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CICE Parameter Sensitivities
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Impact 
•  Improved ice thickness and area simulation 

using more realistic physical description and 
parameters 

•  Will affect high-latitude sensitivity to climate 
change in global climate models 

Approach 
•  Stand-alone CICE model 

forced with CORE atmo and 
CCSM3/POP ocean data, 
1958-2006 

•  Set albedo parameters to 
measured values 

•  Vary other parameters 
chosen based on earlier 
DOE adjoint modeling study 
(Kim et al., 2006) 

Objective 
•  Understand ice thickness sensitivity 

to ocean heat flux, sea ice 
conductivity, dynamic and radiative 
parameters 

Sea Ice Thickness Sensitivities 

E. Hunke. “Thickness sensitivities in the CICE sea ice model,” Ocean Modelling, in press, 2010. 
J. Kim, E. C. Hunke and W. H. Lipscomb, 2006. “A sensitivity analysis and parameter tuning scheme for global sea-ice 
modeling.  Ocean Modelling 14, 61-80. 

Sea ice thickness (m) with simulated (white) and 
satellite-derived (red) 15% concentration ice edge. 
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CICE Parameter Sensitivities

1976–1988
experiment ki µrdg αvis αnir u∗min ∆hsub (cm)
HB09 old 4 0.86 0.44 0.005 2
lowalb old 4 0.78 0.36 0.005 -45
conduct Pringle 4 0.78 0.36 0.005 -31
mu3 Pringle 3 0.78 0.36 0.005 -8
ocnheat Pringle 3 0.78 0.36 0.0005 -5

Table: Sensitivity experiments run for 48 years, 1958–2006.
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September Arctic Ice Extent
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Southern Hemisphere, 1981–2005
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CICE Parameter Sensitivities

Summary:

Albedo is a convenient and effective tuning parameter, but
other parameters can be just as effective.
There are more parameters available for tuning sea ice
models than there are datasets to constrain them.
We can match a given data set using multiple
combinations of parameters.
Sea ice conductivity, ridging and ocean heat flux
parameters can be used to adjust thickness basin-wide.
Critical parameters control the effect of external forcing.
More work is needed to define model ridge diagnostics
suitable for comparison with observations.
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Icebergs

sighting in the Southern Hemisphere was at 26!300S, off Brazil,
while another low-latitude sighting was in 1828, at 35!500S,
18!050E, where clusters of icebergs of 30 m freeboard were ob-
served. (Wadhams, 2007).

Compared to the parameterized (CTL) homogeneous flux distri-
bution around Antarctica, the fluxes from the dynamic icebergs are
more concentrated near shore (Fig. 2). Please note that the volume
flux from the melting icebergs is given on a logarithmic scale. This
means that e.g. the flux in the yellow area is 100.000 times greater
than the dark blue flux. Of course, the latent heat flux associated
with the iceberg-melt mimics this distribution.

At first glance Fig. 2 might appear to indicate that the icebergs
in our study get much further than the modelled iceberg limit sug-
gested by Gladstone et al. (2001). However, the bulk (yellow/green
limit) of our distribution agrees reasonably well with the iceberg
limit modelled by Gladstone et al. (2001). A larger variance can
be expected in our results due to a different experimental set-up,
since Gladstone et al. (2001) forced the iceberg movement by pre-
scribing fixed wind fields and ocean currents, whereas in our set-
up the icebergs interact with a climate model that simulates vari-
ability in the ocean and atmosphere on various timescales. Fur-
thermore, the total number of simulated ICB icebergs in our
study is orders of magnitude higher. The coarser resolution of
our model might also be responsible for some of the differences.

Interestingly, our results confirm the ‘tongue’ of icebergs com-
ing off the Antarctic Peninsula, which might be interpreted as an
illustration of the limited resolution of the observed limit, where
this shape is absent. It seems our icebergs stay closer to shore in
the Pacific sector of Antarctic, near the Ross Sea, which might be
partly due to the limited resolution of the ocean model. In reality,
and in the Gladstone et al. (2001) results that were obtained with

higher resolution ocean forcing, icebergs from the Ross Ice Shelf,
tend to get entrained in a jet-like current that flows out from the
coast in the western Ross Sea area. There are similar, although less
effective, offshore currents in the Kerguelen area and the eastern
end of the Weddell Sea which a 3 ! 3 degree model might also
struggle to resolve.

