More precise predictions of future polar winter warming estimated by multi-model ensemble regression
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Introduction Method [ [ Results and Conclusions: Antarctic
Here we introduce a simple robust statistical framework for providing more The ensemble regression model gives g: %;% | g: %fﬁ
orecise local (grid-box) projections from ensembles of climate models. the following prediction of the expected A oA K For Antarctic winter (July),
Projections at grid-box spatial scales are important for impacts studies. The observable mean climate change 5 1ol *i o 5 10 *;éiﬂ key differences between ER
methodology builds on previous work in which inter-model relationships between response (y,) based on observed 5 E &2; 5 % ii; | and EM predictions are:
simulated present-day and future Arctic-scale parameters are used to estimate present-day mean (X,). g 1o X g 14 %o e The ER method gives
future observations from present-day observations (e.g. snow-albedo feedback 0 =Y+ A% —X) T lep oK el aX warming of approximately
[Hall and Qu, 2006] and Arctic total sea ice extend [Boe et al., 2009]). Yo =¥ ° ol ;‘2:5 o e i 2°C more than estimates
* The main element of our framework involves inter-model relationships Because of the small number of climate gg % | éi %;é based on the EM method
between present-day-mean bias and projected response (state dependence) models, it is also important to test how 33: % | 25 ox | northwest of the Weddell Sea
In local near-surface winter temperature. Linear regression onto this state much influence each model has on the el I at approximately 62°S, 5°W
dependence is used to predict future observations at each grid point in turn mean response. We investigate this by Leverage Leverage (Fig. 4c).
(Flg 1a). calculating the leverage for each Fig. 2. Leverage in (a) January and (b) July. Global *There is a large region of
The second important element is identifying influential outlier climate CMIP3 model, which identifies model mean (asterisks), Arctic mean (diamonds) and significantly less warming
models that have large leverage in the regression. 10 as overly influential (Fig. 2). For Antarctic mean (triangles) leverage. Vertical dashed extending westwards from
_ . . . . . . . : lines show the rule of thumb value for labelling _ _
* The third element is determining the point at which errors stop decreasing details see Bracegirdle and cases as high leverage. the tip of the Antarctic
with increasing ensemble size (or whether a larger ensemble is required). Stephenson [in review]. Peninsula, centred on ~60°S,
Together these three elements provide a new framework for producing more q o ; ~90°W (Fig. 4c).
precise (i.e. reduced variance in the statistical prediction) climate change Resu Its d nd ConCI usions. ArCtIC o. As was found in the Arctic
projections at the grid-box scale. We refer to this statistical model-based (b) | winter these differences
approach as Ensemble Regression (ER). For locations where the multi-model o For the CMIP3 ensemble results coincide with regions of large

climate change response is uncorrelated with present-day climate, the ER
approach effectively reverts to an Ensemble Mean (EM) approach. In addition
ER improves on and avoids difficulties associated with ad-hoc weighting of
climate models (Giorgi and Mearns, 2002; Murphy et al., 2004; Connolley and
Bracegirdle, 2007, Raisanen et al., 2010).

| from the ER approach show a
broadly similar pattern to those
from EM (Fig. 3a,b), but with key
differences (Fig. 3c¢):
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Fig. 1. Scatter plots of 21t century predicted changes versus present-day 1= ==="" 03 (a) Estimates of J tacet t " vore. et Ranga. amd Reliabiliyof | T S B e e o
means in wintertime near-surface temperatures at (a) 65S, OE in July and T SISSER 1g. t-h(a)21~°’st ImateS 0]c antthar)I/EIF\l/lear &;rl:r Cc';lce dergp;era u[ﬁ CEaRnge Region] Climate Changes from AGGGM Simulations Present—day mean (°C) Present—day mean (°C)
. . : - ver nturv from m N rom ia the "Reliability E ble A ing" (REA
(b) 75N, OE in January. Each small asterisk represents one CMIP3 climate - T\\gvsxa iy Y e (_) P Kfl'itthgd-Jeclﬁf*:?éilﬁeﬂlgﬁ*-veragmg o Fig. 5. As in Fig. 1, but for CMIP5 models. Present-day mean
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