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Normalised representation of terrestrial vegetation 

response to extreme weather events
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Adaptation of terrestrial 
vegetation to climate 

changes

Rising frequency of 
extreme weather events

How can we observe and 
analyse terrestrial 

vegetation response?

Earlier start
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https://www.freepik.com/free-photo/drought_28944337.htm

Vegetation response to climate change

Burning fossil fuels raises 
CO₂ levels, causing 

global warming
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Vegetation response to climate change

New indices, methods for 
identification of vegetation 

activity required

Problems:
Existing methods for vegetation 
activity identification need to be 

adapted to climate changeh
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Adaptation of terrestrial 
vegetation to climate 

changes

https://www.freepik.com/free-photo/drought_28944337.htm

Rising frequency of 
extreme weather events

Burning fossil fuels raises 
CO₂ levels, causing 

global warming
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Potential impact of weather extreme events on

❖ a shift in the start and/or end of the active
CO2 fixation phase (Fig. a)

❖ a change in the duration of the active CO2

fixation phase (Fig. b)

❖ a change in the strength of CO2 fixation 
(Fig. c)

*Simultaneous changes to one or more parameters are possible
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Due to deviations in the seasonal cycle 

and the impact of extreme weather 

events, changes in photosynthetic activity 

can be conceptually described with:
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Workflow for identification of vegetation activity

Do CO₂ concentration changes reflect ecosystem response to extreme 
events via photosynthesis?

Suppress of 
photosynthesis

Environmental 
impact

Changes in CO2 
concentration 

as a preliminary 
indicator

Carbon balance 
change

www.uni-tuebingen.de/climatology
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Workflow for identification of vegetation activity

Normalisation of 
amplitude and 

duration

Methods for 
determining activity 

periods

Time deviations in 
activity periods

An integrated conceptual representation of photosynthetic activity 
magnitude and duration

Suppress of 
photosynthesis

Environmental 
impact

Changes in CO2 
concentration 

as a preliminary 
indicator

Carbon balance 
change

www.uni-tuebingen.de/climatology



7savytska.yana@mnf.uni-tuebingen.de

Workflow for identification of vegetation activity

Normalisation of 
amplitude and 

duration

Methods for 
determining activity 

periods

Time deviations in 
activity periods

Spectrum analysis
Methods of time 
series analysis

Yearly activity cycles

Suppress of 
photosynthesis

Environmental 
impact

Changes in CO2 
concentration 

as a preliminary 
indicator

Carbon balance 
change

www.uni-tuebingen.de/climatology
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𝐶𝐵 < 0
𝐼𝑛𝑡𝑅𝑠𝑝 ≼ 𝐼𝑛𝑡𝑈𝑝𝑡

𝐶𝐵 ≫ 0
𝐼𝑛𝑡𝑅𝑠𝑝 ⩾ 𝐼𝑛𝑡𝑈𝑝𝑡

savytska.yana@mnf.uni-tuebingen.de

Seasonal variations in ecosystem carbon balance (CB)

𝐶𝐵 = 𝐸𝑛𝑣𝐼𝑚𝑝 + 𝐼𝑛𝑡𝐶𝐵
𝐸𝑛𝑣𝐼𝑚𝑝 = 𝐸𝑛𝑣𝐼𝑛 − 𝐸𝑛𝑣𝑂𝑢𝑡; 𝐼𝑛𝑡𝐶𝐵 = 𝐼𝑛𝑡𝑅𝑠𝑝 − 𝐼𝑛𝑡𝑈𝑝𝑡

Components of external “Environmental” impacts (EnvImp) - carbon which is coming 
from (EnvIn) and is going to (EnvOut) the external environment.

Components of the internal ecosystem’s carbon balance IntCB are internal uptake - 
IntUpt and respiration - IntRsp

AutumnSpring SummerWinter Winter

𝐶𝐵 = 0
𝐼𝑛𝑡𝑅𝑠𝑝 ≃ 𝐼𝑛𝑡𝑈𝑝𝑡

𝐶𝐵 > 0
𝐼𝑛𝑡𝑅𝑠𝑝 ≿ 𝐼𝑛𝑡𝑈𝑝𝑡

𝐶𝐵 ≫ 0
𝐼𝑛𝑡𝑅𝑠𝑝 ⩾ 𝐼𝑛𝑡𝑈𝑝𝑡

𝐶𝐵 = 0
𝐼𝑛𝑡𝑅𝑠𝑝 ≃ 𝐼𝑛𝑡𝑈𝑝𝑡

www.uni-tuebingen.de/climatology
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Identification of vegetation activity periods

