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16.1
Linking mixed temperate forest canopy closure to remote sensing 
phenology

David Basler1

1 Institute of Botany, University of Basel, Schönbeinstrasse 6, CH-4056 Basel (david.basler@unibas.ch)

Spring phenological events strikingly mark the onset of the growing season. So far, a variety of methods have been 
developed to assess plant phenology across different scales, ranging from site- and species-specific visual observations to 
regional greenup-estimates extracted from remote sensing data. Using time-series of hemispherical images collected along 
transects in a mixed hornbeam-oak forest and mixed beech-spruce forest in France and Switzerland, I quantified canopy 
closure and the associated increase in leaf area index (LAI) during a nine-week period in spring 2011 (Figure 1). These 
observations, together with traditional, species-specific phenological observations and quantitative measurements of leaf 
development in the dominant broadleafed tree species, were linked to remote-sensed (MODIS) NDVI of the same sites. For 
both forest types, the inflection-point of the spring-increase in NDVI coincides with the inflection-point of the increas of LAI 
values, while the loss in canopy transmission precedes this event. From these data I conclude that, at least in rather 
homogenous forests, the remote sensed start-of-season date is thightly linked to increase of the LAI of the forest canopy, 
rather than the earlier green-up of forest understory. In late spring observations, the variance between the individual ground 
observations points increases, and NDVI progressively saturates with increasing LAI. Using the developed image-analysis 
procedures, time-series of hemispherical images may be used for (automated) collection of valid ground-truth data for 
satellite based phenological observations.

Figure 1. Example of hemishperical images of forest canopy before (A; end of March) and after leaf-out (B; end of Apil).
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16.2
Land Surface Phenology – A good surrogate for photosynthesis 
seasonality?

Petra D’Odorico & Nina Buchmann

Grassland Sciences Group, Institute of Agricultural Sciences, ETH Zurich, Universitätstrasse 2, 8092 Zurich, Switzerland  
(petra.dodorico@usys.ethz.ch)

Phenology remains one of the most difficult processes to parameterize in dynamic vegetation and ecosystem process 
models. Most current models employ simple functions derived from meteorological variables, modeling phenology as a 
contemporary climate-dependent process (Arora & Boer, 2005). However, the study of the underlying mechanisms and their 
adaptation to changing climates requires continuous regional and global scale observations of phenology. Remote sensing 
observations of seasonal canopy greenness dynamics represent a valuable means to study land surface phenology (LSP) 
at scales relevant for comparison with regional climate information. Which part of the vegetation phenological cycle is 
effectively captured by these remote sensing measurements and which is the link with distinct plant physiological and 
functional processes has however been largely overlooked. 

Here we present the results of an investigation (D’Odorico et al., 2015) in which we assessed the match and mismatch 
between photosynthesis and remote sensing based land surface phenology for 19 deciduous broadleaf and mixed forest 
sites in the northern hemisphere over the period 2000-2012. Key LSP dates at the start and end of the season are obtained 
from three remote sensing products: Normalized Difference Vegetation Index (NDVI); Phenology Index (PI) (Gonsamo et al. 
2012); MODIS Land Cover Dynamics Product based on the Enhanced Vegetation Index (EVI), and additionally from ground 
based digital cameras. Photosynthesis phenology dates are extracted from gross primary productivity (GPP) time series, 
derived from eddy covariance CO2 flux measurements. Further, we report on the consistency among LSP dates obtained 
with different satellite remote sensing products and on their comparability with ground based digital camera estimates.

We find that LSP dates estimated by the three remote sensing products are not equivalent and differ in their sign and 
magnitude of lags with photosynthesis phenology dates. NDVI-derived phenology is characterized by shorter growing 
seasons, while EVI prolongs it by about two weeks compared to the photosynthesis phenology season length. PI start and 
end of season dates more closely match the start and end of photosynthesis phenology as estimated by GPP time series. 
We conclude that while many crop and conifer species exhibit coordinated development of leaf area and physiological 
capacity, deciduous forest canopies are known to show lagged and continued physiological development beyond full 
canopy leaf area development. For ecosystems exhibiting this developmental pattern, remote sensing products that are 
more sensible to canopy expansion might overestimate the onset of maximum physiological function if they do not account 
for a maturation period following the development of canopy leaf area.

