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Presenter
Presentation Notes
This material is largely from NMM which was replaced by NMM-B on 18 October 2011.  Some updates are included based on the meted website on ‘Operational Models Encyclopedia’ google doc.



Sources: 
• Borrowed heavily from these 

NCEP documents. 
• http://www.mmm.ucar.edu/wrf/

users/tutorial/200807/NMM_Dy
namics_jul2008_FINAL.pdf  

• http://www.mmm.ucar.edu/w
rf/users/tutorial/200807/tut_
dyn_arw_200807.pdf  

• Meted ‘Operational Models 
Encyclopedia’ google doc on 
NAMB (2017) 



Outline 
• Basic principles 
• Hybrid vertical coordinates σ & P 
• Equations in terrain-following σ 

coordinates 
• Boundary conditions 
• Numerics 
• Staggered grid 
• Integration sequence 
• Map projection 
• NAM domain 
• Resolution & topography 
• Summary 

 
 
 
 



Basic Principles 

• > 



Vertical Coordinates 

• > 



Hybrid Vertical Coordinate 

• > 



Vertical Coordinate 
• NAMB has ptsgm at 300 hPa 



Vertical Coordinate 

• > 

Presenter
Presentation Notes
I *think* that PD is a pressure difference from the interface to bottom, it is the eta2 that varies with the sigma level to find the pressure p along that sigma surface. So, PD depends in part on surface pressure and thus is a prognostic variable making surface pressure is diagnostic from PD.  P = what is on the LHS of the plot.



Vertical Coordinate 
• Continuity Eqn: 

Presenter
Presentation Notes
Have matching between sigma dot used in the sigma range for vert motion and omega used in the isobaric coord portion.  PD varies, but in a simple proportional way to surface pressure. Can only use one, PD is chosen. 



Vertical Coordinate 
• Pressure gradient can cause large 

accelerations near topography in 
terrain following coordinates, 
especially at high elevations. 

• Hybrid with boundary at about 400mb 
(~7km) can reduce that spurious 
acceleration. (Notice smaller winds 
(left figs) and smoother potential 
temps. (right figs) 



Terrain-
following 

Eqns 

• > 

Presenter
Presentation Notes
Mu is function of pi.7 (scalar) eqns, 7 Unknowns: u,v,   T, p (or PD), sigma-dot, Phi, wNote that surface pressure mu is obtained from PD which contributes to p here.



Terrain-
following 

Eqns 

• > 



Flux Form 
• Express 

advective terms 
with implicit use 
of continuity 
eqn. for better 
numerical 
treatment. 

 

Presenter
Presentation Notes
I guess they did not want to write the ‘y direction’ terms for simplicity here. 2-D refers to x and vertical coord.Capital omega like a vertical motion (not planetary rotation)



Boundary Conditions 
• Vertical motion (in the σ coordinate frame) vanishes at 

top and bottom of atmosphere 
• Non-hydrostatic difference disappears at the top, is 

constant with σ at the bottom. 



Model Variables 

• > 

Presenter
Presentation Notes
this Q is qv in other equations shown earlier.The PD is that depth of the total atmosphere, split into upper and lower parts and equal to what was the Greek letter pi elsewhere here. It is what defines the coordinate levels.PINT is the p elsewhere, the nonhydrostatic pressure



Numerics (semi-implicit) 

• > 

Presenter
Presentation Notes
TKE is that Q2 variable from the prior slide



Numerics 

• > 

Presenter
Presentation Notes
Backwards implicit for vert advect (incl sound waves) tau+1 time level unknown, put on LHSA-B scheme overestimate with negative correction. Adds computation diffusion to smooth things.



Numerics 
• . 

Presenter
Presentation Notes
The other schemes can develop <0 values, even for stuff that can’t be <0. So TKE, moisture can’t be <0 so a conserving scheme used. Not sure which type this is, could be like a semi-Lagrangian.Upstream difference preserves phase speed well, but looses amplitude of advected quantity (here TKE)Not sure what the fast adjustment does, but presumably this is a geostrophic adjustment of the u to match the wind after h at new time level is calculated.



