
McMurdo LTER: Developing a geographic information
system database

ANYA Z. Burr and JORDAN TOWNER HASTINGS, Biological Sciences Center, Desert Research Institute, Reno, Nevada 89506

A mong the most accessible ice-free areas in Antarctica, the
flMcMurdo Dry Valleys have been extensively studied
since 1957. A wealth of ecological, geophysical, and meteoro-
logical data and land surveys and satellite imagery has accu-
mulated. Most of these materials are documented in the sci-
entific literature; however, they are scattered and unsynthe-
sized.

By contrast, the McMurdo Dry Valleys Long-Term Eco-
logical Research (LTER) project (Antarctic Journal, in this
issue), based initially in Taylor Valley, is an explicitly synthetic
effort: a comprehensive, multidisciplinary field study of the
cold desert ecosystem. Data sets required by the LTER are
accordingly diverse. Notwithstanding their diversity, most
LTER data sets are geo-referenceable, and indeed, accurate
geo-referencing is essential to understanding the material
transport processes, which are hypothesized to be key ecolog-
ical controls (Wharton, Antarctic Journal, in this issue). Essen-
tially, the LTER demands development of a geographic infor-
mation system (GIS), both as a data-management approach
and as a spatial analysis mechanism.

In this article, we summarize the work to date in develop-
ing a GIS database for the McMurdo LTER. In a companion
article (Hastings and Butt, Antarctic Journal, in this issue), we
describe an experimental access system that allows LTER par-
ticipants to manipulate this GIS database directly from desk-
top personal computers (PCs).

Development of a GIS for Taylor Valley was initiated in
1992 by Gary Glow at the U.S. Geological Survey (USGS) in
Menlo Park, California, and subsequently assumed by the
Desert Research Institute in Reno, Nevada. The fundamental
cartographic materials were two 1977 hardcopy USGS quad-
rangle maps, entitled Lake Bonney and Lake Fryxell (sheets
S7730-E16200 and S7730-E16300, respectively). Because of
their age, these maps were not available in digital form.
Instead, using ARC/INFO®, the Lake Bonney quadrangle was
redigitized manually, and the Lake Fryxell map was scanned
and revectorized from a traced mylar copy. Two basic cover-
ages were derived from each map:
• elevations, represented by contour lines
• composite hydrology, involving glaciers, lakes,	Tat

and streams and ocean.

triangular irregular network. To date, this DEM has not been
widely used, although it can be analyzed to yield numerous
additional coverages such as drainage basin patterns and hill-
slope and hill-shade models. The DEM can also allow model-
ing of transport processes through linkage of the DEM with
attribute coverages (e.g., Jensen 1991). From the composite
hydrology, separate hydrologic coverages (glaciers, lakes, and
streams) have been extracted. A number of digitizing and
edge-matching errors were detected and corrected during
processing. The basic cartographic coverages of the Taylor
Valley GIS are summarized in table 1. The completed Taylor
Valley base map, delineated primarily by the hydrology-relat-
ed coverages, is shown in the figure.

In 1993, a number of historical data sets were added as
overlay coverages to the Taylor Valley GIS:
• an unpublished USGS map sheet, with updated feature

names;
• bathymetric sketches for the three major lake systems

[Fryxell (Lawrence and Hendy 1985), Hoare (Wharton et al.
1986), and Bonney (Priscu personal communication)];

• a list of survey control points, established in the 1970s; and
• an approximate geologic map (Haskell et al. 1965).

From the 1993-1994 field season, additional data sets
were supplied by LTER participants:
• surface meteorology station locations,
• soil plot/transect locations,
• glacier ablation stake locations,
• stream gage locations and associated flow measurements,

and
• lake borehole locations and associated biogeochemical

analyses.
These data sets have been added as coverages in the GIS data-
base; procedures are described in Hastings (in preparation).
The current collection of "field data" coverages is summa-
rized in table 2.

The Taylor Valley GIS is referenced to the WG584 spher-
oid, unlike the source maps. The so-called "Camp datum" to

ile 1. Basic cartographic coverages

The pairs of coverages were "edge-matched" along
their common boundary. Keeping with the source
maps, a Lambert conformal conic projection was
used. The coverage units were transformed to the
metric system and reprojected assuming the WG584
spheroid, in accordance with current global position-
ing system (GPS) satellite-referenced configurations.

From elevation contours, a digital elevation
model (DEM) was derived through the creation of a

Contours	Surface elevation contours (at nominal 50-meter increments)
Glacier	Permanent ice cover over land
Hydrology	Composite hydrology (glaciers, lakes, streams, and ocean)
Lake	Perennial bodies of water (typically ice covered)
Mapsheet	Outlines of USGS mapsheets, with master tics
Ocean	Open ocean (may be covered with pack-ice)
Stream	Perennial channels of water
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Base map of Taylor Valley, Antarctica
which the original source maps are referenced is not well
known. Discrepancies between GPS coordinates obtained in
the field and corresponding locations on the map have been
noted. Efforts are underway to transform the coverages to
correct for these discrepancies.

The Taylor Valley GIS incorporates source materials dat-
ing from 1973 to the present. All these coverages are treated as
referring to a single, unspecified point-in-time. The forth-
coming Arc/StormTM product is intended to provide a
method to represent time as well as space within the GIS
database, allowing analysis of time-dependent changes.

The Taylor Valley GIS is an active database that experi-
ences continual refinements and additions. Significant labor
has been invested in the Taylor Valley GIS: to date, an esti-
mated 100 hours in original digitizing and another 150+ hours

Table 2. Field data overlay coverages

Boundary	Boundary of study area (hydrologically defined)
Control	Fixed geodetic control points
Lakedepth	Bathymetry of major lake systems
Landmark	Surficial geomorphic landmarks: faults, outcrops, etc.
Rock	Surf icial rock units/types
Station	Sampling points/stations (all media)

in postprocessing. In addition,
the computer equipment
needed for GIS implementa-
tion is substantial. The Taylor
Valley GIS, however, provides
researchers with a powerful
tool to combine geo-refer-
enced databases and spatial
analysis techniques. As the
LTER evolves, it is expected
that the GIS will play an
increasingly important role.
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(ARC/INFO® and Arc/StormTM are trademarks of the Environ-
mental Systems Research Institute Inc., Redlands, California.)
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