Summary of ice sheet hydrology teleconference, 11-25-08

Participants: Steve Price, Jesse Johnson, Heather Andres, Sasha Carter, Anne LeBrocq, Dustin Schroeder

Steve introduced some new members to the group, Anne LeBrocq (Univ. of Durham, UK), Dustin Schroeder (UT, Austin), and Sebastian Mernild (AUF). 

Because surface hydrology was not discussed in detail during the last call, we spent some time talking about it. Steve reviewed some of the components of Sebastian’s surface hydrology modeling, based on one of his recent papers. The goal was to flush out questions from the group that we could then send to Sebastian for answers/discussion prior to the next call. A few obvious questions were:

· Are there grid spacing limitations for this type of model (“SnowModel”) … e.g. the ice sheet model will likely use grid spacing on the order of 1-5km. Can these hydrology models operate effectively at that scale or do they require finer grid spacing? 

· Can we expect that grid slopes on the 1-5km scale are “good enough” for determining the routing of surface water, or is local scale slope/structure important enough so that the regional surface slope and the direction of surface water routing could be wildly different?

· The sfc hydrology model requires “distributed point meteorological data” as an input … is there any reason this “data” could not come from a GCM?

· What are the computational requirements of the sfc hydrology model?

Another question that came up was how different is the model Sebastian has been using to the snow-pack/hydrology model that already exists within CLM (Comm. Land Model – part of CCSM)? Since no one on the call has a lot of experience in this area we did not feel comfortable trying to assess this on our own. Two ideas were to (1) have Sebastian look at some of the documentation for CLM and assess for us how useful what they already have would be for our purposes and/or (2) talk to folks from the CLM group (Heather has provide some names already – thanks Heather) and have them look at Sebastian’s papers to see how what they are already doing measures up. Regardless, it appears that the place in CCSM where the surface hydrology modeling would take place is CLM, not CISM (since the surface mass balance component of CISM is already “owned” by the land surface model).

We made note of the fact that, assuming for the sake of argument we had perfect sfc and basal hydrology models, we will still need to “connect” these models at some point. That is, for places like the margin of Greenland, sfc hydrology becomes an important part of the basal hydrology. How to couple these two in a reasonable way, at the scales we are interested in (~1-5 km), is an open question and one that will probably require a lot of thinking.

Sasha noted some work with colleagues from UT, who have looked at correlations between surface roughness, ice thickness, and frequency of crevassing/lake formation … which might be useful for identifying where on an ice sheet we can expect this connection to occur. Perhaps this would be a first step towards parameterizing this process at the appropriate scales? Steve will talk to Ginny Catania to dig into this a bit more and see what the UT folks have to say (Also, this an obvious follow-up for Dustin if he is interested. Sorry I did not think of this at the time Dustin).

This led to a discussion of something that Richard pointed out previously (in his email and paper), that when surface and basal hydrology connect – via moulins, draining lakes, etc. – there may be a “switch” in the style of basal hydrology, from a distributed system (flux increases with increasing pressure, dominant under most of the ice sheet) to a channelized system (flux increases with decreasing pressure, dominant under alpine glaciers in summer). Obviously, accounting for such a transition requires (1) a basal hydrology model that can make such a switch, or (2) (more likely) some special treatment of hydrology near the margin in cases where we think this switch takes place. Some observations on alpine glaciers and from Greenland lake drainage suggest that channelized drainage at the bed may be very efficient, with a limited impact on the mean annual velocity. Perhaps this means that such a switch in drainage type could be handled rather crudely by a large-scale model (e.g. get rid of the water and assume that, downstream from the connection point, it does not impact the sliding significantly)?

We had a detailed discussion about 1st steps necessary for getting Anne and Jesse’s basal hydrology models – both based on largely similar physics, representing flow in a distributed system – “working”. We decided on three paths for this: (1) Steve and Jesse need to get the higher-order solvers working inside of GLIMMER, so that we can reproduce some experiments from Anne and Jesse’s thesis work (the addition of HO physics is expected to improve the results of those hydrology models somewhat, since the distribution of frictional melt can be nonsensical in some places when using 0-order physics); (2) Anne and Jesse will share forcing/input datasets for their models and calculate and compare a steady-state basal water flux beneath West Antarctica (something they both did for their thesis work already); (3) we will come up with some experiments using simplified geometries, domains, boundary conditions, and forcing, to test the coupled higher-order dynamics solvers and hydrology models (i.e. with a small enough number of grid cells to make the problem tractable for many runs over a short time period on a desktop computer). The goal of (2) and (3) is to find out how different or similar the “results” (e.g. flux, water layer thickness) are for the two hydrology models we have on hand, and whether or not one is vastly more efficient than the other. Another goal for (3) is to start trying to understand if/how we can link hydrology model output to other variables we care about for dynamics (like the basal sliding coefficient). Initially, it seems that small, simple domains will be more efficient for this type of experimenting than large-scale domains using actual ice sheet geometries and data.

Finally, as with the last call, we discussed the need for clear ideas on how to couple conservative, “throughflow” models like Anne and Jesse’s with storage or undrained bed models like Slawek/Poul/Marion’s. Anne is expected to have some discussions with Poul and Marion about this in the next few months, as she gets back into working on her hydrology model.  
