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           “Climate change : challenges, risks and impacts on cropping systems”

                                            ABSTRACTS
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Eddy covariance is a useful tool to measure carbon dioxide fluxes exchanged at the scale of
an ecosystem. The technique, its advantages and the uncertainties inherent of the technique
will be presented and discussed.

More specifically, measurements performed over a crop managed in a traditional way during
a complete sugar beet/winter wheat/potato/winter wheat rotation cycle will be presented.
Eddy covariance measurements, completed with soil respiration, leaf diffusion and biomass
increment measurements, allowed computing the crop carbon balance and evaluate its
variability according to cultivated species, climate and farmer interventions.

The climate impact was evaluated by comparing two similar winter wheat crops cultivated at
the same site and with the same methods but under different climatic conditions, in 2005 and
2007. Result showed that the milder conditions in winter and early spring 2007 induced a
larger Gross Primary Productivity (GPP) but, on the contrary, wetter late spring and summer
induced on the same year lower harvest and Net Primary Productivity. This suggests that GPP
is not a good harvest predictor. Mechanisms responsible for the difference in harvest were
analysed.

The whole cycle budget showed that the rotation behaved as a sink of 1.59 kgC m-2 over the
4-year rotation. However, if exports are deducted from the budget, the crop became a small
source of 0.22 (±0.14) kgC m-2. This suggested that the crop soil carbon content decreased.
This could be explained by the crop management, as neither farmyard manure nor slurry had
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been applied to the crop for more than 10 years and because cereal straw had been
systematically exported for livestock.

This results being obtained in the frame of the Carboeurope network, they can be compared
with those obtained at other European sites. Similarities and differences were discussed.

 Contact : M. Aubinet, Unité de Physique des Biosystèmes, Faculté Universitaire des Sciences
Agronomiques de Gembloux, 8 avenue de la Faculté, B-5030 Gembloux,
aubinet.m@fsagx.ac.be.
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Climate change : myth or reality

Luc Debontridder
Royal Meteorological Institute of Belgium ( KMI/ IRM),  Brussels
luc.debontridder@oma.be

Based on the long series of observations carried out at Brussels – Ukkel of different
kinds of climatological parameters, significant changes in our climate have been
detected in our temperatures during the last 20 years.
We will show in this presentation that not only human activities but also natural
phenomena such as solar radiation, volcano eruptions do affect our climate in a
significant way also.
The temperature rise in Belgium was very abrupt and recent. We will show that
precipitation regimes and quantities in our country did not change in a significant
way.
We will try to have a look at our future climate using the IPCC scientific report of
February 2008, issued in Paris and at the same time have a look at the  Regional
climate models for Belgium based on the CCI-HYDR project of the RMI and the
KULeuven.
The conclusion will be that our climate is warming but that the consequences of the
warming seem to be less worrying for our country the for other parts of Europe.

Key Words: Climate change, human activities, natural phenomena, Climate models,
IPCC, CCI-HYDR.
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Climate change impact on crop pests
Michel De Proft

Centre wallon de Recherches agronomiques ; Département Phytopharmacie
Rue du Bordia 11 ; 5030  Gembloux ; deproft@cra.wallonie.be

Insect pests are cold-bloody organisms. Temperature increase can act upon the speed of their
development, the diapausis and other regulation mechanisms, their reproduction, their
movements in space, and their survival on winter.
For polyvoltin species, acceleration of biological cycles, added to extension of activity
periods (earlier springs, longer autumns), will enhance the number of generations per year
what could drive to populations inflation and increase of linked damages in crops, to
staggering of damage periods or overlapping of generations -both factors complicating the
protection schedules- and to enhanced probability of resistance to insecticides.

Climate change shall modify agronomic importance of pests. Some of them could profit from
warmer springs and to wetter summers, announced by climatologists. It seems this is the case
for Sitodiplosis mosellana, the wheat blossom midge. This pest is not yet very well known in
our country because of its discretion (it is very small and flies only at nightfall), and also
because its damage are rarely correctly identified. However, frequency of damages is growing
and this could make worse because of climate change.

When it is spoken about climate warming, it is often imagined that geographic distribution
areas of species will move toward North. Some observations seem to confirm that it can be so
(pine processionary for instance), but on the other hand, distribution area of many insects is
unchanged because it is not only limited by mean temperatures, but also by other elements
including many ecological requirements.

From year to year, climate conditions in a region change, leading to modifications of the
geographic distribution of pests and of their local agronomic impact. These changing fronts,
these moves forwards followed by retreats, are always observed, due to the high mobility of
many crop pests and to their ability to colonize or re-colonize quickly areas. So, it is
expectable that, except some cases, climate change shall drive to more frequent incursions of
pests from neighbouring areas, instead of their permanent naturalisation in new areas.
On the other hand, what is surely important for crop protection in our areas shall be the effect
of winter warming on survival of organisms which have until now been destroyed by cold. A
very spectacular example is this of aphids, whose parthenogenetical forms, surviving to
winters several years consecutively, can produce huge populations and enhance virus
propagation.

Forests are more threatened by climate change than agriculture because, for the majority tree
species, populations are very closely adapted to the conditions of their site of origin, and
could be affected by brutal changes. Tree pests like bark beetles are often weakness pests. A
forest stressed by unfavourable climate conditions or by climate accidents (storms, droughts,
hot waves) shall be more exposed to their damages.
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Discrepancies in the analysis and interpretation of climate change data

A. Kunz and Michael M. Blanke, University of Bonn Germany

Email : mmblanke@uni-bonn.de

Weather and phenology data were analysed from 50 year records (1958-2007) at
Campus Klein-Altendorf of the University of Bonn in the proximity to Holland
and Belgium (190 km East of Gembloux). The weather data included air and soil
temperature, precipitation and frost and the phenological data of the beginning
and end of flowering, harvest, yield and leaf drop of 4 apple and pear varieties.
While our data analysis compared the last 20 years with climate change (1988-
2007) with the 30 previous years without climate change (1958-1987) and
partially confirms results of other authors such an earlier flowering, earlier
harvest and earlier leaf drop, it contradicts in the following

1) increased threat of frost (due to the combination of remaining April spring
frosts and more advanced, more frost-sensitive flowering stages) in contrast to
reported/forecast less frost (DWD, 2007)
2) a shorter flowering period, also after warm winters in contrast to reported
longer flowering periods particular after warm winter with pollination problems
(Legave, 2008);
3) a longer fruit development (due to more advanced flowering than harvest in
contrast to reported shorter fruit development (Ruess, 2009), which requires a
re-think of the T-stage harvest date prediction
4) earlier leaf drop, which contradicts/waives any issues of longer vegetation
period at a time when the fruit trees have no leaves

