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This is the print version of the Skeptical Science article 'Arctic sea ice loss is matched by Antarctic sea ice gain ', which can be found at http://sks.to/seaice.

How does Arctic sea ice loss compare to Antarctic
sea ice gain?

What The Science Says:
Arctic sea ice loss is three times greater than Antarctic sea ice gain, and the amount of solar energy
absorbed by the Earth is increasing as a result.

Climate Myth: Arctic sea ice loss is matched by Antarctic sea ice gain

In fact, the global sea-ice record shows virtually no change throughout the past 30 years, because the
quite rapid loss of Arctic sea ice since the satellites were watching has been matched by a near-equally
rapid gain of Antarctic sea ice. Indeed, when the summer extent of Arctic sea ice reached its lowest
point in the 30-year record in mid-September 2007, just three weeks later the Antarctic sea extent
reached a 30-year record high. The record low was widely reported; the corresponding record high was
almost entirely unreported. (Chris Monckton)

First of all, it is very simple to look at the data and realize that the Arctic is losing more sea ice than the very
slight increase in Antarctic sea ice (Figures 1 and 2).
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Figure 1: Global sea ice extent since 1979. (Image source:Tamino. Data is from US National Snow and Ice
Data Center.)
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Figure 2: National Snow and Ice Data Center (NSIDC) Antarctic, Arctic, and global (sum of the two) sea ice
extents with linear trends. The data is smoothed with a 12-month running average.

Sea ice area datashows the same thing as extent data.

However, some have argued that Antarctic sea ice gain is more important than Arctic sea ice loss because
they claim it has more effect on the amount of solar radiation absorbed by the Earth. Is there any truth to
this claim?

The Poles Receive More Solar Energy in Summer

First of all, for most of the year higher latitudes receive less solar energy than lower latitudes. But deep in
the heart of summer this is no longer true. In fact at the point of midsummer, the poles receive more solar
energy than any other place on earth. Here’s the solar insolation as a function of latitude, for various times of
year from northern midwinter (southern midsummer) to northern midsummer (southern midwinter) (note: this
does not include the correction for varying earth-sun distance, it's merely to illustrate the latitude
dependence at a given time of year):
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During the summer months, when ice albedo feedback really counts, higher latitudes really do get more
solar energy than lower latitudes. When the insolation depends strongly on latitude, with higher latitudes
getting much less solar energy, the total insolation is so small that the impact of albedo change is small.

Northern Hemisphere Summer is Weaker but Longer than Southern
Another factor is that earth is farthest from the sun during northern hemisphere summer (when albedo

change counts most) but closest to the sun in southern hemisphere summer. That has led some to believe
that the impact of albedo change will be enhanced in the southern hemisphere. This is an understandable
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mistake; in southern hemisphere summer earth really does receive more solar energy per unit of time
because we really are closer to the sun. But the rate of travel of the earth along its orbit is inversely
proportional to the square of our distance from the sun — exactly the same proportion by which solar energy
changes — so the northern hemisphere summer may be weaker than the southern, but it also lasts longer.
For total insolation, the two factors cancel each other so at any given latitude, the annual-total solar energy
input is unaffected (a fact which was emphasized by Peter Huybers in relation to ice age cycles). So no,
proximity to the sun during southern hemisphere summer doesn’t enhance the ice albedo effect.

Let's Do the Math

If we really want to know the relative impact of ice albedo change between hemispheres, the thing to do is:
the math.

| took daily values of sea ice area from NSIDC. | modelled the Arctic ice pack as a circle around the pole of
the same area, and the Antarctic ice pack as a ring around the Antarctic continent, with the edge of the
Antarctic continent as being at latitude 70°S. This is only a crude representation of the geometery of the sea
ice packs, but it's at least correct to first order.

Then | computed, for each day, the sun’s declination (its altitude above or below the celestial equator). | also
computed the earth-sun distance so | could apply that correction to the solar insolation. This enabled me to
compute the total amount of solar radiation hitting parts of the earth which are covered by sea ice, which |
call “sea ice insolation“. | did so separately for the northern and southern hemispheres.

For both hemispheres, sea ice insolation shows a strong annual cycle. So | computed the average total sea
ice insolation for each year, for each hemisphere, corrected for earth-sun distance and angle of elevation of
the sun. This gives the annual average sea ice insolation in TW (teraWatts). We can then look at the trends
in sea ice insolation, to see which pole has lost or gained more in terms of solar energy impacting sea-ice-
covered regions.

It's quite a complicated calculation, so it's possible I've made an error. But the amounts are certainly in the
right ballpark, and I've done orbital calculations for decades, so | suspect | got it right. The data cover the
time span from 1979 through 2011.

And here’'s the result: annual average sea ice insolation, together with linear trend lines, for both
hemispheres:
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You can see the trends. Clearly. The trend has shown an increase in Antarctic sea ice insolation of about 53
TW, and a decrease in Arctic sea ice insolation of about 329 TW. That's over 6 times as great.

If we spread 53 TW over the entire earth we get a global average of 0.10 W/m”2. So even if the difference
between ice and ocean albedo were equal to 1 in the southern hemisphere (i.e., Antarctic sea ice were
perfectly reflective while ocean was completely absorbing) the net global climate forcing would amount to -
0.10 W/m”2. But sea ice isn't perfectly reflecting, not even in the southern hemisphere where the sea ice is
often snow-covered, and ocean is not perfectly absorbing. If the top-of-atmosphere (TOA) albedo difference
between sea-ice-covered and open ocean areas is 0.2, then the global climate forcing from Antarctic sea ice
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changes would be about -0.02 W/m”2.

If we spread 329 TW over the entire earth we get a global average of 0.65 W/m”2. If the TOA albedo
difference between sea ice and open ocean is 0.2, then the global climate forcing from Arctic sea ice
changes would be about +0.13 W/m~"2.

And it turns out that 0.2 is not a bad figure for the TOA albedo difference, according taHudson (2011):

0.8 T T T T T

0.7

0.6

0.5

0.4

TOA Albedo

0.3 | Clearsky over dark sea ice

02
Clear sky over ocean
01
O 1 L 1 L 1 1 L
0 10 20 30 40 50 60 70 80 90

Solar Zenith Angle (Degrees)

In fact Hudson states that

"Results show that the globally and annually averaged radiative forcing caused by the observed
loss of sea ice in the Arctic between 1979 and 2007 is approximately 0.1 W m2"

so my crude calculation is certainly in the right ballpark. As | said, this is a pretty complex calculation so |
may have made an error, but | certainly ended up in the right neighborhood according to Hudson. The
combined increased radiative forcing caused by the increase in Antarctic sea ice and decrease in Arctic sea

ice from 1979 to 2011 is approximately +0.1 W/m~2,
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Skeptical Science explains the science of global warming and examines climate
misinformation through the lens of peer-reviewed research. The website won the Australian
Museum 2011 Eureka Prize for the Advancement of Climate Change Knowledge. Members
of the Skeptical Science team have authored peer-reviewed papers, a college textbook on
climate change and the book Climate Change Denial: Heads in the Sand. Skeptical Science
content has been used in university courses, textbooks, government reports on climate
change, television documentaries and numerous books.

The Skeptical Science website by Skeptical Science is licensed under a Creative Commons Attribution 3.0 Unported
License.
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