Response of a Coupled Ocean-Atmosphere Model to Greenland Ice Melting
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Abstract Model and Experiments Local Response around Greenland
- - - i - o : - - - - - . - Vectors (red) of ocean surface current anomalies .
We Investigate the transient ocean gtmosphere response to a realistic freshwater _anome}ly around Model us_ed IS University of California, Los Ange_les (UCLA) CGCM consmtmg of the UCLA atmospheric (cmis) overlaid over SST (shaded) anomalies (°C) i
Greenland. A 50-year long simulation of a coupled atmosphere-ocean general circulation model model, with advanced PBL and cloud parameterizations, coupled to the MIT oceanic GCM (OGCM). The setup around Greenland averaged for JEM for year 1 from -
(CGCM) is compared with another one of the same length in which Greenland melting is prescribed Is discussed by Stammer et. al. (2011). From an initial spun up state of 30 years the following sets of Coupled Run. The black dashed contours represent g B
as additional freshwater entering the sub-polar North Atlantic. The focus of our analysis is on the experiments were conducted. Each set consisted of a reference run and a perturbed run and comprised of 10 gggat;‘;er j’lf’tsh;??ﬂf;e"t":g irig”ttﬁé‘ra'r?;%‘;ﬁ'egftgﬁ 5&% 3
pathways and time scales by which a respective perturbation is communicated globally. Within three ensemble members based on different initial atmospheric conditions. are significant > 95% are shown. ri 3

months after applying the perturbation, the negative sea surface temperature (SST) anomalies
resulting from the Greenland melt water freshwater anomalies in the North Atlantic generate a local
baroclinic response In the atmosphere. This response perturbs the wintertime upper level jets in the
atmosphere, which quickly communicate this perturbation to the North Pacific leading to anomalies

There is an enhancement of East Greenland Current by 1 cm/s in the
region of maximum salt anomalies which results in advection of cold
water from north and subsequently bringing in cold anomalies over
there.

* 50 year runs, without (Control) and with perturbation
(Perturbed), in which a freshwater perturbation of 0.0275
Sv around Greenland is applied. This perturbation is five
times the size of the present day estimated ice melting

In the North Pacific circulation and sea level pressure. This fast tele-connection triggers remote L . _
. . . o .. rates. Both sets are Initialized using January Initial v ¢ boundary | g |' | aid
ocean-atmosphere interactions, which generate SST and sea level anomalies in the North Pacific. A conditions ectors o cr>]un_ atr)y a)(/jer Wlm anomalies (m/s) overlal
= A - - - - - - . over atmospheric boundary layer temperature anomalies
similar albel_t weaker response IS re_:)ropluc_:ed In an uncoupled Atmosphe_rlc model W|tr_1 prescribed | | o (shaded) anomalies (°C) around Greenland averaged for *
SST anomalies around Greenland signifying the role of atmosphere in instant spreading of these * 10 year runs in which the coupled model Is initialized JFM of year 1 from CR. Anomalies that are significant >
perturbations across the globe. Adding a similar perturbation during Northern Hemisphere summer from July without/with Greenland melt water anomalies 95h%hare Sh905Vc\;n- _Re_g vector indicate wind anomalies ...
generates a similar response in the Pacific, not instantly in summer due to weaker upper level applied. which are = 357 signiticant. Mebeeeeman ) e
atmospheric jet during that time, but later during winter months, highlighting the enhanced . . . —~——— T T N fi etren - -
't'p " thh ? 4 sustem 1o winter { SSTg lias in the hi t?l tﬁ_lt y gAtI e Exact - 1 year Atmosphere only runs in which the model is o 0s ko a3k ko 25 o ahn S During first three months (JFM) we observe a strengthening of winds
fneggaz:l\r/llisxznoof hi)v(ilotuhpesee sSr%IZI?rgS'CI)' \all\;:cr)]rggliler:earoundagcl)f;neiIlgzcllrlrani,lalg il-’lfolauvﬁdes arr;aigl. |§§§| forced without/with monthly mean SST anomalies in a  Surface freshwater flux anomalies (in m¥s) equivalent to 5 €ast of Greenland In south east direction; strengthening of westerlies
response need more analysis and experiments i ; region around Greenland resulting from the ocean only telgluerﬁatt:s,e ofreGCg:nlz(ilnzom(e;IIwgteerr |§22um’ e 2000 south of Gre_e nland and_ cold anomalies in all temperat_ure aroun
P y P | run described by Stammer et. al. (2011). Greenla_nd with a maxima around the region of maximum SST
anomalies.
Global Atmosphere Response Global Ocean Response
Zonal wind Stress (x10 Nm-) Anomaly | | SST (°C) Anomaly
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Coupled AOGCM Coupled AOGCM (January Initialized) _ g @M
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Anomalies from Year-1 JFM average: (left) wind stress (x10-2 Nm), (middle) Sea surface height (cm) and (right) sea surface temperature (°C).

Coupled AOGCM (July Inltlallzed) Anomalies > 95% significance are shaded. .
il M e "he wind stress anomalies act upon the ocean surface and the north south gradient results in Ekman downwelling that causes

the positive SSH anomaly centered at 40N. Correspondingly there are negative anomalies generated north of 50N and between
the equator and 20N

Uncoupled Atmosphere
Temperature Anomaly at 50-70N during JFM Year-1
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Conclusions
* A coupled model shows a complex ocean-atmosphere response to freshwater anomalies added around Greenland.
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Height (in mb) -longitude plot of the year-1 JFM Temperature Anomaly (°C)
averaged between 35N-45N (left) in the Pacific Ocean and between 50N-70N.
(Right) in the Atlantic Ocean from Coupled (top) and Atmosphere only (bottom) runs.
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* The perturbation caused around Greenland is communicated to the North Pacific via wintertime jet stream anomalies.

* The response is similar in the Atmosphere only (uncoupled) run, despite the magnitude being lower due to missing feedback
from the ocean, signifying the role of atmosphere in spreading these anomalies instantly.
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Left: Contours of Geopotential Height anomalies (m) for year 1 average for JFM season

The enhanced response In the eastern Pacific Is due to ocean feedback from Coupled runs. Right: Zonal wind anomalies (m/s) at 300mb for year 1 JFM. Top  Summer time initialized runs also result in a similar response, however not instantly but later during winter season.
In the Coupled system. The Atmosphere on|y model response patterns panels are from January initialized runs while the bottom panels are from July initialized _ _ o _ _ _ _ _ _ _
runs. The July initialized anomalies are shown for the subsequent JFM season. Anomalies > » This fast North Atlantic-North Pacific tele-connection of perturbations via the atmosphere triggers perturbations in the wind

are similar , but weaker due to missing feedback from the ocean. = . o . .
. 95% significance are shaded stress and generate SSH anomalies in the North Pacific, which are larger than anomalies around the source.
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