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Introduction Industrial Period

North Atlantic sea ice extent
Greenland temperatures are highly anti-correlated with N. Atl. sea ice extent
(T42 runs ~-0.7 and T85 runs ~-0.6). Correlations peak for sea ice lags of 0-1

We assess the influence of anthropogenic greenhouse gases
on the surface mass balance of the Greenland ice sheet in a suite
of global simulations of the past millennium using the Community

Plots show modelled Greenland temperatures and precipitation in
black and regression model estimates in red.
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forcings like volcanic and solar, as well as internal modes of
variability. From these connections, we create an empirical model
of Greenland surface temperatures and precipitation, which we
compare against those variables obtained directly from
simulations over the industrial period. Thus, we make an estimate
of the direct effect of greenhouse gases and anthropogenic
aerosols on Greenland surface conditions in CMIP5 industrial
simulations using CCSM3.

Ind_T42 sol — no transient greenhouse gases

Lagged corrdlations for a T42 (left) and T85 (right) run between temperature, seaice, AMO and AMOC Example of residual fit for T42 run.

AMO and AMOC

AMO and AMOC appear strongly connected to sea ice. Both sea ice and the
AMO have strong relationships with volcanic and solar forcing. AMOC,
however, shows no significant response to volcanoes, although it is correlated
with the AMO and anti-correlated with sea ice at a lag of 4-8 years. Thus,
since AMO and AMOC follow Greenland temperatures, we exclude them from
regression analysis.

The plots of the remaining runs are shown below, with
temperature on top, and precipitation below.
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Differences for precipitation are less strong, with similar trends
petween the modelled and estimated datasets until the 1970's.
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frequencies, these variables explain at most 15% of the variance of any of the
other variables, with the exception of volcanic forcing and ENSO who share
about 50% their variance in common.

Temperature (left) and precipitation (right) averaged over all fully-transient runs
for values extracted from the model (black) and those from regressions (red).
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Although the total power of the regressions is low (R* ~20% for T42, 12% for
T85), the low-frequency components are quite well modelled. (~60% for
temperature, 50% for precipitation). Uncertainties in regression coefficients
are 0.03, but solar and ENSO datasets have autocorrelations that raises their
uncertainties to as much as 0.10.
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