer) and February (minimum coverage) are included 
for each year from 2007 to 2017 (Fetterer et al., 2016). The proportion 
of time the ocean is covered by sea ice with a concentration of 85% or 
higher is mapped at 6-km resolution using satellite data from 2002 to 
2011 (Spreen et al., 2008). 

3.13. Social sciences data 

Data here include human footprints in Antarctica since the early 
stage of expeditions. Routes and tracks of six historic Antarctic expedi-
tions are presented, including the first circumnavigation of Antarctica by 
Fabian Gottlieb von Bellingshausen in 1819–1821, tracks to the South 
Pole by Roald Amundsen and Robert Falcon Scott in early 1910s, and the 
first trans-Antarctic flight by Lincoln Ellsworth in 1935 (Dater, 1975). 
Historic stations (Headland, 2009) as well as historic sites and monu-
ments included in ADD are presented. These include 103 stations on the 
continent and 36 more on surrounding islands developed by 24 nations 
between the first International Polar Year 1882–1883 and its fourth one 
in 2007–2009. Human activities in Antarctica have increased dramati-
cally in recent decades through research, expeditions, and tourism. 
Consequently, non-native species were brought to terrestrial Antarctica; 
locations and brief descriptions of 39 documented biological invasion 
cases in terrestrial Antarctica are presented here (Hughes and Pertierra, 
2016). 

4. Discussion 

4.1. User applications 

Quantarctica is a multidisciplinary knowledge base for Antarctica, 
the Southern Ocean, and sub-Antarctic islands. It has given researchers, 
students, educators, and logistics operators a single, easy-to-use plat-
form to view, analyse, and synthesize Antarctic datasets (Perkel, 2018). 
QA3 is distributed with the CC-BY4.0 license, so users can develop their 
own GIS environment using QA as its basis, and visually present their 
own data with QA as the graphical basis in many scientific publications 
over various disciplines, such as Quaternary science (Andersen et al., 
2020), oceanography (Schiaparelli and Aliani, 2019), behavioural 
ecology (Schiaparelli and Aliani, 2019), and microorganisms (Hirose 
et al., 2020). Cautions are needed, however, because some datasets have 
different licenses, terms of use, and attribution requirements, which are 
documented in the metadata. QA can be freely distributed and thus it is 
hard to know the actual number of users, but we know of users from all 
SCAR member countries, including those currently in the early stages of 
developing full-scale Antarctic programs. The SCAR Expert Group on 
Antarctic Biodiversity Informatics has developed a R package quan-
tarcticR (https://github.com/SCAR/quantarcticR) that provides access 
to QA datasets for R users, without needing QGIS to be installed. With 
the success of QA, a similar GIS data package is being developed for the 
Greenland Ice Sheet (QGreenland, https://qgreenland.org/). 

Many users import non-QA datasets to develop their own GIS 
workspaces based on QA. QGIS provides numerous tools and plugins to 
help analyse QA datasets. The identify features tool provides detailed 
information on selected vector data points (e.g., red profile in Fig. 2b) or 
cell values of selected raster layers. The attribute tables list information 
that can be sorted or filtered by field properties. Some commonly used 
analytical tools include polygonization of raster/vector datasets, con-
tour extractions, terrain (slope and aspect) analysis, and raster calcula-
tion using multiple scientific datasets and terrain models, as well as 
interpolation, smoothing, and merging of multiple raster datasets (e.g., 
continental data in QA and user’s own data in a smaller region). The 
profile tool displays the transect of raster values along custom line 
segments (Fig. 3a). QGIS also allows 3D viewing (Fig. 3b). Selected 
datasets can be draped over three-dimensional representations of a 
terrain model with various angles and vertical exaggerations. QGIS has 
many other tools and plugins. 

Due to its modest computational requirements, QA can be easily used 
on laptops during Antarctic fieldwork. Before deploying to the field, 
QA’s data layers, satellite imagery and basemaps can be used for the 
first-order safety assessments. In addition, users can import recent sat-
ellite imagery and analyse them on the QA workspace to define haz-
ardous crevasse areas and design traverse routes (Fig. 3c). QGIS also 
works to plot the user’s current location using a handheld GPS receiver. 
This capability increases safety and speed during field traverses. During 
fieldwork, researchers can gain a deeper understanding of a region by 
displaying QA’s included package of scientific data and satellite 
imagery. 

