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MPAS: Variable-resolution grids 

 
 

•  MPAS - Model for Prediction Across Scales: A climate modeling 
framework that supports dynamical cores on unstructured Voronoi (SCVT) 
meshes (existing MPAS Atmosphere, Ocean, Land Ice cores) 

•   Allows high resolution in regions of interest, reducing necessary number 
of grid cells by ~10x  
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Slide	  modified	  from	  Mauro	  Perego	  



Slide 4 

Slide	  courtesy	  of	  Mauro	  Perego	  



MPAS-‐Land	  Ice	  Status	  

•  Interface to LifeV (FO, L1L2, Stokes)  
•  Native SIA velocity solver 
•  Forward Euler Time Integration scheme 
•  FO Upwind thickness advection 

–  Margin advance & retreat 
–  Surface Mass Balance 

•  Ability to apply time-varying forcings (SMB, beta, Tsfc, G) 
•  Tools external to MPAS (written in python) 

–  Setup land ice grids on regular planar hex mesh 
–  Ability to setup dome test case,  

copy CISM datasets to MPAS grids 
–  Visualization tools (not many off-the-shelf options) 

•  Performed 2 ice2sea Greenland SLR experiments (3 publications) 



MPAS-ICE 
(FELIX) 

CISM 
(SEACISM) 

5km	  Greenland,	  DiagnosHc	  Velocity	  
Run	  successfully	  on	  up	  to	  2048	  procs,	  Hmings	  comparable	  to	  CISM	  -‐	  CISM	  is	  doing	  more	  work	  (e.g.	  
temperature	  solve),	  but	  most	  of	  the	  cost	  is	  the	  velocity	  solve,	  so	  encouraging.	  



CISM	  =	  solid	  lines	  
MPAS	  =	  dashed	  lines	  

Greenland	  Ice	  Sheet	  sea	  level	  rise	  	  
ice2sea	  basal	  lubrica9on	  experiments	  



Ice-‐Ocean	  Processes	  

Joughin	  et	  al.	  2012	  



"   Ice-‐shelf	  melt/freezing	  
drives	  an	  overturning	  
circulaHon:	  
Melt	  water	  is	  colder	  but	  
less	  salty	  than	  ocean	  
water	  

"  Coriolis	  force	  induces	  
counterclockwise	  flow:	  
Inflow	  in	  the	  west,	  
ou]low	  in	  the	  east	  

sea	  ice	  

grounding line"

melting	  

neutrally	  buoyant	  

dense,	  s
alty	  

freezing	  

ice	  shelf	  

heat	  

Ice-‐shelf	  Processes	  
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Land	  Ice	  Model	  features	  needed	  for	  
ice	  shelf	  simulaHons	  

•  Ice	  shelf	  basal	  (free-‐slip)	  and	  lateral	  (hydrostaHc	  
pressure)	  boundary	  condiHons	  

•  Advance	  of	  floaHng	  ice	  
•  Calving	  ‘laws’	  
•  Basal	  Mass	  Balance	  
•  Grounding	  line	  migraHon	  (floataHon,	  subgrid)	  

•  Subglacial	  discharge	  
•  Tracer	  advecHon	  (FO,	  FCT,	  verHcal	  temperature	  
diffusion)	  



Sub-‐grid	  parameterizaHon	  of	  ice	  shelf	  advance	  (Albrecht,	  et	  al.	  2011)	  

Advance	  of	  floaHng	  ice	  
	  



•  Ocean	  kill	  
•  Constant	  calving	  front	  posiHon	  (vcalving	  =	  vfront)	  
•  Specified	  calving	  flux	  
•  CriHcal	  ocean	  depth	  
•  CriHcal	  thickness	  
•  Crevasse	  depth	  =	  water	  line;	  	  f(H,	  Rxx)	  	  (Nick	  et	  al.	  2010)	  
•  Eigencalving;	  f(ε)	  (Levermann	  et	  al.	  2010)	  
•  Damage	  (Borstad	  et	  al.	  2012)	  
	  
Note:	  most	  of	  these	  require	  physically	  realisHc	  marine	  
advance.	  

Calving	  “Laws”	  



CriHcal	  thickness	  calving	  law	  
	  (with	  sub-‐grid	  parameterizaHon	  of	  ice	  shelf	  advance)	  

Bed	  

Sea	  level	  

Calving	  
depth	  



CriHcal	  thickness	  calving	  law	  
	  (with	  sub-‐grid	  parameterizaHon	  of	  ice	  shelf	  advance)	  



Basal	  Mass	  Balance	  
•  Source	  term	  in	  thickness	  evoluHon	  
•  Todo:	  

– Couple	  to	  ocean	  model	  
– Parameterize	  f(bed	  slope)	  (Li<le	  et	  al.	  2012)	  



Ocean	  Model	  features	  needed	  for	  ice	  
shelf	  simulaHons	  

•  Sub-‐shelf	  circulaHon	  	  
– Ocean	  surface	  is	  not	  sea	  level	  
–  VerHcal	  walls	  
–  Changing	  upper	  surface	  elevaHon	  

•  Mass	  and	  tracer	  fluxes	  at	  ice-‐ocean	  interface	  
•  Boundary-‐layer	  physics	  (working	  in	  POP)	  
•  Sea	  ice	  model	  (in	  early	  stages	  of	  development)	  

•  Coupling	  to	  Land	  Ice	  Model	  



MPAS-‐Ocean	  Horizontally	  Unstructured	  Grids	  

Variable	  resoluHon:	  	  
120	  km	  to	  30km	  in	  	  
Southern	  Ocean	  

Slide	  courtesy	  of	  
Mark	  Petersen	  
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MPAS-‐Ocean:	  Ice	  Shelf	  Above	  Ocean	  Surface	  
•  Test	  domain:	  Baroclinic	  eddies	  test	  case	  

from	  Ilicak	  et	  al.	  2012.	  	  	  1km	  grid,	  20	  50m	  
layers,	  zonally	  periodic	  

