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Introduction
Summertime snow is retreating faster 
than September sea ice. Springtime 
snow is also retreating rapidly.

• Can such changes be found in 
climate models and partitioned 
into anthropogenic and natural 
components?

• How are these trends related to 
trends in temperature, 
precipitation, circulation?

We use a large-ensemble 
methodology (e.g. Deser et al. 2010, 
2012) from CCSM4 to interpret 
satellite era snow observations.

gridded data set over the 1972–2008 period of continuous
data (Figure 8) show a marked difference in seasonal snow
cover trends over Eurasia with many regions experiencing
earlier starts to the snow cover season, so most of the recent
documented decreases in annual SCD must be occurring in
the spring period. The exceptions to this are the Canadian
Arctic Archipelago, Alaska, northern Scandinavia, and
northeastern Siberia where SCD has decreased in both the
fall and spring. Both continents show clear evidence of
stronger reductions in spring snow cover in northern coastal
regions in agreement with the findings of Radionov et al.
[2004]. This coastal response is likely linked to enhanced
local warming related to thinning sea ice [Lindsay et al.,
2009] and earlier sea ice retreat [Howell et al., 2009] that
generate positive feedbacks from increased heat transfer to
the atmosphere and increased solar heating of open water
[Perovich et al., 2007].
[31] These results underscore the close connection

between the cryosphere and surface air temperatures over

the Arctic region in June when albedo feedback potential is
at a maximum [Déry and Brown, 2007]. Previous estimates
of SCE change over the Arctic with the NOAA data set
[Foster et al., 2008] emphasized a step change in the mid‐
1980s linked to a regime change of the Arctic Oscillation
(AO). Multiple regression analysis of the multi‐data set
Arctic SCE in May and June with winter (JFM) AO,
monthly temperature anomalies, and linear trend revealed
that air temperature was the dominant influence explaining
49% of the variability in Arctic SCE in May and 56% of the
variability in June. AO was only significantly linked to
Arctic SCE in May where it explained 25% of the variance
in Eurasian SCE. There was no significant link between AO
and NA SCE which supports the findings of Tedesco et al.
[2009] of a weaker AO influence on NA SCE. The presence
of the late 1980s shift in AO was detectable in the May and
June SCE series over both continents using a number of
standard homogeneity tests in the AnClim software package
[Štěpánek, 2005]. However, only the June SCE series for

Table 5. 1967–2008 Least Squares Trend Analysis Results for the Multi‐Data Set Series With Annual Values of the
Standard Error in SCE Included in the Regressiona

Month Region
1967–2008 Mean SCE

(Standard Deviation) 106 km2

Multi‐Data Set Trend
Over 1967–2008
106 km2 10 yr−1

(Slope Standard Error)

% Change in Mean SCE
Over 1967–2008

(NOAA % Change)

May NA‐Arctic 3.86 (0.28) −0.11 (8.61 × 10−3) −11.6 (−4.8)
EUR‐Arctic 6.85 (0.53) −0.19 (1.58 × 10−2) −12.1 (−11.1)
Pan‐Arctic 10.71 (0.62) −0.36 (1.89 × 10−2) −14.2 (−8.6)

June NA‐Arctic 1.82 (0.34) −0.13 (1.17 × 10−2) −31.1 (−23.8)
EUR‐Arctic 1.96 (0.49) −0.23 (1.65 × 10−2) −50.3 (−68.1)
Pan‐Arctic 3.81 (0.67) −0.40 (2.67 × 10−2) −45.7 (−45.6)

aCorresponding trends from the NOAA data set are shown in parentheses in the last column. All trends are significant at the
0.05 level with the exception of NOAA trend in NA May SCE. The mean and standard deviation of the multi‐data set SCE over
the 1967–2008 period are included in the first column for reference.

Figure 6. Variation in Arctic June snow cover extent, sea ice extent, and air temperature (plotted as neg-
ative anomaly) over the 1979–2008 period. Least squares trends shown for snow cover and sea ice extent.
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June Sea Ice      -3.8%/decade

June Snow Cover     

Sept Sea Ice   -10.8%/decade

-21.5%/decade
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Models

CCSM4

•Coupled ocean-
atmosphere

•1981-2010

•2 x 2.5 degree CAM4 

•historical + rcp45 
extension after 2005

•40 realizations, 1955 
branch.

