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Presentation outline

•Problem statement, choice of modeling area

•Empirical analysis: construction of data-driven (empirical) models
The evolution operator form, Bayesian approach

•The method of considering interactions between basins 

•Results
Comparison of methods for accounting for connectivity
Improved forecast due to accounting for connectivity

•Conclusions
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Goal:
Empirical study of the dynamics of climatic characteristics (in 
particular, SST) in different basins of the world ocean in order to 
improve their predictability.

Objective

Revealing of interbasin teleconnections by data-driven (empirical) 
method. Comparison of the ESMs with the reanalysis data and with 
each other.

Atlantic ocean Indian ocean

Pacific ocean

Problem statement, choice of modeling area

DATA:

Monthly sea surface temperature 
anomalies in the tropical belt

from 1960 to 2021 years for ERSST
data and INMCM model;

from 1960 to 2014 years for Hadley and 
MPI models



Empirical analysis: construction of data-driven (empirical) models

Prediction of observed variables (SST)

data-driven model



long-term change (non-stationarity (4))external forcing (3)

1. Nonlinear
2. Stochastic
3. Forced
4. Non-stationary

Evolution operator

Empirical analysis: construction of data-driven (empirical) models
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Bayes' theorem

Empirical analysis: construction of data-driven (empirical) models
Model learning and optimization
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Several models with forcing. One 
isolated model per basin.

Data from other basins is used as a 
forcing.

A single (joint) model for all basins.
Data from all basins  are combined 

into one dataset.

The method of considering interaction between basins
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Forced models:

Isolated (independent) models

Several models with forcing. One 
isolated model per basin.

Data from other basins is used as a 
forcing.

The method of considering interaction between basins
Isolated models



Joint model

Isolated (independent) models

The method of considering interaction between basins
Joint model

A single (joint) model for all basins.
Data from all basins  are combined 

into one dataset.
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Data: ERSST version 5

Isolated models for three oceans

Results

Atlantic ocean

Pacific ocean

Indian ocean

Joint model of three oceans
The variance of one-step forecast error
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Data: ERSST version 5

Results
Improving the forecast

The difference between forecast error variances of joint model and isolated models

Pacific ocean

Indian oceanAtlantic ocean



The variance of one-step forecast error

Isolated model

Joint model
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The difference between forecast error variances of joint model and isolated models

Data: ERSST version 5

Results
Improving the forecast



Indian ocean
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Comparison of forecast quality between joint model and “forced” models
Data: ERSST version 5

Results
Comparison of methods for accounting for connectivity

Forced modelsJoint model

Pacific ocean



Pacific ocean

Indian ocean
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Results
Improved forecast due to accounting for connectivity



Results
Improved forecast due to accounting for connectivity
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Seasonal forecast improvement

ERSST v.5 INMCM 6P Hadley MPI
Winter Spring

Summer Autumn

Winter Spring

Summer Autumn

Winter Spring

Summer Autumn

Winter Spring

Summer Autumn

Зима Весна

Summer Autumn

Зима Весна

Summer Autumn

Зима Весна

Summer Autumn

Зима Весна

Summer Autumn

Winter Spring Winter Spring Winter Spring Winter Spring
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ERSST v.5 INMCM 6P
Winter Spring

Summer Autumn

Winter Spring

Summer Autumn

Winter Spring

Summer Autumn

Winter Spring

Summer Autumn

Data Winter Spring Summer Autumn

ERSST v5 -0.03 -0.02 -0.03 -0.01

INMCM 6P (2023) -0.05 -0.02 -0.04 -0.03

Data Winter Spring Summer Autumn

ERSST v5 -0.06 -0.07 -0.03 -0.05

INMCM 6P (2023) -0.04 -0.06 -0.05 -0.04

Pacific ocean

Indian ocean

Pacific ocean
Winter

Indian ocean
Spring

Pacific ocean
Summer

Seasonal forecast improvement

Results
Improved forecast due to accounting for connectivity
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Conclusions

• Taking into account the relationship between the basins of the Indian and Pacific 
Oceans has led to a significant improvement in the forecast of SST anomalies.

• Of the two considered methods of considering interaction (impacts) between 
basins, the method of constructing joint models works better. 

• In all the considered models and reanalysis data, significantly different patterns of 
forecast improvement are found, allowing us to speak only about qualitative 
similarity in some cases.



Joint model of three oceans
The variance of one-step forecast error
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Joint model , Pacific ocean

Joint model , Atlantic ocean Joint model , Indian ocean

Results

Data: ERSST version 5
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Data: ERSST version 5

Isolated model of Pacific ocean

Isolated model of Atlantic ocean Isolated model of Indian ocean

Isolated models for three oceans
The variance of one-step forecast error

Results



Bayes' theorem

Likelihood Prior

“quality term” (quality of the 
data description by the model)

“penalty term” (penalty for the 
complexity of the model)

Laplace's method

Empirical analysis: construction of data-driven (empirical) models
Model learning and optimization
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