N	  

E	  

surface	   surface	  

cross-‐sec9on	  

Slide	  courtesy	  of	  Mark	  Petersen	  
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n  Apply	  surface	  pressure,	  increasing	  in	  Hme,	  to	  southern	  porHon.	  

n  VerHcal	  coordinate	  is	  z-‐star,	  so	  all	  layers	  compress	  proporHonally.	  

n  This	  is	  meant	  as	  a	  proof	  of	  concept	  to	  test	  robustness	  of	  the	  verHcal	  coordinate,	  
and	  not	  as	  a	  realisHc	  land	  ice	  test.	  

surface	   surface	  

cross-‐sec9on	  

apply	  surface	  pressure	  

MPAS-‐Ocean:	  Ice	  Shelf	  Above	  Ocean	  Surface	  

Slide	  courtesy	  of	  Mark	  Petersen	  
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image	  from	  Joughin	  ea.	  Science,	  2012	  

n  Apply	  surface	  pressure,	  increasing	  in	  Hme,	  to	  southern	  porHon.	  

n  VerHcal	  coordinate	  is	  z-‐star,	  so	  all	  layers	  compress	  proporHonally.	  

n  This	  is	  meant	  as	  a	  proof	  of	  concept	  to	  test	  robustness	  of	  the	  verHcal	  coordinate,	  
and	  not	  as	  a	  realisHc	  land	  ice	  test.	  

MPAS-‐Ocean:	  Ice	  Shelf	  Above	  Ocean	  Surface	  

Slide	  courtesy	  of	  Mark	  Petersen	  
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n  Surface	  pressure	  applied	  to	  southern	  
150km,	  constant	  in	  Hme.	  

n  Baroclinic	  instability	  in	  northern	  porHon.	  

N	  

E	  

surface	   surface	  

cross-‐sec9on	  

Slide	  courtesy	  of	  Mark	  Petersen	  
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n  Surface	  pressure	  applied	  to	  southern	  150km,	  constant	  in	  Hme.	  

n  Baroclinic	  instability	  in	  northern	  porHon.	  



Boundary	  Layer	  Physics	  
heat,	  salt,	  momentum	  and	  mass	  transport	  

•  Very	  few	  observaHons	  
under	  ice	  shelves:	  

•  So,	  using	  boundary	  
layer	  theory	  validated	  
under	  sea	  ice	  
(McPhee	  2008)	  

•  Includes	  stabilizing	  
effect	  of	  stra9fica9on,	  
very	  important	  for	  
rapid	  melHng	  	  

ice	  shelf	  

ocean	  fl
ow	  

ice	  sheet	  

x	  

z	  

~100	  km	  

~1	  km	  

outer	  layer	  

surface	  layer	  

Ice	  

Ocean	   ~70m	  

~4m	  

molec.	  layer	   ~mm	  

~100	  m	  
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•  Requires:	  
–  far	  field	  ocean	  temp.,	  
velocity,	  salinity	  

–  interior	  ice	  temperature	  
– 2	  parameters	  (z0,	  C)	  

•  Gives	  at	  interface:	  
– heat	  flux	  
– salt	  flux	  
– momentum	  flux	  
– mass	  flux	  

ice	  shelf	  

ocean	  fl
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Boundary	  Layer	  Physics	  
heat,	  salt,	  momentum	  and	  mass	  transport	  



Coupling	  Land	  Ice/Ocean	  Models	  

Ice	  shelf	  thickness	  
Basal	  ice	  

temperature	  

Sea	  ‘surface’	  
temperature	  

Ocean	  surface	  pressure	   Mass,	  heat,	  salinity	  fluxes	  
Boundary	  
Layer	  
Physics	  

Ice	  
Sheet	  

Coupler	  

Ocean	  

BM
B	  

BH
F	  



Ice	  sheet	  dt=~0.1	  yr	  

Ocean	  dt=~1	  hr	  

Ice	  Sheet	  

Coupler	  

Ocean	  

Coupling	  Land	  Ice/Ocean	  Models	  

Long-‐term:	  CESM	  

Near-‐term:	  Python-‐based	  coupling	  using	  MPAS’	  restart	  capability	  
	   	   	  	  	  Run	  Ice	  Sheet	  and	  Ocean	  on	  same	  MPAS	  grid.	  



Future	  work	  priori9es	  

•  More	  realisHc	  calving	  laws	  (e.g.	  crevasse	  
penetraHon	  depth)	  

•  Subgrid	  grounding	  line	  migraHon	  

•  Build	  coupler,	  add	  boundary	  layer	  physics	  

•  Variable	  resoluHon	  planar,	  spherical	  hex	  
meshes	  

•  Finish	  temperature	  implementaHon	  (verHcal	  
diffusion)	  

•  MPAS	  trunk	  merge	  (get	  PIO,	  mulHple	  blocks;	  
“get	  in	  the	  game”)	  





CISM	  
ensemble	  mean	  
ensemble	  bounds	  

0	   50	   100	  yrs	  
0	  

55	  

110	  

165	  

years	  from	  present	  day	  

cu
m
ul
aH

ve
	  se

a-‐
le
ve
l	  r
ise

	  (m
m
)	   SeaRISE:	  A1B	  SMB	  +	  2x	  Sliding	   Pfeffer	  et	  al	  (2008):	  

GIS	  “Low	  1”	  
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ice2sea:	  A1B	  SMB	  +	  Sliding=f(runoff)	  
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Greenland	  Model	  Results	  


