
SEARCHING FOR SATELLITE SIGNALS OF FOREST 
STABILITY

THOMAS A. GROEN WITH CONTRIBUTIONS FROM INKA DIATMIKO, GOHAR SHAHINYAN, DAN KANMEGNE, KRISHNA LAMSAL, 

NIINA RAUTIAINEN, BABAK NAIMI, KOEN DE KONING, SARA ALIBAKSI, FATEMEH MAHMOUDI AND ANTON VRIELING

1



WHY LOOK AT FOREST STABILITY?
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WHY LOOK AT FOREST STABILITY?
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WHAT IS HYSTERESIS?

Images: http://www.taekwondo-reza.at/chagi.html
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A POSITIVE FEEDBACK LOOP EXISTS IN THIS SYSTEM…
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…AND ANOTHER ONE
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HOW TO DETECT PROXIMITY TO TIPPING POINTS
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HOW TO DETECT PROXIMITY TO TIPPING POINTS
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EARLY WARNING INDICATORS FOR TIPPING POINTS



FOREST AND SAVANNAS: HOW TO ASSESS THEIR STATE
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THIS IS WHERE EO ENTERS…



 Continuous time series of observations

 Of sufficient duration

 High frequency

 Measuring a relevant quantity

 At the right spatial scale
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WHAT DO WE NEED FOR THIS DETECTION METHOD
THINKING OF REMOTE SENSING



 Top Down  Bottom Up
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TWO POSSIBLE APPROACHES
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ARE THERE SIGNS OF BISTABILITY?
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DO TIME SERIES BEHAVE AS WOULD BE EXPECTED?



16

STABILITY DETECTION WITH RS



17

STABILITY DETECTION WITH RS

Dorge Sangi Wetland (Iran)

Converted into a vegetated state

Arpi Wetland (Armenia)

Remained a wetland



Pictures:

Matusick et al. 

(2013)

MEDITERRANEAN SYSTEMS?



RECOVERY AFTER FIRES
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RECOVERY AFTER FIRES

Summary

R2 0.70

P_value 0.0002118

RT~ Fire Interval - Pgrow seas. + Pfire month + Precov period
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STABILITY INDICATORS FROM CONTINUOUS TS?
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• Standard deviation

and temporal

autocorrelation

robust against

filtering

• Skewedness very

sensitive to filtering 

and extreme 

values  omitted

TS ANALYSIS WITHIN HOMOGENEOUS CLUSTERS



TS ANALYSIS WITHIN HOMOGENEOUS CLUSTERS
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TS ANALYSIS ACROSS ENTIRE SYSTEM
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FIRE AS THE TIPPING EVENT

Sufficiently moist Ecosystems unlikely to burn

Ecosystems that experience drought more likely

to burn

• mainly grasses and herbs (lower strata)

• beginning of dry season 

-most biomass, but 

-still high moisture content

• end of dry season 

-biomass dry, 

-lower biomass (grazing)

If droughts get heavier, larger trees might 

become too dry and burn

Or biomass is too high, forming a ladder to the 

canopy
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FIRE AS THE TIPPING EVENT

• See fire as the manifestation of a “tipping event”

• Cluster based on detrended EWS signals 

• Test how fire events associate with these types of clusters
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WRAP UP

• RS based EWS indicators work (sometimes)

• Top down approach gives supporting evidence (but is circumstantial)

• Need Bottom up cases (When you know about  collapsed (or 

collapsing) ecosystems -> let me know!)

• Which RS product to use

• Determine at which threshold EWS indicate tipping point
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THANK YOU FOR LISTENING
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