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1
Motivation

1.1
Current Status

Currently under the Multi-Scale Modeling Framework (MMF), the System for Atmospheric Modeling (SAM) is embedded into the Community for Atmospheric Modeling (CAM) to help improve the representation of clouds in climate models.  SAM is a cloud resolving model (CRM) and CAM is a Global Climate Model (GCM).  Within the current MMF, SAM is implemented into each GCM grid column with a 2 dimensional grid, in the x-z plane.  This is often referred to as the “shower curtain method” and typically has a horizontal grid resolution of approximately 1 km.  This method is a novel approach compared to traditional parameterization methods in GCMs, as it uses prognostic equations to represent clouds.  While this has shown significant improvements in many areas, there are still limitations of the simulation, which could be attributed to the current implementation of SAM in the MMF.
1.2
Proposed Improvements

We hypothesize that running SAM within the MMF with a 3-dimensional domain, albeit more coarse resolution, may serve more beneficial for certain cloud regimes.  It has been suggested that a cloud with more vertical growth may be better suited for a 2-D configuration, where as a cloud with more horizontal growth may be better suited for a 3-D configuration.  For example, a “shower curtain” run within the SAM with a grid resolution of 1 km and 64 points in the x-direction would translate to a domain of 8 by 8 grid points in the x and y directions with a horizontal resolution of 8 km, under our proposed 3-dimensional configuration.  We propose to test both of the configurations in the MMF and determine which method proves most successful for different types of cloud regimes and develop a routine in which the MMF would select which grid orientation of SAM is most appropriate.

1.3
Relevance to CMMAP

This work will contribute to CMMAP by helping to improve the representations of clouds into climate models, thus leading to more accurate prognosis of climate.  Our proposed method of grid orientation selection will help to utilize SAM within the MMF in the most effective way.  This research is further motivated by current work being done to improve the Sub-grid scale (SGS) turbulence and clouds parameterizations in coarse grid CRMs.  SGS parameterizations will allow us perform coarse grid simulations with results comparable to high-resolutions simulations.  Therefore compensating for the reduced resolution inherent in the 3-D implementation, compared to that of the “shower curtain” method.  This project will improve the dynamical framework of the MMF as well as the representation of physical processes in the simulations.

2
Research Steps
2.1
Benchmark Run

We will run benchmark MMF cases by running SAM at 2-D at every GCM point and again with SAM at 3-D at every GCM point.  The 2-D configuration will consist of 64 horizontal grid points at 1 km resolution and 32 vertical levels with a vertically stretched grid.  We plan to run various configuration of the 3-D grid, however our base 3-D run will consist of 8 by 8 horizontal grid points at 8 km resolution with the same vertical grid.

2.2
Development of Grid Selection Routine

Then we will run SAM standalone in both a 2-D configuration and a 3-D configuration for various cloud regimes.  For example some of the cloud regimes we plan to test include shallow convection, deep convection, stratocumulus, etc.  Using these results we can assess the performance of each cloud regime between the two configurations.  Based on observations and previous modeling work we will determine which configuration is most appropriate for each regime.  Based off these results we will develop a selection routine that will determine which grid configuration to implement each time the SAM is called in the MMF in a particular grid column.
Initially the MMF will call SAM in the 2-D configuration until model spin-up is complete.  At each time step of the MMF, before SAM is called, the selection routine will determine which grid configuration to call based on the information passed from the MMF to be used as initial profiles in SAM.  Therefore our selection routine will be configured to identify specific cloud regimes that will likely develop from the initial profiles.

2.3
Testing the New Configuration

Then we will run the MMF with our new grid configuration selection routine and compare the results with our benchmark cases to determine the benefits gained from the implementation of this method.

2.4
Developing and Testing Alternative 3-D Grid Configurations 

We will then test a variety of the 3-D grid configurations in both SAM standalone and MMF to determine the optimal grid configuration for each cloud regime at the same computational cost or less.  For example, running SAM at 8 by 16 horizontal grid points, which translates into 8 km resolution in the x direction and 4 km resolution in the y direction, with 16 vertical levels, requires the same computation cost.  We plan to test similar configuration for each of the specified cloud regimes to see if there is any improvement over the base comparison.  A further example, with reduced computational cost, is to run the base 3-D grid with fewer vertical levels, thus allowing us to increase the time step.

2.5
Implementing New SGS Parameterizations

We will then test our method utilizing improved SGS turbulence and cloud parameterizations, which are currently being developed, to further refine our grid selection routine.  For example, the performance of the relatively coarse 3-D grid will likely improve.

Compiling the results from all the tests, we will develop the optimal selection routine, run it in the MMF, and compare the results to our benchmark cases.
