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          PROLOGUE: 

          Models Matter! 

Breezy Point New York, morning after Hurricane Sandy.  No fatalities. 
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                Characteristics of Models 
 

Universality:  Making models more comprehensive to 

more closely adhere to the physical processes. 

 

 

 

 

Realism:  The degree to which models correspond to 

observations extended over time and space. 

 

 

 

 
 

 

 

MacDonald, BAMS, Dec. 2005, p. 1759. 
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Universality 

The new generation of global models are fully compressible, and fully non-hydrostatic. 

NIM Model Equations 
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Realism 

The models correspond to observations.  (Image:  Soumi NPP visible image at midnight!) 
5 



2001:  We began design of a new generation of global models. 

Initial Design:  Alexander MacDonald and Jin Luen Lee. 
Key decision:  Icosahedral grid point model, finite volume (D Randall, SJ Lin) 
Key Innovation:  Method for coding on irregular grids – MacDonald et al 6 



Professor 
Johnson’s work 
on entropy was 
a guiding 
principle in our 
model design 
effort. 
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One way to be Don Johnson Compliant:  Use isentropic coordinates! 

Rainer Bleck, a third designer, was brought in for ALE aspect of model. 
8 



Flow-following-  
 finite-volume     
Icosahedral  
Model   FIM 

X-section location 

Temp at lowest level 

http://fim.noaa.gov 
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Wednesday, October 24:  ESRL’s FIM predicts 948 mb low into northern New Jersey. 10 



TC track error - 2013 hurricanes –  
 Atlantic and E. Pacific basins combined 
(Smaller is better) 
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Equatorial Waves 

Wavenumber-Frequency Spectral Analysis 

 
 

• Decompose into Symmetric and Antisymmetric Fields about 
the Equator 

 

 

Matsuno, 1967.  Could we make the FIM Matsuno Compliant? 



Atmospheric Kelvin Wave/MJO propagates 
across the American Tropics (blue line). 

13 
Our thanks to George Kiladis of ESRL for this analysis. 



from 
Wheeler and Kiladis, 1999 

Kelvin 

Westward Inertio-
Gravity 

Equatorial Rossby 

Madden-Julian 
Oscillation 

OLR total/background power spectrum, 15ºS-15ºN, 1983–2005 (Symmetric) 
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                 Observed  
Outgoing Longwave Radiation 
 
 
 

          FIM – Grell Physics 
Outgoing Longwave Radiation 



Nonhydrostatic 

Icosahedral  

Model 

Jin-Luen Lee 

Alexander E. MacDonald 

Jaques Middlecoff 

Esther Kim  and others 
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Global Nonhydrostatic models: NIM (ESRL), Cube Sphere (GFDL, 
NASA), NMM B (NCEP), MPAS (NCAR) 
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Observed Radar                           Model   
     Prediction 

High Resolution Rapid Refresh Model run at ESRL . 17 



        NIM Strategy for Don Johnson Compliance 
 
• Use of exact same (divergent) equation form for all 

variables participating in Reversible Isentropic Processes 
     (Pressure, potential temperature, and water vapor). 
 
• No diffusion for thermodynamic variables. 

 
• Finite volume formulation with fixed control volumes. 
 
• Full three dimensional advection (Gauss divergence 

theorem on the control volume). 
 

• High resolution in the vertical (192 levels). 
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Bill Skamarock Compliant:  No divergence damping, high effective resolution. 
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32 Levels 96 Levels 

T Tendency from physics (K/6hr) 

NIM will have 192 layers to resolve thin cloud layers, like western ocean stratus. 



Courtesy – Lance Bosart, SUNYA 









21 Oct 2010/00z FIM9 run: loop of Potential Temperature on PV=2 surface. 

Comments:  



Conclusion:  Models get better, and save human 

lives, because immensely talented people like Don 

Johnson show us the way forward. 

Breezy Point New York, morning after Hurricane Sandy.  No fatalities. 
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Questions . . . . 
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