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100 million 
years of Arctic 
temperatures

O’Regan et al. (2011)



Tierney et al. 2020



The Arctic Amplification (AA) Concept: Arrhenius (1896)

• Arrhenius (1896) provided one 

of the earliest descriptions of 

Arctic Amplification.

• Origins of AA came within the 

context of explaining 

glacial/inter-glacial periods of 

the Quaternary.

• Key Mechanism: Surface 

albedo changes due to the 

north-south progression of the 

snow-ice line.



Surface 
albedo 

proposed  as 
driver of AA 
(Arrhenius 

1896) 

1960’s: EBM studies quantify magnitude of 
surface albedo feedback (Budyko 1966; 

Rakipova 1966)

Inclusion  of 
vertical heat 
transport in 

EBMs 
(Wetherald 

and Manabe 
1967)

First  use of 
a GCM to 
study AA 

(Manabe and 
Wetherald 

1975)

Inclusion of 
horizontal heat 

transport in EBMs 
(Sellers 1969)

First  use of a GCM 
with mixed layer ocean 

to study AA (Manabe 
and Stouffer 1980)

Exploration of the 
role of ocean 

heat transport in 
AA (Washington 
and Meehl 1984; 

1986; 1989)

Emergence of 
multi-model 

intercomparisons 
(Cess 1989; 1990)

2000s: AA emerged as a 
unique research topic, use of 
multi-decadal observations 
used, AA can occur without 

the surface albedo feedback 
(Alexeev 2003)

Emergence of 
surface-based AA  in 
observation (Serreze 

et al. 2009)



Taylor et al. (2022)



What changes have we observed?



Observed vertical 
structure of warming: 
bottom heavy



(GISTEMP 2020; Taylor et al. 2022)

DJF MAM

JJA SON

Observed seasonal and spatial 
structure of Arctic Amplification







The Arctic future



Temperature and sea ice concentration 
projections from CESM LENS

(Z. Labe; Climate Viz; https://zacklabe.com/climate-model-projections/)

Oct-Nov.



Other changes of 
importance…

Notz et al. (2020)

IPCC (2021)

Heuze and 

Jahn (2024)

IPCC (2021)



Uncertainty in AA  projections: The feedbacks

Hahn et al. (2021)



Ideas and Current Work
Linking processes and radiative 

feedback



0.31/0.770.71/1.00

Corr.coef CMIP:

0.71/1.00 0.65/0.53 0.32/0.18 -0.28/0.71 0.25/0.35

surface albedo (𝛼)

𝛼 Sum 𝛼𝑖𝛼 𝛼𝑐 𝛼𝑠𝑝𝑣 𝛼𝐼𝑅𝐴 𝛼𝑜𝛼

Sea ice albedo is a key component of the 
in modeling spread in surface albedo

Kim and Taylor 

(in review)

𝛿𝛼 = 𝛿𝛼𝑖𝛼 + 𝛿𝛼𝑐 + 𝛿𝛼𝑠𝑝𝑣 + 𝛿𝛼𝐼𝑅𝐴 + 𝛿𝛼𝑜𝛼

>0.34 95% significant



Ice extent change 
dominates 
contributions to 
the surface albedo 
feedback

Kim and Taylor  

(in prep.)

𝛿𝛼𝑖 => ice albedo

𝛿𝛼 = 𝛿𝛼𝑖 + 𝛿𝛼𝑐 + 𝛿𝛼𝑒

𝛿𝛼𝑐 => ice concentration

𝛿𝛼𝑒 => ice extent

𝛿𝛼 => total albedo change

ΔSW𝛼 => shortwave 

radiation perturbation

CERES ERA5



Sea ice parcel survivability

Survivability=
𝑁𝑠𝑢𝑟𝑣

𝑁𝑡𝑜𝑡𝑎𝑙

Survivability 
influencing factors:

• Winter SIT 
growth

• Parcel SIC

• Greater snow 
depth (threshold 
behavior)

• Early summer 
sea ice albedo 
change (June-
May)



Influence of ARs on sea ice evolution

Zhang et al. (2025)

• Winds push ice floes 
from the marginal seas 
to the central Arctic 
leading to dynamical 
thickening.

• Thermodynamic 
factors: reduced 
congelation growth 
(54%–56%), enhanced 
basal melting (17%–
26%), and inhibited 
snow‐ice formation 
(11%–21%) play major 
roles in the sea ice loss 
in the marginal seas



In closing…We live on an interconnected planet!

Thank you!



Thank you!