CO2 difference  
related to uptake

P1 - growth & 
development

P3 - active 
CO2 fixation

P2 - gaining 
green biomass

P4 - transition 
to hibernation

Δ𝐼𝑛𝑡𝐶𝐵 = 𝐶𝑜𝑒𝑓𝑅𝑒𝑔𝑟𝑊𝑖𝑛𝑡𝑒𝑟 − Δ𝐶𝐵
Δ𝐶𝐵 = 𝐶𝐵𝑡2 − 𝐶𝐵𝑡1 ,

Δ𝑇 = 𝑡2 − 𝑡1 = 3 ℎ𝑟 1

www.uni-tuebingen.de/climatology

1CAMS global inversion-optimised greenhouse gas fluxes and concentrations

NH non-evergreen forest
LC: Deciduous broadleaved

lon: 10.53082
lat: 49.94474

(near Zell am Ebersberg, 
Landkreis Haßberge, DE)

Activity start:
“+” → “-”

Activity end:
“-” → “+”

https://www.openstreetmap.org/search?lat=49.96552&lon=10.56305&zoom=15#map=15/49.96549/10.56305
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Identification of vegetation activity periods

❖ CO₂ concentration1 reflects both
external and internal changes in
ecosystem carbon balance, while
the CO₂ Laplacian primarily
captures internal dynamics

❖ Active CO₂ uptake by vegetation
corresponds to a decrease in the
Laplacian (negative regression
coefficient)

❖ CO2 fixation start identified when
both regression signs - the CO₂
concentration and the Laplacian
become negative

P3

P1-3

1 CAMS global inversion-optimised greenhouse gas fluxes and concentrations

www.uni-tuebingen.de/climatology
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Digital filtration with Laplacian filter

The Laplacian filter detects 
sudden intensity transitions in 
the image and highlights the 
edges.

It convolves an image and 
acts as a zero-crossing 
detector that determines the 
edge pixels.

Filtration

CO2 distribution

Filtered CO2  distribution

;

Savytska, Y., Smolii, V., and Weitzel, N. Near real-time preliminary 
detection of carbon dioxide source and sink areas using a Laplacian 
filter, [Accepted in ESD], 2024.

www.uni-tuebingen.de/climatology
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Identified vegetation activity periods

End of P3

End of activity with NDVI

Start of P3Vegetation 
activity: P1-P3

Start of activity
with NDVI

Median of P1 start

Mean of P1 start

31st Dec

1st Jan

www.uni-tuebingen.de/climatology
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Model validation with net ecosystem exchange (daytime)

Activity period (model)

NEE1 values

Model uptake Uptake trend

NEE trend

1 Nelson, J.A., et al., 2023. FLUXCOM-X-BASE. https://doi.org/10.18160/5NZG-JMJE

1st Jan 31st Dec

www.uni-tuebingen.de/climatology
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Model validation with net ecosystem exchange (daytime)

www.uni-tuebingen.de/climatology
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Normalised uptake data in the time slices

Normalised data of 2003-2006 set

Start values

End values

?Is this a recovery period after an extreme event?

www.uni-tuebingen.de/climatology
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2019 2009

savytska.yana@mnf.uni-tuebingen.de

Spectrum of normalised uptake, U- and n-type

20172003

www.uni-tuebingen.de/climatology

Normalised uptake
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Conclusions

Normalisation of 
values and time 

periods

CO2 concentration 
as integral indicator

Spectrum analysis

New or improved methods for:
- identification of activity periods;
- identification of activity state;
- vegetation health evaluation.

www.uni-tuebingen.de/climatology

To do: ❖ compare the responses of different vegetation types;
❖ compare the responses of the same vegetation type at different locations;
❖ detailed analysis of spectra patterns…
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Outlook

We would like to apply the first presented results and questions at

this session for our next step of exploring the terrestrial

vegetation response to extreme weather events.

Further discussion could be about the methods of vegetation

activity identification and their improvement under the extreme

weather impacts and/or other aspects of climate change with

digital filtration and spectral analysis of the CO2 signal.

We will be glad to get feedback and discuss related topics via:

section link, email link.

www.uni-tuebingen.de/climatology

https://meetingorganizer.copernicus.org/EGU25/session/54148
mailto:savytska.yana@mnf.uni-tuebingen.de?subject=EGU%202025%20-%20Vegetation%20response%20to%20extremes%20--%20Discuss%20


19savytska.yana@mnf.uni-tuebingen.de

Acknowledgments

We thank the Alexander von Humboldt

Foundation for funding through the Philipp

Schwartz Initiative.

All analysis is performed:

❖ R version 4.3.3 (20240229 ucrt) "Angel Food 

Cake" Copyright (C) 2024

❖ The R Foundation for Statistical Computing 

RStudio 2024.12.0+467 "Kousa Dogwood"

bawü.social/spacybawü.social/spacy

bsky.app/profile/past2futureclimate

www.uni-tuebingen.de/climatology



20savytska.yana@mnf.uni-tuebingen.de

References

1. Friedlingstein, P. et al.: Global Carbon Budget 2023, Earth System Science Data, https://doi.org/10.5194/essd-15-5301-2023,

2023.

2. IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report

of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva,

Switzerland, 184 pp. https://doi.org/10.59327/IPCC/AR6-9789291691647.

3. van der Woude, A.M., Peters, W., Joetzjer, E. et al. Temperature extremes of 2022 reduced carbon uptake by forests in Europe.

Nat Commun 14, 6218 (2023). https://doi.org/10.1038/s41467-023-41851-0

4. Holm, J. A. et. al. Exploring the impacts of unprecedented climate extremes on forest ecosystems: hypotheses to guide modeling

and experimental studies, Biogeosciences, 20, 2117–2142, https://doi.org/10.5194/bg-20-2117-2023, 2023

5. Mahecha, M. D., Bastos, A., Bohn, F. J., Eisenhauer, N., Feilhauer, H., Hartmann, H., Hickler, T., Migliavacca, M., Otto, F. E.,

Peng, J., Quaas, J., Tegen, I., Weigelt, A., Wendisch, M., & Wirth, C. Biodiversity loss and climate extremes - Study the

feedbacks. Nature, 612(7938), 30-32, https://doi.org/10.1038/d41586-022-04152-y, 2022

6. CAMS global inversion-optimised greenhouse gas fluxes and concentrations,

https://ads.atmosphere.copernicus.eu/datasets/cams-global-greenhouse-gas-inversion?tab=download

7. Nelson, J.A., Walther, S., Jung, M., Gans, F., Kraft, B., Weber, U., Hamdi, Z., Duveiller, G., Zhang, W., 2023. FLUXCOM-X-

BASE. https://doi.org/10.18160/5NZG-JMJE

www.uni-tuebingen.de/climatology



21savytska.yana@mnf.uni-tuebingen.de

References
8. Afuye, G.A.; Kalumba, A.M.; Orimoloye, I.R. Characterisation of Vegetation Response to Climate Change: A Review.

Sustainability 2021, 13, 7265. https://doi.org/10.3390/su13137265

9. Qing Meng, XiaoBang Peng, ShanHong Zhang, Spatio-temporal response of vegetation coverage at multiple time

scales to extreme climate in the Qinling mountains in Northwest China, Research in Cold and Arid Regions, Volume

16, Issue 6, 2024, p.p. 302-309, https://doi.org/10.1016/j.rcar.2024.11.005.

10. Martinuzzi, F., Mahecha, M. D., Camps-Valls, G., Montero, D., Williams, T., and Mora, K.: Learning extreme vegetation

response to climate drivers with recurrent neural networks, Nonlin. Processes Geophys., 31, 535–557,

https://doi.org/10.5194/npg-31-535-2024, 2024.

11. Baumbach, L., Siegmund, J. F., Mittermeier, M., and Donner, R. V.: Impacts of temperature extremes on European

vegetation during the growing season, Biogeosciences, 14, 4891–4903, https://doi.org/10.5194/bg-14-4891-2017,

2017.

12. Knutzen, F., et al.: Impacts on and damage to European forests from the 2018–2022 heat and drought events, Nat.

Hazards Earth Syst. Sci., 25, 77–117, https://doi.org/10.5194/nhess-25-77-2025, 2025.  

13. Sungmin O and Seon Ki Park 2023 Environ. Res. Lett. 18 014028DOI 10.1088/1748-9326/acae3a

14. Christopher Potter, Stephanie Pass, Carbon Balance and Management (2024) 19:32 Changes in the net primary

production of ecosystems across Western Europe from 2015 to 2022 in response to historic drought events

https://doi.org/10.1186/s13021-024-00279-9

www.uni-tuebingen.de/climatology


	Slide 1: Normalised representation of terrestrial vegetation response to extreme weather events
	Slide 2: Vegetation response to climate change
	Slide 3: Vegetation response to climate change
	Slide 4: Potential impact of weather extreme events on
	Slide 5: Workflow for identification of vegetation activity
	Slide 6: Workflow for identification of vegetation activity
	Slide 7: Workflow for identification of vegetation activity
	Slide 8: Seasonal variations in ecosystem carbon balance (CB)
	Slide 9: Identification of vegetation activity periods
	Slide 10: Identification of vegetation activity periods
	Slide 11: Digital filtration with Laplacian filter
	Slide 12: Identified vegetation activity periods
	Slide 13: Model validation with net ecosystem exchange (daytime)
	Slide 14: Model validation with net ecosystem exchange (daytime)
	Slide 15: Normalised uptake data in the time slices
	Slide 16: Spectrum of normalised uptake, U- and n-type
	Slide 17: Conclusions
	Slide 18: Outlook
	Slide 19: Acknowledgments
	Slide 20: References
	Slide 21: References

