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ĂThe climate is what you expect, the weather is what you getò /Robert Heinlein, 1973/
ĂClimate lasts all the time and weather only a few daysò /Mark Twain, 1887/

ÅWhat is climate (theoretically)?

ÅQuestion: if climate is what we Ăexpectò, then what is the expectation value, what is the underlying statistics(probability )?

Å Answer: climate is the natural probability distribution of the so-called snapshot attractor and its change is the climate 

change (Romeiras et al., 1990; Ghil et al., 2008; B·daiet al., 2011; Dr·toset al., 2015)

Motivation ïThe Snapshot attractor view

Å Lorenz 84 system with time-dependent forcing

Å Trajectories evolving from the distant past

Å A set to which the system evolves after a long enough time

Å Climate change: if the shape of the attractor changes

Å Variability: the characteristic size of the attractor

Å Instantaneously permitted parallel climate realizations

Å Instantaneous ensemble average changes only if climate also 

changes

Probabilitydistributionof thesnapshotattractor

(a) 25 years(b) 50 years(c) 85 yearsafterclimatechange

(d) Onemember(magenta), ensembleaverage(black) and 

forcing (orange) afterT®l et al., 2019.



Å Climate is based on ensemble statistics and could be defined by the snapshot method

Illustration of the snapshot attractor and its convergence time in climate model PlaSim(Herein et al., 2016)

Å Snapshot method defines climate instantaneouslyacross the ensemble (numerically)in a GCM

Å In theory we need infinite ensemble members Ą in practice we have large climate ensembles (e.g. CESM-LE)

Å Climatic mean : instantaneous ensemble average

Å Internal variability: higher order moments

Å Ensemble statistics is only valid if we converged to the attractor, when initial conditions are forgotten (after tc) 

(few decades (for ocean could be more), but depends on the climatemodel)

Å Variability is a property of the system, cannot be reduced with the increase of ensemble members

ÅWe compute all the statistics across the ensemble, 

Å New application is snapshot empirical orthogonal function analysis (SEOF)(Haszpraet al., 2020a)

Motivation ïThe Snapshot attractor view in GCMs
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SEOF ïa new way of teleconnectionanalysis

ÅTeleconnectionsare important due to their regional/global impacts

ÅIn a changing climate physical parameters shifting in time, the dynamics is time-dependent

ÅIn a changing climate the strength of teleconnectionsmight change

ÅTime evolution of teleconnectionsin a changing climate?

ÅExamples: focus on Arctic Oscillation and ENSO

Question: How to characterize teleconnectionsin a changing climate?

Answer: parallel climate realizations (Herein et al., 2017, T®let al., 2019)and SEOF(Haszpraet al., 2020a)

A recent review about snapshot method and parallel climate realizations (¢Şƭet al., 2019) 



Å ClassicalEOF method canalso revisited, as it is based on temporal averages 
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Å Ensemble based EOF method: Snapshot EOF=SEOF; SPCs=snapshot principal components (Haszpraet al., 2020a)

Å A(m) and A(t) are anomaly matrices, where the anomalies are computedalong time and along the ensemble, respectively

Å Similar method (EOF-E) has been developed by (Maher et al., 2018).

SEOF analysis



Example 1: Arctic Oscillation (ambiguity of temporal statistics)

Å Models: MPI -ESM (100 members)with RCP2.6, 4.5 and 8.5 and CESM-LE (40 members)with RCP8.5

Å AO is theleading EOF pattern of sea-level pressure 20ï90ÁN

Å Traditional AOI is not representative (uses temporal averaging)

Traditional AOI time series (thin solid lines) for the E = 1 member of the MPI-GE for the RCP8.5 scenario and of 

the CESM-LE calculated by using different climatologies(indicated in the legend). The time series of the 30-year 

moving mean (thick solid lines) are also plotted.(Haszpraet al., 2020a)

ÅAOI defined bytheleading PCs in the ensembles ïSEOF method

ÅWe calculate the ensemble based correlation coefficient (r) between ĂAOIò and surface temperature (TS) for winters (DJF mean)



DJF mean SLP anomalies (hPa) regressed onto the first EOF mode (explained variance is indicated in parentheses) using SEOF

analysis for the indicated years. (Haszpraet al., 2020a)

SEOF ïCESM-LE



SEOF ïMPI

DJF mean SLP anomalies (hPa) 

regressed onto the first EOF mode 

(explained variance is indicated in 

parentheses) using SEOF

analysis for the indicated years. 

