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Abstract: Forest productivity is strongly influenced by meteorological conditions imposed by seasonal 
variations of temperature, 𝑇𝑇2𝑚𝑚, and precipitation, 𝑃𝑃. This study quantitatively investigates anomalous 
characteristics of the three-year meteorological storyline preceding low forest productivity events in 
Europe’s temperate and Mediterranean forests in the phase space of seasonal-mean anomalies of 
(𝑇𝑇2𝑚𝑚,𝑃𝑃). A specific focus is on the amplitude, persistence, and co-variability of these anomalies. A 
pragmatic approach serves to identify low forest productivity events at the 50 km scale in Europe in 
June to August 2000—2020, based on remote sensing observations of normalized difference vegetation 
index 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁. An independent forest disturbance data set is used to qualitatively validate the identified 
more than 1’500 low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events. These events occur in summers with particularly dry and hot 
conditions but their meteorological storylines feature significant anomalies during multiple seasons 
preceding the events, with clear differences between the two biomes. In the Mediterranean biome, the 
anomalously dry conditions persist over more than 1.5 y prior to the events, whereas 𝑇𝑇2𝑚𝑚 is 
anomalously warm only during the last 0.4 y. In contrast, in the temperate biome, 𝑇𝑇2𝑚𝑚 is anomalously 
large during most of the 2.5 y prior to the events and, most interestingly, the winter preceding the 
events is characterized by anomalously wet and warm conditions. These anomalies potentially induce 
a negative legacy on the following summer drought. The seasonal-mean anomalies of 𝑃𝑃 are strongly 
determined by synoptic scale weather systems, such that long dry periods are characterized by a deficit 
of cyclones and an excess of anticyclones. A final analysis investigates the peculiarities of low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 
events that occur in two consecutive summers and the potential role of drought legacy effects. In the 
temperate biome, the second event summer of an event sequence has less hot and less dry anomalies 
than during a single event. In summary, detailed investigations of the multi-annual meteorological 
storyline of low forest productivity events provided clear evidence that anomalies of surface weather 
and synoptic-scale weather systems over time periods of up to 2.5 y can negatively impact European 
forests, with important differences between the temperate and Mediterranean biomes. 
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Importance of a longer-term meteorological storyline
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Study focus and outline
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Main research question: What is the systematic meteorological storyline (three preceding years) that is characteristic
to low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events in Europe in summer 2000–2020. Which time periods / time scales are particularly important?

Data in 2000–2020:

• ERA5 meteorological reanalyses at 50 km (𝑇𝑇𝑇𝑇𝑇90𝑑𝑑, 𝑃𝑃90𝑑𝑑, weather systems) Hersbach et al. (2020)

• NASA MODIS Terra 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 at 5 km Acker & Leptoukh (2007)

• Landsat forest cover at 30 m in 2000 Hansen et al. (2013)

Meteorological storyline: normalized anomalies of 90-day mean 2-meter temperature 𝑇𝑇𝑇𝑇𝑇90𝑑𝑑 and precipitation 𝑃𝑃90𝑑𝑑
1. Uni-variate evolution
2. Persistence of dry and warm periods
3. Bi-variate evolution
4. Link to weather system frequencies
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Low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events at 50 km (from 5 km 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)
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Meteorological storyline in the temperate biome (all events)

At every 𝑡𝑡0 − ∆𝑡𝑡 when the red curve lies outside the 
grey shaded area, the meteorological storyline is 
significantly linked to the low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events at 𝑡𝑡0.

23.05.2022 mauro.hermann@env.ethz.ch | Session BG3.11

𝒕𝒕𝟎𝟎: event 
summer
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Important differences between the two biomes
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Main conclusions on summer low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events
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2.5 y

Surface meteorology and synoptic-scale weather systems:
• Negative impacts on European forest 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 on time periods of up to 2.5 y
• Important differences between temperate and Mediterranean forests

Mediterranean forests:
• Low precipitation persist over 1.5 y prior to low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events
• 𝑇𝑇2𝑚𝑚 is anomalously warm only during the last 0.4 y

Indications of drought legacy effects (only) in temperate forests:
The second event summer of a two-year event sequence has less hot and less dry 
anomalies than the first summer.
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Temperate forests:
• Anomalously warm most of the 2.5 y prior to events
• The preceding winter is anomalously wet (negative legacy on dry summer)
• Unusually many dry periods over the preceding 2 y

Feedback?



Main conclusions on summer low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events

23.05.2022 mauro.hermann@env.ethz.ch | Session BG3.11

L

2.5 y

Surface meteorology and synoptic-scale weather systems:
• Negative impacts on European forest 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 on time periods of up to 2.5 y
• Important differences between temperate and Mediterranean forests

Mediterranean forests:
• Low precipitation persist over 1.5 y prior to low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events
• 𝑇𝑇2𝑚𝑚 is anomalously warm only during the last 0.4 y

Indications of drought legacy effects (only) in temperate forests:
The second event summer of a two-year event sequence has less hot and less dry 
anomalies than the first summer.