Since the results seem to depend on the method of data analysis (long-term
average versus regression), we analysed our and reported data to explore the
potential reasons for the apparent discrepancies and showed at least two reasons:
a) linear regression lines through short term (e.g. 30 years) data sets
b) use of the temperature (>5°C) based vegetation period rather than a
phenology based units; this could be more suitably called ‘phenological or
pomological period’. The complete talk can be viewed also on this Benelux
website and in the special climate change issue of Erwerbs-Obstbau 3/2009.
Blanke, M.M, and A. Kunz, 2009: Beschreibung des rezenten Klimawandels
und sein Einfluß auf Kernobst am Standort Klein-Altendorf. Erwerbs-Obstbau
(Springer Heidelberg) 51 (3), 00- 00 (in print)- special climate change edition
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Climate change, an imminent threat for trees

Pfister, L. and Hausman, J.-F.

Centre de Recherche Public – Gabriel Lippmann
Department Environment and Agro-biotechnologies

41, rue du Brill
L-4422 Belvaux, Grand-Duchy of Luxembourg

pfister@lippmann.lu hausman@lippmann.lu

Climate fluctuations in the Grand-Duchy of Luxembourg are documented through
temperature and rainfall measurements initiated during the first half of the 19th century. The
analysis of these daily climatological data records has shown how climate conditions have
gradually shifted from rather cold conditions to a substantial increase of temperature, close to
1°C since the 1950’s (Drogue et al., 2005). The annual number of days with average negative
temperatures has almost continually decreased over the past 150 years. Precipitation
eventually also underwent quite substantial changes, even though it is more specifically
affected by interseasonal redistributions of rainfall. Under the forcing of a very strong
increase of westerly atmospheric circulation patterns during winter months throughout the
second half of the 20th century, winter precipitation totals indeed strongly increased, while
during summer months a slight decrease of rainfall totals was observed (Pfister et al., 2000 &
2005).

These redistributions in seasonal amplitudes of rainfall and temperature over the past few
decades already had direct implications on the rainfall-runoff transformation processes within
the river basins of the Grand-Duchy of Luxembourg. Especially maximum winter discharge
values underwent significant increases, eventually contributing to some of the most severe
floodings of the 20th century in the Alzette and Sure river alluvial plains. With the increase of
westerly atmospheric circulation patterns during winter months, the spatial distribution of
precipitation over the Grand-Duchy of Luxembourg is strongly influenced by topography,
with rainfall totals being much higher in the North-West (approx. 1100 mm/year over the
Ardennes massif and the Moselle cuestas) than in the East (approx. 750 mm/year in the
Moselle valley). Trends in river discharge eventually also turned out to be strongly influenced
by this high spatial variability in precipitation totals (Pfister et al., 2004).

Forests play a primordial role in the water cycle of our hydrological systems, intercepting up
to 20% of total incoming precipitation at annual level (Gerrits et al., 2007). As for most
processes involved in the hydrological cycle, interception is characterised by a tremendous
spatial and temporal variability and thus contributes, together with other physiographic
characteristics (topography, geology, etc.), to what has been defined as the ‘uniqueness of
place’ by Beven (2000) and which causes our hydrosystems to have highly diversified
combinations of first order controls on the water balance. As any other physiographic
component of the hydrosystems, forests are subject to the spatio-temporal variations of
climate conditions. Consequently, the water balance is potentially exposed to substantial
modifications that are likely to profoundly modify tree species compositions inside our
hydrosystems.
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Currently, the question to be raised is: how will such changes interact with tree development
and thus disturb plant-ecosystem equilibrium? This (negative) effect is usually referred to as
plant stress. For plant scientists, stress also refers to a set of unfavorable conditions that alter
the physiological status of plants. Indeed, farmers or gardeners have experienced for a long
time that their crops or perennials are often able to adapt to different environmental changes,
but that this flexibility is also limited. Obviously, their adaptability, also known as phenotypic
plasticity, is an essential mechanism in the plants’ life cycle, because their anchoring to the
soil does not allow them to escape from adverse conditions (Renaut et al., 2009). Therefore,
individual or combined stress conditions have been studied intensively by both plant
physiologists and molecular biologists. The changes in climate conditions in Europe and
North America are nowadays an issue of growing concern. The amazing amount of data
produced by omics approaches, allows plant scientists to combine and integrate
complementary approaches to obtain insights on gene functions and plants’ ability to cope
with multiple stress factors. Although the techniques are evolving very rapidly, the global
molecular changes that will be observed will always remain part of the total scheme. The next
challenging step towards the full understanding of plant stress responses will depend on our
ability to link and interpret the amount of data that will emanate from research projects. In the
end, it should never be forgotten that the final aim of this research is to understand how the
plant cell reacts to the stressing agent to elaborate appropriate remedies to the problem.
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Detecting weeds by artificial vision in carrot crops: towards optimization
of herbicide/pesticide use

Piron A., Destain M.-F.,
Gembloux Agricultural University,
2 Passage des Déportés, 5030 Gembloux (Belgium)
piron.a@fsagx.ac.be; destain.mf@fsagx.ac.be

Several studies show that there is significant potential for the development of carbon offsets
and greenhouse gas emission reductions as a result of the application of precision farming
techniques (also called site-specific crop management techniques). Amongst these techniques,
the reduction of pesticides use in agriculture and horticulture has to be favourably considered.

Within this scope, the paper concerns detection of weeds in vegetable crops by machine
vision. This is the first step for a localized herbicide application. In-row weed detection in
carrots is taken as an example, as particular difficulties arise from the slow germination of
carrot seeds (leading to a strong competition for nutrients and sunlight in the early stages of
growth) and the irregular and dense sowing pattern.

In machine vision, features such as colour and height can be used for discrimination between
objects.

To evaluate the efficiency of colour discrimination, a multispectral device consisting of a
black and white camera coupled with a rotating wheel holding 22 interference filters in the
VIS-NIR domain was set up (Fig. 1, 2). Measurements were performed over a period of 19
days, starting 1 week after crop emergence and seven different weeds species were
considered. The best combination of filters included three interference filters, respectively
centred on 450, 550 and 700 nm. With this combination, the overall classification accuracy
(CA) was 72%. When the classification results were reported on field images, a systematic
misclassification of carrot cotyledons appears. Better results were obtained with a more
advanced growth stage (Piron et al., 2008).

