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Event Coincidence Analysis
A simultaneity measure for event time series
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1. (Binary) event time series

stormes,
bushfires,
volcanoes,
floods,
droughts,

2. Nonlinear relationships

Possibly nonlinear and nonstationary relationship between climate drivers
and ecosystem responses

(e.g. impacts only appear after threshold exceedance)
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e Climate impact studies so far mostly use linear methods (correlation,
linear regression models)

e Few results on properties of extreme responses to climate extremes
(existence, conditions, strength of interrelationships, etc.)

e Impact studies often call for establishing possible cause-effect
relationships

Need for a method that

(i) can deal with event-like data

(ii) can distinguish between differently directed relations
(iii) is flexible and therefore suitable for various applications

(iv) is (conceptually) easy to understand
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1. Two binary event sequences with N events
2. Count “coincidences” (K)
3. Calculate coincidence rate r = K/N

E —— / ! Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):
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Interrelationships between event time series. EPJ.ST



1. Two binary event sequences with N events

2. Count “coincidences” (K)

3. Calculate coincidence rate r = K/N

Case 1:
N,=Ng,t=0,AT=0

Event Type A I I I

Event Type B I I I I

Time

Event B causes Event A

Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):

Event coincident analysis for quantifying statistical
Interrelationships between event time series. EPJ.ST




Conceptual Idea and Definition

Case 2:
N,!=Ng,1t!=0,AT =0

=== == == == \/\/ IMSC Canmore, 2016
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Case 2:
N, !=N;, t!=0,AT!=0

trigger coincidence rate

Np

AT = 3300 Tpar((t 1) -t

Event Type A I I
Event Type B I I I I II

Time

1D
)D
b

N
|
>

Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):

Event coincident analysis for quantifying statistical
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Case 2:
N, !=N;, t!=0,AT!=0

trigger coincidence rate

Np Ny

r(AT,7) = NLBZ@[ZHO,M[((#—ﬂ—tf)]

precursor coincidence rate

Ny Npg
rp(AT,T) = N, Z@[Z Loar((t =7) = 7)),
i=1  j=1

Event Type A I I
Event Type B I I I I II
Time
Event Type A I
AT ;
eventype | P L] ]
Time

Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):

Event coincident analysis for quantifying statistical
Interrelationships between event time series. EPJ.ST
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Case 2:
N, !=N;, t!=0,AT!=0

trigger coincidence rate

Np

AT = -3 tpar((t ~7) - 1)

precursor coincidence rate

| Na Mo
rp(AT,7) = Na Z@[Zl[O,AT[((tiA —7) =
i=1 =1

Event Type A I I

Py

SN |

x T
Event Type B I

Time

Event Type A I

T

Note: Tolerance window can also be defined
symmetrically (Siegmund et al. 2016, under rev.)
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Conceptual Idea and Definition
Case 3: Conditional Event Coincidence

Possible conditioning of
events in B by events in C

For AT,

ond

=0and~t

=0:

cond

Joint Event Coincidence

Conditional Precursor Coincidence

Event Type A |
x
AT
.
Event Type B |
AT.. [
Event Type C I

Conditional Trigger Coincidence

Event Type A |
i UAT
i T
Event Type B ]
AT...
Event Type C |
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Donner RV (2016) Meteorological Drivers of Extremes in Daily Stem Radius
Variations of Beech, Oak, and Pine in Northeastern Germany: An Event Co]nlidence
Analysis. Front. Plant Sci. 7:733



4. Testing for significance of the coincidence rate (r,and r )

a) Analytical test: independent Poisson processes as null model

with

K Ni—K
e _ N Na AT Ng AT Ng )
P(K;Nag,1—(1—p) )—(h—)(l_(l_f_?—) ) ((1_T—7) )

If conditions (events are rare and distributed independently and uniformly) for this
approximation do not hold: numerical approximation of test statistics = surrogate
tests
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4. Testing for significance of the coincidence rate (r,and r )
b) Shuffling/Resampling Test
create a large ensemble of artificial time series

- perform ECA on the ensemble
-» distribution of r for independent event sequences

E ——— / ! Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):
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4. Testing for significance of the coincidence rate (r,and r )

Monte Carlo Surrogates

event Series A

# of events = 8

8 X random selection — 8 event timings

i ///

event series A (OO m(Dmmn(De(OD)me(Dmn(0)

Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):
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4. Testing for significance of the coincidence rate (r,and r )

Waiting Time Surrogates

event Series A

VAN

random selection

///\\\

eventseresa 411 1 |

empirical
waiting time
distribution
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4. Testing for significance of the coincidence rate (r,and r )

Waiting Time Surrogates

event Series A
WT, WT, WT

empirical
waiting time
distribution
/' random selection
surrogate H | H ‘ ] | |
event series A ‘

ECA Output:r, r,, p, P,

—_— 95 SYCC2 Donges, J. Schleussner, C.F., Siegmund, J. and Donner, R. (2016):
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Examples
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Examples

Tree Ring widths and model output
Rammig, A. et al. (2015)

Broadleaved trees Needleleaved trees
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with precipitati

with
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Flood events vs. epidemics
Donges, J. et al. (2016)
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Examples

Flowering dates vs.

Siegmund, J. et al. (2015)
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Extreme tree stem radius changes vs. climate extremes
Siegmund, J. et al. (2016)
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Volcanic eruptions vs. tree ring widths

Pieper, H. et al., in prep.
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Examples

Remote sensing: terrestrial productivity and climate extremes

Baumbach, L. et al, in prep.

July-September

" signficant comcidences in 0.95% of the total area
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R implementation of event coincidence analysis

version 1.02 (available, beta-tested)

e variable AT, t, tolerance window type, ...
e time series binarization

e plot function

o three different significance tests

e some small data sets with example calculations

version 1.4 (available upon request, not beta-tested)

e multivariate/conditional ECA
e ECA for spatial data sets

github.com/JonatanSiegmund/CoinCalc

£ £ 6
e C’:/ QYCC Siegmund, J., Siegmund, N. and Donner, R. (2016):
P_ I_K \/\_/ CoinCalc: An R package for quantifying simultaneities of events in

two time series. Computers and Geosciences, under review.



Event Coincidence Analysis

Classical statistical methods are insufficient to quantify interdependencies
between event sequences in a general context

e ECAis
e a new tool to quantify simultaneities between event time series

e important addition to classical linear methods (e.g. correlation, ...)

e ready-to-use R-package CoinCalc
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