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Global	  Cloud	  Resolving	  Model	  Development	  

(Celal	  Konor	  and	  Ross	  Heikes)

UZIM (Unified Z-grid Icosahedral Model)	  development	  
has	  reached	  to	  a	  milestone.	  We	  have	  a	  global	  dynamical	  core	  
(working	  with	  a	  simple	  3-‐D	  ellip@c	  solver)  

Couple	  of	  papers	  are	  ready	  to	  submit	  for	  publica@on	  

The	  mul@grid	  based	  3-‐D	  solver	  needs	  to	  be	  improved	  to	  
perform	  beFer	  (with	  la@tudinally	  varying	  coefficients)

Remaining	  tasks

Unified	  equa@ons	  are	  wriFen	  for	  various	  ver@cal	  coordinates,	  
including	  the	  sigma,	  isentropic	  and	  hybrid	  types

Inclusion	  of	  physics,	  and	  following...
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Ideas	  on	  Inclusion	  of	  Mountains	  into	  
Atmospheric	  Dynamical	  Cores
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Atmospheric	  Dynamical	  Cores

Vector-‐vor@city	  predic@on	  allows	  inclusion	  of	  
steep	  mountains
Ellip@c	  solver	  is	  needed	  to	  remove	  a	  computa@onal	  
mode	  in	  the	  vector-‐vor@city	  predic@on	  on	  an	  
icosahedral	  or	  hexagonal	  grid

Unified system in mind

Vector-‐vorFcity	  dynamical	  core

(UZIM)
(Model	  II, UVIM)

Vor@city-‐divergence	  predic@ng
Vector-‐Vor@city	  predic@ng
All	  on	  icosahedral	  grid
All	  based	  on	  the	  unified	  system



UZIM	  with	  sigma

Development	  DirecFons	  to	  Include	  Mountains

via	  Vor@city-‐divergence
UZIM	  with

block	  mountain
via	  Vor@city-‐divergence

UVIM	  with
block	  mountain
via	  Vector-‐vor@city

UZIM:	  Unified	  Z-‐grid	  Icosahedral	  Model
UVIM:	  Unified	  Vector-‐vor@city	  Icosahedral	  Model 
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Equations of the unified system in various vertical 
coordinates, including sigma, isentropic and hybrid types
are derived 







2D-‐ellip@c	  solvers	  on	  a	  domain	  with	  “islands”	  requires	  special	  
techniques.	  One	  of	  these	  techniques	  will	  be	  discussed	  here	  

Block	  mountains	  form	  “islands”











Advection of Vorticity 
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Diffusion	  is	  maintaining	  the	  stability	  



Diffusion	  is	  eroding	  the	  vor@city	  



Diffusion	  is	  con@nuing	  to	  erode	  the	  vor@city	  



Performance	  of	  ellipFc	  solver	  
with	  more	  island











Concluding	  remarks

Treatment	  of	  mountains	  as	  islands	  is	  discussed	  (for	  our	  
models	  under	  development)	  
A	  robust	  ellip@c	  solver	  applicable	  to	  the	  “island	  problem”	  is	  
successfully	  tested	  
The	  solver	  can	  be	  applied	  to	  as	  many	  islands	  as	  desired	  
including	  single-‐point	  islands

The	  solver	  can	  be	  made	  computa@onally	  scaleable	  by	  
employing	  an	  algebraic	  mul@grid	  method

Three	  development	  direc@ons	  of	  including	  mountains	  in	  our	  
models	  are	  suggested	  



Concluding	  remarks	  (Cont.)
Advec@on	  of	  vor@city	  near	  islands	  appears	  problema@c	  

Inclusion	  of	  mountains	  to	  the	  vector-‐vor@city	  dynamical	  
core	  (on	  the	  icosahedral	  grid)	  can	  be	  considered	  now

Islands	  can	  be	  difficult	  for	  the	  vor@city-‐divergence	  predic@on	  
Semi-‐Lagrangian	  advec@on	  of	  vor@city	  may	  be	  a	  
remedy	  

This	  model	  may	  be	  called	  UVIM (Unified Vector-
Vorticity Icosahedral Model)


