Department of Scientific Computing Computational Xpo 2009
Florida State University

Effect of Grids on North Atlantic Overflow Simulations

Doug Jacobsen
Max Gunzburget, Todd Ringlet, Mark Peterseh

“ Department of Scientific Computing, Florida State Univgrsiallahassee FL 32306
* Los Alamos National Laboratory, Los Alamos, New Mexico, 8354

Abstract We are exploring the effect of using various grid structures oolvexsy the physical process called overflow. This is when dense cold wat( DEPARTMENT OF
’// V/ V/ overflows from a basin. This process is responsible for thentajof dense water in oceans and creates many of the currents in oceguasti¢nlar, SCi e ntifi C

=‘=’=' If affects a large part of the North Atlantic, as overflow occur the Denmark Strait and in the Faroe Bank Sea Channel. Since thamaayeocean

mw "' W models, we are trying to determine the optimal grid structorerésolving the overflow process. If the model cannot accurately resloésoverflow COMPUTING
process, then the simulation will be incorrect as curremtscaeans will be incorrect. Among the many ocean and ice models in use ®©égyOP

(Hybrid-Coordinate Parallel Ocean Program). Using this moagelare testing three grid types, fixed Z Grids, arbitrary Lagrangiaeftan grids, and

sigma-coordinate grids. We examine how each of these gridstaffee outcome of our overflow simulations, and which grid gives the optesalts.

Introduction to Climate Modeling What is Overflow?

Climate Modeling is a global problem. Scientists want to hesphysical processes across the globe durir@verflow is a physical process that happens in a few different areas atmighbbe. Two of these areas are
the course of their simulation. There are many climate nsimalise today, but one of the most widely usethe Denmark Strait (Between Greenland and Iceland), and the FaroeIgankhannel (between Iceland
Is the Community Climate System Model (CCSM). This model hagfit modules that are put togetheand Europe). North of Europe there is a basin in the ocean, the water in thaeasoled by the atmo-
to form a global climate model. Each module models a diffgpention of the climate, be it ocean, land, icesphere above it. As this water cools, it become more and more denseb&®mes more dense, it falls to
atmosphere, etc. Typically an independent group works greaifsc module individually. The scientiststhe bottom of the ocean. After some time, the basin is filled with this caldelevater to the point that any
at Los Alamos National Laboratory currently work on the ote@odules for this model, which is calledmore cold dense water doesn’t fall all the way down, and instead overfiatvsf the basin and through
the Parallel Ocean Program (POP). They are also working canaiteration of this called the Hybrid- either of these two channels, into the North Atlantic. Overflow in tlogthNAtlantic is responsible for the
Coordinate Parallel Ocean Program (HyPOP). This reseaithse these two models to study a physicamnajority of the oceans cold and/or dense water, and this creates a largd elong the ocean’s topography.
process known as overflow.

Mathematical Model Region of Interest

POP and HyPOP use the Primitive equations, with hydrosaaticBoussinesq approximations, to describ&lthough overflow occurs in many places around the globe, this reseagamig to focus on overflow In

their dynamics. These equations are given in sphericaf potardinates with a verticalcoordinate below. the North Atlantic. Two places where Overflow occurs naturally in tlogthN Atlantic are the Denmark
Strait and the Faroe Bank Sea Channel which are depicted in Figure 1.

Momentum Equations:
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Continuity Equation: This research will be performed on an idealized domain, however itdmesémble these physical regions.
L(1) =0 The actual topography that will be used can be seen in Figure 2.
Hydrostatic Equation:
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Both models use a Finite Volume scheme to discretize thesatiegs. The two models differ in the grids \H\\ \\\Hﬂ% “,J

used in this discretization.

Figure 2. Schematic showing the model domain, with the overflow wateriagtthrough a flat bottomed
embayment, which descends down a uniform slope from the northern side[1]

Similar research has been conducted using Z and Isopycnal (ALE) gridd) whide a good comparison
for this work. We are interested in testing two grid sizes, the firgtdp&ir = Ay = 50km, Az = 144m,
and the second beinyx = Ay = 10km, Az = 144m.

Grids for Discretization

o Z Grids Current Results

These grids are fixed in space. They are typically set up aanaatd Cartesian grid, with rectangular

volumes. One benefit of this is you don’'t have to worry aboatreints having a zero thickness, whlcl$0me preliminary flow results can be seen below.
would not be physical. Another benefit of this grid type issiteiasy to conceptualize and implement, o R

however one down side is it poorly reflects the floor of the acea
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¢ Sigma Coordinate Grids
These grids are a simple mapping, from a domain with a cumeagraphy to a domain that is a straight
edged rectangle, where the verticle dimension would exteard zero to one. Using this, zero would
Indicate the surface of the ocean, and one would indicatédbeof the ocean. The benefit of these grids
IS that the volumes follow the topography of the ocean béktan a Z grid would. However, they are
fixed Iin time again, and using these grids doesn’t tell youlrang extra for visualization purposes.

LATITUDE

¢ Arbitrary Lagrangian-Eulerian Grids
These (ALE) grids are variable in time, and have horizontal bnes that follow contours of constant

density in the ocean. Layers can grow and shrink as time go&@theah can cause a zero thickness, so Concentration (none) Concentration (none)
this must be appropriately handled, since a zero thicknagsl cause a significant amount of numerical
problems. These volumes are typically thought of as rectandricks, however the top and bottom Figure 3. Concentration after 6 days Figure 4. Concentration after 4 months and 11 days

might not be even, or straight for that matter. The benefibisf grid type, is the grid elements are linedrhese results were created oBkm x 50km * 144m grid. The embayment was filled with cold dense

up in a way where all of their transport moves out the sideshsdqgrids follow the actual flow of the water with an arbitrary concentration of 1, and the ambient water waarljnstratified with an arbitrary

ocean. Also, these grids typically follow the topographgyueell, since the flow is along the topographyconcentration of 0. There is also a very slow inflow of cold dense watéravitoncentration of 1 through
the embayment.

Goal of Research Future Work

The focus of this research Is going to be on the different types. The hope is to determine which gride Perform basic inflow runs on 10km*10km*144m Z grid
optimally resolves the overflow process given a resolutiSmce each of the different grid types has
own benefits and drawbacks, the choice of grid could changedoan Topography, or Grid size.

Sq Implement statistics for observations
e Migrate Grids and Statistics to HyPOP
e Test grids using ALE and Sigma Coordinate Grids
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