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1. Background and Objective: The surface temperature
of the Arctic 1s projected to warm more than any other
region on Earth (1.e., Arctic Amplification). Even though
the increase of solar absorption, due to the reduction of
the surface albedo associated with the loss of sea ice, 1s

3. Connection between Sea Ice Loss and Surface Warming

(a) (d) (a) (d)

Surface Temperature (K)

Surface Temperature Change (K)

Change in Heating Rate (K/month)
I I I I I I I I I

Arctic Spatial Correlation
1.0

OOBRpONMDO®

240

strongest in summer, the warming 1s largest in late | a2l g it bnl O i A vy g i Ags oD S e ey e =

fall/early winter and smallest m summer. The most | o o) ©

common theory put torward to explain the suppressed | 2o Suflace Tempprature (F) 25 p—oupeopemeqratire thange (6 4 p—rgeonal Heating Rate (-ymonth) g oS Healing Ralo (K/monthy
summer warming is that most of the additional solar | . . 0s 2§ g

energy goes into the melting of sea ice. The energy gain in | 2% 10 P \&gE Z & 2

SUmiImecer, however ’ 1S thOUght to lead to the Arctic Wafming 2791;n Feb Mar Apr MayJun Jul AugSep Oct NovDec Ojan Feb MarArayJuJuI Aug Sep Oct NovDec Sz;t;:l chﬂ(i;'rrlrarizniu;\/l:)jltﬁ;; :Ie)patioaCtl o “4)an Feb Mar AIprMIayJLIm Jul ALlngIep Oct NovDec :%an Feb Mar AlprMIayJLIm Jul ALIJgSép Oct NovDec

correlation between changes in sea ice

maximum 1n late fall/early winter by leading to enhanced

© (f) concentration and surface skin temperature in (C) (f)
heat release during this time period as a result of the 500 (— Surface Telpleralure (0 o5 Surface Temperature Change (K) the Arctic (GON-90N), excluding land grid .« __ Seasonal Heating Rate (K/month) : Change in Heating Rate (K/month)
enhanced surface latent and sensible heat fluxes into the | 2 ) 9 Bl their a8 ;
atmosphere, also a consequence of the loss and thinning of | 25 | —— 1.% 9l
sea-ice, Warming the surface air temperature. While this gggJan Feb Mar AprMay Jun Jul AugSep Oct NovDec Yan FébM'arA'prM'ayJ ﬁgsépo'ctNévDec Greater Sea Ice Loss :15Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovDec :é:]an Feb Mar Apr May Jun Jul Aug Sep Oct NovDec

Seasonal heating rate by surface type. Climatological Arctic (60N-90N) seasonal
heating rate (month-to-month; see Methods) for the end of the 20™ (solid lines) and 21t
(dashed lines) centuries projected by CMIPS historical and RCP8.5 simulations,
respectively, for individual CMIP5 models (black lines) and their ensemble mean (red
lines) for (a) grid points with reductions 1n sea ice concentration, (b) oceanic grid points
that were 1ce-free in both periods, and (¢) land grid points. The difference between
corresponding dashed and solid lines 1n (a)-(¢) 1s given by (d)-(1), respectively.

Seasonal Arctic warming by surface type. Climatological seasonal cycle of Arctic (60N-
90N) surface skin temperature (K) for the end of the 20™ (solid lines) and 215t (dashed
lines) centuries projected by CMIPS historical and RCP8.5 simulations, respectively, for
individual CMIPS models (black lines) and their ensemble mean (red lines) for (a) grid
points with reductions 1n sea ice concentration, (b) oceanic grid points that were ice-free in
both periods, and (¢) land grid points. The difference between corresponding dashed and
solid lines 1n (a)-(c) 1s given by (d)-(f), respectively.

Greater Warming
During Fall/Winter But
Not During Summer

commonly accepted theory makes clear the importance of
sea-ice loss on Arctic warming, by focusing on surface
skin temperature our study proposes a differing
perspective on how sea-ice decline amplifies Arctic
warming and establishes its seasonal pattern.

2. Seasonal Arctic Surface Warming Pattern 4. Role of the Surface Albedo Feedback 5. Temporal CMIPS Intermodel Correlation
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Surface Albedo Feedback. Arctic (60N-90N) (top left) net
downward shortwave flux, (top right) net downward shortwave flux
change, (bottom left) net surface energy flux, (bottom right) net
surface energy flux change for individual CMIP5 models (black
lines) and their ensemble mean (red lines). Done for Arctic grid
points with reductions in sea ice concentration. (Units W*m)

6. Summary: As Arctic sea ice converts to water the surtace heat capacity
increases. The heat capacity increase slows the seasonal cooling and
warming in fall/winter and spring/summer, respectively, which amplifies
Arctic warming 1n fall/winter and suppresses it in spring/summer. The SAF
amplifies the warming by opposing the slowdown ot the seasonal warming.
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