To measure the height of weeds and crop, an active stereoscopy technique was developed. It
is based on specific coded structured light taking into account the specificities of the small
scale scene, e.g. occlusions between weeds, carrots leaves and ground. A height feature
integrating the ground irregularities was computed. As the weeds and the crop grow at
different speeds, this feature provided a means to differentiate weeds from carrots with an
overall classification accuracy of 83% (Piron et al., under review) (Fig. 3, 4).
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Fig. 1. Schematic view of the acquisition device (natural light shielding parts not represented).

Fig. 2. Multispectral image in simulated colors showing a creeping weed under carrot plants.
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Fig. 3. Scene showing soil, a weed and carrot cotyledons with projected pattern (detail).

 
Fig. 4. Detail of stereoscopic depth images showing the high variability in ground flatness and

multiple weed species. Lighter colors correspond to points closer to the camera.
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Models as effective tools for optimizing irrigation
K. STEPPE1*, D.J.W. DE PAUW2 & R. LEMEUR1

1Department of Applied Ecology and Environmental Biology, Laboratory of Plant Ecology,
Ghent University, Ghent, Belgium

2Department of Applied Mathematics, Biometrics and Process Control, KERMIT: Knowledge
based systems, Ghent University, Ghent, Belgium

*corresponding author: phone: +32 (0)9 264 61 12; fax: +32 (0)9 224 44 10; email: kathy.steppe@UGent.be

The increasing worldwide shortages of freshwater and costs of irrigation have led to an emphasis on
the development of improved, more accurate irrigation strategies in order to conserve water, minimize
water wastage and to keep the associated costs down. In the past, sensors to continuously monitor the
soil moisture or plant water status have been proposed as useful tools for irrigation scheduling. These
approaches are limited in the sense that they only provide information on whether or not irrigation is
needed, but they do not quantify how much irrigation should be applied.
As the quest for greater precision in the application of irrigation water continues, a new generation of
irrigation strategies presents itself, whereby mathematical models are used in combination with plant
and/or environmental measurements to provide information on “when” and “how much” irrigation
should be applied. In scientific literature, interesting mechanistic models are available, but their
practical application in irrigation scheduling has not been exploited so far due to implementation
issues, model identifiability problems or temporal variability issues of some of the model parameters.
However, today these issues related to mechanistic models should not longer constitute a problem due
to progress made in mathematical modelling and computer technology. A thorough mathematical
analysis of the model allows an intelligent way of dealing with the identifiability problems and new
software can be used to solve the implementation issues and the problems related to possible temporal
variability of the model parameters.
In this presentation we will demonstrate how a mechanistic water flow and storage model, which was
originally developed to gain new scientific insight in the functioning of the stem diameter, was used as
an effective tool for optimizing irrigation (Steppe et al. 2008). The proposed methodology combines
the model with continuously measured sap flow rates and stem diameter variations in order to simulate
the dynamic behaviour of the stem water potential which is, in practice, notoriously unreliable to
measure with automated stem hygrometers. The simulated stem water potential is used to control the
timing of the irrigation by continuous comparison with a certain threshold value. The amount of
required irrigation water is derived from a time integration of the measured sap flow profile. A
thorough mathematical analysis of the model showed that an initial (offline) model calibration based
on measurements of sap flow, stem diameter variation and stem water potential is required to deal with
the model identifiability problems. During irrigation control, however, only stem diameter variation
and sap flow measurements are required for online simulation and model calibration. For the proposed
system to be applicable in practice, new software called STACI (Software Tool for Automatic Control
of Irrigation) was developed as well. This software allows for the optimal integration of the continuous
measurements, the mathematical modelling and the real-time irrigation control. A test of the newly
developed system in a small-scale setup showed that the newly proposed methodology is an effective
tool to predict when and how much irrigation has to be supplied.

Reference:
Steppe K, De Pauw DJW, Lemeur R (2008) A step towards new irrigation scheduling strategies
using plant-based measurements and mathematical modelling. Irrigation Science 26: 505-517.
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Climate-robust crop science:

modelling climate-change impacts across scales

Paul C. Struik & H. Meinke
Centre for Crop Systems Analysis, Plant Sciences Group, Wageningen University,
P.O. Box 430, NL 6700 AK Wageningen, The Netherlands
E-mail: paul.struik@wur.nl

Agriculture, including crop and horticultural science, is in a state of flux, caught up in

‘tensions of scale’. These tensions arise from the attempts to address ‘top-down’

issues such as climate change impacts with ‘bottom-up’ solutions such as

biotechnology, including the bio-engineering of climate-robust genetic responses to

environmental stresses. The rapidly changing global environment affects the

management of farms, fields, crops and plants. However, as the resolution of spatial

scale decreases, attribution of these global impacts is becoming increasingly difficult.

Similarly, rapid biotechnological developments provide new insights and skills at the

molecular, genome and cell levels, but with decreasing spatial resolution,

environmental interactions increase, making it difficult to quantify the impact of

biotechnology at crop, field, farm, regional or global levels. Attribution of cause and

effect becomes increasingly intractable as the scale difference between the problem

and the proposed technological solution increases. Correctly matching problems of

societal importance, such as the climate change issue, with science-based solutions

is a challenge for horticultural science. This challenge requires well-designed,

quantitative modelling at all scales. We can only develop a climate-robust

horticultural sector by developing modelling tools that help us to integrate knowledge

across scales. We will show that simulation modelling helps to negotiate the scale-

related tensions by integrating knowledge from a range of disciplinary domains

across hierarchical levels and across temporal and spatial scales. We will also show

that simulation modelling provides an effective means of helping decision makers at

all scales to evaluate alternative options and of engaging all stakeholders in a

process of innovation by design. To be most effective, modelling should be

conducted in an open, transparent and participatory style that creates legitimacy for

the approach and fosters global collaboration and communication.
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� Climate changes are disturbing. Our lives could 
change drastically in the near future (heat waves, 
periods of drought, periods of excessive 
precipitations, …) 

� What do we really know? What should we believe 
and what not?
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• What is ‘the climate’?
• What determines today's climate?
• How does the climate change?
• Why does the climate change? 
• How will the climate change in the 

future? 
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� The weather is unstable and fickle.

� But: during the winter it is colder than during the 
summer, in Spain it is sunnier etc.

