8.3 Physics Options in MM5

 

8.3.1 Cumulus Parameterizations (ICUPA)

 

1. None -  Use no cumulus parametrization at grid sizes < 5-10 km.

 


 

2. Anthes-Kuo - Based on moisture convergence, mostly applicable to larger grid sizes > 30 km. Tends to produce much convective rainfall, less resolved-scale precip, specified heating profile, moistening dependent upon relative humidity.

 

3. Grell - Based on rate of destabilization or quasi-equilibrium, simple single-cloud scheme with updraft and downdraft fluxes and compensating motion determining heating/moistening profile. Useful for smaller grid sizes 10-30 km, tends to allow a balance between resolved scale rainfall and convective rainfall. Shear effects on precipitation efficiency are considered. See Grell et al. (1994).

 

4. Arakawa-Schubert - Multi-cloud scheme that is otherwise likeGrell scheme. Based on a cloud population, allowing for entrainment into updrafts and allows for downdrafts. Suitable for larger scales, > 30 km grid sizes, possibly expensive compared to other schemes. Shear effects on precipitation efficiency are considered. Also see Grell et al. (1994).

 

5. Fritsch-Chappell - Based on relaxation to a profile due to updraft, downdraft and subsidence region properties. The convective mass flux removes 50% of available buoyant energy in the relaxation time. Fixed entrainment rate. Suitable for 20-30 km scales due to single-cloud assumption and local subsidence. See Fritsch and Chappell (1980) for details. This scheme predicts both updraft and downdraft properties and also detrains cloud and precipitation. Shear effects on precipitation efficiency are also considered.

 

6. Kain-Fritsch - Similar to Fritsch-Chappell, but using a sophisticated cloud-mixing scheme to determine entrainment/detrainment, and removing all available buoyant energy in the relaxation time. See Kain and Fritsch (1993) for details. This scheme predicts both updraft and downdraft properties and also detrains cloud and precipitation. Shear effects on precipitation efficiency are also considered.

 

7. Betts-Miller - Based on relaxation adjustment to a reference post-convective thermodynamic profile over a given period. This scheme is suitable for > 30 km, but no explicit downdraft, so may not be suitable for severe convection. See Betts (1986), Betts and Miller (1986), Betts and Miller (1993) and Janjic (1994) for details.

 

8. Kain-Fritsch 2 - A new version of Kain-Fritsch that includes shallow convection. This is similar to one that is being run in test mode in the Eta model.

 

Shallow Cumulus - (ISHALLO=1) Handles non-precipitating clouds. Assumed to have strong entrainment and small radius, no downdrafts, and uniform clouds. Based on Grell and Arakawa-Schubert schemes. Equilibrium assumption between cloud strength and sub-grid (PBL) forcing.

 

 

8.3.2 PBL Schemes (IBLTYP)

0. None - No surface layer, unrealistic in real-data simulations.

 

1. Buld PBL - Suitable for coarse vertical resolution in boundary layer, e.g. > 250 m vertical grid sizes. Two stability regimes.

 

2. High-resolution Blackadar PBL - Suitable for high resolution PBL, e.g. 5 layers in lowest km, surface layer < 100 m thick. Four stability regimes, including free convective mixed layer. Uses split time steps for stability.

 

3. Burk-Thompson PBL - Suitable for coarse and high-resolution PBL. Predicts turbulent kinetic energy for use in vertical mixing, based on Mellor-Yamada formulas. See Burk and Thompson (1989) for details. This is the only PBL option that does not call the SLAB scheme, as it has its own force-restore ground temperature prediction

 

4. Eta PBL - This is the Mellor-Yamada scheme as used in the Eta model, Janjic (1990, MWR) and Janjic (1994, MWR). It predicts TKE and has local vertical mixing. The scheme calls the SLAB routine or the LSM for surface temperature and has to use ISOIL=1 or 2 (not 0) because of its long time step. Its cost is between the MRFPBL and HIRPBL schemes. Before SLAB or the LSM the scheme calculates exchange coefficients using similarity theory, and after SLAB/LSM it calculates vertical fluxes with an implicit diffusion scheme.
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5. MRF PBL - or Hong-Pan PBL, suitable for high-resolution in PBL (as for Blackadar scheme). Efficient scheme based on Troen-Mahrt representation of countergradient term and K profile in the well mixed PBL, as implemented in the NCEP MRF model. See Hong and Pan (1996) for details. This scheme either calls the SLAB routine or the LSM and should have ISOIL=1 or 2. Vertical diffusion uses an implicit scheme to allow longer time steps.

 

6. Gayno-Seaman PBL - This is also based on Mellor-Yamada TKE prediction. It is distinguished from others by the use of liquid-water potential temperature as a conserved variable, allowing the PBL to operate more accurately in saturated conditions (Ballard et al., 1991; Shafran et al. 2000). Its cost is comparable with the Blackadar scheme's because it uses split time steps.