L

@HermannMauro

mauro.hermann@env.ethz.ch
Temperate forests:
• Anomalously warm most of the 2.5 y prior to events
• The preceding winter is anomalously wet (negative legacy on dry summer)
• Unusually many dry periods over the preceding 2 y

Feedback?



Main conclusions on summer low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events

23.05.2022 mauro.hermann@env.ethz.ch | Session BG3.11

L

2.5 y

Surface meteorology and synoptic-scale weather systems:
• Negative impacts on European forest 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 on time periods of up to 2.5 y
• Important differences between temperate and Mediterranean forests

Mediterranean forests:
• Low precipitation persist over 1.5 y prior to low 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 events
• 𝑇𝑇2𝑚𝑚 is anomalously warm only during the last 0.4 y

Temperate forests:
• Anomalously warm most of the 2.5 y prior to events
• The preceding winter is anomalously wet (negative legacy on dry summer)
• Unusually many dry periods over the preceding 2 y

Indications of drought legacy effects (only) in temperate forests:
The second event summer of a two-year event sequence has less hot and less dry 
anomalies than the first summer.

L

@HermannMauro

mauro.hermann@env.ethz.ch

Feedback?



References
Acker, J. G., & Leptoukh, G. (2007). Online Analysis Enhances Use of NASA Earth Science Data. Eos, Transactions American Geophysical Union, 88(2), 14. https://doi.org/10.1029/2007EO020003
Allen, C. D., Breshears, D. D., & McDowell, N. G. (2015). On underestimation of global vulnerability to tree mortality and forest die-off from hotter drought in the Anthropocene. Ecosphere, 6(8), 129. https://doi.org/10.1890/ES15-

00203.1
Anderegg, W. R. L., Schwalm, C., Biondi, F., Camarero, J. J., Koch, G., Litvak, M., Ogle, K., Shaw, J. D., Shevliakova, E., Williams, A. P., Wolf, A., Ziaco, E., & Pacala, S. (2015). Pervasive drought legacies in forest ecosystems and their 

implications for carbon cycle models. Science, 349(6247), 528–532. https://doi.org/10.1126/science.aab1833
Anderegg, W. R. L., Trugman, A. T., Badgley, G., Konings, A. G., & Shaw, J. (2020). Divergent forest sensitivity to repeated extreme droughts. Nature Climate Change, 10(12), 1091–1095. https://doi.org/10.1038/s41558-020-00919-1
Bastos, A., Ciais, P., Friedlingstein, P., Sitch, S., Pongratz, J., Fan, L., Wigneron, J. P., Weber, U., Reichstein, M., Fu, Z., Anthoni, P., Arneth, A., Haverd, V., Jain, A. K., Joetzjer, E., Knauer, J., Lienert, S., Loughran, T., McGuire, P. C., … 

Zaehle, S. (2020). Direct and seasonal legacy effects of the 2018 heat wave and drought on European ecosystem productivity. Science Advances, 6(24), eaba2724. https://doi.org/10.1126/sciadv.aba2724
Blankinship, J. C., Meadows, M. W., Lucas, R. G., & Hart, S. C. (2014). Snowmelt timing alters shallow but not deep soil moisture in the Sierra Nevada. Water Resources Research, 50(2), 1448–1456. 

https://doi.org/10.1002/2013WR014541
Bose, A. K., Gessler, A., Bolte, A., Bottero, A., Buras, A., Cailleret, M., Camarero, J. J., Haeni, M., Hereş, A., Hevia, A., Lévesque, M., Linares, J. C., Martinez‐Vilalta, J., Matías, L., Menzel, A., Sánchez‐Salguero, R., Saurer, M., Vennetier, 

M., Ziche, D., & Rigling, A. (2020). Growth and resilience responses of Scots pine to extreme droughts across Europe depend on predrought growth conditions. Global Change Biology, 26(8), 4521–4537. 
https://doi.org/10.1111/gcb.15153

Buermann, W., Bikash, P. R., Jung, M., Burn, D. H., & Reichstein, M. (2013). Earlier springs decrease peak summer productivity in North American boreal forests. Environmental Research Letters, 8(2), 024027. 
https://doi.org/10.1088/1748-9326/8/2/024027

Buras, A., Rammig, A., & Zang, C. S. (2020). Quantifying impacts of the 2018 drought on European ecosystems in comparison to 2003. Biogeosciences, 17(6), 1655–1672. https://doi.org/10.5194/bg-17-1655-2020
Ciais, P., Reichstein, M., Viovy, N., Granier, A., Ogée, J., Allard, V., Aubinet, M., Buchmann, N., Bernhofer, C., Carrara, A., Chevallier, F., de Noblet, N., Friend, A. D., Friedlingstein, P., Grünwald, T., Heinesch, B., Keronen, P., Knohl, A., 