� The climate can be described as the average 
weather at a certain place. What you can expect 
but also what can happen in extreme 
circumstances. (storms, snowfall, vacation guides, 
vegetation, height of dikes, hibernation periods of 
birds etc.
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Climate reconstructions
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� The climate varies depending on the degree of 

latitude, the angle in which the solar rays reach 
the earth surface. The annual change of this 
angle, a consequence of the orbit of the earth 
around the sun, determines the seasons. But 
Rome is situated more north than New York and 
still the temperatures are a lot higher there...

� This is the result of the combined action of the 
oceans and the atmosphere. ( The Gulf Stream, 
the mainly westerly air current on the Northern 
Hemisphere = milder climate).
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� Some influences of the oceans on the climate occur 
alternately. An example of this are the trade winds in the 
Pacific Ocean that push the warm surface water along 
the equator to the west. This warm water is replaced by 
cold water from the depths. This is why a difference in 
temperature develops which leads to a difference in 
atmospheric pressure through which the trade winds 
become even stronger. This a full circle. 

� Once every 3 to 7 years this phenomenon does occur 
and we get a phenomenon called El Niño. (the complete 
name is ENSO = El Niño Southern Oscillation) 
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What is El Niño and what are the consequences?

El Niño is an irregular condition of the climate of the atmosphere 
and the ocean in the tropical Pacific that occurs every few years. 
With El Niño the seawater around the equator in the Eastern half of 
the Pacific is warmer than normal and there is a lower pressure 
difference between Tahiti (18S, 150W) and Darwin (12S, 131E). 
The other way around, with seawater that is colder than normal, is 
called La Niña. 
Large parts of the earth experience the consequences of this 
condition. El Niño and La Niña are the main causes worldwide for 
the variability of the climate from year to year. On the other hand 
El Niño has no or very little influence on the Belgian weather. 
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El niño Southern OscillationEl niño Southern Oscillation
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El niñoEl niño
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La Niña

El Niño

La Niña

El Niño
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Consequences El Niño worldwideConsequences El Niño worldwide
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La niña : consequences worldwideLa niña : consequences worldwide
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Volcanoes and climate

Volcanoes with important eruptions can send enormous clouds of fine 
dust and gasses to a great height into the atmosphere, sometimes higher 
than 15 kilometers. Such a cloud, that consists mainly of sulphuric acid 
and sulphuric compounds can remain a couple of years in the atmosphere 
and during that period it can be of influence on the weather and the 
climate in the whole world.
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North Atlantic Oscillation : NAO
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Solar driven climate changes and fluctuations

The extent to which the variations in solar activity can influence the 
earth’s climate is an important scientific theme and is up for discussion. 
The social importance is very big too because this discussion plays a part 
in determining the contribution of mankind to the observed climate 
changes. 
Fluctuations in reconstructions of solar activity can give indications on 
the influence of variations in solar activity on the climate, even though 
the causal connection isn’t always clear. Solar signals are often difficult 
to separate from other sources of climate changes like volcano eruptions, 
El Niño and long-term internal variability. The global solar radiation on 
the ground is the amount of solar energy that falls onto a horizontal 
surface. First of all this parameter depends on the amount of clouds (a 
high solar radiation means a little amount of clouds) and then on the 
transmission of the cloudless atmosphere, which in it’s turn depends on 
parameters like the amount of vapour, the amount of ozone and the 
presence of aerosols in the atmosphere.



22/04/2009 klimaat in crisis 20

Variations in solar activity
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11-year solar cycle
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Aerosols = volatile particles between 0 and 3 km height.
Optical thickness = measurable and this measure is an indication for the quantity
!!! Insecurities about their impact on the climate changes. That is why further studies 

are necessary (IPCC 2001).
The warming or cooling effect of the particles depend on their composition.
Direct influence on the UV solar radiation and indirect influence on the degree of 

cloudiness.
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AEROSOLS

Aerosol Optical Thickness (AOD) since 1985 in Uccle



22/04/2009 klimaat in crisis 27

� For the remaining part the climate is determined by 
local conditions:
- height and degree of cover

- presence of a lake or river
- colour of the earth’s surface (Albedo)
- relief

- urbanisation
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ANTHROPOGENIC CAUSES BECAUSE OF GREENHOUSE GASSES
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•The most important greenhouse gas is water vapour!!! = natural
greenhouse gas

•Anthropogenic greenhouse gasses: natural and produced by human 
activity. 

1) Carbon dioxideCarbon dioxide : CO2; is a part op the biological cycle, is not 
poisonous and dissolves easily in water. The natural origin of this gas lies 
on the one hand in the burning of carbonaceous products (forest fires), 
volcanism and on the other hand in the biological cycle of respiration and 
rot. Man kind increases the emission of CO2 every year through burning 
of fossil fuels, coal and petroleum but also through changes in the use of 
land (deforestation). The annual proportion of CO2 gradually increases. 
The current concentration is at ± 379 ppmv ( parts per million by volume, 
the amount of CO2 molecules / 1 mln air molecules).

GHG = GREENHOUSE GASSES
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� CO2 = most important anthropogenic greenhouse gas.
� Current concentration is a lot higher than the natural pre-industrial 
values: 379 compared to 180 – 300 ppm³; highest value since 650.000 
years.
� Life span: 50 - 200 years.
� Decomposition: photosynthesis and absorption by oceans.

2) Methane CH4 : (= swamp gas) Methane CH4 : (= swamp gas) gets set free when organic substances 
rot in swamps, rice fields and cowsheds, via intestines of ruminants and 
also during certain production processes in factories. The rise manifests 
itself since the beginning of the 19th century because of a changed 
approach in agriculture, more intensive stock breeding, the accumulation 
of by-products, the mining industry and the increasing consumption of 
natural gas.
�Current concentration is a lot higher than the pre-industrial values: from 
715 till 1732 in the 90’s , in 2005: 1774 ppb; highest value since 650.000 
years and a lot higher than the natural limit: from 320 till 790 ppb
� Last years: slower increase. 
� Life span: 10 – 15 years.
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3) NitriousNitrious oxideoxide N2O :N2O : = laughing gas. Great amounts are given
off in the air by the natural vegetation, but also the burning processes
in power plants and cars, and intensive agricultural activities give off 
this gas.
� Pre-industrial value of 270 ppb up to 319 ppb in 2005.
� The life span of this gas in the atmosphere is 120 years.
� The growth speed has almost stayed constant since 1980.
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4) Chlorofluorocarbon CFCCFC , HCFCHCFC and Halogens and Freon gassesand Halogens and Freon gasses
are human-made compositions of chloride, fluorine and carbon. They 
are used in refrigerators and for the production of isolation material and 
as gasses in spray cans.
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As these CFC’s and Halogens are of big inertness, they are not broken 
down near the earth’s surface but escape to the higher layers (the lower 
stratosphere) where they react with the ozone and break it down. CFC’s are 
powerful greenhouse gasses and have a life span of 50 - 500 years. Their 
emission by human beings is a lot higher than their slow decomposition. 
Because they already feared the decomposition of the ozone by these gasses 
in 1975, an international agreement was signed in 1987: “the protocol of 
Montréal” to decrease the contribution of the CFC’s and to half the use. 
(Halogens life span 12 – 110 years)

