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          PROLOGUE: 

          Models Matter! 

Breezy Point New York, morning after Hurricane Sandy.  No fatalities. 
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Wednesday, October 24:  ESRL’s FIM predicts 948 mb low into northern New Jersey. 3 
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Some Examples of Global Icosahedral Models 

Model  -  Origin -  Nonhydro - Arak Grid -    GPU?    -  Vertical -           FV or FF 
 
FIM            ESRL             No                A                 Yes         Isentropic               FV 
 
ICON         DWD            Yes                C           Unknown      Sigma Z                  FF 
 
MPAS        NCAR           Yes                C                  Yes          Sigma Z                   FF   
 
NICAM   JAMSTEC       Yes                A            Unknown     Sigma P,Z               FV 
 
NIM           ESRL             Yes               A                  Yes           Sigma Z                 FV 

                          



2001:  ESRL 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 5 



Flow-following-  
 finite-volume     
Icosahedral  
Model   FIM 

X-section location 

Temp at lowest level 

http://fim.noaa.gov 
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     ESRL’s Nonhydrostatic Icosahedral Model (NIM) 

Lead Developer:  Jin Luen Lee 
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Important Design Considerations for Global Models 
 
• Numerical accuracy over space and time. 

 
• Uniformity and isotropy of grid formulation. 

 
• Conservation of tracers, dynamic variables, and entropy. 

 
• Cloud permitting (nonhydrostatic, < 4 km resolution). 

 
• Energy and enstrophy cascades and effective resolution. 

 
• Amenability to advanced high performance computers. 
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Matsuno’s groundbreaking analysis of tropical waves showed . . . . 
That tropical storms and extended predictions depend on getting the tropics right.  
Icosahedral models have excellent properties for the tropics. 



200 hPa wind RMS vector error forecasts for 0-10-day 
forecasts  - FIM / GFS 
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Equatorial Waves 

Wavenumber-Frequency Spectral Analysis 

 
 

• Decompose into Symmetric and Antisymmetric Fields about 
the Equator 

 

 

Matsuno, 1967.  Grid properties and convection crucial. 

Symmetric                                                            Antisymmetric 



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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OLR Hovmoller showing MJO simulation 

NICAM dx=3.5 km 
(Non-hydrostatic ICosahedral Atmospheric Model) 

Courtesy of Prof. Satoh (Science, Dec. 7, 2007) 



Atmospheric Kelvin Wave/MJO propagates 
across the American Tropics (blue line). 
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                 Observed  
Outgoing Longwave Radiation 
 
 
 

          FIM – Grell Physics 
Outgoing Longwave Radiation 



from 

Wheeler and Kiladis, 1999 

OLR power spectrum, 1979–2001 (Antisymmetric) 

Mixed Rossby-

Gravity 

Eastward Inertio-

Gravity 
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TC track error - 2013 hurricanes –  
 Atlantic and E. Pacific basins combined 
(Smaller is better) 
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Conservation of  
entropy was a 
guiding principle 
in our model 
design effort. 
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        NIM Strategy for Entropy Conservation 
 
• 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). 
 

 

23 



24 

Important Design Considerations for Global Models 
 
• Numerical accuracy over space and time. 

 
• Uniformity and isotropy of grid formulation. 

 
• Conservation of tracers, dynamic variables, and entropy. 

 
• Cloud permitting (nonhydrostatic, < 4 km resolution) 

 
• Energy and enstrophy cascades and effective resolution. 

 
• Amenability to advanced high performance computers. 

 
 
 



Observed Radar                           Model   
     Prediction 

High Resolution Rapid Refresh Model run on ESRL Supercomputer 25 

Interlude:  Importance of cloud-resolving nonhydrostatic models. 



Global satellite analysis key tocloud and precip initialization. 

  Soumi NPP visible image at midnight! 
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A Multiscale Nonhydrostatic Atmospheric Model Using Centroidal Voronoi 
Tesselations and C-Grid Staggering 
WILLIAM C. SKAMAROCK, JOSEPH B. KLEMP, MICHAEL G. DUDA, LAURA D. 
FOWLER, 
AND SANG-HUN PARK 
National Center for Atmospheric Research,* Boulder, Colorado 
TODD D. RINGLER 
Los Alamos National Laboratory, Los Alamos, New Mexico 
(Manuscript received 17 August 2011, in final form 6 March 2012) 

NCAR’s MPAS 
model 
demonstrates 
realistic 
supercell 
simulation. 
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NIM Test, per Skamarock:  No divergence damping, high effective resolution. 
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31 NIM has been developed to run on MPFG – benchmarking  4X  performance gain. 



32 
NIM goal is 3.5 km global weather model running in 2% of realtime in 2016. 
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Real Weather: 
ESRL’s FIM  for the 
case of October 
21, 2010. 
 
Downstream 
energy generated 
the deepest low 
ever recorded in 
the US northern 
plains. 
 
Displayed on ESRL’s 
NOAA Earth 
Information 
System. 