 

7. Pleim-Chang PBL - This scheme only works with ISOIL=3 (see later). The PBL scheme is a derivative of the Blackadar PBL scheme called the Asymmetric Convective Model (Pleim and Chang, 1992, Atm. Env.), using a variation on Blackadar's non-local vertical mixing.

 

Moist vertical diffusion - (IMVDIF=1) IBLTYP = 2, 5 and 7 have this option. It allows diffusion in cloudy air to mix toward a moist adiabat by basing its mixing on moist stability instead of the dry stability. From Version 3.5 it can mix cloudy air upwards into clear air in addition to just internally in cloudy layers.

 

Thermal roughness length - (IZ0TOPT=0,1,2) IBLTYP =2 and 5 have the option of using a different roughness length for heat/moisture than that used for momentum. This is the thermal roughness length. IZ0TOPT=0 is the default (old) scheme, IZ0TOPT=1 is the Garratt formulation, and IZ0TOPT=2 is the Zilitinkevich formulation (used by the Eta model). Changing the thermal roughness length affects the partitioning of sensible and latent heat fluxes, and affects the total flux over water.

 

 

8.3.3 Explicit Moisture Schemes (IMPHYS)

  

1. Dry - No moisture prediction. Zero water vapor.

 

2. Stable Precip - Nonconvective precipitation. Large scale saturation removed and rained out immediately. No rain evaporation or explicit cloud prediction.

 

3. Warm Rain - Cloud and rain water fields predicted explicitly with microphysical processes. No ice phase processes.

 

4. Simple Ice (Dudhia) - Adds ice phase processes to above without adding memory. No supercooled water and immediate melting of snow below freezing level. This also can be run with a look-up table (MPHYSTBL=1) version for efficiency.

 

5. Mixed-Phase (Reisner 1) - Adds supercooled water to above and allows for slow melting of snow. Memory added for cloud ice and snow. No graupel or riming processes. See Reisner et al. (1998) for details. This also can be run with a look-up table (MPHYSTBL=1) version for efficiency. 

 

6. Goddard microphysics - Includes additional equation for prediction of graupel. Suitable for cloud-resolving models. See Lin et al. (JCAM, 1983), Tao et al. (1989, 1993) for details. Scheme was updated for Version 3.5 to include graupel or hail properties.

 

7. Reisner graupel (Reisner 2) - Based on mixed-phase scheme but adding graupel and ice number concentration prediction equations. Also suitable for cloud-resolving models. Scheme was updated significantly between Version 3.4 and 3.5, and again between 3.5 and 3.6. 3.6 also has a capability for calling the scheme less frequently than every time-step, but this is not standard and requires code editing to implement (Web pages will show the procedure).

 

8. Schultz microphysics - A highly efficient and simplified scheme (based on Schultz 1995 with some further changes),

designed for running fast and being easy to tune for real-time forecast systems. It contains ice and graupel/hail processes.
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8.3.4 Radiation Schemes (IFRAD)

0. None - No mean tendency applied to atmospheric temperature, unrealistic in long-term simulations.

 

1. Simple cooling - Atmospheric cooling rate depends just on temperature. No cloud interaction or diurnal cycle.

 

0 or 1. Surface radiation - This is used with the above two options. It provides diurnally varying shortwave and longwave flux at the surface for use in the ground energy budget. These fluxes are calculated based on atmospheric column-integrated water vapor and low/middle/high cloud fraction estimated from relative humidity.

 

2. Cloud-radiation scheme - Sophisticated enough to account for longwave and shortwave interactions with explicit cloud and clear-air. As well as atmospheric temperature tendencies, this provides surface radiation fluxes. May be expensive but little memory requirement.

 

3. CCM2 radiation scheme - Multiple spectral bands in shortwave and longwave, but cloud treated based on either resolved clouds (ICLOUD=1) or RH-derived cloud fraction (ICLOUD=2). Suitable for larger grid scales, and probably more accurate for long time integrations. Also provides radiative fluxes at surface. See Hack et al. (1993) for details. As with other radiation schemes ICLOUD=0 can be used to remove cloud effects on the radiation. Up until Version 3.5, this scheme was only able to interact with RH-derived clouds.

 

4. RRTM longwave scheme - This is combined with the cloud-radiation shortwave scheme when IFRAD=4 is chosen. This longwave scheme is a new highly accurate and efficient method provided by AER Inc. (Mlawer et al. 1997). It is the Rapid Radiative Transfer Model and uses a correlated-k model to represent the effects of the detailed absorption spectrum taking into account water vapor, carbon dioxide and ozone. It is implemented in MM5 to also interact with the model cloud and precipitation fields in a similar way to IFRAD=2.
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8.3.5 Surface Schemes (ISOIL)

  

None - (ITGFLG=3) No ground temperature prediction. Fixed surface temperature, not realistic.

 

0. Force/restore (Blackadar) scheme - Single slab and fixed-temperature substrate. Slab temperature based on energy budget and depth assumed to represent depth of diurnal temperature variation (~ 10-20 cm).