5) Ozone O3 :Ozone O3 : = Ozone and greenhouse. Ozone appears both in the 
troposphere (about the bottom 10km of the atmosphere) as in the 
stratosphere (the layer above). The concentration of tropospheric ozone, a 
greenhouse gas, has increased and this contributes to the warming of the 
earth. The concentration of the stratospheric ozone on the other hand has 
decreased. This has little effect on the temperatures on the earth’s surface. 
The stratospheric ozone is of great importance for the filtering of harmful 
solar radiation.
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� The decrease of the stratospheric ozone is caused by 
chlorofluorocarbons (CFC’s). Measures were taken internationally to 
limit the production of CFC’s. If the agreements are followed well, the 
ozone layer will recover slowly, now that the substances that break off the 
ozone have reached their peak at the millennium. The greenhouse effect, 
however, could delay this. According to the theory of the reinforced 
greenhouse effect, the warming of the troposphere goes hand in hand with 
the cooling of the stratosphere. This could slow down the recovery of the 
ozone layer.
� The RMI has a long tradition in the observation of the ozone 
layer. Since 1969 we perform ozone observations three times a 
week. These observations are done with a balloon and give vertical 
profiles of pressure, temperature, relative humidity, wind and ozone 
up to a height of about 32 km. This way the RMI disposes, together 
with Hohenpeißenberg (Germany) en Payerne (Switzerland), of one 
of the longest series of ozone profiles in the world.
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How has the climate already changed?
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LOSU = Level Of Scientific Understanding



22/04/2009 klimaat in crisis 41



22/04/2009 klimaat in crisis 42

���	���� �
�	������� �������� ���� ����
���
IPCC = Intergovernmental Panel on Climate Change has as a goal 

to provide policymakers of objective information about climate 
changes. They also indicate what could be the consequences for 
the environment and society. With climate changes we mean 
both natural as human-caused changes. The IPCC was founded 
in 1988 and all the members of the UNEP ( United nations 
Environment Program) and/or the WMO (World Meteorological 
Organisation) can take part in this. The IPCC consists of 3 study 
groups and one Task Force.

* Study group I : I : ““ScienceScience”: focuses mainly on the scientific aspects 
of the natural and human-caused climate changes. 
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Natural and 
anthropogenic 
temperature anomalies 

Natural and 
anthropogenic 
temperature anomalies 
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Study group II : Study group II : ««Impact and adaptationImpact and adaptation »» covers the vulnerability of 
human activities and natural systems for climate change and discusses about the 
possibilities for adaptation.

Study group III : Study group III : «« MitigationMitigation »» focuses on the possibilities to push back 
the human-caused climate changes, including the accompanying economic 
issues.

The Taskforce on National Greenhouse Gas Inventories develops scientifically 
correct  methods and procedures to be able to establish the emission of 
greenhouse gasses per country and observes the way this happens..

Since 1990 the IPCC publishes five year records (AR) existing of 3 parts (one of 
each study group). The last (fourth) AR report dates from February 2007. The 
third one (2001) was used to support the Protocol of Kyoto. Besides these AR 
there are also Special Reports (SR) in which specific subjects are being handled. 
The AR and the SR are accompanied by SPM reports for the lazy people under 
us. SPM stands for Summary for Policymakers and summaries the huge reports.
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One of the SR handles about the emission scenarios. (based on 4 
great world views for the future)
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The SER – scenarios take into account:

- growth of the world’s population

- economic growth

- technological developments

- investment patterns (more or less money for durable energy, 
more or less demand for energy-intensive products, ...)

- future energy needs → more or less emission of greenhouse 
gasses

The IPCC has established 4 future world views:

♦♦♦♦♦♦♦♦A1A1 = future world view with very rapid economic growth, a peak of the 
world’s population halfway 21st century an a decrease afterwards. There is 
also a fast introduction of new and more efficient technologies. With this 
world view come 3 scenarios: 
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→→A1FIA1FI : fossile intensive

→→A1TA1T : non-fossil energy sources

→→A1BA1B : balanced energy sources with which we are not too dependant on one 
single energy source. 

♦♦♦♦♦♦♦♦A2 = A2 = a very heterogenic world. A continuously growing population, the
economic growth is mainly regional, which means that the economic growth 
and the technological changes are more fragmentised and their progress is 
slower than in the other world views. 

♦♦♦♦♦♦♦♦B1B1 = peak in the world’s population about halfway the 21st century and 
afterwards a decrease like in A1, but rapid changes in the economic structures 
aimed on services and information on the economy, the decrease of material 
needs and the import of clean and efficient energy sources. The emphasis lays 
on worldwide solutions for social, economical and durable development of the 
environment without additional climate initiatives. 
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♦♦B2B2 = in this world view the emphasis is on local solutions for social 
economical and environment-friendly durability. The world’s population 
continuously rises but not as fast as in scenario A2, intervening levels of 
economic development, and slower but more divers technological changes 
than in B1 and A1. This world view and this scenario is mainly locally, 
regionally oriented.

4 great world views

Future emissions
Future amouts

of
GHG

Possible
climate

end 21st century
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The information chain leading to a climate projection
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concentrationsemissions
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Conclusions Conclusions fromfrom climateclimate projections for the world projections for the world climateclimate in 2100in 2100

World average temperature will rise with a value between 1,1°C and 
6,4°C ; > 66% chance that the value will lie between 2° and 4,5 ° C; 
best estimate = about 3°C and the chance that it is lower than 1,5°C 
= < 10%. The last 100 years the temperature has risen with ~ 0,74°C 
worldwide. 

Attention : CO2 = 450 ppmv means + 2°C = point of no return 

Rise of the sea level during the 20th century = ~ 17 cm. By the year 
2100 this will be 28 – 58 cm more as a result of thermal expansion 
of oceans, melting of glaciers and small ice caps, and the steady 
shrinking of big ice caps in Greenland and Antarctica. 

