                                                                                                                          


DRAFT

APPENDIX 1

Report of Working Group 1 on the Atmospheric Model


The NCEP Nonhydrostatic Multiscale Model on the B grid (NMMB) has been designed for a broad range of spatial and temporal scales and follows the general modeling philosophy of the NCEP’s WRF NMM grid-point dynamical core. Earlier this year, the RHMSS starting using this model for global prediction. The model will become operational also at NCEP in a regional mode for North America later this year. Other international partners either make use, or plan to make use of this model, such as the researchers in Spain associated with the Barcelona Supercomputing Center. A close working relationship already exists between NCEP and the RHMSS. The working group supports the selection of this model, since it is a state-of-the-art model with open architecture. The current use of this model and the existing partnerships make this selection cost effective. The model is computationally efficient on parallel computers. 

From a technical standpoint, the NMMB satisfies all the requirements for regional climate research set up by the SEEVCCC, and therefore represents a good choice for the driving the SEEVCCC Earth modeling system.  For example, given appropriate computational capabilities, the model has a non-hydrostatic option allowing the use of fine-scale horizontal resolutions necessary to resolve critical regional characteristics (e.g., mountain-valley and urban-rural contrasts, variations in vegetation and ecosystems, and the complex coast lines of the region). On the other hand, the global version of the model provides the necessary input for driving the regional model. At the same time, the global model can be used to validate the concept of regional climate. 


The NMMB is suitable for extended climate integrations over regional and global domains. The design of the model (e.g., quadratic conservativeness, positive definite and monotone tracer transport, minimal non-physical dissipation) allows for extended climate simulations. Even though the physical parameterizations have been successfully used in both numerical weather prediction and climate simulations for many years, further improvements in these parameterizations will occur with increasing computational capability and advances in knowledge. While model dynamics typically do not change much over time, model physics improvements will be necessary to meet the challenges of regional climate projections for SE Europe. Coordination of model upgrades developed locally and with international partners such as NCEP will ensure a state-of-the art climate prediction framework. Several of the key uncertainties in the prediction of regional climate pertaining to model physics are expected to be addressed over the next five years. 
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Overview of the Nonhydrostatic Multi-scale Model on the B grid (NMMB)


The NCEP Nonhydrostatic Multiscale Model on the B grid (NMMB) (Janjic, 2005; Janjic and Black, 2007; Janjic et al., 2011) has been designed for a broad range of spatial and temporal scales and follows the general modeling philosophy of the NCEP’s WRF NMM grid-point dynamical core (Janjic et al., 2001; Janjic, 2003).  However, in contrast to the WRF NMM that uses the Arakawa E grid, the NMMB was reformulated for the Arakawa B grid.  The NMMB uses the regular latitude-longitude grid for the global domain, and rotated latitude-longitude grid in regional applications.  The nonhydrostatic component of the model dynamics is introduced through an add–on module so that it can be turned on or off depending on resolution. 


In the model, “isotropic” finite-volume horizontal differencing is employed that conserves a variety of basic and derived dynamical and quadratic quantities and preserves some important properties of differential operators.  The second order energy and enstrophy conserving scheme is used for horizontal advection of momentum, but a fourth order scheme that turned out to be the best in nonlinear tests (Janjic et al., 2011) is available as an option, too.  The conservation of energy and enstrophy by the second order scheme, and the experimentally demonstrated control over the nonlinear energy cascade by the fourth order scheme, improve the accuracy of the nonlinear dynamics of the model on all scales, and render the model suitable for extended integrations without excessive dissipation.


Conservative polar boundary conditions are specified in the global limit.  The polar filter selectively reduces tendencies of the wave components of the basic dynamical variables that would otherwise propagate faster in the zonal direction than the fastest wave propagating in the meridional direction.


In the vertical, the hybrid pressure-sigma coordinate is used (Simmons and Burridge, 1981; Eckerman, 2009).  The forward-backward scheme (Janjic, 1979) is employed for horizontally propagating fast waves, and an implicit scheme is used for vertically propagating sound waves.


Slightly off-centered Adams-Bashforth scheme is applied for non-split horizontal advection of the basic dynamical variables and for the Coriolis force (Janjic et al., 2001; Janjic, 2003).  Instead of being slightly unstable, due to off-centering, the scheme becomes weakly dissipative.  Even though the instability of the second-order Adams-Bashforth scheme is very weak, and can be tolerated in practice, the weakly damping off-centered scheme is preferred since strictly speaking unstable schemes do not converge.  Note that even though the off-centered scheme is formally of the first order accuracy, the actual magnitude of its truncation error remains close to that of the second-order Adams-Bashforth scheme due to very small off-centering. 