Numerics 
• Time step (dt) 

proportional to 
time that fastest 
mode treated 
explicitly can 
traverse the grid 
interval (dx) 
 

• So, acoustic 
waves or certain 
gravity waves 
can limit the dt 
 

• dt ~ 30-50s for 
12km dx 

Presenter
Presentation Notes
Formula lower right dt < 72 sec.Passive advection in part because using smaller time steps for acoustic-wave related terms



Numerics 
• (ARW is a variation on WRF) 

Presenter
Presentation Notes
Time step is iterative by splitting the time step.R is the stuff on the RHS that is treated explicitly2 intermediate values used before reaching the next time step: t+dt level. Star and star-star not stored after use. ** is in middle of time interval dt, so final eqn looks like a centered difference in time. This scheme has slight amplification. 



Numerics 
• (ARW is a variation on WRF) 
• Various filters are used to control high frequency and unrealistic oscillations. 
• 4 of examples shown (there are other numerical filters) 

Presenter
Presentation Notes
Rayleigh damping – pulls variable back to a mean state (overbar) at a rate r.2nd order horiz mixing – uses multiple derivatives to preferentially reduce amplitude of smaller scale or higher freq components present



Numerics 
• (ARW is a variation on WRF) 
• Numerical advection is not perfect. 

Some variables (like moisture) can 
develop unrealistic negative values. 

• Renormalization tries to remove those 
spurious values  



Vertical Coordinate 
• Continuity Eqn: 



Vertical 
Coordinate 

• NAMB vs NMM: 
• Still 60 layers, but 

spacing changed 
• Thinner layers in: 

– Stratosphere 
• Thicker in mid-

upper troposphere 
• Pressure alone 

above 300 hPa 

Presenter
Presentation Notes
Fewer layers in mid to upper troposphere so that:Increased stratospheric resolution to improve data assimilation of satellite radiancesGood PBL resolution retainedP coordinates change over is now higher than before.



Horizontal Staggered Grid 
• NAMB: Arakawa ‘B’ grid 

Presenter
Presentation Notes
T and q are offset from winds



Staggered Grid 
• . 

Arakawa ‘E’ grid 



Staggered Grid 
• Derivative in advection and divergence 

operator is average of several combinations 
of differencing options. 

• Averaging operators can result in scheme 
that conserves things that should be 
conserved  



Boundary Conditions 
(BCs) 

• GFS forecast (starting 6 
hrs prior) provides 
boundary conditions for 
this limited area model. 

• Linear in time and bi-
linear in space transition 
from specified GFS 
outermost and NAMB 
predicted innermost grid 
values 

• Additional nesting to 
inner layers in NAM use 
the NAM values but is 
one-way: inner affected 
by outer, but outer not 
affected by inner grid. 

• Grid interval change by 
factor of 3 is typical. 



Vertical BCs 

• Top of atmosphere 
is rigid lid. 

• Surface BCs are 
dynamical and 
based on time-
varying processes 
largely handled in 
parameterization 
schemes (covered 
in another 
presentation) 



Integration 
Sequence 

• Fourier filtering (to remove small 
scales and high frequencies) 
also done at each stage of the 
acoustic loop and once again. 



Integration 
Sequence 
• > 



Map 
Projection 
• Rotate lat. 

& long. 



Map 
Projection 

• Map factors 
(mx, my) map 
spherical earth 
to model’s 
rectangular grid 

• All eqns. have 
these factors in 
them 
 

• (Pole needs 
special care) 



NAM Domains 
• Extended 

domains 
include 
Alaska, 
Hawaii, 
Puerto Rico. 

• Typical plots 
just over 
CONUS 

• Higher 
resolution for 
special cases 

Presenter
Presentation Notes
Higher resolution for fire weather in southern California area on this particular map – that region can be moved around to suit the situation.



NAM topography 
• Elevations in m for grid interval of 12 km (Eta topography) 



NAMB  
topography 

• Elevations in m  
• 12 km grid interval  
• Resolves 75 to 100 

km in scale (6-8 
grid pts) 

• Cannot resolve: 
– Individual 

convective cells or 
clusters of cells 

– Lake breeze 
circulations 

– Mountain valley 
circulations 

– Sea breezes 
– Outflow boundaries 



NAMB Dynamics Summary 

• Nothing said yet about physics parameterization schemes! 

Updated again: NMM  NAMB in 2011 

Presenter
Presentation Notes
New limited area model: NAM-B replaced NMM on 18 October 2011. The dynamical core is pretty similar, though.
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