Krinner, G., … Valentini, R. (2005). Europe-wide reduction in primary productivity caused by the heat and drought in 2003. Nature, 437(7058), 529–533. https://doi.org/10.1038/nature03972
Hansen, M. C., Potapov, P. v, Moore, R., Hancher, M., Turubanova, S. A., Tyukavina, A., Thau, D., Stehman, S. v, Goetz, S. J., Loveland, T. R., Kommareddy, A., Egorov, A., Chini, L., Justice, C. O., & Townshend, J. R. G. (2013). High-

Resolution Global Maps of 21st-Century Forest Cover Change. Science, 342(6160), 850–853. https://doi.org/10.1126/science.1244693
Harpold, A. A., Molotch, N. P., Musselman, K. N., Bales, R. C., Kirchner, P. B., Litvak, M., & Brooks, P. D. (2015). Soil moisture response to snowmelt timing in mixed-conifer subalpine forests. Hydrological Processes, 29(12), 2782–2798. 

https://doi.org/10.1002/hyp.10400
Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horányi, A., Muñoz-Sabater, J., Nicolas, J., Peubey, C., Radu, R., Schepers, D., Simmons, A., Soci, C., Abdalla, S., Abellan, X., Balsamo, G., Bechtold, P., Biavati, G., Bidlot, J., Bonavita, M., 

… Thépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly Journal of the Royal Meteorological Society, 146(730), 1999–2049. https://doi.org/10.1002/qj.3803
Jakoby, O., Lischke, H., & Wermelinger, B. (2019). Climate change alters elevational phenology patterns of the European spruce bark beetle ( Ips typographus ). Global Change Biology, 25(12), 4048–4063. 

https://doi.org/10.1111/gcb.14766
Schuldt, B., Buras, A., Arend, M., Vitasse, Y., Beierkuhnlein, C., Damm, A., Gharun, M., Grams, T. E. E., Hauck, M., Hajek, P., Hartmann, H., Hiltbrunner, E., Hoch, G., Holloway-Phillips, M., Körner, C., Larysch, E., Lübbe, T., Nelson, D. B., 

Rammig, A., … Kahmen, A. (2020). A first assessment of the impact of the extreme 2018 summer drought on Central European forests. Basic and Applied Ecology, 45, 86–103. https://doi.org/10.1016/j.baae.2020.04.003
Seidl, R., Thom, D., Kautz, M., Martin-Benito, D., Peltoniemi, M., Vacchiano, G., Wild, J., Ascoli, D., Petr, M., Honkaniemi, J., Lexer, M. J., Trotsiuk, V., Mairota, P., Svoboda, M., Fabrika, M., Nagel, T. A., & Reyer, C. P. O. (2017). Forest 

disturbances under climate change. Nature Climate Change, 7(6), 395–402. https://doi.org/10.1038/nclimate3303

23.05.2022 mauro.hermann@env.ethz.ch | Session BG3.11

https://doi.org/10.1029/2007EO020003
https://doi.org/10.1890/ES15-00203.1
https://doi.org/10.1126/science.aab1833
https://doi.org/10.1038/s41558-020-00919-1
https://doi.org/10.1126/sciadv.aba2724
https://doi.org/10.1002/2013WR014541
https://doi.org/10.1111/gcb.15153
https://doi.org/10.1088/1748-9326/8/2/024027
https://doi.org/10.5194/bg-17-1655-2020
https://doi.org/10.1038/nature03972
https://doi.org/10.1126/science.1244693
https://doi.org/10.1002/hyp.10400
https://doi.org/10.1002/qj.3803
https://doi.org/10.1111/gcb.14766
https://doi.org/10.1016/j.baae.2020.04.003
https://doi.org/10.1038/nclimate3303

	Multi-seasonal meteorological storylines of reduced forest 𝑵𝑫𝑽𝑰 in Europe in 2000–2020
	Importance of a longer-term meteorological storyline
	Importance of a longer-term meteorological storyline
	Study focus and outline
	Study focus and outline
	Low 𝑁𝐷𝑉𝐼 events at 50 km (from 5 km 𝑁𝐷𝑉𝐼)
	Meteorological storyline in the temperate biome (all events)
	Meteorological storyline in the temperate biome (all events)
	Meteorological storyline in the temperate biome (all events)
	Important differences between the two biomes
	Important differences between the two biomes
	Important differences between the two biomes
	Main conclusions on summer low 𝑁𝐷𝑉𝐼 events
	Main conclusions on summer low 𝑁𝐷𝑉𝐼 events
	Main conclusions on summer low 𝑁𝐷𝑉𝐼 events
	References

