GEOMORPHOLOGY

Geomorphology 21 (1998) 313-327

Satellite-derived vegetation index and cover type maps for
estimating carbon dioxide flux for arctic tundra regions

Douglas Stow »*, Allen Hope *, William Boynton *, Stuart Phinn *, Donald Walker °,
Nancy Auerbach °

* Department of Geography, San Diego State University, San Diego, CA 92182-4493, USA
® Institute of Arctic and Alpine Research, University of Colorado, Boulder, CO 80309, USA

Received 15 June 1996; revised 31 March 1997; accepted 29 May 1997

Abstract

The spatial variability and co-variability of two different types of remote sensing derivatives that portray vegetation and
geomorphic patterns are analyzed in the context of estimating regional-scale CO, flux from land surfaces in the arctic
tundra. For a study area encompassing the Kuparuk River watershed of the North Slope of Alaska, we compare
satellite-derived maps of the normalized difference vegetation index (NDVI) generated at two different spatial resolutions to
a map of vegetation types derived by image classification of data from the Landsat multispectral scanner (MSS). Mean
values of NDVI for each cover type stratum are unique (with the exception of moist acidic tundra and shrubland types).
Based on analysis of semi-variograms generated for SPOT-NDVI data, most of the vegetation cover and landform features
of this arctic tundra landscape have spatial dimensions of less than 1 km. Thaw lakes on the coastal plain and glacial
depositional landforms, such as moraines in the foothills, seem to be the largest features, with vegetation units having
dimensions no larger than 700 m. Frequency distributions of NDVI and vegetation types extracted for sampling transects
flown by an aircraft sensing CO, flux, relative to distributions for the entire Kuparuk River watershed, suggest a slight
sampling bias towards greater cover of mesic wet sedge tundra and thaw lakes and associated lower NDVI values. The
regional pattern of NDVI for the North Slope of Alaska corresponds primarily to differences between the two major
physiographic provinces of this region. © 1998 Elsevier Science B.V.
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1. Introduction
Knowledge of the recently measured increase in

the concentration of global carbon dioxide (CO,) in
the atmosphere combined with the uncertain possible
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responses of Earth systems to increases in the atmo-
spheric concentration of CO, and other *‘greenhouse
gases”’ have accelerated research that improves un-
derstanding and prediction of the carbon balance for
a range of spatial scales (Oechel et al., 1993). In
particular, regional-scale to whole biome estimates
of net CO, and methane (CH,) flux from land
surfaces are needed for global carbon budgets and as
input to global circulation models (Vourlitis and
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