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This document proposes the formation of an Arctic Topographic Mapping (ATM) Mission Working Group for the purpose of acquiring and distributing high resolution DEMs of the Arctic to help scientists, engineers, and policy makers assist the public in understanding their environment and how it may change in the future.  

Background

Digital Elevation Models (DEMs) are to terrestrial scientists what ice breakers are to oceanographers: expensive, yet required for coordinated and comprehensive research efforts involving thousands of scientists.  And nowhere are high-resolution DEMs more necessary than in the Arctic.  Unlike nearly 100% of the temperate latitudes, only a few percent of the Arctic has DEMs with spatial resolutions of 50 meters or better.  Nearly all of Alaska is covered by DEMs at roughly 60 m by 90 m resolution, but these are of medium quality and based on data acquired 50 years ago.  While Russia and most of Canada have paper contour maps of similar quality as in Alaska, the vast majority of these are not digitized; even if they were digitized, their quality would pale in comparison to that available with current technology.  

Below is an illustration of the difference in quality between a USGS DEM and a new Star3i DEM of a portion of Alaska coastal plain typical of Arctic regions.  The commercial Star3i product is acquired by airborne radar with 5 m spatial resolution and sensor noise of about 40 cm in vertical accuracy; several other new techniques exist that offer comparable specifications, such as Lidar.  The aspect described as flat by each DEM is shown in white – note that the numerous tundra ponds here are not resolved by the USGS DEM, as their watershed relief is below its vertical resolution.  At right is the same Star3i DEM shown with a radar backscatter image (acquired simultaneously) to add detail to the scene.  Star3i is just one example of several technologies now able to deliver DEMs of this quality.
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Potential Multi-disciplinary Impacts

There is no doubt that creating a circum-polar DEM of the Arctic at 50 m or better resolution is a large and expensive effort, and would require a coordinated, international effort, but the results of such an effort would improve:  

Modeling.  The modeling of nearly any terrestrial process would improve through use of better DEMs, such as those involving hydrology, snow distribution, limnology, biology succession, and permafrost.  For example, accurate stream channel networks cannot be derived for hydrological modeling without DEMs of high spatial resolution and decent vertical accuracy.

Fieldwork.  Because coastal plains are so flat in the Arctic, it is often difficult to tell which direction water should flow or to define watershed boundaries.  Good DEMs, as shown in the images above, can be used in the field for this purpose, as well as to guide the design and implementation of field plans, especially as it relates to prior research in a given area.  

GIS and decision support.  Topography forms the base layer of nearly any GIS, and such decision support systems are only as good as their base layer.  As various field sites are reutilized over time, it becomes increasingly important to accurately geolocate them such that the legacy effects of one project does not inadvertently interfere with new ones.

Engineering.  Arctic permafrost is in a precarious thermal position currently, and if trends continue unchanged our Arctic infrastructure will suffer potentially catastrophic damage.  Understanding terrestrial processes like drainage are important to mitigating damage and future planning, and these require accurate knowledge of topography in low-relief areas.

Remote Sensing.  Several recent studies have shown that our satellite remote-sensing can be improved substantially through use of high quality DEMs, with no change or cost to satellite technology, because topographic uncertainty is often the largest source of noise.  Most notably, the measurement of soil moisture at 50m scale using InSAR requires good DEMs.

Topographic change detection.  Advancements in DEM acquisition technology have given us the ability to detect and measure centimeter-scale changes in surface elevation, allowing us to measure changes to pingos, thermokarsts, stream erosion, and glaciers with unprecedented accuracy over enormous areas.  The time to acquire such DEMs is now, before thermal degradation of Arctic permafrost and glaciers becomes widespread.

Goals of the Working Group

Here is an outline of what the goals of the ATM Mission Working Group might be:
• Survey the international Arctic science community to assess support for the mission and determine data accuracy requirements.  Internationally organized groups such as the International Polar Year committee and International Arctic Science Committee can be used to develop white paper reports on the data accuracy requirements from a broad user-base, including not only scientists but policy makers and governmental agencies. This would also be an education project, as many potential users are likely unaware of the current state of the art.

• Solicit bids from service providers, including all accuracies and time periods.  There are many ways to create DEMs, including photogrammetry, SAR, Lidar, and digitization of existing contour maps.  Further, DEMs from older analog data still have value in terms of topographic change detection.  A survey therefore needs to be completed such that all possible technologies can be compared in terms of price, accuracy, resolution, availability, and reliability for all possible time periods.  The use of Lidar to measure near-shore bathymetry (mating DEMs and deep bathymetry) should also be researched, as this allows terrestrial DEMs to be linked with bathymetric DEMs.

• Propose funding for the mission to appropriate US and international agencies.  Once the users’ needs and available technologies are fully understood, we can formally propose our needs to potential funding sources in ways that match their mission. The following are example funding scenarios, intended to highlight the need for a coordinated inter-agency, international effort. US agencies with a global mission like NASA and NIMA might fund the creation of space-borne SAR DEMs for the entire Arctic on a campaign basis (low resolution, ~50m).  More research-oriented agencies or programs within NSF and NASA might fund airborne SAR missions to support individual research projects (high resolution, ~5m).  Governmental agencies in the Russia and Canada might fund digitization of paper contour maps from the 1950s (change detection).  Organizations like IPY, IASC, IPA or IARC might oversee the creation of international data clearinghouses to housed at NSIDC or GINA, and ensure the long-term free availability of this circum-polar data for scientists worldwide.  The Presidents of IPA and USPA have already endorsed this mission.
