Sea ice physical processes

Judith Curry
Georgia Tech



Annual cycle of
sea ice extent

Northern hemisphere

Southern hemisphere










Sea ice formation

e Formation of ice occurs at
approximately -1.8°C

* Asthe water freezes, small
needle-like crystals called frazil
form. During their formation
salt is expelled into the
surrounding water.

* Sheets of ice are able to form
when the frazil crystals float to
the top, accumulate, and bond
together.

Calm ocean — grease ice




Salinity flux to the ocean from sea ice freeze/melt:
Influences ocean density/buoyancy

Sea ice freezing rejects some salt into the upper ocean

~ - Summer melt flushes the brine pockets,
s B ' a Increasing the salinity of the upper ocean
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Sea 1ce thermodynamics
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O sw Fs e Vertical heat transfer

(conduction, SW absorption)

e Balance of fluxes at

1ce surface (ice-atm
exchange, conduction, ice
melt)

e Balance of fluxes at

1ce base (ice-ocean
exchange, conduction, ice
melt/growth)

Courtesy of Marika Holland



Brine pockets and salinity

Ice Salinity (psu)
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Growth Rate (cm/day)

Growth rate of young sea ice

Ice Thickness (cm)

Congelation growth at bottom
of seaice

Growth rate depends on ice
thickness and air temperature

Growth rate slows as ice
thickens — reduced
temperature gradient
between relatively warm
ocean and cold surface
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Figure 10.14 Ice mass balance in the Arctic Ocean. Notice that ice thinner than 80 cm gains
and loses signficant mass during an annual cycle. (CourtesyofJ. Schramm.)
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Annual cycle of surface temperature
for various ice thicknesses
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Annual cycle of sensible heat flux

for various ice thicknesses
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Annual cycle of net surface heat flux

for various ice thicknesses
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Slide courtesy of Don Perovich



Sunlight Reflectivity of Ice and Ocean

Sunlight Reflected Sunlight Reflected
100 % 85% 100 % 7%




Albedo

Sea Ice Albedo
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Reflection, transmission, absorption of solar radiation

air

O bubbles

\ upper 5 cm
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Ebert and Curry, 1995



Changing ice, changing light — FY vs. MY

Slide courtesy of Don Perovich
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More absorbed

First year ice transmits much more sunlight to ocean



Ba

perature (°C)

-100

Depth (cm)

-250

-300

-350

Air Tem
[4, I '
o

-150

-200

Water Temperature (°C)

Ocean heat flux

—

[ S O e
o O O O O O O

o

1
(4]
o

20 L1 i T N B B L1

Nov Jan Mar May

Jul Sep Nov Jan Mar May Jul  Sep Nov

o

L
O = N WO N WO

L b hh s e

o

Ocean heat flux (W m )

120

Slide courtesy of Don Perovich

150 —T——T—T—T—T—T T

(Vo)
o

[e))]
o

w
o

Nov Jan MarMayJulySeptNov Jan Mar May JulySept

Here comes the sun



Internal meltin

Slide courtesy of Don Perovich $ 5.

Ice warms, brine volume increases

e For first year ice 10%
e For multiyear ice: 2%
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Brine pockets melt ice as the ice warms



Internal melting

Slide courtesy of Don Perovich

As melting continues
Salt water intrudes
Large holes found
Ponds melt through
* |ce gets rotten




Lateral melting
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Lateral melting
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Slide courtesy of Don Perovich

More perimeter means more lateral melting
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“Observing the

sea ice mass

Data acquisition system

Air Temperature

ARG_O§ transmitter . Sensor
Barometer ARGOS e ——— ~\2 "3 Above Ice
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- A Modeling Sea Ice

Processes in diagram
are subgridscale — need
to be parameterized

Large scale sea ice

t::ix;t::ial’\ée | crystals | dynamICS (Oper"ng
sensible ... flux | upwelline - o . . .
heat iCAN Vg jowdioe ;|  shortwave leads, ridging, sea ice
- Sl e ShU radiative
?:J;&V;s‘eh“gl meltwater - flox transport)

* Fluxes of heat and
momentum from
atmosphere and ocean

e NCAR/LANL sea ice
model (CICE) has the
most sophisticated
subgrid params

_pycnocline




For climate models, need to include sea ice processes important for:

representing climatological state

representing feedbacks with the ocean and atmosphere --
realistic variability and sensitivity

Challenges:

tradeoff between model/parameterization complexity and
computational cost

even with a ‘perfect’ sea ice model, errors in simulations arise
from problems with

» large scale atmosphere and ocean circulations,
» simulated clouds,
» boundary layer exchanges with the atmosphere and ocean

errors can be amplified by feedbacks among ice, atmosphere,
ocean



