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Planning is under way for the assimilation of material from the Randolph Glacier Inventory (RGI) into GLIMS. This exercise will be far from trivial, but it may be that it offers an opportunity to think about the structure of the GLIMS database and to attempt something more ambitious than “just” shoehorning the RGI into GLIMS. 

I do not know where the money is going to come from, either for a limited or a more ambitious exercise. But a more ambitious exercise might be more fundable than a limited exercise.

The documentation and software at http://www.glims.org provide extensive support for getting information into GLIMS. It is also quite easy to get shapefiles out, but analysis of the downloaded results is hardly supported at all. (Some of these remarks may arise from my lack of familiarity with GLIMS, so I stand to be corrected.)

The two barriers to analysis that I have found in GLIMS downloads relate to the data model and to multitemporal coverage. Another subject that is worth discussing in this context is fuller implementation of the recommendations set out in Paul et al. 2009 (Annals of Glaciology, 50(53), 119-126).

GLIMS Data Model

Typically one downloads a collection of polygons belonging to the categories glac_bound and intrnl_rock, perhaps with some others such as basin_bound, debris_cov and so on that are not of immediate concern. The problem for purposes of analysis is that there is no rule for the ordering of intrnl_rock polygons with respect to their parent glac_bound polygons. I have come across examples of glac_bound followed by all the intrnl_rocks, of glac_bound preceded by all the intrnl_rocks, and of the two types scattered higgledy-piggledy throughout the shapefile. This means that the analyst has to do an N2 search to assemble the various pieces of the glacier, N being the number of polygons in the shapefile. The search has to rely on the glac_bound and its intrnl_rocks sharing the same GLIMS id as a unique identifier.

I suggest that a useful extension of the GLIMS data model would be a category called (say) whole_glac, defined as the union of one glac_bound and all of its intrnl_rocks. This would implement the RGI data model (except that in the RGI the glac_bounds are clockwise while in GLIMS they are counterclockwise). The download process would offer a choice of either whole_glac polygons or glac_bound-plus-intrnl_rock polygons.

There might be an advantage for database management in adopting whole_glac as the default format for storage, at least for front-end (i.e. analysis) purposes, because the database would contain fewer objects. In the RGI there are 198,000 glaciers and 157,000 nunataks. I have not yet seen an intrnl_rock that did not duplicate all the attributes of its parent glac_bound.

Multitemporal Coverage

A file downloaded from GLIMS may contain multiple instances of each glacier from different dates. This attribute, multitemporality, is extremely valuable, but there is no evident support for finding all the instances of a given polygon. Moreover, as far as I know there is no provision in the ingest process for enforcing reliable dating or any particular ordering of the successive instances in the sequence; or for counting the number of instances, so that Bruce’s recent estimate of 72% global coverage includes some duplicates (not many as yet, but there will be more multitemporal submissions as time passes).

I can think of no option but to add new attributes for supporting the analysis of multitemporal coverage. At least two are needed, perhaps called sequence_number and sequence​_count, such that a given instance of an object with a given GLIMS id could be recognized as “number sequence_number of sequence_count”.

In my still unpublished area-change dataset I have an attribute called SeriesCode, shared by all members of a sequence of area measurements of the same glacier or glacierized region. (This is how I recognized the discrete orange dots, up to three per region, in Figure 5 of the RGI paper.) When I downloaded outlines from the Antarctic Peninsula recently, it took me a while to spot that in addition to Bethan Davies’s new outlines there were also some left over from Frank Rau’s earlier work. Relying on the personal names of submitters or analysts does not seem like a good way to sort out this kind of thing, and a series_code attribute could be a good solution.

Implementation of Recommendations: Hypsometry
Paul et al. 2009 presented “Recommendations for the compilation of glacier inventory data from digital sources”, with specific reference to submissions to GLIMS. Some of these recommendations, if and when implemented, would call for extensions of the existing GLIMS data structure. In fact the RGI could provide an ideal test bed for the implementation. It already implements Table 1 of Paul et al. as the attribute GlacType, although many of the codes still have the value Unassigned.

The most valuable “easy” step forward would be to attach hypsometric information to glacier outlines. Paul et al. explicitly recommend the CGIAR void-filled version of the Shuttle Radar Topography Mission digital model or the ASTER GDEM as topographic sources (GDEM2 was not available when Paul et al. wrote). They also mention “hypsography in 100 m elevation bins” as an additional item that would be useful but not mandatory and that can be derived automatically. 

No doubt there is scope for discussion of the reliability of the recommended sources, the wisdom of 100-m resolution, etc. For example not all of the ASTER topography at high latitudes is meaningful. But the recommendations are at least a starting point, and this combination could satisfy the desire expressed at the end of the RGI paper for “a standardized product … of acknowledged uniform quality [which] would reduce uncertainty arising from the use of different topographic sources”. The recommended vertical resolution of 100 m is rather coarse for some purposes, but it has the advantage of suppressing nearly all of the different kinds of weirdness that compromise the SRTM DEM (trees, seasonal snow cover) and ASTER GDEM2 (pits, bumps, etc.).

From a practical standpoint there are several questions to be settled. Of the attributes in Table 2 of Paul et al., all are already part of the GLIMS structure and some are part of the RGI structure. It would be easy to add minimum, mean and maximum elevation to the RGI structure, but hypsography is a different matter for both databases. It will almost certainly make sense to store it in separate files: a typical hypsography record, if binary, would require 14 bytes for the GLIMS id as a relational link (and possibly another 14 for the RGI id), 4 bytes for the glacier area, 2 bytes to specify the elevation of the lowest elevation bin, plus of the order of 10 2-byte integers for the fractional areas of the elevation bins. (The number of fractional areas will vary between 1 and a few dozen – perhaps the main reason for putting hypsography in a separate file.) Finally there is a good case for an additional attribute or flag called has_hypso (say), which would save the analyst from wasting time on searching for non-existent hypsometry records (although the ideal would be for every glacier to have one).
Outstanding Tasks for Version 4.0 of the Randolph Glacier Inventory
This list is taken from the conclusion of the RGI paper now in review at the Journal of Glaciology. Progress has been made on items 2 and 9, but as of November 2013 the others constitute a wish list.

1
Improving the quality of outlines where recent regional inventories are likely to be more accurate. For example recent work at the International Centre for Integrated Mountain Development, Kathmandu, and in China, is known to have better georeferencing and accuracy than RGI 3.2.

2
Providing outlines for about 3,000 glaciers, mostly in North Asia, for which only location and area are known at present.
3
Shortening the time span of coverage. Of the outlines with dates, ~8% predate 1999.

4
Replacing date ranges with dates and supplying dates that are missing. Sometimes multiple images for a particular glacier make a range necessary, but many sources provide information in a form not readily converted to explicit dates.

5
Distinguishing between land-terminating and lake-terminating glaciers. So far, lake-terminating glaciers have been identified as such in only three regions.

6
Adding outlines of the debris-covered parts of glaciers.

7
Adding information about topography and hypsometry. Given the importance of early availability, it was decided not to try to include this information in the RGI. Several investigators have already exploited the RGI to retrieve detail from DEMs, but a standardized product (Paul and others, 2009b) of acknowledged uniform quality would reduce uncertainty arising from the use of different topographic sources, and would allow ice caps to be identified by examination of longitudinal profiles of surface elevation.

8
Documenting more completely the data sources and the methods used to delineate glaciers.

9
Merging the RGI into GLIMS. This is an organizational matter requiring forethought.