In the North Atlantic, apparently the bulk of our icebergs drift
slightly less to the South. It is not unlikely that a high-resolution
ocean model might capture iceberg drift in the southward flowing
coastal current along North Eastern America more effectively. The
icebergs also drift further to the East than the modelled limit sug-
gested by Bigg et al. (1996) (dotted line in Fig. 1). However, the
uncertainties both in the observations and in the models could
very well be larger than this discrepancy, especially when we
recall that we can expect a larger variance in our dynamic iceberg
trajectories due to the different experimental set-up. This is illus-
trated by the fact that there are numerous iceberg observations
beyond the Gladstone et al. (2001) limit, many of which are quite
consistent with our results (dots in Fig 1). The coarser resolution
of our model might also be responsible for some of the
differences.

Recalling that we prescribed pre-industrial as opposed to pres-
ent day boundary conditions, we tentatively conclude that the dis-
tribution of interactive icebergs is not inconsistent with other
iceberg modelling studies nor with observations. More quantita-
tive observations might allow for further constraints on the iceberg
dynamics and/or thermodynamics in the future.

3.2. Sensitivity study in the Southern Ocean: salinity, temperature,
sea-ice and convection anomalies

In a series of sensitivity experiments, we explored the effect of
the icebergs on the Southern Ocean. In Fig. 3A, sea surface salinity
(SSS) and temperature (SST) as well as sea-ice fraction (SICE) and
convective layer depth (CLD) are given for the ICB experiment.
These maps of the Southern Hemisphere are given as reference
for the anomalies mapped in Fig. 3B–E (see also Table 2).

The SSS is most affected by the FRESH icebergs melt water
fluxes (Fig. 3B–I). Where the melting fluxes are strongest (see
Fig. 2), a salinity reduction in the order of 0.3 psu can be observed.
While the Weddell Sea and, to a lesser extent, the outer Ross Sea
show an increase in salinity, there is a band of "0.1 psu freshening
around 60!S. Interestingly, a similar freshening can be observed for
the COOL icebergs (Fig. 3C–I) near the Antarctic Peninsula (be-
tween 120!W and 30!E). The combined cooling and freshening ef-
fect (Fig. 3D–I) looks like a simple sum of these two effects. The
distribution effect (Fig. 3E–I) is more complex: a freshening that
mimics the FRESH effect in the Indian and Pacific sector is comple-
mented by a saltier Atlantic section.

A very similar picture emerges for the SST. While the COOL ice-
bergs (Fig. 3C-II) induce a significant cooling (especially in the Pa-
cific and Atlantic sectors between 150!W and 60!E), the FRESH
icebergs (Fig. 3B-II) have the strongest impact, especially between
50!S and 60!S. Although this cooling seems absent in the eastern
part of the Indian sector, the combined effect (Fig. 3D-II) is a 0.5–
2 !C cooling between 50!S and 60!S all around Antarctica, which
is only interrupted off the tip of the Antarctic Peninsula and South
of New-Zealand, where a warm anomaly is present in the FRESH,
respectively, COOL experiment. Presumably these warm anomalies
are related to small (grid-size scale) changes in the sea-ice cover
and/or the ACC path. The absence of strong cooling south of
"68!S is most likely due to the year round 100% sea-ice cover in
that area (Fig. 3A-III), which maintains the SST close to melting
temperature. The dynamically distributed icebergs result in a cool-
er Pacific but warmer Atlantic and Indian sector than the homoge-
neous flux distribution (ICB–CTL; Fig. 3E-II), although there is some

Fig. 2. Distribution of simulated iceberg melt in the Southern Ocean. The average
volume flux of fresh melt water per day (m3/day) provides a combined insight in
the distribution of the dynamic icebergs and their melting speed. Note logarithmic
scale. Dotted line is the iceberg limit in the Southern Ocean as simulated by
Gladstone et al. (2001). Dashed line is an estimate from Russian exploration in 1964
(adapted from Gladstone et al., 2001). The solid line is an estimate of maximum
iceberg extent based on a large collection of observational data (adapted from Robe,
1980).

