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MOTIVATION	
  
Earlier	
  studies	
  in	
  single-­‐column	
  ice-­‐ocean	
  models	
  showed	
  that	
  resolving	
  high	
  
spa<al	
  variability	
  in	
  ice-­‐ocean	
  brine	
  exchange	
  has	
  important	
  effects	
  on	
  ocean	
  
mixing	
  and	
  resul<ng	
  sea-­‐ice	
  mass	
  budgets.	
  

Exis<ng	
  climate	
  models	
  do	
  not	
  fully	
  resolve	
  these	
  ice-­‐ocean	
  exchanges.	
  	
  

CPT	
  focuses	
  on	
  improving	
  the	
  ocean	
  model	
  representa<on	
  of	
  processes	
  
associated	
  with	
  high	
  spa<al	
  heterogeneity	
  in	
  sea-­‐ice	
  by	
  implemen<ng	
  mul<-­‐
column	
  ocean	
  grid	
  (MCOG)	
  in	
  climate	
  models.	
  Goals	
  include	
  beVer	
  climate	
  
model	
  simula<ons	
  via	
  improved	
  upper-­‐ocean	
  mixing	
  and	
  improved	
  
simula<ons	
  of	
  biogeochemical	
  tracers	
  involving	
  ice-­‐ocean	
  fluxes.	
  This	
  will	
  also	
  
set	
  the	
  stage	
  for	
  more	
  realis<c	
  ecosystem	
  models	
  in	
  regions	
  affected	
  by	
  sea-­‐
ice.	
  



models. In the first of these, referred to as SOC, a single
ocean column is present and one mixed layer calculation is
performed. This uses the traditional climate modeling
method of coupling in which fluxes are aggregated over
the ice thickness and open water categories and a single
value is provided to the ocean mixed layer for each flux
component (e.g., heat, water, and momentum). In the
second configuration, referred to as MOC, multiple ocean
columns are present. Ocean mixed layer calculations are
performed under each ice type and local ice/ocean fluxes are
provided. It is assumed that the top grid point in the lead
ocean column is at the same depth as the first under ice grid
point. The under ice columns are laterally mixed every
timestep, and the ice and lead columns are laterally mixed
every N timesteps, where the typical timestep used is thirty
minutes. In the standard simulations, N is equal to 12,
resulting in mixing every 6 hours. The sensitivity to this
value of N was tested and found to be considerable for this
configuration. However, for the third model configuration,
described below, the sensitivity was minimal. In the third
model configuration, ocean mixed layer calculations are
again performed under each ice type using local fluxes.
However, in contrast to method two, the surface of the lead
is embedded within the ice cover. Thus when lateral oceanic
mixing is performed, the lead surface is isolated from the
surrounding under-ice columns. This configuration is
referred to as MOCE (Multiple Ocean Columns Embedded
leads). In the standard MOCE runs, the uppermost three
model levels (3 m) of the lead are ‘‘embedded’’ within the
ice cover. This was chosen as a layer that would potentially
be influenced by the ice cover. The model results are
relatively insensitive to this parameter value as long as
two or more model levels are in the protected portion of the
lead. The mean ice thickness remains above 2 m and the
fraction of ice thicker than 2.5 m ranges from 37% to 24%
over the course of the integration. This suggests that
‘‘embedding’’ the uppermost three model levels of the lead
within the ice cover is reasonable for this integration.
[12] The model is run with a 30 min timestep and 1 m

resolution. The ocean model extends to 150 m depth, and
the conditions are fixed at the bottom of the ocean column.
The initial ocean conditions are obtained from the SHEBA
under-ice CTD and lead profiles. Because the lead profiles
only extend to 15 m depth, the conditions below this depth
are set equal to those under the ice. There is no thickness
distribution information available from SHEBA for the time
period of this case study. Thus the sea ice initial conditions
are obtained from a longer single column model integration
which was run for the SHEBA year, forced with SHEBA
observations, and initialized with SCICEX ice thickness

Figure 1. A schematic of the three different model
configurations used in this study. In the SOC configuration
a single ocean mixed layer calculation is performed. For the
MOC and MOCE configurations, multiple ocean columns
are represented and an ocean mixed layer calculation is
performed for each ice type. The MOC and MOCE cases
differ in that the MOCE case explicitly represents the lead
surface which is embedded within the ice cover.

