Increased cloudiness may dominate sea ice melting
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Changes in net radiation have a significant influence the melting of sea ice in the arctic region.  Here we want to compare two first order effects. Meteosat data for the period 1982-2006 show that cloudiness has increased by about 10%. Starting from an average cloud cover of 0.50, this would imply an increase to 0.55. We will compare this effect with that of the reported increase in atmospheric CO2 content. The net radiation (In) received by the earth surface may be written as:


In = (1-A) I - (1-E) L

Here A is the albedo, I the global radiation, E the atmospheric emissivity and L the long wave black-body emission. A and E may be expressed in terms of the cloud cover (C):


A = As + C (Ac –As)  


E = Ea + C (1-Ea)

As and Ac are the surface and cloud albedo, respectively. Ea is the downward emissivity of the cloud free atmosphere. Inserting these expressions in the equation for the net radiation, we obtain


In = [1-As-C(Ac-As)] I – (1-c) (1-Ea) L

The cloud free atmospheric emissivity Ea may be estimated with the formula of Angstrom in dependence of atmospheric humidity. The values for the Atlantic and Arctic are about 0.82 and 0.75 respectively. The effect of a CO2 increase can also be expressed in terms of emissivity. From 280 to 400 ppm we get an emissivity increase of 0.028xln(400/280) = 0.01. 

We will now calculate the effects on the net radiation of (1) an increase in cloudiness from 0.5 to 0.55 and (2) and increase of CO2 from 280 to 400 ppm, for both the Atlantic region and for the Arctic sea ice region. The following table presents the various applicable parameter values as well as the calculation results. 

	
	
	ATLANTIC
	 
	 
	ARCTIC
	 
	 

	 
	
	Refer.
	+Cloud
	+CO2
	+Both
	Refer.
	+Cloud
	+CO2
	+Both

	Cloud albedo
	Ac
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	Surface albedo
	As
	0.05
	0.05
	0.05
	0.05
	0.7
	0.7
	0.7
	0.7

	Global radiation
	I
	340
	340
	340
	340
	120
	120
	120
	120

	Atm. Emissivity
	Ea
	0.82
	0.82
	0.83
	0.83
	0.75
	0.75
	0.76
	0.76

	Black body emission
	L
	400
	400
	400
	400
	300
	300
	300
	300

	Cloud cover
	C
	0.50
	0.55
	0.50
	0.55
	0.50
	0.55
	0.50
	0.55

	Net radiation (W/m2)
	In
	194
	188
	196
	190
	5
	9
	6
	10

	Radiative forcing (W/m2)
	 
	-
	-5.8
	2.0
	-4.0
	-
	4.3
	1.5
	5.7

	Equivalent melting (m/yr)
	 
	-
	-
	-
	-
	-
	0.41
	0.14
	0.54

	Equivalent temp change (K)
	 
	-
	-0.29
	0.10
	-0.20
	-
	-
	-
	-


The bold parameter values in the table are those that are modified to represent the two effects. The calculation results are presented in the lowest 4 lines, in terms of “radiative forcing” as well as the equivalent effects on ice melting and surface temperature. To estimate the latter effect we have assumed an overall heat exchange coefficient (radiation, sensible and latent heat) of 20 W/m2K). 

Actual melting rates will be notably smaller than indicated in the table because of competing heat transfer processes. We estimate that only ¼ of the values in the table will actually be used for melting. Melting rates would then be 10 cm/year for the increase in cloudiness and 3.4 cm/year due to increased CO2. Rothrock et al (2003) state that during the 10 year period 1987-1996 ice thickness decreased with 6 to 9 cm per year. It seems that the CO2 effect alone is not a sufficient explanation and that the increase in cloudiness plays a dominant role.

Another interesting element in the above table is that the increase in cloudiness would have an opposite, cooling effect in the Atlantic. From Meteosat we do indeed find a decrease of surface radiation temperatures during the period 1982-2006. This is also indicates that with respect to arctic sea ice melting we have to assign a dominant to increased cloudiness.
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