But: can rise to 1 m and there is great uncertainty about the 
crumbling away of the borders of the ice caps; apparently in 
accelerated tempo.  
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Snow cover will further decrease: has already decreased the last 50 
years with 7 % in the Northern Hemisphere. This is why less solar
rays are being reflected and the temperatures rises faster

Warmer en less cold days and nights all over the land areas: 
certainty = > 99%

Rise in frequency of tropical days and nights all over the land 
areas:  > 99%.
Rise in frequency heat waves: > 90%

Rise in events of heavy precipitation in certain parts of the 
continent: > 90%

Droughts in some areas: > 66% ; think about the area around the 
Mediterranean

Intensifying activity tropical cyclones: > 66%
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And And whatwhat about about ourour countrycountry?

� Evolution of temperatures

Evolution de la température moyenne annuelle à Bruxelles - Uccle sur la période 1833-2008
Evolutie van de gemiddelde temperatuur te Brussel - Ukkel op de periode van 1833-2008
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Number of days of snow in Uccle 1901 - 2008
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Neerslag_Ukkel_1833 - 2008
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Ukkel_windsnelheid_lente_1879 - 2008
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Results regional climate simulations Belgium
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• A continuation of current climate trends (rainfall, max temperature) 
may result greater enterprise vulnerability.

• Given the difficulties in ensuring appropriate levels of adaptation, 
planning is required well ahead of these changes.

Adaptation
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Rahmstorf et al. 2007

2001 IPCC 

scenarios

NASA GISS data

Hadley Centre / 
Climate Research Unit



Change in annual runoff (2081-2100 vs 1981-2000) 
averaged over 12 climate models

IPCC 2007
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Climatic outcome (e.g., rainfall, production)
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– Increasing demand for food

– Growing demand for safe and healthy 
nutrition

– Increased pressure on environment, land 
usage and nature
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• The 20th century was the century of 
analysis based on new discoveries and 
exploring biological systems in ever 
increasing detail (from discovery of DNA 
to mapping of the human genome), 
creating new disciplines in the process

• The 21st century is rapidly becoming the 
century of synthesis with much greater 
emphasis on holistic approaches and 
creating new insights at the interfaces of 
disciplines (transdisciplinary)
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Engagement models

Catchment models

Farm(ing) systems models

Crop models

Gene to phenotype models
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Farming system
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YIELD
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Plant Traits

Cell
Nucleus

Genes
substrate

Traits
enzymes

products

• Interaction across scales:
– Environment signals
– Gene responses = trait expression

Hammer, G., Sinclair, T., Chapman, S. and van Oosterom, E. (2004). On systems thinking, systems 
biology and the in silico plant. Plant Physiology 134: 909-911. 
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H2O

Plastoquinone

Ferredoxin

NADP+

PSII
J2

1 H+

1 H+

½ NADPH

Plastocyanin

PSI
J1

Jcyc

e.g. O2

Cytochrome b6 f

Jcyt JQ
2 H+

JNADP+ Jpseudo

Is the whole more than the sum of its parts?
Linear and alternative e- transport pathways of photosynthesis

Yin, van Oijen & Schapendonk 2004. PC&E 27: 1211-1222. 

Fcyc= fraction of cyclic e- flow  
fpseudo= fraction of pseudocyclic e- flow
fQ= fraction of electrons that follow Q-cycle
h = number of protons required for 

synthesizing 1 ATP

An extended Farquhar-type 
model:
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Which system to choose?Which system to choose?

Multi purpose ‘garden’ systems:

risk management through 
diversification

improved quality

price premium possible: ‘organic’
shade grown coffee; bonus for 
maintaining biodiversity

Open sun plantation:

higher yields

requires high inputs and skilled 
management
high risk of failure if these are not 

provided



FSPM : functional-structural feedbacks
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Increased CO2, increased temperature, change in precipitation 
patterns and more extreme weather will result in:

More yield at higher latitudes (50-60 �N)
Less yield at lower latitudes
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Upper

Each class is one third of total potato production

Middle

Lower

< 1% 
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C
arbon balance of a pluri-annual 

cropping system
 (4-year rotation) :

im
pact of clim

ate and cropping 
m

anagem
ent

M
. A

ubinet, B
. B

odson, C
. M

oureaux, 
D

.D
ufranne, F. V

ancutsem
, 

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

PH
YSIQ

U
E

D
ES 

BIO
SYSTEM

ES

Vielsalm
S

ince 1996

Lonzée
S

ince 2004

La R
obinette

S
ince 2006

P
oint B

arrow
 (A

laska)
2009

S
tate of the art, 1995

Keeling et al. (1990):
3.2 G

T C
 / yr

Schim
el et al. (1995) : 

4.6 G
T C

 / yr

N
ecessity of better quantifying and understanding 

Exchanges betw
een biosphere and atm

osphere

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

Eddy covariance m
ethod

–
C

O
2 , H

2 O
, sensible heat, m

om
entum

 
–

Long term
 ( > 10 years)

–
H

alf hour frequency
–

E
cosystem

 scale

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009
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Eddy covariance netw
orks

•
E

uroflux (16 sites 1996)

�
C

arboeuroflux (2000)

�
C

arboE
urope(2004)

•
Fluxnet (over 400 sites)

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

O
bjectives

•
H

ow
 m

uch ?
-

To quantify the European carbon sink strength
-

To evaluate its uncertainty

•
H

ow
 could it change ?

-
H

ow
 w

ill it evolve under changing clim
ate ?

-
W

hat are the m
echanism

s controlling the fluxes ?

•
W

hat can w
e do ?

-To quantify the effect of m
anagem

ent on fluxes

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

H
ow

 m
uch carbon is sequestrated ?

H
ow

 does it vary from
 year to year ?

C
u

m
u

lated
 seq

u
estratio

n

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1 0

0.1
j

f
m

a
m

j
j

a
s

o
n

d

M
o

n
th

Fc-total cumulé (kgCm-2)

969798990001020304050607

(H
einesch, pers. com

m
.)

B
N

L-S
H

S
  S
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posium

 –
G

em
bloux, 3 A

pril 2009

Vielsalm
 1996 -2007

W
hat are the flux responses to 

clim
ate factors ?

Lonzée
M

oureaux et al., 2006

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

D
ay N

E
E

 response
to 

light
-

D
epends

on :
-

Light regim
e

R
EPO

N
S

E D
IU

R
N

E

-40

-30

-20

-10 0 10

0
500

1000
1500
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R
AYO

N
N

EM
EN

T [µµµ µ m
ol m

-2 s
-1] 

FLUX DE CO2 [ mol m-2 s-1]
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W
hat are the flux responses to 

clim
ate factors ?

