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Abstract

We investigate the decadal-to-centennial ENSO variability based on nonlinear
data-driven stochastic modeling. We construct data-driven model of yearly
Nifo-3.4 indices reconstructed from paleoclimate proxies based on three
different sea-surface temperature (SST) databases at the time interval from
1150 to 1992. The data-driven model is forced by the solar activity and CO2
concentration signals. We find the persistent antiphasing relationship between
the solar forcing and Nifo-3.4 SST on the bicentennial time scale. The
dynamical mechanism of such a response is discussed.

The work was supported by the Russian Science Foundation (Grant No. 20-62-
46056)
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!pata: yearly Nifio-3.4 indices reconstructed
from paleoclimate proxies based on three
different sea-surface temperature databases
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Forcing: solar irradiance and air CO2
concentration signals
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Data/forcing preparation and preprocessing

Data and forcing are considered on the time interval
from 1150 to 1992 (843-year series)

Monthly air CO2 concentration signal and signal of solar
irradiance with 5-year step are resampled with 1-year
step using spline interpolation
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Wavelet analysis of the Nifo-3.4 and solar
irradiance signal

Nino-3.4 wavelets
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The 200-year solar activity cycle is well-documented:

Wagner, G., and Coauthors, 2001: Presence of the solar De Vries
cycle (205 years) during the last Ice Age. Geophys. Res. Lett., 28,

303-306.

The distinct spectral peak near the 200-year period in
all considered Niho-3.4 data is observed.

manifestation of solar irradiance?

To clarify this question we construct the data-driven

model



1 : :
Nonlinear stochastic model

Xn = F(xn—l y oy Xn—L rfn ) + gEn

Nifio-3.4 data: X = (x; , ..., xy )
Two-dimensional forcing including both air CO2 concentration and solar irradiance signal: f; , ..., fy
Deterministic part F is parameterized via one-layer perceptron:

Pm(un) = ﬁl a; - tanh(‘”iT Uy, + Yi) yUp = (xn—l y ey Xp—, »fn )

* [is memory depth, mis number of neurons
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Bayesian optimality criterion

P(p, H;|X) o« P(X|p, H;) * Py, (@) — cost function for p (posterior PDF of
n = (a,y, ®,g) — model parameters » the data X was produced by the model with p and H;)
H; = (L, m) — model hyperparameters P(X|Hy) = [ PX|p, H)) - Py, (@)d p — cost function for H; (Bayesian evidence)
Optimal p and H; corresponds to the maximum of the Bayesian evidence (please see

Gavrilov et al. 2017 for more technical details)
1. Molkov Y. I., Loskutov E. M., Mukhin D. N., Feigin A. M. Random dynamical models from time series // Physical
Review E. 2012. V. 85, Ne. 3. P. 036216.

2. Gavrilov A.S, Loskutov E.M., Mukhin D.N. Bayesian optimization of empirical model with state-dependent
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Results: solar irradiance vs model response to forcing (mean model output obtained by
averaging 10000 stochastic realizations)
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Nonlinear model response (opposite sign!)
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Nonlinear model response (relative units)
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Main points:

According to the Bayesian criterion, the forced data-driven model is more optimal
than the unforced one

Optimal model hyperparameters (complexity) are not equivalent for different Nifio-
3.4 data (L=3,m=3 for ERSSTv3 and L=2,m=1 for HadSST2i and Kaplan )

For all Nifio-3.4 data, model response trend is opposite (antiphasing) to solar
irradiance

Model response is clearly nonlinear for Nifio-3.4 data based on ERSSTv3

Model response trend is changing after 1850 for all Nifio-3.4 data
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Main points
For all Ninho-3.4 data:

e According to the Bayesian optimality criterion, including both the solar activity and CO2
concentration signals in the data-driven model is justified
* Model demonstrates persistent antiphasing relationship between solar forcing and Nifio-

3.4 on the bicentennial time scale
But!
* For Nino-3.4 based on ERSSTv3 data, nonlinear forcing influence on the model dynamics
exists
e For Nino-3.4 based on HadSST2i and Kaplan data, forcing contribution to the model

dynamics is actually additive

e Further analysis of the data uncertainties is required
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