On the B/E semi-staggered grids the advection time step can be only about twice longer than the forward-backward adjustment time step because longer time steps can be used for the adjustment terms than on the C grid.  So the Adams-Bashforth scheme for advection with the same time step as that used for the adjustment terms costs the same as a two-step iterative scheme with twice longer time step.  Moreover, since there is no time splitting, there is no need for iterating the adjustment terms, and the short time steps reduce the time stepping errors.  So, non-iterative, non-split Adams-Bashforth scheme offers significant savings, and at the same time its short time step reduces numerical errors.


In order to eliminate computational stability problems due to thin vertical layers, the Crank-Nicholson scheme is used to compute the contributions of vertical advection.  As a compromise between requirements for computational affordability and accuracy, a fast Eulerian conservative and positive definite scheme was developed for model tracers (Janjic et al., 2009).  Conservative monotonization is applied in order to control over-steepening within the conservative and positive definite tracer advection step.


A variety of physical parameterizations have been coupled to the model.  This variety will be further extended within the NOAA Environmental Modeling System (NEMS). The standard operational, and thoroughly tested in NWP and regional climate applications physical package includes the nonsingular Mellor-Yamada-Janjic (MYJ) level 2.5 turbulence closure for the treatment of turbulence in the planetary boundary layer (PBL) and in the free atmosphere (Janjic, 2001), the surface layer scheme based on the Monin-Obukhov similarity theory (Monin and Obukhov, 1954) with viscous sub-layer over land and water (Zilitinkevich, 1965; Janjic´, 1994), the NCEP NOAH land surface model (Ek et al., 2003) or the LISS model by Janjic (Vukovic et al., 2010), the GFDL long- wave and shortwave radiation (Fels and Schwarzkopf, 1975; Lacis and Hansen, 1974), the Ferrier grid-scale clouds and microphysics (Ferrier et al., 2002), the Betts-Miller-Janjic convection  scheme (Betts, 1986; Betts and Miller, 1986; Janjic´, 1994, 2000).  The lateral diffusion is formulated following the Smagorinsky nonlinear approach (Janjic´, 1990).  Additionally, the RRTM radiation (Mlawer et al., 1997) with aerosol capability has been coupled to the NMMB model in order to treat radiatively active substances interacting with shortwave and longwave radiation (Perez et al., 2011).

As can be seen from the brief model description given above, the NMMB satisfies all the requirements for regional climate research set up by the SEEVCCC, and therefore represents a good choice for the driving atmospheric model of the SEEVCCC Earth modeling system.  Namely, 

· The NMMB covers multiple spatial scales, from meso to global

· It is nonhydrostatic (on the small scale end)

· It is global (on the large scale end)

· The NMMB is suitable for extended integrations

· It is quadratic conservative

· It has sufficiently accurate conservative, positive definite and monotone tracer transport 

· It allows use of minimal non-physical dissipation

· The standard NMMB physics converges with resolution

· The NMMB radiation formulation is capable of interacting with particulate and gaseous aerosols

· The NMMB turbulence closure is physically well founded
· The NMMB moist processes (grid scale and convection) are capable of interacting with aerosols and radiation

· The NMMB is computationally efficient and scalable

Even though the NMMB is currently a state-of-the-art atmospheric model, its ongoing support by the NCEP and other partners will ensure that it will remain up to date. The continuous development of atmospheric models is necessary.


While model dynamics typically do not change much over time, the model physics are subject to more frequent changes.  For example, the atmosphere exchanges large portion of its energy through the Earth surface, which renders the treatment of surface processes very important.


Over the next five years, the following issues pertaining to physics are expected to be addressed:

· Are SVAT models with “sandwich” canopy adequate?
· Dynamic vegetation
· Improved ways of handling snow age, density and heat conduction

· Impact of urban canopy and its representation
· Numerical methods for non-stationary, transitional regimes

· Horizontal movement of subsurface water (soil moisture)
· Do we know enough about it?

· Scale dependency?  Can it be ignored on some scales and not on others?
· Impact of the size of nested domain?
· Improved parameterization of gravity wave drag

· Improved cloud-radiation interaction depending on resolution

· Parameterization of convection at “convection allowing” scales (single digit resolutions) and the precipitation bias control in long integrations

An important issue for regional climate studies and downscaling is how good the communication between driving models and regional models, i.e.,

· Can all the necessary information be passed through lateral boundary conditions?

· Is scale dependant nudging necessary?
· Does the regional domain size matter?
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