Lonzée - P
otatoe crop - July 2006

-40 0 40 8013/7/06 0:00
14/7/06 0:00

15/7/06 0:00
16/7/06 0:00

17/7/06 0:00
18/7/06 0:00

19/7/06 0:00-1000

0 1000

2000
N

E
T FLU

X
VP

D
R

AD
IATIO

N

Lonzée
H

oyaux, D
ufranne, 

com
m

. pers.

B
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 –
G
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D
ay N

E
E

 response
to 

light
-

D
epends

on :
-

Light regim
e

-
Species

-
M

odulated
by V

P
D

R
EPO

N
S

E D
IU

R
N

E

-40

-30

-20

-10 0 10

0
500

1000
1500

2000

R
AYO

N
N

EM
EN

T [µµµ µ m
ol m

-2 s
-1] 

FLUX DE CO2 [ mol m-2 s-1]

First N
E

E
 assessm

ent at regional scale based on first 
E

uroflux data (1997)

Valentini et al., 
N

ature, 2000

B
N

L-S
H

S
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posium
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G

em
bloux, 3 A
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C
an w

e extrapolate fluxes 
at the E

uropean scale ?

Im
pact of 2003 H

eat w
ave based on C

arboE
urope data.

G
ranier et al., 2007

C
iais et al., 2005

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

W
hatis

the im
pact on fluxes

of extrem
e

events
?

S
ites : Lonzée

•
S

ite
–

C
rop cultivated for m

ore than 70 
years

–
Since April 1

st, 2004
–

4 year rotation
–

Area = 12 ha
–

Flat and hom
ogeneous

•
M

eteo
–

T
m

oy =
10�C

 –
P

annual = 800 m
m

E
ddy covariance anb biophysical m

easurem
ents in a forest and in a crop site                         Julich, June 6

th, 2007
B

N
L-S

H
S

  S
ym

posium
 –

G
em

bloux, 3 A
pril 2009

The Lonzée site
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M
easurem

ents 

B
N

L-S
H

S
  S

ym
posium
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G

em
bloux, 3 A

pril 2009 P
hytotechnie des R

égions
Tem

pérées (FU
S

A
G

x)
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Interannual differences : 
-vegetation period length
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m
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-S
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E
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O
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E
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R
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 and G
P
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Larger TE
R

 corresponds to larger G
P

P
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O
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 W
H

E
AT    

R
esults –

TE
R

 and G
P

P

Interannual differences due to 
C

lim
ate 

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

R
esults –

Interannual variability

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

2007 : 
-Earlier developm

ent stages
-Larger G

PP
-Low

er N
PP and harvest 

D
ufranne et al, 
subm

itted
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 W
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E
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R
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TE
R

 and G
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P

Im
pact of crop m

anagem
ent 

(ploughing, tillage, crop residues)

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

-20

-10 0 10 20 30 40 50 60

-20

-10 0 10 20 30 40 50 60

GPP_or (µmol CO2 m-2 s-1)

doy

S
ugar beet

Lonzee 2004

G
ebesee 2006

C
ourtesy of 

W
. K

utsch
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R
otation carbon budget (in kg C

m
-2)

SB
 -2004

W
W

-2005
P -2006

W
W

-2007
IC

Total

Export

Im
port

R
oots : 

0.63
G

rain :
0.37
S

traw
 :

0.19

Tuber :
0.29

M
other T:
-0.04

G
rain :

0.31
S

traw
 :

0.14
S

lim
es :  

-0.07

1.93

-0.12
N

EE
-0.80

-0.63
-0.31

-0.73
0.88

-1.59

N
B

P
-0.17

-0.07
-0.06

-0.28
0.81

0.22

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

In the w
hole, the crop behave as 

a carbon sink (400 gC
 m

-2yr -1)
over 4 years

If exportations are considered as 
im

m
ediately re-em

itted, it 
behaves as a source 

(55 gC
 m

-2yr -1)

R
otation carbon budget (in kg C

m
-2)

SB
 -2004

W
W

-2005
P -2006

W
W

-2007
IC

Total

Export

Im
port

R
oots : 

0.63
G

rain :
0.37
S

traw
 :

0.19

Tuber :
0.29

M
other T:
-0.04

G
rain :

0.31
S

traw
 :

0.14
S

lim
es :  

-0.07

1.93

-0.12
N

EE
-0.80

-0.63
-0.31

-0.73
0.88

-1.59

N
B

P
-0.17

-0.07
-0.06

-0.28
0.81

0.22

The result is m
uch influenced by year 2007:

If 2007 had been a « norm
al » year, the 

source w
ould have been larger

(100 gC
 m

-2yr -1)

-0.07
0.43

B
N

L-S
H

S
  S
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posium

 –
G

em
bloux, 3 A

pril 2009

In the w
hole, the crop behave as 

a carbon sink (400 gC
 m

-2yr -1)
over 4 years

If exportations are considered as 
im

m
ediately re-em

itted, it 
behaves as a source 

(55 gC
 m

-2yr -1)

U
ncertainties on carbon budget 

(in kg C
m

-2)

SB
 -2004

W
W

-2005
P -2006

W
W

-2007
IC

Total

Export

Im
port

R
oots : 

0.63
G

rain :
0.37
S

traw
 :

0.19

Tuber :
0.29

M
other T:
-0.04

G
rain :

0.31
S

traw
 :

0.14
S

lim
es :  

-0.04
1.93

N
EE

-0.80
-0.63

-0.31
-0.73

0.88
-1.59

N
B

P
-0.17
(0.09)

-0.07
(0.06)

-0.11
(0.04)

-0.28
(0.06)

0.79
(0.03)

0.22
(0.14)

U
ncertainties are of the 

sam
e order of m

agnitude as 
the budget but the budget is 

alw
ays «

on the source 
side

». 

U
ncertainties due to crop 

sam
pling are of the sam

e order 
of m

agnitude than those due to 
eddy covariance  

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009
B

N
L-S

H
S

  S
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 –

G
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N
et flux 

Four years at nine 
E

uropean sites

K
utsch et al. (in prep.)

W
hat is the representativity

of these m
easurem

ents ?
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C
onclusions (about E

ddy covariance technique)

•
E

ddy covariance is a useful tool to quantify net fluxes 
exchanged at ecosystem

 scale.