 

1. Five-Layer Soil model - Temperature predicted in 1,2,4,8,16 cm layers (approx.) with fixed substrate below using vertical diffusion equation. Thermal inertia same as force/restore scheme, but vertically resolves diurnal temperature variation allowing for more rapid response of surface temperature. See Dudhia (1996 MM5 workshop abstracts) for details. Cannot be used with Burk-Thompson PBL (IBLTYP=3).

 

2. NOAH Land-Surface Model - [Note: this was the OSU LSM until MM5 Version 3.5, and from 3.6 it is updated and renamed as the NOAH LSM, a unified model between NCAR, NCEP and AFWA].

The land-surface model is capable of predicting soil moisture and temperature in four layers (10, 30, 60 and 100 cm thick), as well as canopy moisture and water-equivalent snow depth. It also outputs surface and underground run-off accumulations. The LSM makes use of vegetation and soil type in handling evapotranspiration, and has effects such as soil conductivity and gravitational flux of moisture. In MM5 it may be called instead of the SLAB model in the MRF and Eta PBL schemes, taking surface-layer exchange coefficients as input along with radiative forcing, and precipitation rate, and outputting the surface fluxes for the PBL scheme. This scheme uses a diagnostic equation to obtain a skin temperature, and the exchange coefficients have to allow for this by use of a suitable molecular diffusivity layer to act as a resistance to heat transfer. See Chen and Dudhia (2001). It also handles sea-ice surfaces. All the aforementioned processes were in the OSU LSM. The NOAH LSM has some modifications, and additional processes to better handle snow cover, predict physical snow depth, and frozen soil effects. In addition to soil moisture, soil water is a separate 4-layer variable, and soil moisture is taken to be the total of soil water and soil ice. Physical snow height is also diagnosed and output. The NOAH LSM can also optionally use satellite-derived climatological albedo, supplied by REGRID, instead of relating albedo to land-use type. See Appendix D for practical guidance on setting up the modeling system to use the LSM.

 

3. Pleim-Xiu Land-Surface Model  This is coupled to the Pleim-Xiu PBL (IBLTYP=7). It is a combined land-surface and PBL model. It represents soil moisture and temperature in two layers (surface layer at 1 cm, and root zone at 1 m) as well as canopy moisture. It handles soil surface, canopy and evapotranspiration moisture fluxes. It also makes use of percentage land-use and soil data from Terrain to aggregatesoil and vegetation properties, rather than using a single dominant type. Soil moisture can be initialized from land-use moisture availability, a soil moisture input grid (as with the OSU LSM), or via nudging using model minus observed surface temperature error to correct soil moisture. The model also has optional plant-growth and leaf-out algorithms making it suitable for long-term simulations. See Xiu and Pleim (2000).

 

 

[image: image4.png]Illustration of Surface Processes

LW/SW
Y

snow Jand
and

constant temperature

substrate (constant’femperature)




 

 

 Bucket Soil Moisture Model - (IMOIAV=1,2) This can be run with ISOIL=0 or 1. It keeps a budget of soil moisture allowing moisture availability to vary with time, particularly in response to rainfall and evaporation rates. The soil moisture can be initialized from land-use type and season (LANDUSE.TBL) as before (IMOIAV=1), or a 10-cm soil moisture input as with the Noah LSM (IMOIAV=2).

 

Snow Cover Model - (IFSNOW=0,1,2) When the LSM is not used this switch determines how snow cover is handled. IFSNOW=0 means snow cover is ignored. IFSNOW=1 uses the input snow-cover (0/1) flag to determine the land-surface properties such as albedo and soil moisture. These stay fixed in the simulation. Since Version 3.5 there is an option (IFSNOW=2) to predict snow cover using an input water-equivalent snow depth. It updates water-equivalent snow depth according to a heat and moisture budget in the SLAB routine, and accumulates snow from the microphysical schemes (currently IMPHYS=4,5, or 7).

 

Polar Mode - (IPOLAR=1) The so-called Polar Mods were developed by the Byrd Polar Research Center at Ohio State Univerisity to better handle Antarctic conditions for forecasting purposes. IPOLAR=1 is a compile-time option, therefore it is in the configure.user file. The use of the Polar Mods has several effects, and should be applied only with ISOIL=1. The main changes are (i) to increase the number of prognostic soil layers from 5 to 7, and (ii) to allow for sea-ice fraction effects on the heat and moisture fluxes and mean ground temperature. Sea-ice fraction can either be diagnosed from sea-surface temperature (IEXSI=1), or read in from a dataset (IEXSI=2). It is also recommended that the Eta PBL is used with this option, as that has been modified to account for ice-surface fluxes. The soil model is modified to account for snow and ice properties for heat conduction. The Polar Mods also slightly modify the Simple Ice and Reisner 1 microphysics schemes to use the Meyers formula for ice number concentration. In release 3.7 teh MRF PBL will also have modifications to work with this option.

 