REFERENCES  
Arora, V.K. & Boer, G.J., 2005: A parameterization of leaf phenology for the terrestrial ecosystem component of climate 

models. Global Change Biology. 11, 39–59.
D’Odorico, P., A. Gonsamo, C.M. Gough, G. Bohrer, J. Morison, M. Wilkinson, P.J. Hanson, D. Gianelle, J.D. Fuentes, and 

N. Buchmann, 2015: The match and mismatch between photosynthesis and land surface phenology of deciduous 
forests. Agricultural and Forest Meteorology. 214–215, 25-38.

Gonsamo, A., J.M. Chen, D.T. Price, W.A. Kurz, and C. Wu, 2012: Land surface phenology from optical satellite 
measurement and CO2 eddy covariance technique. Journal of Geophysical Research: Biogeosciences. 117, G03032.
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16.3
Seasons in my region (SIMR)
Markus Eugster

Sekundarschule, Schoentalstrasse 2, 9244 Niederuzwil (markus.eugster@schule-uzwil.ch)

In a nutshell
This is a worldwide long-term citizen science project to learn more about the timing of the seasons and how it responds to 
changing conditions.

Introduction
Seasons can be globally defined by astronomical facts. Locally however they often are greatly influenced by regional 
singularities as for example winds, relief, weather patterns and altitude. Many people observe nature closely and know 
reliable local phenomena that indicate the beginning of a season in their region. Thus the beginning of a season becomes a 
variable that integrates significant regional conditions and can be very sensitive to any changes.

Method
By defining indicators for seasons and their long-term observation with our senses and modern technical equipment we can 
document the changing conditions in a habitat and prove statements about these changes.
The method allows a synergy of scientific approaches and traditional knowledge, strengthens the attention and 
comprehension of observers of every age and gives ample scope for own observations and approaches, allowing the 
participants to be inquiringly active. The observations can give pleasure and be eye-opening, the results can be 
scientifically instructive and not least aesthetically attractive and thus be rewarding for scientists, laymen and outsiders.

Investigation (5 indicators)

1) Observer x name: Markus Eugster
x e-mail: markus.eugster@schule-uzwil.ch
x address: Schöntalstrasse 2, CH-9244 Niederuzwil
o date of birth

2) Region name: Untertoggenburg
latitude 47.437 ° (N + / S -)
longitude -9.131 ° (W + / E -)
altitude 580 m a. s. l.

3) Seasons indicators: loading: date: % pict
3.1 spring 1 Willows in full bloom 1 14.03.2015 3101

2 First chiffchaff song 2 30.03.2015 3102
3 Bird cherry in bloom 1 26.04.2015 3103
4 General bloom of cowslips 1 16.04.2015 3104
5 Beech leaves unfolding 2 30.04.2015 3105

3.2 summer 1 Wild cherries ready to harvest 2 10.07.2015 3201
2 First wild strawberries 2 18.06.2015 3202
3 First thunderstorm 1 19.05.2015 3203
4 Air temperature above 30°C 2 04.07.2015 3204
5 Linden tree in bloom 3 28.06.2015 3205
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Visualization

   
Figure 1: possible 
visualization: pie chart 

Figure 2: possible result: 
seasons get shorter / 
longer 

Figure 3: possible result: 
seasons are shifted 

 

 
Figure 4: progressively 
updated (25%, 75%, 75%, 
100% spring) 

Figure 5: possible visualization: linear function 

Concept
• Be a researcher: the outcome is unknown and depends on your choice
• Work on something nobody has done before
• It’s not only collecting data that is used by unknown people – if used at all
• Idea: open your eyes, be curious, bring in your own ideas
• Results in the first year already, new insights in following years
• Participants can steer the process themselves

Implementation and references
Test run: August 2015 – August 2016: send data sheets to simregion@gmx.ch
Link: http://www.seasonsandbiomes.net/170simr.html
Data sheet: http://www.seasonsandbiomes.net/600links.html (SIMR B5 or Bvar)
Official start of the SIMR project: August 2016
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16.4
Phenology helps explaining the low temperature range limits of 
temperate tree species

Körner C., Basler D., Hoch G., Kollas C., Lenz A., Randin C., Vitasse Y., Zimmermann N.

