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…since the internally generated SST anomalies (e.g. due to variations in 
AMOC) and non-uniform (in time) radiative forcing may both be 
responsible for the observed non-uniformities in the NH warming! Other 
pacemaker experiments (e.g., SSTs prescribed in the Pacific, Indian 
Ocean) show analogous results.
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This (underestimating the magnitude of internal variability) turns out to be 
a common problem for many CMIP5 models. Not only that, but also —
timescales and patterns of multidecadal climate variability turn out to be 
different!
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AMO – SST averaged over North Atlantic, PMO – SST averaged over 
North Pacific,  NMO – surface air temperature averaged over the entire 
Northern Hemisphere (ocean+land), NAO – leading EOF of SLP over 
North Atlantic, ALPI – leading EOF of SLP over North Pacific.
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Inflation factors have been developed and applied to account for a small 
number of realizations and insufficient averaging of internal variability in 
the ensemble averaged “forced” signal. Even inflated internal variability in 
CMIP5 simulations is significantly smaller than observed estimates!
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Blue – observed, red – simulated, green – variance of projections of the 
simulated trajectory matrices onto the observed T-EOFs. Dominant 
leading pair in observation, with the variance much larger than that of the 
dominant pair in models. Model’s projections onto observed T-EOFs are 
tiny: different spatiotemporal structure of the simulated variability 
compared to the observed.
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So comparing semi-empirical internal variability in models and observation 
recovers the results based on comparing the deviations from the linear 
trends in observations and model simulations: lack of multidecadal 
variance and different spatiotemporal structure of variability in the models 
relative to observations.
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Here is how this observed mode of variability — absent from the models 
— looks like, in the five indices considered.
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Since the emphasis is on the large-scale low-frequency variability, simply 
applying the above analysis at the level of individual grid points (where the 
noise is much larger than in the regional averages) won’t work: we need 
to filter the data to focus on the appropriate time and spatial scales.
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(a) Input/noise spectra for one of the simulations of the CESM model; (b) 
The same for 20CR SAT data. Statistically significant M-SSA modes are 
multiplied by signal-to-input variance ratio and their sum is reconstructed 
in physical space. Inflation factors (based on comparing filtered and raw 
time series) are needed, since both signal and noise tend to get 
attenuated in Wiener filtering.
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Note narrow uncertainty range of the secular signal in NH SAT, meaning 
that essentially the same (forced) signal is isolated in each individual 
CESM run. In CMIP5, the spread is a bit more (model uncertainty) - see 
backup slides.
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Now take the difference (at each grid point) between secular signals in 
observations and each (scaled) model simulation, and do M-SSA analysis 
to isolate dominant data-model differences. Since secular signals in 
models are dominated by forced variability, the data-model difference can 
be thought of as an estimate of internal climate variability in observations. 
We also analyze the differences between secular signals in individual 
simulations and this model’s ensemble-mean secular signal. This would 
be an estimate of the internal secular variability in models.
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Reconstructions are consistent with Kravtsov (2017). In reconstructions, 
the ocean indices are scaled by 0.1K and land indices – by 0.6K. This is 
why the animation shows stretched signals to better visualize the 
sequence of anomaly propagation. Movie here.
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Aerosols?
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Well, maybe not, but what would then be the explanation for the 
insufficient simulated amplitude of multidecadal variability?...
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