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Statistical data analysis identifying
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Analysis of spatio-temporal pattern



Analysis of spatio-temporal pattern

• NAO, ENSO
• Definitions



Long-term temperature evolution on Earth
Not only do global temperatures move up & down on geological time scales, 
nor do they just switch from one long-term mean to another:
They clearly show changes in dynamic regime — from high to low variability, 
from one dominant periodicity to another, from high to low drift, and so on. 

Overall, to model this complex behavior we do need to consider 
both chaotic & random ingredients, both intrinsic & forced variability. 

N.B. Plot is ~”log-linear”: time axis is logarithmic+linear, temperature axis is linear. 
Compiled by Glen Fergus, https://commons.wikimedia.org/wiki/File%3AAll_palaeotemps.png



Composite spectrum of climate variability!
Standard treatement of frequency bands:!
   1. High frequencies – white noise (or ‘‘colored’’) !
   2. Low frequencies – slow evolution of parameters !

From Ghil (2001, EGEC), after Mitchell* (1976)!
* ‘‘No known source of deterministic internal variability’’!
** 27 years – Brier (1968, Rev. Geophys.)!



Upscaling

Interpretation of Climate Data

Climate archives Climate variabiliy



Rules for normally distributed data

Dark blue is less than one standard deviation from the mean. For the
normal distribution, this accounts for 68.27 % of the set; while two
standard deviations from the mean (medium and dark blue) account for
95.45 %; and three standard deviations (light, medium, and dark blue) 
account for 99.73 %. 

http://en.wikipedia.org/wiki/Normal_distribution


Spatial pattern

• Regression
• Correlation
• Composite maps



Statistic
Covariance (cross, auto)

g(D) = E (( x (t) - x ) ( y (t + D) – y ))
e.g. coral e.g. meteorol. data

Correlation (cross, auto)

rxy =                
measures the tendency of x (t) and y (t) to covary

g(D)
normalized

Spectrum (cross, auto)
(spectral density)

G(w) =S   g (D) e-2piD
D=-

measures variance

8
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Example

#Correlation and significance

a<-1:1000
noise<-rnorm(1000)*50000
b<-a + noise

plot(a,b)
cor(a,b)   #correlate a,b
cor.test(a,b)  #correlation + significance test



Statistical significance

A result is called significant if it is unlikely to have
occurred by chance. 

"A statistically significant difference" means there
is statistical evidence that there is a difference

it does not mean the difference is necessarily large

William Sealy GossetStudent (1908): The Probable Error of a Mean. In: Biometrika.

http://en.wikipedia.org/wiki/Chance
https://de.wikipedia.org/wiki/William_Sealy_Gosset


Significance of the difference between
observed (x) and reference (μ) values

calculated by assuming that observations are sampled from a distribution H0 with mean μ. 

The statistical significance of the observation x is the probability of sampling a value from the
distribution that is at least as far from the reference, given by the shaded areas under the
distribution curve (c). This is the P value.



T-test
Null hypothesis: means of two normally distributed populations are equal.

Given data sets: mean, standard deviation and number of data points,
determine whether the means are distinct, provided that the underlying

distributions can be assumed to be normal.

t value is above the threshold chosen for statistical significance (usually the 0.05), 
then the null hypothesis that the two groups do not differ is rejected in favor of an 
alternative hypothesis, which typically states that the groups do differ. 

http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/Normal_distribution
http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Statistical_significance


T-test
R-example
> mean(a)
[1] 500.5
> mean(b)
[1] 492.4706

t = 19.0316

compared against a value obtained from a critical value table (T-Distribution Table).

ratio of the difference and the variation within the sample sets

•A large t-score indicates that the groups are different.
•A small t-score indicates that the groups are similar.

http://www.sjsu.edu/faculty/gerstman/StatPrimer/t-table.pdf


If the t value is above the threshold chosen for statistical significance
(usually the 0.05 level), then the null hypothesis that the two groups do not 
differ is rejected in favor of an alternative hypothesis, which typically states 
that the groups do differ. 

R-example
> mean(a)
[1] 500.5
> mean(b)
[1] 492.4706 t = 19.0316

df = 998, p-value < 2.2e-16

Significance is usually represented by the Greek symbol, α (alpha). Popular 
levels of significance are 5%, 1% and 0.1%. If a test of significance gives a 
p-value lower than the α-level, the null hypothesis is rejected. 

T-test

http://en.wikipedia.org/wiki/Statistical_significance


Extreme	events	and	synop$c	variability	in	the	
context	of	paleoclimatology			
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Rimbu,	N.,	G.	Lohmann,	M.	Werner,	and	M.	Ionita,	2016:	Links	between	central	Greenland	stable	isotopes,	
blocking	and	extreme	climate	variability	over	Europe	at	decadal	to	mulLdecadal	Lme	scales.	Climate	
Dynamics,	doi:10.1007/s00382-016-3365-3	(link)		
		
Ionita,	M.,	P.	Scholz,	G.	Lohmann,	M.	Dima,	and	M.	Prange,	2016:	Linkages	between	atmospheric	blocking,	
sea	ice	export	through	Fram	Strait	and	the	Atlan$c	Meridional	Overturning	Circula$on.	ScienLfic	Reports	
6:32881,	DOI:	10.1038/srep32881	(link)	
		
Zhang,	P.,	M.	Ionita,	G.	Lohmann,	D.	Chen,	H.	Linderholm,	2016:	Can	tree-ring	density	data	reflect	summer	
temperature	extremes	and	associated	circula$on	paeerns	over	Fennoscandia?	Climate	Dynamics,		DOI	
10.1007/s00382-016-3422-y	
		
	

Probabilities

Climate & Weather

Brownian Particles: Climate
Blue Molecules: Weather



Climate variability

Lorenz (JAS, 1963)
Climate is deterministic and autonomous,
but highly nonlinear.Trajectories diverge exponentially, 
forward asymptotic PDF is multimodal.

Hasselmann (Tellus, 1976)"
Climate is stochastic and noise-driven, but linear.
Trajectories decay back to the mean, 
forward asymptotic PDF is unimodal.

Externally driven climate variability
Deterministic and stochastic
Non-linear
Internal and external variability can interact