Models

AMIP

•Observed ocean and 
sea ice

•1981-2008

•2 x 2.5 degree CAM4 

•historical + rcp45 
extension after 2005

•40 realizations, 1955 
branch.



Obs

Snow cover fraction and extent 
(SCF and SCE)

•Rutgers/NOAA CDR 
1981-2010 (Brown and 
Robinson 2011)

•October CDR further 
analyzed by Brown and 
Derksen (2013)

Obs

Land sfc temperature (Ts) and SST Had CRU 4, Hurrell
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Models

CCSM4

•Coupled ocean-
atmosphere

•1981-2010

•2 x 2.5 degree CAM4 

•historical + rcp45 
extension after 2005

•40 realizations, 1955 
branch.

Models

AMIP

•Observed ocean and 
sea ice

•1981-2008

•2 x 2.5 degree CAM4 

•historical + rcp45 
extension after 2005

•40 realizations, 1955 
branch.



CCSM4 AMIP OBS

Interannual Variability of SCE
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North America
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CCSM4 (20) 
Snow Simulation
• SCE seasonal cycle and 

variability generally well 
simulated (despite coarse 
resolution).

• SCE interannual 
variability too low in June 
and October (Arctic and 
SubArctic snow on/off).

• Coupling to ocean 
increases North 
American variability (not  
Eurasian variability).
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Model-Obs Comparison
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Brown and Derksen 2013:  this 
positive trend is likely spurious.



Patterns of Snow Trends

Obs SCF Trend JFM

Trends in two CCSM4 realizations

• Snow trend variability reflects thermal and circulation controls.

• We explore roles of SST and SLP predictors.
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Select subset of 
CCSM4 ensemble 
whose trends in 
tropical/subtropical 
SST correlate with obs 
(see Shin and 
Sardeshmukh 2011).
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Find  AMIP simulations whose 
SLP trends match observed.

• Weaker Aleutian low goes with 
more snowcover over western 
North America

• Negative NAO trend goes 
with more snowcover over 
eastern North America

None of these regional trends in 
SLP or snow are very significant

B u t t h i s d e m o n s t r a t e s 
coherence between SLP and 
snow signals.

SLP Influences 
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• CCSM4 20 large ensemble provides high quality snow simulation 
and range of plausible climate states to quantify range of trends and 
interpret obs.

• Trends falling outside range of natural variability:

• Snow loss too strong in winter and too weak in spring. 

• Influence of tropical SST warming is reduced in AMIP ensemble.

• SST and SLP anomalies strongly influences North American trends. 

• Inconsistency between model and obs in October could be related 
to observational uncertainty.

• Patterns of snow trends in North America show maritime 
influence:

• Atmospheric circulation advecting SST anomalies.

• The AMIP results suggest coherence between internally 
generated atmospheric circulation anomalies and snow trends.

Conclusions
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• GlobSnow JFMA SWV reductions are significant.

• These are found in a few of the CCSM4 realizations.

• But given excessive North American warming and SCE 
reduction, is CCSM4 doing this for the right reason?

North American SWE
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Conclusions

Model snow cover climatology and variability compare quite well 
with observations

Coupled model ensemble mean trends in snow cover fraction show 
weak seasonality and very strong, spatially coherent patterns.  

AMIP experiment ensemble mean trends are more spatially varied 
during winter and spring seasons and seem to compare 
qualitatively better to observations

The trend magnitudes of individual realizations from either 
experiment compare better with observations

Models have overly strong winter time trends in snow cover extent 
but too weak spring time trends
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Differences between AMIP and coupled experiment snow cover 
trends stem from differences in wintertime land surface 
temperature trends

These land surface temperature trends are in turn related to the 
SST trends in the model

The coupled model shows too much tropical ocean warming in the 
ensemble mean

A subset of coupled model realizations runs show better correlation 
with historical SSTs.  The snow cover fraction trends of these 
realizations show better agreement with the AMIP ensemble mean 
and the observations

Conclusions

21



22



Fraction of Significant Runs
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Simulated Trends
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