Table 1. Description of the Model Configurations Used in the
Study

Name Description

SOC Single ocean column with one mixed layer calculation using
fluxes aggregated over the ice thickness distribution

MOC Multiple ocean columns simulated under each ice and open
water type. Assumed that the lead and under-ice surface
ocean are at the same depth.

MOCE Same as MOC except the lead surface is embedded within the
ice cover.
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To	
  allow	
  high	
  spa<al	
  heterogeneity	
  in	
  sea-­‐ice	
  to	
  influence	
  ocean	
  mixing	
  and	
  
under-­‐ice	
  biogeochemistry,	
  a	
  mul<-­‐column	
  ocean	
  grid	
  has	
  been	
  implemented	
  
in	
  the	
  Community	
  Earth	
  System	
  Model	
  (CESM):	
  

•  Sub-­‐gridscale	
  ice	
  category	
  dependent	
  fluxes	
  are	
  sent	
  to	
  ocean	
  model	
  

•  Ver<cal	
  mixing	
  is	
  performed	
  separately	
  for	
  each	
  sub-­‐gridscale	
  ocean	
  
column	
  	
  	
  

Standard	
  Integra<ons	
   MCOG	
  Integra<ons	
  



MCOG	
  Influence	
  in	
  Coupled	
  Simula<ons	
  

Physical	
  Climate	
  Condi<ons	
  

Modifies	
  the	
  ocean	
  boundary	
  
layer	
  depth	
  primarily	
  along	
  the	
  
Antarc<c	
  coast	
  

Smaller	
  impacts	
  in	
  the	
  Arc<c	
  
region	
  



Mul<-­‐column	
  treatment	
  improves	
  accuracy	
  of	
  	
  
photosynthesis	
  calcula<on	
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MOTIVATION	
  
The	
  overall	
  goal	
  of	
  this	
  CPT	
  is	
  to	
  refine,	
  develop,	
  and	
  implement	
  
dynamically	
  appropriate	
  parameteriza<ons	
  for	
  diapycnal	
  mixing	
  due	
  
to	
  internal-­‐wave	
  breaking	
  for	
  use	
  in	
  global	
  climate	
  models.	
  In	
  the	
  
ocean	
  interior,	
  the	
  internal	
  wave	
  field	
  is	
  largely	
  responsible	
  for	
  
connec<ng	
  the	
  forcing	
  scales	
  of	
  the	
  circula<on	
  to	
  the	
  dissipa<ve	
  
scale	
  of	
  turbulence.	
  In	
  par<cular,	
  internal-­‐wave-­‐induced	
  mixing	
  
drives	
  the	
  diaba<c	
  evolu<on	
  of	
  the	
  ocean's	
  stra<fica<on	
  on	
  the	
  very	
  
<me	
  scales	
  of	
  central	
  interest	
  to	
  the	
  climate	
  predic<on	
  problem.	
  

Our	
  task:	
  Use	
  what	
  we	
  collec<vely	
  know	
  about	
  internal	
  wave	
  physics	
  
to	
  develop	
  dynamic	
  parameteriza<ons	
  of	
  diapycnal	
  mixing	
  that	
  
captures	
  global	
  paVerns	
  and	
  can	
  evolve	
  in	
  a	
  changing	
  climate.	
  	
  

Implementa<on	
  of	
  such	
  parameteriza<ons	
  and	
  assessing	
  their	
  
climate	
  impacts	
  in	
  GCMs	
  are	
  among	
  the	
  final	
  goals	
  –	
  as	
  in	
  the	
  other	
  
CPTs.	
  