(Haszpraet al., 2020a)



(a) The explained variance of the first EOF mode (10-2 %yr-1) and (b) the amplitude of the AO as the

standard deviation of the PC data using SEOF analysis (10-2 %yr-1). Curves are colored according to the ensemble

(MPI-GE with different forcings, or CESM). Legend includes the slope of the linear regression with 95% confidence

intervals. (Haszpraet al., 2020a)



New methodology for correlationcomputation

Å Instead of traditional climate indices we redefine teleconnectionsas instantaneous ensemble based correlations (r),
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Illustration of the instantaneous ensemble based correlation (r) 



Ensemble-based snapshot correlation coefficient field between AOI and TS for the indicated years in CESM-LE 

for the scenarios indicated in the panel titles. (Haszpraet al., 2020a)

Snapshotcorrelationin CESM-LE



Snapshotcorrelationin MPI

Ensemble-based snapshot correlation 

coefficient field between AOI and TS for the 

indicated years in MPI-GE 

for the scenarios indicated in the panel titles.

(Haszpraet al., 2020a)



Lineartrend (10-3 1/yr) of r over time 1950ï2099 for the 

MPI-GE scenarios RCP2.6, RCP4.5, RCP8.5 and for the 

CESM-LE. Black dotsrepresent geographical locations 

where the trend is significant at the 95% level.

(Haszpraet al., 2020a)

Linearcorrelationtrends

in CESM-LE and MPI-GE



The correlation coefficient r as a function of time for the region a) [90ϲW, 110ϲW] Ҏ[20.5ϲN, 40ϲN], b) [0ϲE, 25ϲE] Ҏ[52ϲN, 62ϲ
N], c) [140ϲE, 120ϲE] Ҏ[45ϲN, 60ϲN], d) [135ϲE, 155ϲE] Ҏ[30ϲN, 50ϲN]. Curves are colored according to the ensemble (MPI-

GE with different forcings, or CESM).Legend includes the slope of the linear regression with 95% confidence intervals [10-3 yr-1]. 

(Haszpraet al., 2020a)
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Example2: ENSO ïglobalprecipitationcorrelations

Å Model: CESM-LE (40 members)with RCP8.5

Å NINO Box: -30Sï30ÁN, 160-295ÁW 

Å SEOFmethod appliedĄSPCs

ÅWe calculate the ensemble based correlation coefficient (r) between ĂSST SPCsò and Precipitation(P) Ą time evolutionof r



(a, d) Ensemble-based ENSO strength as the ensemble standard deviation of the PC1 (ůPC), (b, e) the explained variance in the first SEOF mode, and (c, f) Ni¶o3 

amplitude as the area-mean (thick line) ensemble standard deviation of SST in the Ni¶o3 region and its area standard deviation (grey band) in (aïc) JJAS and (dïf) DJF. 

Linear fits are indicated by dashed lines; legends indicate the slope of the linear fits with 95 % confidence intervals. (Haszpraet al., 2020b)



Ensemble-based SST regression maps [in degrees Celsius] for years given in the title of the panel for (aïc) JJAS and (dïf) DJF. The explained variance in the first 

SEOF mode is also displayed in the title of the panels. Dots represent geographical locations where the regression coefficient is significant at the 95 % level. For better 

visibility, only every fourth grid point is dotted.(Haszpraet al., 2020b)


