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we report results regarding melting over Greenland and discuss  pan-arctic terrestrial
snowmelt trends for the period 1979 – 2009 derived from spaceborne microwave
brightness temperatures (Tbs). In the case of Greenland, we report on 2009 updated
melting trends and melting anomalies and discuss the potential combination of
satellites observations with the results of a regional surface energy balance model via
an assimilation framework. Pan-arctic snowmelt trends are discussed in the context
of the Arctic Oscillation (AO). In this case, differently from Greenland, melting is
detected using a spatially and temporally dynamic algorithm using the difference
between daytime and nighttime Tb values (Diurnal Amplitude Variations, DAV).
Results indicate statistically significant positive trends for melting over Greenland
and negative trends for melt onset and end dates over the Arctic region as well as for
the length of the melt season. On the average, over the past 30 years melt has been
starting (finishing) ~ 0.5 days/year (~ 1 days/year) earlier and the length of the
melting season is shortening by ~ 0.6 days/year. Results indicate that the AO index
variability can explain up to 50 % of the melt onset variability over Eurasia and only
10 % of that over North America, consistent with spatial patterns of surface
temperature changes related to the AO.

The melting anomaly map over the Greenland ice sheet in 2009, as derived from
microwave spaceborne observations shows that negative anomalies occurred in
2009 along Southern and West Greenland, where positive anomalies are observed
along North and East Greenland. Positive anomalies occurred along Northern
Greenland and the East coast. Melting in 2009 was not persistent at high elevations,
as it happened in 2007. Positive anomalies over Northern Greenland also occurred
in 2007 and 2008. The updataed melt extent time series for the period 1979 - 2009 is
reported in the figure below. The 2009 updated melt extent trend is ~ 17,000 Km2.

Over the Arctic region, the AO index could explain ~36% of the MODs variability.
Not statistically significant or poor correlation values were found when considering
the AO index with MEDs and melt season duration. The MED and MOD trends not
explained by the AO might be linked to other factors such as changes in long-term
snow albedo, in the surface energy balance terms (related to changes in clouds) or
to SAT warming trends not correlated to AO, Recent years have seen a shift of AO
toward a more neutral state. If a new negative regime develops, it will be crucial to
monitor if this will lead to cooling or will be superimposed on a more general
warming trend.
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Standardized anomaly (1979–2008) of spatially
averaged (a) melt onset, (b) melt end dates, for the

whole area (black bars), for North America (NA, 50%
gray) and Eurasia (EU, 25% gray). The January

through March averaged AO indices are reported as a
black line with circles in Figure 1a.

Maps of D-DAV derived (a) melt onset, (d) melt end date trends, and (g) melt season durat on [Days/year] for the period 1979–2008 together
with the maps of p-values for the (b) melt onset, (c) melt end date, and (h) melt season length. The histograms of statistically significant (at
90% level) trend values in the case of melt onset (Figure c), melt end dates (Figure f) and melt season duration (Figure i) are also reported

together with the Gaussian distributions (black line)
fitting the histograms.

♦Our results indicate that, on the average, for the past melting for areas above 60N has
been starting and ending sooner and that the length of the melting season has shortened.
♦The trends of MOD (MED) range between -0.2 (-2.4) days/year and -1.8 (0.8)
days/year, with a spatially averaged trend of -0.47 days/year (-0.97 days/year). Results
also indicate that the melting season has been shortening by - 0.57 days/year,
consistently with recently observed warming in the Arctic region.
♦The AO index variability explains up to 50% of the melt onset variability over
Eurasia but only 10% of that over North America 30 years consistently with spatial
patterns of surface temperature anomalies correlated with the AO index.

♦Applying the D-DAV
algorithm to spaceborne
microwave Tbs collected
between 1979 and 2008
we found that
statistically significant
negative trends exist for
the MODs, MEDs and
for the length of the
melting season.♦Cumulated melt area derived with space-borne microwave observations

(Tedesco, 2007, red line), the Modele Atmospherique Regional (MAR, dark blue
line) and with different versions of the XPGR algorithm (Abdalati and Steffen,
2001), based on microwave space-borne observations.  The linear trends are also
reported within the images.
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Maps of melting days anomaly over
Greenland for 2009 as derived from

microwave spaceborne  observations.
As a reference, melting days anomalies

for 2003, 2005 and 2007 are also
reported on the left. Please, not that

scales are different for the 2009 and the
remaining years.
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