Global-scale Multidecadal Climate Variability: The Stadium Wave
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Introduction Forced-signal decomposition Di -
Twentieth-century climate variations exhibit, on top of the secular The two leading S/NP modes that dominate the common (M@ _ Fractionof forcedsignal variance explained by dominant S/NP modes ISCUSSIon
global warming trend, multidecadal variability with globally coherent evolution among the 38-member forced-signal ensemble (Fig. 2) - Understanding the discrepancies between the observed
patterns (Deser and Phillips 2017). The amplitude of this variability are associated, for mode-1, with a polar-intensified global - and simulated multidecadal climate variability
1s outside of the envelop§ of global climate model simulations warming response which exhibited a substantial acceleration B E B E B B EBENE BEEEE DEEE BE B constitutes one of the pressing problems in climate
(Kravtsov et al.. 2018; Wills et al. 20.22). We here apply a suite of after .1980. By contrast, S./NP—Z. is a land-intensified mgde also o) > 10 o Mofjoel 25 " 30 = science. These discrepancies manifest a coherent global
pattern-recognition methods to succinctly characterize such associated with inter-hemispheric SAT contrast and multidecadal & {imate-conitty SNP-based dognostcs . limate-saneiiiy SNP-base danostos " Clmat-senitty SNP-based dagnstcs signal which may reflect biases in the simulated
variability 1n a 38-model CMIP5/6 ensemble of historical simulations undulations. The trailing common S/NP modes are less E"'B L ’” ; I e : - SouPe response to external forcings or point to the observed
and two reanalysis data sets: Twentieth Century Reanalysis (20CRv3: ubiquitous and are generally associated with smaller gos *”n,éso s internal variability unmatched by the climate models.
Shivinki et al. 2019) and ECMWF Reanalysis of the Twentieth contributions to the individual forced signals (Fig. 3a). Eu o £ This study provides a compact characterization of the
Century (ERA-20C: Poli et al. 2016) and test the hypothesis that the We found an interesting connection between the relative 5% 5 alobal-scale forced responses in terms of just a few
spatiotemporal structure of the observed multidecadal variability can magnitudes of the S/NP modes 1 and 2 and a global-mean © € dominant patterns common across an ensemble of state-
be explained by that of the inter-model forced-signal uncertainty. warming rate of individual-model forced signals (Figs. 3b—c). In of-the-art climate models and the tesidual forced
Fig. 1: Unscaled particular, the models with high contributions from S/NP-1 and Fig, 3: (a) Fraction of variance r2, explained by the 38-forced-signal variability of individual models. The relative
(left) and rescaled low contributions from S/NP-2 tend to exhibit faster warming ensemble’s common S/NP modes 1-5 (and their sum) in the individual forced amplitudes of these patterns gauge climate sensitivity of
(right) forced rates and vice versa. signals. (b—c) Dependence of the global-mean temperature 1880—2005 linear-

individual models, while the residual signals have by

- _ trend slope on the parameters r, and r,: the models with large r, and small r, : . . . :
AnaIyS|S of observed and forced tend to exhibit larger trends. far insufficient magnitude to explain the observed

signals of individual
models (colored

curves) on top of Si gn al residuals multic}ecadal climate unQulations on top of the secular
A e e re e e :)r}ethgeriri]gtc?r?csaelmble The main portion of our analysis deals with the identification of the dominant multidecadal variability in the residuals obtained by: (1) xzflllltl;nagre gzgg;neariid Cilrllflfgzgtso?z?i (%?)t;zmzsbzg)h )
By ~  ewo DRt s simulations (left subtracting the model-estimated forced signals from the observed climate evolution, as well as (2) the 38 forced-signal residuals left after ' ’ '
gray curves) or, i1solating the common evolution across the entire forced-signal ensemble. While the magnitude of the latter residuals (essentially, the forced-
reanalysis time signal uncertainty) is much smaller than that of the observed residuals (see, for example, left panels of Fig. 1 here), i1t could still be possible that R efe rences
series (right, black their spatiotemporal structure could mimic that of observations, lending support to the forced-signal origin of the observed multidecadal signal. Deser, C. & Phillie, A. An oversiow of decadal-scale sea sufice temerature variability inthe
, gILiIrQ/ae’?e) ifr?(;ig;z-SST To document this structure, we first applied, to each gridded residual time series considered, a Multi-channel Singular-Spectrum analysis iﬁizj/zté?r;iffgozrg;g/ézli Exchanges TYPAGES Magazine 25, joint issue, 2-6 (2017)
1830 1300 1920 1340 1960 1380 2000 1830 1900 1920 1340 1960 1980 2000 AMO and PM O (M-SSA: Ghil et al. 2002) filter to 1solate the reconstructed components of the leading M-SSA pair (Kravtsov et al. 2018). We then computed Ghil, ?fb(f;)cZa‘-f?(?ﬂ%g‘}zzf;;?;‘égé;gr;é methods for climatic time series. Rev. Geophys. 40, 1003
two leading rotated EOFs of the SAT data so smoothed in a way that the leading rotated EOF (AMO-like) pattern would be associated with the Kravtsov, S., C. Grimm, and S. Gu, 2018: Global-scale multidecadal variability missing in the
FOrced-Signal estimation rotated PC maximally correlated with the AMO index, while the next EOF’s (AMO-orth pattern) rotated PC would lag the first one. The O O 612 018 004 6 rito e e 5 018 o0ans
Following Wills et al. (2020), we use signal-to-noise maximizing observed signal (Fig. 4) was dubbed the stadium wave (Wyatt et al. 2012) and turns out be largely insensitive to methodological details. The e ot 2%1?;2110?21;55?;,mlf}.tideccz?iﬂtev,mggfmyl§1219C_h1n§§§e,
S/NP filtering on top of ensemble averaging of individual-model analysis of forced-signal residuals (Fig. 5) identifies a mode of delayed forced response with a common pattern, but model-dependent time o stlgasgff“;\if’;;ﬁgt‘gtzZliggj%fv“r'i?jvf62-(1)'2 S TR I T
simulations to estimate 38 forced signals in gridded near-surface air delay. In principle, this signal could explain some of the observed stadium wave, but its pattern correlations with observations are small (Fig. 6). o Wty (s yneimisss O NS
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