How	
  much	
  diapycnal	
  mixing	
  do	
  we	
  have?	
  

Waterhouse	
  et	
  al.	
  (2014,	
  JPO,	
  in	
  press)	
  

Average	
  diffusivity,	
  upper	
  1	
  km:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  0.3	
  x	
  10-­‐4	
  m2/s	
  [0.1-­‐0.4]	
  	
  

Average	
  diffusivity,	
  1	
  km-­‐boVom:	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  2.3	
  x	
  10-­‐4	
  m2/s	
  [0.4-­‐3.8]	
  

One	
  of	
  the	
  first	
  CPT	
  goals	
  was	
  to	
  compile	
  all	
  available	
  
microstructure	
  measurements	
  of	
  mixing	
  from	
  the	
  last	
  three	
  
decades.	
  Though	
  the	
  number	
  of	
  full-­‐depth	
  profiles	
  is	
  limited,	
  
they	
  do	
  not	
  appear	
  to	
  be	
  unduly	
  biased	
  towards	
  par<cularly	
  
quiet	
  or	
  energe<c	
  seasons.	
  

The	
  observa<onally-­‐based	
  es<mates	
  of	
  diffusivity	
  values	
  are	
  
OF	
  THE	
  SAME	
  order	
  as	
  that	
  required	
  to	
  power	
  the	
  MOC	
  and	
  
drive	
  observed	
  water	
  mass	
  transforma<on	
  rates.	
  

(Lumpkin	
  and	
  Speer	
  07)	
  



Internal-­‐<de	
  driven	
  mixing	
  

Turbulence	
  is	
  elevated	
  above	
  rough	
  topography,	
  where	
  internal	
  <des	
  are	
  generated	
  (and	
  where	
  some	
  of	
  them	
  
break).	
  A	
  parameteriza<on	
  of	
  the	
  “nearfield”	
  (=	
  local)	
  part	
  of	
  this	
  turbulence	
  has	
  been	
  implemented	
  and	
  tested	
  
at	
  GFDL	
  –	
  also	
  implemented	
  at	
  NCAR	
  (Polzin	
  09,	
  Melet	
  et	
  al.	
  13).	
  Produces	
  modest	
  changes	
  in	
  deep	
  and	
  abyssal	
  
circula<on.	
  	
  	
  

Some	
  of	
  this	
  propaga<ng	
  low-­‐mode	
  energy	
  is	
  dissipated	
  by	
  i)	
  scaVering	
  off	
  further	
  rough	
  topography	
  
along	
  it’s	
  path,	
  or	
  ii)	
  nonlinear	
  processes	
  like	
  PSI	
  (Ansong	
  et	
  al	
  14).	
  	
  However	
  up	
  to	
  30%	
  of	
  that	
  energy	
  
may	
  reach	
  con<nental	
  margins	
  and	
  dissipate	
  there.	
  Idealized	
  GCM	
  runs	
  (ESM2G,	
  1000	
  yrs,	
  pre-­‐industrial)	
  
show	
  large	
  changes	
  to	
  zonal	
  averaged	
  ocean	
  temperature	
  depending	
  on	
  whether	
  the	
  available	
  power	
  in	
  
low-­‐mode	
  propaga<ng	
  internal	
  <des	
  is	
  dissipated	
  either:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

A	
  key	
  unknown	
  parameter	
  is	
  the	
  percentage	
  (“q”)	
  of	
  internal	
  <de	
  
energy	
  which	
  is	
  dissipated	
  locally.	
  	