Institute of Botany, University of Basel, Schönbeinstrasse 6, 4056 Basel

Attempts at explaining range limits of temperate tree species still rest on correlations with climatic data that lack a 
physiological justification. Here we present a synthesis of a project that aimed at resolving that question. We employed 
climatology, biogeography, dendrology, population and reproduction biology, stress physiology and phenology to provide an 
eco-evolutionary explanation of the low temperature limits of temperate tree species. We combine results from in situ 
elevational (Swiss Alps) and latitudinal (Alps vs Scandinavia) comparisons, from common garden and phytotron studies, as 
well as laboratory experiments, for 8 common European tree species. We show that absolute temperature minima in 
treetops can be predicted from weather station data, but such winter extremes do not explain range limits. The ranking of 
the range limits of species is similar across elevation and latitude. Recruitment is not limitated at the current upper 
elevational limit of any species. Reciprocal common gardens revealed that environmental influences on growth and 
phenology of seedlings exceeded those of seed origin.

Spring flushing in adults trees turned out to be timed in such a way that the probability of freezing damage is minimized, 
with a uniform 80-year safety margin across elevations and taxa. More resistant species flush earlier than less freezing 
resistant species. Tree ring formation at the range limit is not related to season length, but to growing season temperature. 
Young trees, grown at temperatures colder than at their natural range limit, show incomplete lignification and maturation. 

We conclude that the range limits of the examined taxa are set by the interactive influence of phenology, freezing 
resistance in spring, and the time required to mature tissues. Microevolution of spring phenology compromises between 
demands set by species-specific freezing resistance of immature tissue and evolutionary life history traits related to tissue 
maturation. Phenology, thus plays a central role in controling species range limits, by timing key developmental steps in the 
annual life cycle of trees. 

Funded by ERC advanced grant TREELIM

REFERENCES  
Basler D, Körner C (2012) Photoperiod sensitivity of bud burst in 14 temperate forest tree species. Agric For Meteorol 

165:73-81
Basler D, Körner C (2014) Photoperiod and temperature responses of bud swelling and bud burst in four temperate forest 

tree species. Tree Physiol 34:377-388
Kollas C, Vitasse Y, Randin CF, Hoch G, Körner C (2012) Unrestricted quality of seeds in Europesn borad-leaved tree 

species growing  at the cold boundary of their distribution. Ann Bot 109:473-480
Kollas C, Körner C, Randin CF (2014) Spring frost and growing season length co- control the cold range limits of broad- 

leaved trees. J Biogeogr 41:773-783
Körner C, Basler D (2010) Phenology Under Global Warming. Science 327:1461-1462
Lenz A, Hoch G, Vitasse Y, Körner C (2013) European deciduous trees exhibit similar safety margins against damage by 

spring freeze events along elevational gradients. New Phytol 200:1166-1175
Randin CF, Paulsen J, Vitasse Y, Kollas C, Wohlgemuth T, Zimmermann NE, Körner C (2013) Do the elevational limits of 

deciduous tree species match their thermal latitudinal limits? Glob Ecol Biogeogr 22:913-923
Vitasse Y, Hoch G, Randin CF, Lenz A, Kollas C, Körner C (2012) Tree recruitment of European tree species at their current 

upper elevational limits in the Swiss Alps. J Biogeogr 39:1439-1449
Vitasse Y, Hoch G, Randin CF, Lenz A, Kollas C, Scheepens JF, Körner C (2013) Elevational adaptation and plasticity in 

seedling phenology of temperate deciduous tree species. Oecologia 171:663-678
Vitasse Y, Lenz A, Körner C (2014) The interaction between freezing tolerance and phenology in temperate deciduous trees. 

Front Plant Sci 5:541
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16.5
A new process-based approach to model plant phenology based on 
carbon allocation

Stefano Mazzoleni1, Fabrizio Cartenì1, Francesco Giannino1, Boris Basile1, Gianni Boris Pezzatti2, Marco Conedera2

1 Dipartimento di Agraria, University of Naples Federico II, Via Università 100, 80055 Portici (NA)  
  (stefano.mazzoleni@unina.it)
2 WSL Swiss Federal Institute for Forest, Snow and Landscape Research, Community Ecology Research Unit,  
  Via Belsoggiorno 22, CH-6500 Bellinzona

The relationships between plant phenological processes and climate seasonality has been studied in both ecological and 
agricultural fields for either theoretical or applied purposes, what resulted in the development and use of different models 
aiming at predicting the timing of phenological phases (Cleland et al. 2007).

