Summary of ice sheet hydrology teleconference, 10-21-08

Participants: Steve Price, Slawek Tulaczyk, Jesse Johnson, Heather Andres, Byron Parizek, Sasha Carter

The discussion was based around a review of what hydrology model components we have so far, how those components could/should be integrated within CISM, how those components are still lacking, and what other “holes” need to be filled w.r.t. modeling of ice sheet hydrology.

Prior to getting into the discussion, Jesse pointed out that we should first define (1) what exactly we hoped to accomplish by including hydrology in an ice sheet model and (2) how we would test and/or validate any hydrology model component. 

In response to (1), several participants agreed that the overall goal of including hydrology was to allow for a “regional” control on basal sliding, i.e. sliding that is NOT controlled simply by the “local” basal temperature gradient through the presence/absence of a frozen or thawed bed. Put another way, the goal of including hydrology is to allow both the location and the timing of basal sliding in an ice sheet model to be controlled internally rather than being specified explicitly, statically, and a priori by the user.

In response to (2), there was general agreement that data needed for validating models of basal hydrology were very sparse. Sasha noted that there might be some areas in Antarctica where geophysical methods (e.g. radio echo sounding) can provide limited information useful for validation (e.g. wet vs. frozen bed and areas underlain by wet sediment vs. subglacial lakes). Validation of surface and englacial hydrology were not discussed, but presumably there are at least some data available for validation of the former (e.g. remote sensing and field-based observations from Greenland).

Currently available subglacial hydrology models include two somewhat similar models from Jesse Johnson and Anne LeBrocq (Univ. of Durham, UK). These both treat the horizontal flow of basal water, with sources from melting and sinks due to freezing, based on conservation of mass for an incompressible fluid. The direction of water flow is driven largely by the ice sheet surface slope, with corrections for basal topography and effective pressure. The largest uncertainties in these models likely come from the link between the pressure potential and the velocity of subglacial water, which requires making some assumptions about the type of drainage system present (e.g. thin film vs. distributed system of conduits). A further uncertainty is introduced by then linking variables from the subglacial hydrology model (e.g. water-layer thickness, flux) to the rate of basal sliding. In this respect, the Johnson and LeBrocq models have been applied differently. The link between subglacial hydrology and basal sliding will be discussed in more detail at a later date. 

There is some disconnect between the Johnson/LeBrocq basal hydrology models and a third “undrained bed” model put forth and partially implemented within the Los Alamos/UK version of the higher-order code (by Poul Christofferson and Marion Bougemont, Cambridge, UK). This model assumes the existence of a porous subglacial till, which has a plastic yield stress related to the till void ratio. As basal melting increases, so does the void ratio, which decreases the till yield stress and increases the rate of basal sliding (and vice versa). A crucial difference with the previously mentioned models is that the hydrology is entirely local; basal melting and freezing takes place solely through local exchange with the subglacial aquifer (the till). 

The compatibility of these two very different models was discussed. It was agreed that initial experiments should take place with these two models working in isolation (i.e. either the horizonal flux model OR the local hydrology model). Future development efforts will focus on rectifying these two models with one another. Slawek presented some ideas for doing this. Steve will talk with Poul and Marion about this and try to insure that the two models can be combined at some point in the future. 

Jesse pointed out that in his experience, the basal water model will be slow and will not easily lend itself to parallelization. Steve suggested that perhaps LANL/CCSM folks know of improvements to the advection scheme that can help with this. Jesse noted that CLM group might have suggestions for computationally efficient water routing schemes.

The conversation switched to surface and englacial hydrology. Byron has experience working with 1D schemes, e.g. tracking the location and volume of surface melt and allowing that melt access to the subglacial system in the event that (1) englacial stresses are sufficient to form a crevasses and (2) the flow of water to the crevasse is sufficient to keep it open and propagating to depth. Byron pointed out the importance of surface lakes, which will likely exist at the sub-grid scale. Slawek noted that data analysis could be useful for parameterizing where lakes are likely to occur on the ice sheet and where they are not. Sasha mentioned knowledge of some current work in this direction and will report back to Slawek with an update on that work. 

On a similar note, we discussed the importance of answering a fundamental question about ice sheet surface hydrology. That is, does the regional surface slope (i.e. that determined by a grid scale of km on a side) control the direction of surface water flow or is it controlled on a more local scale (by, for example, structural features like the crevasses)? If the former holds true, coarse-grid scale routing routines may be effective for modeling surface hydrology. If the latter holds true, some parameterization may be necessary and explicit modeling of surface water routing may not be possible.

Steve agreed to look into some literature on the CLM energy balance, snowpack, and water routing models to determine if it might be useful for our this effort. Byron and Heather agreed to look at this literature and Heather agreed to look in more detail at the surface hydrology scheme in the Univ. of Toronto ice sheet model. 

