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Problem statement

When dealing with environmental systems:
* Missing & low resolution data
* High complexity

Need methods for:

« Data imputation with minimal loss of system complexity
« Studying the overall dynamic behavior

« Determining regime shifts before they happen

« An overview of patterns
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Current state of research - Fisher Information (Fl)

* Multivariate binning
« Captures dynamic order
« Early regime shift detection

* Previous uses:
Global temperature variation
Lake eutrophication

Marine ecosystem

SBA Research

High Fisher 5
Information\ _ j ds |dp(s)
Iocdp N p(s)| ds
>
ds 4 ,
d
I=4f[ q(S)I ds
ds
Medium Fisher '
n

Information
I « Z—p -0

S

Zero Fisher
Information

N

— /

S

(Eason et al, 2013), (Ahmad et al, 2016)

4



Current state of research - Hurst Exponent

« Used for studying patterns
in the data & checking the
potential for prediction:

* H < 0.5 (anti-persistent)
e H~ 0.5 (random)
* H > 0.5 (persistent)
* Previous uses:
« financial systems
* healthcare industry
« ecology
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Data insights

« Data on Soil solution chemistry

« Measurements: 12 sites across UK

e Small volume of water collected —

discarded samples

or

combined samples per depth
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Results

*  Fisher Information
- Applied on raw data
— possible indication of sharp regime shift
Applied on interpolated data
— smoother variation & gradual increase (follows the observed ecosystem properties)

Measured values . Fisher Information . Fisher Information - Spline Interpolation
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Results

Sitecode: T0S

— H_linear = 0.32

* Hurst Exponent »1 "~ Hoepines = 0.48

o Linear Interpolation

CHLORIDE
&

— anti-persistent pattern (H < 0.5)

o Spline Interpolation 51

— random pattern (H ~ 0.5) o o & & &

I Interpolation can result in loss of information
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Conclusion

Difficult to understand raw environmental data

Fisher Information & the Hurst exponent help us to
identify underlying patterns & potential for
predictions in the time-series

Data interpolation:

Generates Fisher Information results that are coherent
with observed ecosystem properties

Result in an information loss for the Hurst exponent



Discussion Further thoughts

« Different preprocessing can * Correlation between Fisher

generate dlfferent |nS|ghtS |nf0rmati0n and phySica| measures
» Extension with other datasets

(biodiversity, weather, etc.)

« Additional study and
understanding of the possible
drivers of change

Raw data vs. different
interpolations

Outlier filtering

— Handle with care!

e Difficult to validate results . o
« Comparison to prediction models

SBA Research 10



Luiza Corpaci '
lcorpaci@sba-research.org
Sebastian Raubitzek 2
sebastian.raubitzek@tuwien.ac.at
Kevin Mallinger -2
kmallinger@sba-research.org

1 - SBA Research
Complexity and Resilience Research Group
Floragasse 7, 1040 Vienna

2 - Technical University of Vienna
Information and Software Engineering Group

1040 Vienna AbStra Ct

"= Bundesministerium = Bundesministerium wirtschafts .
Klimaschutz, Umwelt, Digitalisierung und FFG R - I I IF @ netldee
Energie, Mobilitat, Wirtschaftsstandort Forschung wirk! EinFondsder  cuopean Der Wissenschaftsfonds. OPEN INNOVATIONS

i i StadtWien =~ Commision
Innovation und Technologie T Sedie

11


mailto:lcorpaci@sba-research.org
mailto:sebastian.raubitzek@tuwien.ac.at
mailto:KMallinger@sba-research.org

References

Ahmad, N., Derrible, S., Eason, T., & Cabezas, H. (2016). Using Fisher information to track stability in
multivariate systems. Royal Society open science, 3(11), 160582.

Eason, T., Garmestani, A. S., & Cabezas, H. (2014). Managing for resilience: early detection of regime shifts
in complex systems. Clean Technologies and Environmental Policy, 16(4), 773-783.

Mansukhani, S.. (2012, August 6). The Hurst Exponent: Predictability of Time Series,
https://doi.org/10.1287/LYTX.2012.04.05

Mollaei, S., Darooneh, A. H., & Karimi, S. (2019). Multi-scale entropy analysis and Hurst exponent. Physica A:

Statistical Mechanics and its Applications, 528, 121292.

Rennie, S., Andrews, C., Atkinson, S., Beaumont, D., Benham, S., Bowmaker, V., & Watson, H. (2020). The UK
Environmental Change Network datasets—integrated and co-located data for long-term environmental
research (1993-2015). Earth System Science Data, 12(1), 87-107.

SBA Research

12


https://doi.org/10.1287/LYTX.2012.04.05