So far, most models have been based on the relationships between empirical observations of phenological events and 
climatic derived variables (Chuine et al. 2003), while in other cases photoperiod and hormonal status were also taken into 
account (Olsson et al. 2013). A drawback of phenological models based on either “cold” and “heat” units as explanatory 
mechanisms consist in the limited applicability which is restricted to the a specific geographical region and related climate 
on which it has been calibrated.

We propose a new approach linking the phenology to basic plant physiological processes such as photosynthesis, cell 
proliferation (mitosis) and tissue enlargement, all explicitly related to main environmental conditions (water status and 
temperature). Initial physiological assumptions of the new model are: photosynthesis produces non-structural carbohydrates 
(NSC) which are consumed by growth, whereas cell proliferation produces a growth inhibitory signal as reported in the case 
of yeast cell cultures (Mazzoleni et al. 2015). These processes respond differently to the environment (Fig. 1a, b) increasing 
or decreasing NSC and the inhibitory signals in the plant tissues. The central assumptions are then that bud burst is driven 
by limited NSC availability, bud setting by the accumulation of growth inhibitory signals, and leaf fall by NSC accumulation. 
Aboveground plant growth is represented by the explicit allocation of photosynthates to the three main compartments of 
leaves, green shoots and wood. Carbon partitioning between these compartments is driven by source-sink balance and 
related concentration gradients.

Theoretical simulations show the capability of the model to reproduce evergreen and deciduous behaviours in tropical and 
temperate climatic conditions and the occurrence of multiple vegetative phases, typical of Mediterranean environments. 
Furthermore, different species can be parameterised to represent different carbon allocation patterns and the physiological 
process-based nature of this model has the potential to provide a mechanistic explanation for observed trends of 
phenological behaviours under changing climatic conditions.

Future work will however be necessary to calibrate the model on to simulate and predict the phenology of several plant 
species in different environments.

Figure 1. Different functional responses of photosynthesis, mitosis and enlargement to (a) watter status and (b) temperature. These 
responses drive the seasonal changes of concentrations of non-structural charbohydrates and growth inhibitors that are assumed to 
regulate plant phenology.
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REFERENCES
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16.6
The temporal niches of Arctic and alpine plants help explain 
phenological responses to climate warming

J.S. Prevéy1, C. Rixen1, R. Hollister2, G. Henry3, J. Welker4, U. Molau5, T. Hoye6, A. Bjorkman7, N. Cannone8, E.Cooper9, B. 
Elberling10, S. Elmendorf11, A. Fosaa12, I.S. Jónsdóttir13, K. Klanderud14, C. Kopp15, E. Levesque16, M. Mauritz17, I. Myers-
Smith18, S. Natali19, S. Oberbauer20, E. Post21, S. Rumpf22, N.M. Schmidt23, T. Schuur17, P. Semenchuk22, T. Troxler20, M. 
Vellend24, H. Wahren25, S. Wipf1