  It	
  is	
  thought	
  to	
  vary	
  from	
  close	
  
to	
  100%	
  over	
  deep	
  rough	
  topography	
  down	
  to	
  10-­‐20%	
  over	
  
steep	
  tall	
  topography	
  (e.g.,	
  Hawaii).	
  The	
  energy	
  that	
  does	
  not	
  
dissipate	
  locally	
  (e.g.,	
  the	
  remaining	
  80-­‐90%)	
  propagates	
  long	
  
distances	
  across	
  ocean	
  basins	
  in	
  the	
  form	
  of	
  low-­‐mode	
  waves	
  
(Zhao	
  and	
  Alford).	
  Ongoing	
  work	
  (Sun	
  et	
  al.)	
  is	
  producing	
  a	
  global	
  
map	
  of	
  this	
  parameter.	
  	
  

Temperature Difference (°C) 

2	
  -­‐2	
   0	
  

over	
  rough	
  topography	
  (deep)	
   over	
  con<nental	
  slopes	
  (main	
  thermocline)	
  	
  

	
  (Melet	
  et	
  al.)	
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Summary	
  	
  

• Roughly	
  the	
  right	
  amount	
  of	
  mixing	
  to	
  power	
  MOC,	
  (~2	
  TW),	
  in	
  an	
  average	
  
sense,	
  primarily	
  through	
  wind	
  and	
  <de	
  generated	
  internal	
  waves,	
  but	
  
paVerns	
  important.	
  

•  Interes<ng	
  emerging	
  conclusion	
  is	
  that	
  there	
  may	
  be	
  significant	
  dissipa<on	
  at	
  
the	
  boundaries;	
  unclear	
  what	
  the	
  effect	
  on	
  circula<on	
  is.	
  

• We’re	
  developing	
  GCM	
  parameteriza<ons	
  for	
  some	
  of	
  these	
  paVerns,	
  mostly	
  
related	
  to	
  mixing	
  near	
  internal	
  wave	
  genera<on	
  sites	
  (rough	
  topography,	
  
storm	
  tracks).	
  

• New	
  parameteriza<ons	
  will	
  be	
  put	
  into	
  generalized	
  format	
  for	
  broad	
  mul<-­‐
model	
  distribu<on:	
  Community	
  Ocean	
  Ver<cal	
  Mixing	
  (CVMix)	
  framework	
  
(NCAR,	
  GFDL,	
  LANL).	
  	
  

• Developing	
  database	
  of	
  historical	
  and	
  new	
  turbulent	
  microstructure	
  data	
  
through	
  CCHDO	
  (CLIVAR	
  &	
  Carbon	
  Hydrographic	
  Data	
  Office)	
  data	
  repository.	
  	
  	
  



SOME	
  THOUGHTS	
  

• Ocean-­‐related	
  CPTs	
  have	
  been	
  successful:	
  beVer	
  physics;	
  improved	
  model	
  
simula<ons	
  (bias	
  reduc<ons;	
  ecosystem);	
  significant	
  climate	
  impacts	
  

•  Success	
  is	
  primarily	
  due	
  to	
  tackling	
  a	
  problem	
  that	
  can	
  be	
  addressed	
  within	
  
3-­‐5	
  years	
  with	
  exis<ng	
  observa<onal	
  data	
  and	
  exis<ng	
  process	
  modeling	
  
frameworks;	
  free	
  exchange	
  of	
  informa<on	
  /	
  data	
  is	
  essen<al	
  

•  CPTs	
  represent	
  great	
  value:	
  The	
  whole	
  is	
  greater	
  than	
  the	
  sum	
  of	
  its	
  
individual	
  components	
  

•  CPTs	
  should	
  involve	
  mul<ple	
  modeling	
  centers,	
  but	
  the	
  science	
  should	
  be	
  
ini<ated	
  by	
  the	
  community	
  in	
  consulta<on	
  with	
  modeling	
  centers	
  	
  

•  CPTs,	
  if	
  possible,	
  should	
  avoid	
  conflicts	
  with	
  similar	
  ongoing	
  developments	
  
both	
  at	
  the	
  modeling	
  centers	
  or	
  in	
  the	
  community	
  	
  	
  


