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Introduction

Let me introduce myself:

• Diploma/Msc in environmental engineering [TUC]

• PhD in stochastic hydroclimatology [NTUA]

Koutsoyiannis [2015]



Adapted from Veizer et al. [2000]
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How long is “long-term”?

Veizer reconstruction



Climate Data:

500 My

Age of Earth: 5 By 1000 tomes

100 tomes

Permian Hothouse: 
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How long is “long-term”?

An example



Before the theory of anthropogenic global warming:

• To understand how the climate evolved in time

After the theory of anthropogenic global warming:

• To determine the statistical significance of the recent warming

• To estimate the magnitude of natural variability 

• To validate physical-based models

• To understand how the climate evolved in time

• To understand climate in general

Why we look into large temporal scales?
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Boreholes

Corals
Lake Sediments

Tree-rings

Ice cores

Ocean 

Sediments

Caves
Source: ΝΟΑΑ

How we look into large temporal scales?

Proxy data



Variables:

• Temperature

• Precipitation

• Drought, floods, atmospheric 

pressure, wind, atmospheric 

composition and other

Common problems:

• Transfer function uncertainty

• Artificial biases

• Age model calibration

• Resolution issues

Solutions:

• Multi-proxy reconstructions

• Physical-based models

• Better statistical methods

How we look into large temporal scales?

Proxy data

Source: ΝΟΑΑ
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What do we see in these scales?

Temperature reconstructions

Markonis et al. [2010]



How can we determine natural variability?

Time series analysis

Climate in a narrow sense is usually defined as the average weather, or

more rigorously, as the statistical description in terms of the mean and

variability of relevant quantities over a period of time ranging from months

to thousands or millions of years. [IPCC, 2013]

. 

Time series analysis: Determination of the autocorrelation 

structure, i.e. the time series dependency in time:

• White noise

• Short-term persistence, Markov process, Auto-

Regressive models, Moving Average models, ARMA 

models

• Long-term persistence, long range dependence, Hurst 

behaviour, red noise, Fractional Gaussian Noise 
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1. σ (κ) = κ H – 1 σ, 0 < H < 1

2. 𝒄𝑻
(𝜟)

𝒋 = 𝝀
𝜶

𝜟

𝟐−𝟐𝜢 𝒋−𝟏 𝟐𝑯+ 𝒋+𝟏 𝟐𝑯

𝟐
− 𝒋 𝟐𝑯

3. 𝒔𝑻 𝝎 ≔ 𝟐𝑻𝜸 𝜯 + 𝟒𝜯σ𝒋=𝟏
∞ 𝒄𝑻 𝒋 𝒄𝒐𝒔 𝟐𝝅𝝎𝒋

Kolmogorov [1940] (from Koutsoyiannis [2002])Hurst [1951]

Nile’s high level values have the 

tendency to be succeeded by high 

values as well, while low values 

usually follow the lowest values; 

hence the extreme values manifest in 

clusters. 

Markonis and Koutsoyiannis [2010]

How can we determine natural variability?

Long-Term Persistence (LTP)

Bloomfield and Nychka [1992]:
Thus in order to evaluate the observed 

trend in the temperature series it is 

necessary to understand the natural 

variability of global temperatures within 

this range. (…) This article studies the 

impact of several stochastic models for 

variability in the global temperature 

series. 

Smith [1993]

Koutsoyiannis [2002]

IPCC [2013]



LTP

White Noise

How can we determine natural variability?

σ (κ) = κ H – 1 σ, 0 < H < 1

H = 1+log(σ (κ))/log(κ σ) 

Popular methods to determine LTP include:

• Power spectrum

• Autocorrelation function

• Detrended Fluctuation Analysis [DFA]

• Maximum Likelihood Estimation

• The climacogram [Aggregated Variance]

The climacogram:



How can we determine natural variability?

Consequences of LTP

Markonis and Koutsoyiannis [2010]

True values →  Mean, μ Standard deviation, σ Autocorrelation ρl for lag l 

Standard 

estimator 
x– := 

1

n
 
i = 1

n

 xi s := 
1

n – 1
  

i = 1

n

  (xi – x–)2 rl := 
1

(n – 1)s2
 
i = 1

n – l

 (xi – x–)(xi + l – x–) 

Relative bias of 

estimation, CS 
0 ≈ 0 ≈ 0 

Relative bias of 

estimation, 

LTP 

0 ≈ 1 − 
1

n΄
 − 1 ≈ − 

1

2n΄
   ≈ – 

1/ρl − 1

n΄− 1
    

Standard 

deviation of 

estimator, CS 

σ

n
       

σ

2(n – 1)
    

Standard 

deviation of 

estimator, LTP 

σ

n΄
    

 
σ (0.1 n + 0.8)λ(H)(1 –n2H − 2)

2(n – 1)
  

where λ(H) := 0.088 (4H 2 – 1)2   

 

Note: n΄ := n 2 – 2H is the “equivalent” or “effective” sample size: a sample with size n΄ in CS 

results in the same uncertainty of the mean as a sample with size n in HKS 

(Koutsoyiannis, 2003; Koutsoyiannis & Montanari, 2006).  
 



LTP

White noise

LTP in temperature

Vostok

EPICA

Investigating natural variability

Huybers global T reconstruction [2.5 My]:



Investigating natural variability

Milankovitch cycles
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Investigating natural variability

Milankovitch cycles
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Markonis and Koutsoyiannis [2013]

Investigating natural variability

LTP in Temperature
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Investigating natural variability

LTP in solar radiation



58 local reconstructions

(ρ < 0.6): 𝑯 = 0.88

Investigating natural variability

LTP in temperature

Markonis [2016]

a. b.

c. d.

e. f.



Palaeoclimatic data

20 local reconstructions: Η  (0.6 , 1)

6 continental reconstructions: 

Η  (0.8 , 1)

9 hemispheric reconstructions:  

Η  (0.9 , 1)

Instrumental data

CRU TS3.22 - 2.5° (sample size 10 368

time series): 𝑯 = 0.77

Global and hemispheric means Η  (0.76 , 

0.99)

Satellite data
Global and hemispheric Η  (0.93 , 0.98)

Investigating natural variability

LTP in temperature

Markonis [2016]



Markonis and Koutsoyiannis [2013]

Investigating natural variability

LTP in temperature

An overview of global temperature variability for 9 scales of magnitude [H>0.92]
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Investigating natural variability

LTP in precipitation [?]
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Investigating natural variability

LTP in precipitation
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Investigating natural variability

LTP in precipitation



Source: Cook et al. 2015

Source: Cook et al. 2009

Spatial PDSI reconstructions
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Investigating natural variability

LTP in droughts

Evidence of LTP in drought 

reconstructions:



Investigating natural variability

LTP in droughts

0.05 vs 0.95 quantilesEmpirical quantiles



Are there any conclusions?

• Climate changes.

• Climate changes a lot.

• Climate changes a lot in different scales.

• Climate changes a lot in different scales and this 

could imply LTP.

• Climate changes a lot in different scales and this 

could imply LTP, but there is a debate on this.

• Climate changes a lot in different scales and this 

could imply LTP, but there is a debate on this, 

because the magnitude of LTP has enormous 

impact to the statistical significance of recent 

warming.
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