4.2. Quantarctica-friendly datasets 

The number of data layers and the data volume in the QA package 
are limited to those with a large spatial coverage and useful for multi-
disciplinary users, so that users can easily browse data outside of their 
own disciplines. However, individual users working in a specific region 
or specific discipline need more detailed data. To improve user experi-
ence and promote data sharing, we encourage data providers to follow 
our recommendations and mandatory guidelines (ftp://ftp.quantarctica. 
npolar.no/Quantarctica3/Making%20Quantarctica-friendly%20data-
sets.pdf). Those datasets that meet these criteria, called Quantarctica- 
friendly datasets, are hosted by the data providers, and download 
links and short descriptions are listed at QA’s project web site (https: 
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//www.npolar.no/quantarctica/). 
Mandatory guidelines are file formats (ESRI shapefile for vector and 

GeoTIFF, or if needed JPEG2000 or JPEG, for raster), layer style file (. 
QML format), metadata file (.QMD format and TXT file with only the 
meta data abstract for convenience and clarity), and projection 
(EPSG:3031). Also, we recommend the following: (1) specific layer 
styles and labelling to visualize the data compatible with QA’s datasets, 
(2) image pyramids of large raster data for faster rendering, and (3) 
raster data compression, preferably using lossless LZW or Deflate 
compression, but also if needed using lossy compression such as 
JPEG2000 for large-volume data. Datasets currently listed as 
Quantarctica-friendly datasets include region-specific bed topography 
data in the Weddell Sea (Jeofry et al., 2018), electronic navigational 
chart coverage and tide records as a part of GIS service maintained by 
the Hydrographic Commission of Antarctica under the International 
Hydrographic Organization (https://data-iho.opendata.arcgis.com/), 
and modelled permafrost temperature validated with observations in 
2000–2017 (Obu et al., 2020). 

4.3. QGIS functionality in polar regions 

In our development of QA, we contributed to the development of the 
following three functions of QGIS that benefit QA users as well as QGIS 
users in the Arctic. (1) Print Layout can now display the north arrow 
pointing to true north (not to the grid north) in polar coordinate systems 
(https://www.qgis.org/en/site/forusers/visualchangelog218/index. 
html#feature-true-north-arrows). This is particularly useful in maps of 
small regions. (2) QGIS can now render, select, and edit on-the-fly 
projected vector data when on-the-fly reprojection is enabled for 
EPSG:3031 and other polar stereographic projections (https://issues. 
qgis.org/issues/7596#change-64937). This problem occurred when 
users loaded their own data not projected to EPSG:3031 to QA’s work-
place as a test before re-projecting their data to EPSG:3031. (3) The 
GarminCustomMap plugin is now ported from QGIS2 to QGIS3 (https 
://plugins.qgis.org/plugins/GarminCustomMap/version/3.0/). This 
plugin enables the user to export what is visible on the map canvas in 
QGIS, as a raster image file to the KMZ file format, which can be loaded 
on most modern Garmin handheld GPS units. This function is commonly 
used during fieldwork. 

4.4. Outlook 

The scientific disciplines included in QA are not comprehensive. For 
example, data for upper atmosphere research and astronomy are absent 
in the current version, as are Antarctic Ice Sheet mass balance estimates 
and trends. As new datasets with higher precision and resolution become 
available, adding new datasets and replacing obsolete datasets are 
necessary to provide a state-of-the-art knowledge base to the entire 
Antarctic and Southern Ocean community. We seek to maintain QA as a 
balanced product in terms of portability, coverage, and user friendliness. 

5. Conclusions 

Quantarctica (https://www.npolar.no/quantarctica) is an integrated 
mapping environment for Antarctica, the Southern Ocean, and sub- 
Antarctic islands, freely available with the CC-BY4.0 license with DOI: 
https://doi.org/10.21334/npolar.2018.8516e961. Quantarctica works 
with QGIS software version 3.16 on multiple platforms without an 
internet connection. It is composed of 265 data layers in simple and 
detailed basemaps, satellite imagery, terrain models, and scientific data 
in nine disciplines of atmosphere, biology, environment management, 
geology, geophysics, glaciology and ice cores, oceanography, sea ice and 
social science, giving the total data size of 7.53 GB. We will maintain 
Quantarctica by adding new datasets and replacing obsolete datasets to 
provide a state-of-the-art knowledge base in a balanced form in terms of 
portability, coverage, and user friendliness. 
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