108 J.I. Jongma et al. / Ocean Modelling 26 (2009) 104–113

Jongma et al., Ocean Modelling (2009)
(ECBilt-CLIO model)

Simulated iceberg meltwater flux (color)
Observed iceberg extent (lines)

Fresh meltwater
1) stabilizes ocean column
2) increases sea ice area
3) further cools ocean surface

Thermodynamic influence on sea ice
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Icebergs in CICE: Dynamic interaction
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Work with Darin Comeau, Univ. of Arizona

Lagrangian particles with finite size

Cylindrical, height 225 m and area 686 km2

Archimedes’ Principle⇒ vertical contact area with water,
sea ice, and air

May overlap into neighboring grid cells

May become temporarily grounded

Can be blocked by coastlines or grid cells already filled with
other bergs

No iceberg thermodynamics
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Icebergs in CICE: Dynamic interaction
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Iceberg momentum:

M
dub

dt
= Fa + Fw + Fc + Fss + Fsi

When the sea ice is highly concentrated and strong,
bergs are captured and drift with sea ice velocity,
ub = ui . Otherwise,

Fsi =


0, ai < 15%

1
2ρiciA |ui − ub| (ui − ub) , 15% < ai < 90% or

P ≤ 104N/m

where A is the area of the sea ice/iceberg contact
interface, ai is sea ice concentration and P is strength.
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Icebergs in CICE: Dynamic interaction
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Sea ice momentum:

m
dui

dt
= fR + fa + fw + fc + fss + fis

Iceberg forcing applied upstream (wrt sea ice motion)
of each iceberg:

fis =

{
0, −90◦ < θ < 90◦

1
2ρbciA |ub − ui | (ub − ui) , otherwise

where θ is the angle between the sea ice and iceberg
velocity vectors
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Icebergs in CICE: Dynamic interaction
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Movement in opposing directions: Icebergs act as an
obstacle, slowing sea ice motion.
Movement in similar directions: A berg ridges the
volume of sea ice that would otherwise be displaced
due to the berg’s motion relative to the sea ice.
Additional ridging: Sea ice can occupy only the portion
of a grid cell not occupied by icebergs. This effectively
forces the sea ice to ridge more when entering a cell
containing an iceberg.
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Icebergs in CICE: Dynamic interaction
HUNKE AND COMEAU: ICEBERGS X - 3

a b

Figure 1. Iceberg tracks for 1990–1992 using (a) the
full model and (b) all terms except the iceberg inflence
in the sea ice momentum equation, Fis. The blue line is
the observed track of berg C-7, and the dotted line in (a)
is the track for berg 2 run alone. The icebergs are labeled
1–4 next to their starting positions in (a).
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thickness and subglacial topographic model of Antarctica, J.
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Smith, R. D., J. K. Dukowicz, and R. C. Malone (1992), Parallel

ocean general circulation modeling, Physica D, 60, 38–61.
Smith, W. H., and D. T. Sandwell (1997), Global sea floor to-

pography from satellite altimetry and ship depth soundings,
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E. C. Hunke, MS-B216 Los Alamos National Laboratory, Los
Alamos, NM 87545, USA. (eclare@lanl.gov)

1990–1992

full model all terms except fis = 0

C-7

. . . berg 2 run alone
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Icebergs in CICE: Dynamic interaction

X - 4 HUNKE AND COMEAU: ICEBERGS
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Figure 2. Differences between simulations with and
without bergs. Thickness differences in cm for (a) May,
(b) August, (c) November, 1992. Differences in (d) area,
%, (e) ridged ice mean thickness, cm, (f) level ice mean
thickness, cm, for November 1992. White contours indi-
cate the 4 berg tracks for the standard run, and the black
curve in (d) is the 90% ice area contour.
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Icebergs in CICE: Dynamic interaction
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Icebergs in CICE: Dynamic interaction

In a polynya downstream of a grounded iceberg:
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Icebergs in CICE: Dynamic interaction

Summary:

Dynamical effects of icebergs on surrounding sea ice are
observed.
Icebergs act as obstacles, causing sea ice ridging
(upstream) and open water formation (downstream).
Open water near icebergs increases level ice downstream
of the bergs.
Anomalies in sea ice area and thickness are transported
with the sea ice flow, expanding over time.
Iceberg tracks are highly sensitive to minor model changes.
Statistical approach is needed for climate applications.
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CICE development

The Multi-Phase Physics of Sea Ice:
Growth, Desalination and Transport Processes

September 8-10, 2010
Santa Fe, New Mexico
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