The neutral drag coefficient over polar seaice with small floes and/or melt ponds
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Abstract Derivation of equations for form drag as a function of sea ice concentration

Neutral drag coefficients observed over polar sea ice show a large variability, since the aerodynamical
roughness of sea ice depends on quantities like sea ice concentration A, ice freeboard (hs, hy),
characteristic length of floes and melt ponds (D;, D,,) which are all variable in space and time. Attempts
have been made in the past to relate the surface drag solely on sea ice concentration, since the latter
can be determined most easily in coupled atmosphere sea ice models.

The morphological structures of the sea ice/open water surface in the marginal sea ice zones and over summer sea ice with melt ponds and/or leads differ from each other and thus different equations result for the
form drag (dynamical pressure on floe edges and edges of sea ice at melt ponds.).

Such a surface drag parametrization is derived here for the marginal sea ice zones with floe lengths
smaller than 1 km and in analogy to an idea of Andreas et al. (2010) also for the summertime inner
Arctic sea ice covered with melt ponds. This is done on a physical basis with the demand to use only
few assumptions on the floe and melt pond geometry and the distribution of both. Our model is based
on the splitting of total surface drag into contributions of skin drag over open water and ice and of
form drag, so that

Canto = (1 = A) Caw + A Cai+ Car  ypere Cqw and Cgy; are the skin drag coefficients over
open water and sea ice, respectively and Cg describes form drag. It is caused by the dynamical
pressure occurring due to the different elevations of sea ice and open water surfaces. In the marginal
sea ice zones the surface elevations are dominated by the freeboard of the drifting floes, while during

Summer sea ice conditions with melt ponds.
Especially in the initial state of melting ponds
can be more clearly identified than floes.

Surface morphology over the marginal sea ice zone.
Floes can be clearly identified.
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A new parametrization of the neutral drag coefficients over the marginal sea ice zone and summer seaice N quadratic floes with edge length D, and freeboard h;in area S, The sea ice concentration A is then given by A=ND"/ St >SUMpHons. : : : .
. . . . - . .. ' | N, quadratic melt ponds with edge length D, , and ice freeboard (relative to pond surface) hf in area S,
with melt ponds was derived on the basis of the skin drag / form drag concept. The principal method is and form drag is given by >
similar to a previous work by Lipkes and Birnbaum (2005), but the present physically based derivation of _ _ _ . 2 _
form drag needs less assumptions on the floe characteristics and results in a formulation which is simple ) 18 Di rhe NhD; hy Open water concentration 1-A is then givenby 1-A =D, "N,/ S; and we obtain
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concentration A are the characteristic edge lengths D, of floes and D,, of melt ponds as well as freeboard, N - ,
where the sensitivity on the latter is smaller than the sensitivity on the other parameters. = cw [In(hy, /20 ) 2y
S, = Sheltering function, U = wind speed, c,, = coefficient of resistance of individual floes, z,,, = surface roughness length over Canio = (1-A)Cyw+ACy+— [ b/ —x ] S2_P(1-A)
The most important result is that although the sea ice pattern with floes in the MIZ and melt ponds in open water 2 [In(10/z0 w) Dy
summer sea ice looks at a first glance very similar, the different morphology results in general in dif-
ferent formulae for the drag coefficients with different functional dependences on the seaice Assuming a logarithmic wind profile and some straightforward approximations, after integration: _ _ _
concentration. However, special conditions and special distributions of floe sizes and melt pond sizes, Assuming that freeboard h, depends linearly on (1-A) with h, = h, (1-A) | |
respectively, exist, where the dependence on the sea ice concentration is identic for the MIZ and summer In(hy/zo )12 ok and based on satellite observations of melt ponds (Fetterer et al. , 2008) (see Figure below) we obtain
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A simple quadratic polynomial fit given by Andreas et al. (2010) can be obtained only for special cases of Dy =a;+as(1—A)
floe and melt pond distributions and using constant surface roughness lengths over open water and sea This parametrization depending on the floe aspect ratio h/D, can be used in such climate models which predict ice thickness and
Ice. floe length. Using alternatively alinear fit of observed freeboard (AWI campaign REFLEX over the MIZ) and the fit _ _
This results in:
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