
Utilizing a FAMOS hierarchy of sea ice models	


to identify their physical limitations 	



What is the main goal of 	


a coordinated FAMOS sea ice modeling effort:	



	


q  To improve synoptic to seasonal hindcasts and forecasts?	



q  To better understand limitations on longer term coupled 
simulations and projections? 	



q  To gain a better understanding of physics?	



q  All of the above   	



✔	
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Constraints within a FAMOS sea ice model hierarchy	
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Constraints within a FAMOS sea ice model hierarchy	
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Constraints within a FAMOS sea ice model hierarchy	
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Utilizing a FAMOS hierarchy of models 

Most able to evaluate against observed synoptic to seasonal events 

Most indicative of capacity of modeled system on decadal timescales

Physically derived metrics of equal relevance across timescales

Associated Sea Ice Model Metrics

Utilizing a FAMOS hierarchy of sea ice models 	



evaluate individual	


extreme events	

 evaluate statistics	



of internal variability	



full feedbacks of	


atmosphere-ice-ocean interaction	





Some suggested physically-based metrics	


for which observations exist	



o  Melt timing and melt rate	


	



In concert with a sparse set of metric on the basic performance 
of sea ice simulations, can we identify physically-based metrics 
meaningful across multiple model configurations, such as:	





is defined by surface, bottom, and lateral melt.       	



The trajectory of sea ice thickness during the melt season	



17,732 STEELE: SEA ICE MELTING AND FLOE GEOMETRY 

where w is the melt rate on each ice surface. Figure 4 illustrates 
the heat and salt fluxes (described below) associated with each 
melt rate. Note that in (7) the role of lateral melting is negligible 
for rcH/ct.L < < 1; i.e., large floes melt mostly from top and bot- 
tom surfaces and produce little change in areal concentration. 
Equation (8) follows from differentiation of (6a) with respect to 
time and substitution from (1), (3), and (6b). The main difference 
between prognostic equations (7) and (8) and those used in 
models such as H79's and MK89's without an explicit treatment 
of floe geometry is in the lateral melting terms. Instead of the 
w•.• t term, those models use an expression that is proportional to 
the total heat flux at the ocean surface. MK89 partition this flux 
equally between sink terms for ice thickness and ice concentra- 
tion via their parameter (I) m, to which their results were fairly 
sensitive. H79 assumes a uniform distribution of ice thicknesses 
during melting, which leads to sink terms similar (although not 
identical) to those of MK89. This assumption can be compared 
with the rather complex seasonal thickness distributions observed 
in the Arctic by Bourke and Garrett [ 1987]. 
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Fig. 4. Heat fluxes F and salt fluxes G in the ice-ocean model defined in 
the text. The heat (salt) flux is positive (negative) in the direction of the 
arrows. The air-water heat flux F•,• is a function of depth (denoted by 
dashed arrow) because of subsurface absorption of shortwave radiation. 
The numerical grid is also shown. qhe first level of the model lies below 
the ice bottom; i.e., we assume that the water above this point is Uni- 
formly well mixed. 

Following MP87, the conductive heat flux through the ice is 
neglected in the "high summer" simulations discussed here. 
This means that the ice surface melt rate w to P is proportional to 
the net air-ice heat flux Fro p via wt,,p = -Ftop/PiQ, where Pi is 
ice density (= 910 kg m -3) and Q is the latent heat of fusion for 
sea ice. The latter quantity is a moderate function of' the ice 
salinity [McPhee and Untersteiner, 1982], which varies with 
depth in thick ice. In the interest of simplicity, we use a fixed 
value of Q = 2.92 x 105 J kg -•, which corresponds to an ice 
salinity of 4 psu. The surface flux Fro p is a combination of sensi- 
ble, latent, and radiative contributions. We use the parameteriza- 
tions of MP87 and the constants appropriate for their "cloudy, 
central Arctic" case, with the following exceptions. The incom- 
ing shortwave flux and surface air temperature are taken as the 
average values of the July and August observations by May/cut 

