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Abstract (1)| |Greenland Summer R™" and CERES CAF (V)

. . . —&— |JA average +0o —&— |JA average a3
® Global Ozone Monitoring Experiment-2 (GOME-2) A, B and C, onboard T end 8/Be 5155 e A ase05x + 0.71
Meteorological Operational (MetOp) satellites A, B and C, respectively, are used (A) Pegalues sBo e r=0.09 P-value: 1.00e+00

to measure reflectance at the top of the atmosphere (R™4)

e Through a spatiotemporal analysis across multiple spectral bands, we identify the
trends and minima in the GOME-2 R™* time series over Greenland and dissect
the causes behind them using complementary higher level satellite and
reanalysis data
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Hypothesis (11)

GOME-2 R™A, as a purely measured quantity with no retrieval model
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GOME2 576-790nm TOA Reflectance

assumptions, can be used to better assess anomalous conditions over 45 - - 0.66
Greenland with the help of other higher level data products PO 01D /20'12 \20'14 - /20'18 / 200 o2 o
Year
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Formulation ; (111)
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We define the R™* as follows RA — c
00) EY ) :
cos(tp) E; o 6 :
where R
e / corresponds the wavelength for which the the spectral reflectance is measured . %
e E ’isthe unpolarized downwelling solar irradiance (in units of photons x s x cm™ x nm™) NI 027
Q
® O isthe solar zenith angle in degrees 7\,{6
® |/ isthe upwelling scalar radiance measured at TOA (in units of photons x stxem™?xnmtx N TR A 0.4
srt) | i oY P R
0
Such that E/l ’ 90 and Il are all taken from GOME-2 measurements and 60 values Fig. 2: (A) GOME2 576-790nm Reflectance and CERES cloud area fraction (CAF) JIA averages over Greenland, (B) 2012
gre ater than 90° are filtered out. JJA Reflectance anomaly, (C) 2019 JJA Reflectance anomaly (where an anomaly is defined as a given summer average

subtracted from the average of all summers in the 2007-2024 period)

Greenland Summer R Trends (IV) | |Greenland Summer R and ERA5 GBI (V1)
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Fig. 1: (A) 2024 Summer GOME2 576-790nm Reflectance (B) 2007-2024 GOME2 576-790nm Reflectance Trends (grid

cells with trends that are statistically significant at the 95% confidence level use the diverging blue-red colorbar
whereas those that are not use the grayscale colorbar)

Fig. 3: GOMEZ 5/76-790nm reflectance over Greenland and ERA5 500 hPa 60°"N-80°N, 20" W-80"W geopotential
height, i.e.the Greenland Blocking Index (GBI), JJA averages (where 500 hPa geopotential height corresponds to the
height of the 500 hPa pressure level adjusted to account for variation in gravity, altitude and latitude)

Conclusions Outlook (VII)
e A large part of central Greenland has negative R™"trends which are statistically * Future projections of GBI can be used to better predict Greenland ice sheet
significant at the 95% confidence level, as seen in Fig. 1 melting
o Western coast has strong and positive trends (at 95% confidence) o Air mass trajectory analysis can help identify the type and intensity of melt
e High regional correlation (r > 0.8) between summer R'™” and CERES cloud area e GOME-2 R™* offers a unique look at Greenland that does not suffer from the
fraction trends for certain Arctic regions (e.g. Baffin Bay and Greenland Sea; not inaccuracies introduced through retrieval model assumptions
shown) but NOT for Greenland, as seen in Fig. 2 o On the one hand, higher level data products can help dissect the GOME-2 R™" signal, on

the other, GOME-2 R™" can help validate retrievals of quantities that are known to affect

o R™A response to clouds over Greenland likely depends on a combination of surface and
reflectance

cloud properties in addition to cloud fraction

e R™ minima in the summer average time series linked to atmospheric blocking /REFERENCES N\
over Greenland (r < '0.7), dS seen in Fig. 3 Bennartz, R., Shupe, M., Turner, D. et al. July 2012 Greenland melt extent enhanced by low-level liquid clouds. Nature 496, 83—86 (2013).
https://doi.org/10.1038/nature12002
O BOth 2012 (Bennartz Et al' 2013) and 2019 (Tedesco et al’ 2020) anomaIOUSIV Strong Tedesco, M. and Fettweis, X.: Unprecedented atmospheric conditions (1948—-2019) drive the 2019 exceptional melting season over the
summer mE|t eventS occu rred durlng Strong blOCkS Greenland ice sheet, The Cryosphere, 14, 1209-1223, https://doi.org/10.5194/tc-14-1209-2020, 2020.
- . . . . elli, L., Vountas, M., Khosravi, N., and Burrows, J. P.: Satellite remote sensing of regional and seasonal Arctic cooling showing a multi-decadal . il
O CIOUd COndItIOI’]S dunng bIOCkS depend on atmOSpherIC prOpertIeS Of the dallf Mass Cd Ught !c-rensto\\fvardz bri:lhteKr and mo|r\le quuidBcIouds, AJtrrpwi. éhetn. Phys.t, 23, 2572—261?, https://doi.org/lOéS1;4/acp-2§-2579-2%23, 20t23. L E
in the block \\ / download
T R 1 7 TRANSREGIONAL COLLABORATIVE a I
RESEARCH CENTRE Acknowledgements
| - This work was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) — project number 268020496 — TRR 172, within the Transregional
(A 0 5 g_“'f";'qp|'f'cszft”3 o and i Collaborative Research Center “ArctiC Amplification: Climate Relevant Atmospheric and SurfaCe Processes, and Feedback Mechanisms (AC)3”
mate FECvaltt ZAMOSPIST and SUrid We would also like to thank John P. Burrows and Luca Lelli for establishing the foundation for this work, as well as Mathew Shupe for productive discussions on the topic. y

Processes, and Feedback Mechanisms \_




