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Introduction

This supporting information contains text and a number of figures to support the main
document. First, Text S1 describes our view on the confidence of different ERA-Interim
parameters in the context of this paper, and justifies which parameters are included in
the main text and which are included in Figure S1. Second, most of the processing steps
and the methodology are described in the main document. Here, Text S2 describes the
additional processing steps necessary for Figures S1 — S3 in this supporting information.

Figure S1 shows the anomaly analysis applied to additional ERA-Interim fields, in order
to give a more complete view of the atmospheric state around melt, while retaining
space in the main document. Figure S1 supports our overall conclusions. Figure S2
shows how several atmospheric fields vary in the vertical around melt, to portrait a more
complete view of the atmospheric state. Lastly, Figure S3 shows additional frames of
three-day periods of Figure 2 in the main text, showing how the variability of melt onset
corresponds to the variability of moist air masses.



Text S1.

Most of the analysis presented is based on ERA-Interim reanalysis products.
Atmospheric reanalysis provides the best available observational constrained data
available in the Arctic for which ERA-Interim is evaluated to be one of the best [Lindsay
et al., 2014]. However, in data-sparse regions such as over the Arctic sea-ice domain,
the reanalysis solution is more dependent on the model structure, assumptions, and
data-assimilation methods than in data-rich regions. For example, ERA-Interim
underestimates the amount of liquid water present in clouds, thereby also
underestimating LWD [Engstrém et al., 2014]; also skin temperatures and evaporation
(i.e. latent heat flux) show large errors in ERA-Interim [Boisvert et al., 2015]. Further, the
albedo of the sea-ice surface is largely based on climatological values in ERA-Interim
and the sea ice lacks snow cover [ECMWEF, 2013]. For these reasons, we choose to
present our anomaly analysis of parameters not directly affected by surface processes in
Figure 1 in the main text. Figure S1 provides additional parameters which we judge to be
more uncertain (at varying degree), being more influenced by local model processes or
the method with which they are obtained. Nevertheless, they support the overall
conclusions.

Text S2.

The radiative and turbulent fluxes as well as precipitation and cloud water are 24-h
forecasts initiated at 00 UTC; other fields are daily means of 6-hourly analyses. The
atmospheric latent-heat transport and the dry static energy transport are vertically
integrated on model hybrid levels from the top to the bottom of the atmosphere
[Graversen, 2006]. A barotropic mass correction is applied to the flux [Trenberth, 1991].
They are based on ERA-Interim data with a spatial resolution of 0.5° x 0.5° for the period
1979 — 2012. The transport convergence of the latent heat and dry-static energy is
defined as
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respectively, where g is gravity, v is the horizontal wind vector, p is pressure, L is the
specific heat of condensation, q is the specific humidity, ¢, is the specific heat capacity of
moist air at constant pressure, T is temperature, g is the gravity, and is the vertical
hybrid coordinate used in ERA-Interim.

The method to include and exclude data for Figure S2 is the same as for Figure 1 in the
main text. That is, the number of data points (at a given vertical level) is the same as in
the anomaly analysis for Figure 1 in the main text, but with another categorization of the
melt data.
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Figure S1. Anomaly composites of atmospheric fields relative to the local melt onset in
five categories. Like Figure 1 in the main text, but for (a), latent heat transport
convergence (proportional to the moisture-transport convergence), (b), 2-meter
temperature, (c), Surface net shortwave radiation, (d), surface net longwave radiation,
(e), Total column cloud liquid water, (f), total column cloud ice water, (g), dry-static
energy transport convergence, (h), precipitation minus evaporation in unit of mm water
equivalent per day, defined as positive downward. Dots in (c)—(h) indicate statistical
significance (p < 0.01). Data in all panels are from ERA-Interim. See Text S2 on how
transport convergences are calculated.
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Figure S2. Vertical profiles of temperature, moisture, and cloud-water anomalies for an
early (left column) and a late (right column) melt onset. Anomalies are relative to the
climatology and are temporally displaced with regard to the melt date (as in Figure 1 in
the main text). Black contours show the significance at the 99.9% confidence level (see
Section 2 in the main text). All data are from ERA-Interim.
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Figure S3. Example of melt onset and water-vapor anomalies. As Figure 2 in the main
text, but with additional frames for additional three-day periods.



Table S1. Trends of early melt onset dates between 1979 and 2016. The regions are
defined in Stroeve et al. [2014].

Early Melt
Region Onset Trends

[days/decade]
Arctic Region -2.6*
Barents Sea -8.3%
Greenland Sea -7.8%
Baffin Bay -5.3*%
Kara Sea -5.1°%
Hudson Bay -3.3%
Beaufort Sea -2.8%
Chukchi Sea -2.2
Laptev Sea -2.2
Central Arctic -1.66*
Canadian Archipelago -1.45
East Siberian Sea -1.26
Sea of Okhotsk -0.6
Bering Sea 0.84

*Statistically significant trends.