[1982], or 181.75W m -2 and-IøC, respectively; these values 
remain constant with respect to time over the integration. Also, a 
fixed wind speed of 6 m s -• is used in the turbulent flux formulas. 
The ice albedo for ice thicker than 1.1 m is set to 0.64, which is 
the value for July used by Maykut and Untersteiner [1971] in 
their study of multiyear ice. The albedo decreases as the ice 
thins, in accord with the formula of Perovich [1983], down to a 
value of 0.48 at H = 0.2 m. Also, the ice temperature is set to 
-1 øC. The decrease in ice thickness AH over a time step At due 
to surface melting is given by AH = TAt Wtop, where Tis the frac- 
tion of surface melt that is lost to runoff. (The rest remains on the 
surface as melt ponds and refreezes in the fall.) Following May- 
/cut and Untersteiner [1971], we set T = 0.5. 

Similarly, the ice bottom melt rate w t,,,t is proportional to the 
ice-water heat flux at the ice bottom via w•,t = -F•,t / PiQ. The 
flux Fbot is found by solving a system of ice-ocean boundary 
equations as described by Mellor et al. [1986], McPhee et al. 
[1987], and Steele et al. [1989b]. The solution assumes the 
existence of a molecular sublayer at the rough ice-ocean interface 
in which turbulent exchange is suppressed and molecular 
diffusion is dominant. The resulting melt rates for a given water 
temperature are reduced relative to the fully turbulent case. A 
simpler parameterization for bottom melting described by 
McPhee [1992] was also tested and yielded results similar to the 
full boundary layer solution. 

The ice lateral melt rate w• t is likewise proportional to the 
ice-water heat flux at floe edges via w•.•t = -Flat / piQ. However, 
this process is poorly understood in comparison with bottom 
melting. Several parameterizations for lateral melting are com- 
pared in Table 1. The table also shows the molecular sublayer 
formula used for bottom melting, which is based on laboratory 
experiments and has been tested both in the field [McPhee et al., 
1987] and in numerical models tRiedlinger and Warn-Varnas, 
1990]. Table 1 shows that the simple McPhee [1992] formula 
produces results that are very similar to the full sublayer solution. 
The laboratory experiments of Josberger and Martin [1981] 
predict an order of magnitude less ablation than that given by the 
molecular sublayer formula. The Perovich [1983] model predicts 
lateral melt rates that are quite close to those of the molecular 
sublayer formula, and the MP87 formula predicts melt rates that 
are about 2.5 times stronger. 

It is not immediately obvious how lateral melting relates to 
bottom melting. However, the fresh, buoyant meltwater behaves 

TABLE 1. Lateral and Bottom Melt Parameterizations 

Sample Value, 
Reference Melt Rate Formula cm d -• 

Josberger and Martin [ 1981 ] Wl•t m • AT m3 0.28 
Perovich [1983] wt•t m2AT m3 1.55 
Maykut and Perovich [ 1987] W•at m • u• AT m4 4.61 

1 

Steele et al. [1989a] Wbo t •TT UXAT/Q ' 1.78 
McPhee [1992] Wbot cnu•aT/Q' 1.59 

Parameterizations depend on the elevation of the water temperature 
above the freezing point, AT, and the skin friction velocity ux, which in 
the final column are set to 0.2øC and 1 cm s -• , respectively. The first for- 
mula for lateral melting and the first for bottom melting are from labora- 
tory experiments; the others are from field data. The empirical constants 
(m•, m2)= (0.3, 1.6)x 10 -6, (m3, m4)= (1.36, 1.30), and ch = 0.0058. 
The normalized latent heat is defined as Q '-- rQ / c•, where r = 0.9 is the 
ratio of ice to water density and c• = 4218 J kg -• øC-• is the heat capa- 
city of water. The molecular sublayer factor 1/AT is a function of the sub- 
layer Reynolds and Prandtl numbers [Steele et al., 1989a]. 

Steele, 1992	



How does the partitioning 
between these affect the 	
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melt 	
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Some suggested physically-based metrics	


for which observations exist	



o  Melt timing and melt rate	


o  Sea ice mechanics scaling	


o  …	


	



And should these consider atmospheric processes, e.g. radiation 
scheme?	


What would the combined results from a FAMOS model 
hierarchy reveal using such metrics?	



In concert with a sparse set of metric on the basic performance 
of sea ice simulations, can we identify physically-based metrics 
meaningful across multiple model configurations, such as:	