1 WSL Institute for Snow and Avalanche Research SLF, Flüelastrasse 11, CH-7260 (janet.prevey@slf.ch)
2 Biology Department, Grand Valley State University, MI, USA
3 Department of Geography, University of British Columbia, BC, Canada
4 Department of Biological Sciences, University of Alaska Anchorage, AK, USA
5 Department of Biology and Environmental Sciences, University of Gothenburg, Sweden
6 Arctic Research Centre, Aarhus University, Denmark
7 German Centre for Integrative Biodiversity Research, Leipzig, Germany
8 Department of Science and High Technology , Università degli Studi dell’Insubria, Como, Italy
9 Institute for Arctic and Marine Biology, University of Tromsø, Norway
10 Department of Geography, University of Copenhagen, Copenhagen, Denmark
11 National Ecological Observatory Network, CO, USA
12 Faroese Museum of Natural History, Faroe Islands
13 School of Engineering and Natural Sciences, University of Iceland, Iceland
14 Department of Ecology and Natural Resources, Norwegian University of Life Sciences, Norway
15 Department of Botany and Zoology, University of British Columbia, Vancouver, BC, CA
16 Université du Québec à Trois-Rivières, Québec, Canada
17 Center for Ecosystem Science and Society Center, Northern Arizona Universty, Flagstaff, AZ, USA
18 University of Edinburgh, Scotland
19 Woods Hole Research Center, Falmouth, MA, USA
20 Department of Biological Sciences, Florida International University, FL, USA
21 The Polar Center and Department of Biology, Penn State University, University Park, Pennsylvania, USA
22 Institute for Arctic and Marine Biology, University of Tromsø, Norway
23 Department of Bioscience, Aarhus University, Denmark
24 Départment de Biologie, Université de Sherbrooke, Sherbrooke, Québec
25 Department of Agricultural Sciences, La Trobe University, Melbourne, AU

The phenology of vegetation in tundra regions is strongly affected by temperature, and thus is predicted to be particularly 
sensitive to climate warming. Previous studies have found that Arctic and alpine plants advance phenological events in 
response to warmer temperatures. However, responses differ between lifeforms, species, and locations, with some plants 
shifting dates of greenup, flowering, and senescence more than others. Identifying the underlying mechanisms for the 
varied phenological responses of tundra plants is integral for predicting how vegetation will respond to climate change in 
the future.
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To identify factors that affect changes in tundra plant phenology at a global scale, we analyzed phenological responses of 
over 147 species at 22 sites from Arctic and alpine ecosystems around the world (Fig. 1). We analyzed data from both 
long-term monitoring plots and warming experiments.  We predicted that plants which flower later in the season would 
advance phenological events more with warmer temperatures than early-flowering species. Phenology of late-flowering 
species may be more responsive to cumulative heat sums over the growing season, whereas phenology of early-flowering 
species probably depends more on timing of snowmelt.  Preliminary results supported our predictions: phenology of late-
flowering tundra plants was more sensitive to summer temperature change than phenology of early-flowering species. 
These divergent responses of late versus early-flowering species led to shorter community-level flowering seasons in 
warmer years.  Our results suggest that the relative flowering time, or temporal niche, of plants can help predict 
phenological changes of species and plant communities across tundra ecosystems in response to climate warming.  

  
Figure 1. Locations of sites where phenological responses of tundra plants were observed. Yellow dots indicate sites with long-term 
monitoring plots, red dots indicate sites with warming experiments, and purple dots indicate sites with both.
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16.7
Evolving phenology of semi-natural meadows in the western part of 
Switzerland

Zoé Vuffray1, Claire Deléglise1, Michel Amaudruz2, Bernard Jeangros1, Eric Mosimann1 & Marco Meisser1

1 Agroscope Changins-Wädenswil Research Station ACW, CH-1260 Nyon 1, Switzerland
2 Agridea Lausanne, CH-1000 Lausanne 6, Switzerland 

The phenology of semi-natural meadows located at different thermal levels was observed in springtime between 1995 and 
2015. The aim of this study is (i) to control the standardized method enabling the description of the developmental stage of 
meadows under various conditions and (ii) to study the variation of meadow’s phenology earliness over the years.

Each year the phenological stages of ten common species differing in their earliness (five grasses, one legume and four 
forbs) were monitored over several weeks. Cocksfoot (Dactylis glomerata) was used as the reference species and the 
stages observed in other species were converted into ‘equivalent cocksfoot stages’ (ECS). The mean ECS, involving many 
species, allows the characterization of the stage of meadow development to be made on a standardized basis (Jeangros & 
Amaudruz 2005). This method is useful for agricultural advisory since meadow developpement stages are directly linked to 
fodder quality (ADCF 2006).

The main results of this study relates to changes affecting the phenology of meadows in the course of time. One of those 
changes involves variations in the realization date of the ECS 4 (full heading). The variations between the thermal levels 
and the years are shown in Figure 1. Inter-annual variations are slightly higher in colder zones than in warmer ones. Stage 
ECS 4 is delayed by 4 days on average for each altitude increase of 100 m.

