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      The global climate system is an aggregate of a huge number of interacting components, each having an intrinsic time scale. Such a complex dynamical 
system demonstrates nontrivial behavior and can exhibit a variety of possible modes of evolution. Gradual change of the parameters of the global climate 
system can lead to transitions (e.g., the Mid-Pleistocene Transition or to abrupt climate changes) from the observed to a new mode.  
      In this work, we investigate the stability of the global climate system against strong sudden perturbations in the last 2.5 million years. This case is 
fundamentally different from the small perturbations case: in particularly, the system response cannot be described by a linearized evolution operator. To 
estimate the climate system’s nonlinear stability during the last 2.5 million years, we use a nonlinear data-driven model of climate dynamics in Pleistocene 
[1] and basin stability criterion [2]. Our results indicate that the stabilityof the Pleistocene climate to large perturbations decreases with time: past climates 
being much more stable compared to the present one.  
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Abstract 



System 

Stochastic model 

We investigate the stability of the Pleistocene climate against strong sudden perturbations. 

LR04 stack 
Middle Pleistocene  

transition 

Data: LR04 benthic stack (Lisiecki and Raymo (2005), A Pliocene-Pleistocene stack of 57 
globally distributed benthic d18O records, Paleoceanography, 20, PA1003). 

Middle Pleistocene  
transition 

Model: data-driven stochastic model (Mukhin, Gavrilov, Loskutov, Kurths, Feigin, 
Bayesian Data Analysis for Revealing Causes of the Middle Pleistocene Transition, 
ScientificReports, 9, 7328) 

Xn = f (Xn−1, …, Xn−L, tn, qn) + g(Xn−1, …, Xn−L)ζn. 
deterministic evolution operator 



Interval stability threshold (IST) 

The interval stability 
threshold defines the 
minimal magnitude of the 
“unsafe” perturbation.  
 
“Unsafe” means that the 
system does not return to 
attractor during time tau 
after perturbation. 

Stable region  
for return time < τ 
 



Stability of the Pleistocene climate  
Dependencies of IST on return time at different time moments:  

t=2.6, t=1.8, t=1.3, t=0.8, t=0.4, t=0 million years ago (mya). 
Solid lines: nonlinear model 
 
 

Dashed lines: linearized model 

return time, kilo years ago (kya) 
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return time, kilo years ago (kya) 
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The range of possible return times for blue line 
is minimal.  
 
The range of possible return times for yellow 
line is maximal. 
 

more stable  system 

less stable  system 



return time, kilo years ago (kya) 
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Main points 
 

 Stability of the Pleistocene climate decreases with time: past 
climates being much more stable compared to the present 
one. It can be the reason of MPT. 
 

 Traditional Lyapunov stability analysis underestimates 
stability of the Pleistocene climate.  

For fixed IST 
(IST=0.93, for example) 

1. Stability of climate system decreases with time (from past to our days)! 
 

2. Linearized model less stable than nonlinear model. 
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