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Introduction

Anthropogenic activities advance the level of CO»
concentrations in the atmosphere at a rate of
approximately 1% per year. Associated changes in the
global mean surface temperature are likely to have
emerged from unforced natural processes of the climate
system i.e., from internal variability (Hawkins et al.
2020). The dramatic reduction in boreal summer (June-
July-August, JJA) Arctic sea-ice cover and thickness as
well as the melting of the Greenland Ice Sheet (GrIS)
since the 1990s have become iconic symbols of on-going
climate change (IPCC, 2021). The emergence of regional
forced changes from the underlying ‘noise’ in the Arctic
is less certain (Ding et al. 2014;2017;2019; Topal et al.
2022), nonetheless, a significant — yet uncertain — portion
of the observed Arctic warming is undoubtedly
attributable to anthropogenic forcing and its associated
positive feedbacks, collectively known as Arctic
amplification (AA; Deser et al, 2010; Screen and
Simmonds, 2010; Notz and Stroeve, 2016; Screen et al,
2018).



Existing linkages between observed Arctic JJA
atmospheric circulation anomalies — featuring a low-
frequency trend toward mid-to-upper-tropospheric
anticyclonic wind anomalies above Greenland and the
Arctic Ocean — and September sea-ice variability over the
past four decades are apparent (Ding et al, 2017;2019).
The GrIS is the single largest contributor to barystatic sea-
level rise (Hofer et al. 2020). Similar to Arctic sea-ice, it
exhibits symptoms of accelerated ice loss (Hanna et al.
2020; IPCC 2021) with serious climatic and ecological
consequences. The anthropogenically-forced response —
multi-model means, or single-model large ensemble
means — of GrlS surface conditions in CMIP5/6 climate
models is mostly consistent with surface temperature and
mass balance changes derived from satellite-based
observations and reanalyses, nevertheless, concerns have
also been raised that the underlying physical mechanisms
responsible for enhanced GrIS melting may differ in
observations and models, hence models might produce a
portion of GrIS warming for wrong reasons (Hanna et al.
2020; Topal et al. 2022). Hence, despite tremendous

research efforts over past decades, mechanisms of AA and
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Arctic climate change are still difficult to pinpoint

(Goosse et al. 2018).

Aims

Based on the above arguments, I plan to dive
deeper and aim to provide a better understanding of the
mechanisms responsible for accelerating GrIS melting in
observations and multiple climate model simulations.
These motivated my PhD research to explore the Arctic

cryosphere changes’ driving mechanisms from new lens.

Materials and methodology

The methods used comprised the following:

e descriptive statistics and “elementary” time series
analyses to get an overview on the data

e principal component analyses; linear regression
analysis; Mann-Kendall test statistics; maximum
covariance analysis to explore connections between
meteorological fields

e introducing the Arctic/Greenland streamfunction

index to quantify the sensitivity of Arctic/Greenland
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surface conditions to large-scale atmospheric
circulation changes (Topal et al. 2022)

¢ a new technique to constrain model sensitivity to
atmospheric circulation and its impacts on the future

ice-free Arctic projections (Topal and Ding in prep)

Results

(1) My results suggest that an atmospheric process,
partially originating from internal variability, is a
significant contributor to sea-ice changes not only in the

past decades, but also under future emissions scenarios.

(2) To somewhat circumvent model sensitivity issues,
making use of the wind-nudging framework, I quantified
the wind-driven response of Greenland Ice Sheet (GrIS)
melting with implications to global sea-level rise. A
substantial portion, —71.7 Gt yr! decade™! (out of the —
132.8 Gt yr'! decade™) total ice mass change equaling ~0.2
mm yr! decade! sea-level rise acceleration relates to
wind-induced adiabatic warming between 1990 and 2012,
which holds potential for atmospheric circulation to affect
the rate of sea-level rise to a similar extent in the coming

decades.



(3) Paleoclimatic evidence reinforces that the significant
enhancement of GrIS melting between 1990 and 2012 and
associated acceleration in the rate of sea-level rise have
been a manifestation of low-frequency variability in the
climate system, arising from decadal tropical SST

variability.

(4) Lessons learnt from the nudging experiments lead to
the next steps to actually interpret the model issues in
terms of the transient Arctic climate sensitivity. The
misrepresented sensitivity of Arctic sea-ice and the GrIS
to large-scale winds in climate models prioritizes a need
to refocus model evaluation efforts from expecting the
models to match observed surface warming rates in their
forced responses and instead assess model skill in
simulating the observed sensitivity to overlying
circulation changes. The global mean temperature
response to CO» forcing seems insufficient to scale the
Arctic climate response. The models’ low sensitivity to
atmospheric forcing (compared with observations) can
result in too strong Arctic warming- and a high sea- and

land-ice sensitivity to anthropogenic forcing if the priority



criteria to evaluate model performance is based on

matching the simulations with observations.

(5) I show that the main difference between the modelled
and observed Arctic sea- and land-ice sensitivity to
atmospheric circulation is that the models’ forced
responses do not favour a low frequency change in the
rotational component of Arctic winds since under global
warming scenarios they exhibit rather horizontally
uniform sea surface temperatures response in the tropics.
Hence the main source to create strong rotational winds in
the high latitudes through Rossby-wave dispersion is

obstructed.

(6) Accounting for this discrepancy I find that the likely
probability of a seasonally ice-free Arctic and widespread
GrIS melting is delayed by 9—15 years, and it is not likely
to see an ice-free summer before 2050. Hence, improved
simulation of the Arctic’s observed sensitivity to large-
scale atmospheric circulation-driven changes in climate

models may provide a means of significantly improving



predictions of the GrIS’s future contribution to global

environmental crises.

(7) My results suggest that those models that perform best
in Central Europe to capture decadal hydroclimate
variability are currently not being used to force regional
climate model (RCM) simulations in East Central Europe,
which may lead to spurious projections of future drying in
our region and false attribution of internal variability
driven changes to a forced hydroclimate response. My
results suggest that the difference between the constrained
ensemble’s and the six single-model initial condition large
ensembles’ (SMILE) future summer precipitation trends
may be attributable to land-atmosphere coupling
discrepancies between the models. Physical differences
between models thus plays an important role in regulating
future summer hydroclimate uncertainty and calls for
caution when interpreting future summer precipitation

projections of the state-of-the-art SMILE simulations.
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