Figure 1. Variations in realization dates of equivalent cocksfoot stage ‘full heading’ (mean ECS = 4) for the different thermal levels, 
characterised by altitude and mean temperatures between April and October. Mean values for the period 1995 to 2014 (extreme values, 
first and third quartiles, median).

However, the difference between the earliest and latest years calculated over the period 1995-2004 is smaller than the 
variation over 2005-2014 (data not shown here). Thus, variations in the realization dates of stages increase over the years. 
The second main result is a trend to earliness, which is observed for all thermal zones unless for the harsh zone. 
Phenology of meadows occurs slightly earlier (between 1 and 3 days earlier every ten years): Figure 2 illustrates this fact 
for three zones. 
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Figure 2. Pattern of periodicity in realization dates of equivalent cocksfoot stage ‘full heading’ (mean ECS = 4) for three thermal levels.

Phenology can be seen as an indicator of climate change (Delifa 2010) since developpement stages are mostly linked to 
temperature (Gillet 1980). The trends observed in this study show that there is an earlier spring for almost all thermal 
zones, demonstrated as well by Claudio Defila (2007) on the phenology of cherry-tree in Liestal.

REFERENCES
ADCF. 2006 : Estimation de la valeur du fourrage des prairies. Valeur nutritive et production de lait ou de viande. Fiche 

technique 2.7.1. 3e édition. ADCF. Nyon. Switzerland. 6 p.
Defila,C. 2007 : Changements climatiques en Suisse. Office fédéral de l’environnement OFEV. Berne. Suisse. 46.
Defila, C. 2011: Retrospective phénologique de l’année 2010. Recherche Agronomique Suisse 2 (5), 226-231. 
Gillet, M. 1980 : Les graminées fourragères: description, fonctionnement, applications à la culture de l’herbe. Gauthier-

Villars.
Jeangros, B. & Amaudruz, M. 2005 : Dix ans d’observations sur la phénologie des prairies permanentes en Suisse romande. 

Revue suisse d’agriculture 37 (5), 201‑9.
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P 16.1
Climate impact science with citizens.  
First results of the «OpenNature.ch» project

This Rutishauser1, Stefan Brönnimann1, Martine Rebetez2, Werner Eugster3 & project collaborators4

1 Institute of Geography and Oeschger Centre for Climate Change Research, University of Bern, Halerstrasse 12,  
  CH-3012 Bern (rutis@giub.unibe.ch).
2 University of Neuchâtel, Neuchâtel, and, Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Lausanne. 
3 Institute of Agricultural Sciences, ETH Zurich, Zurich.
4 http://www.opennature.ch/partner.

In spring 2015, the Swiss citizen science website OpenNature.ch was launched. The website aims at building awareness 
for science-based climate impact knowledge, collecting scientifically sound phenology and seasonality observations and 
understanding environmental change. The present project focuses on plants, animals, mushrooms, landscapes, and climate 
extremes. OpenNature.ch includes a news section presenting new scientific findings and shares the results on social media 
networks (@OpenNature_ch; www.facebook.com/OpenNature.ch).

Our contribution presents first results and key-learnings of the first half year after going public. Longterm observations of 
cherry tree flowering dates and snow cover duration are compared with OpenNature data from spring 2015 (Figure 1). We 
highlight the potential of OpenNature to continue data collection from ongoing observations programs such as BernClim 
(Jeanneret and Rutishauser 2011) and present options of planned applications. We illustrate successful and less promising 
experiences with examples from the newsblog and the associated social media sites. Financed by the Swiss National 
Science Foundation (SNF) science communication program AGORA 2012–2015, OpenNature.ch builds on existing 
observations programs and partnerships in Switzerland under the auspices of the Swiss Academy of Natural Sciences 
SCNAT. Future development will focus on the development of a more flexible visualisation of results and implementing 
continued news feed with contributions from scientists.

Figure 1. Observations of cherry tree flowering dates (left column) from one tree near Liestal, northern Switzerland, since 1894 (top left) 
and map and frequency plot of observations by citizen observers in spring 2015 (bottom left). Observations of the number of snow days 
since 1971 as recorded by a citizen of the «BernClim» network (top right) and OpenNature observations from 2015 (bottom right).
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