•
A

llow
s evaluating :

–
carbon sequestration at ecosystem

 scale
–

Flux response to clim
ate

–
Interannual variability

–
Im

pact of extrem
e events

B
N

L-S
H

S
  S

ym
posium

 –
G

em
bloux, 3 A

pril 2009

C
onclusions (about crop fluxes)

•
C

rops behave as a sink of com
parable intensity as forest, (but 

the carbon is rapidly re-em
itted).

•
Large interannual variability, (m

ainly) due to crop differences.

•
S

om
e im

pacts of m
anagem

ent on N
E

E
 can be identified.

•
The carbon content decreases of about 60 gC

 m
-2yr -1 (1.5 %

 of 
soil carbon content).

•
C

lim
ate conditions in 2007 m

oderated the source intensity.

B
N
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posium
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G

em
bloux, 3 A

pril 2009

P
erspectives

•
Im

pact of crop m
anagem

ent on G
H

G
 budget :

–
D

eep ploughing vs surface tillage
–

Straw
 exportation (2

ndgeneration biofuels)
–

Fertilisation   

•
U

sing m
odels to better understand m

echanism
s, i.e., soil 

respiration
–

M
echanistic m

odel –
daily tim

e scale 
–

C
alibrated/ validated on experim

ental data  

•
S

tudy fluxes of other greenhouse gases
–

N
2O

, C
H

4

B
N

L-S
H

S
  S
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posium

 –
G

em
bloux, 3 A

pril 2009

Thank you

U
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Two saprophageous species of fagaceae
: 

Trypodendron domesticumTrypodendron domesticum Trypodendron signatumTrypodendron signatum
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The event :

• Appeared simultaneously in the belgian Ardenne and in the 
next regions of France, Germany and Luxembourg

• Occured over > 320-350 m altitude

• Concerns all classes of age

• Especially on the higher parts of slopes

• Beech forests growing on rich soils as well as on poor soils.

=> CLIMATE ACCIDENT
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Phénomènes similaires:

attaques de scolytes saprophages sur 
arbres vivants

• en Nouvelle Zeelande sur Notofagus
• en Colombie Britanique sur bouleau, 
érables, etc
• en Californie sur chêne
• Etc.
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Climate change, an imminent threat for trees
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1. The natural variability of climate

- Climate variability or climate change ?

Source: http://science.nasa.gov/headlines/y2000/ast20oct_1.htm

The fundamental question:

Where to locate this sequence …

… in this sequence ?

Temps

T
em

pé
ra

tu
re

Temps

T
em

pé
ra

tu
re

Ici?
Ici?

Ici?



Climate change: challenges, risks and impacts on cropping systems
April 3, 2009. Gembloux, Faculté universitaire des sciences agronomiques

Department Environment and Agro-biotechnologies

2. 600 years of documented climate 
variability in Luxembourg

Available instrumental data sources:

- Temperature recordings
(daily since 1838 – Luxembourg-city)

- Precipitation measurements
(daily since 1854 – Luxembourg-city)

Available proxy data:

- Wine quality and quantity data since +/- 9th century A.D.



Climate change: challenges, risks and impacts on cropping systems
April 3, 2009. Gembloux, Faculté universitaire des sciences agronomiques

Department Environment and Agro-biotechnologies

Red line : global data (10-year moving average).
Blue line : Luxembourg-city data (30-year moving average).
Red line : global data (10-year moving average).
Blue line : Luxembourg-city data (30-year moving average).

IPCC (2001), Summary for Policymakers. In: Climate Change 2001: The Physical Science 
Basis. Cambridge University Press, Cambridge, United Kingdom. Updated with data from 
Luxembourg-city by the Public Research Center – Gabriel Lippmann, Belvaux, Grand-Duchy 
of Luxembourg.

2. 600 years of documented climate variability in Luxembourg
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2. 600 years of documented climate variability 
in Luxembourg
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2. 600 years of documented climate variability in Luxembourg
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Mean monthly rainfall
from 1883 to 2006 (30-year moving average)
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3. Rainfall interception by forest canopies & litter

Example of a beech forest in the
Huewelerbach experimental site (L):

� Major process in the hydrological cycle
(up to 20-25% of total incoming rainfall)
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3. Rainfall interception and climate variability

Climate, as an overarching factor, strongly influences the spatio-temporal distribution of the dominating 
runoff generation processes across scales.

Fluctuations/changes in climate conditions can ultimately lead to redistributions in forest species compositions and 
thus eventually on the water balance of our hydrosystems (subject to many feedback mechanisms).
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4. Future climate conditions

… and on January 3, 2003.

The Clerve near Kautenbach on 
October  25, 2003 …

Hydro-climatological extremes ?
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5. Still not convinced?

• From Monday to Saturday, rising precipitation abnormality
• Then decreases 

• Cyclical basis

• Is there any 
natural cycle of 7 days?

Germany, 12 stations, 1991-2005
Source: Baumer et Vogel, 2007 Geophys. Res. Lett
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6. Trees in Benelux?

• Mainly beech and oaks

• Noble hardwoods (Sorbus sp., Fraxinus 
excelsior, Prunus avium, Alnus glutinosa, 
Acer sp., Tillia sp. Juglans sp., Pyrus 
pyraster …)

• Pioneer trees (Betula sp., Populus sp., Salix 
spp., …)

• Conifers 
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� Increasing temperature
� More frequent and more intense 

precipitations (winter)
� Less frost days (spring)
� Extended growing season (spring and fall)
� Longer, more intense and more frequent 

drought periods (summer )
� Thunderstorms and storms

Will an average increase in 
temperature of 2°C have 
so much effects on trees?

7. Expected changes in Benelux?
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8. Milder winter and fewer frost days during spring

Consequences
• Earlier bud flush 

– Buds: increased freezing 
susceptibility 

• Earlier flowering
– flower/ young fruits: frost damages
– Insect pollinators and flowering 

(Prunus, Malus…)

Ash tree (Fraxinus excelsior) 
• Leaf bud developmental stages

• From stage 3 on: frost sensitivity in 
spring induces bud necrosis and forking
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Milder spring and fall
• Forest ecosystems equilibrium disruption

• Affect seed dormancy

• Affect pathogens

9. Extended growing season

March 2008
Source: 
KULeuven

Probability to happen?
• It is already happening
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10. Pathogens or insects?

Existing: 1968-1998 Predicting 2068-2098

Milder winter would promote development of
Phytophthora cambivora on Quercus robur

Source: INRA Bordeaux
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11. Tree moving

Climate modifications will
affect phytogeography and species distribution within Europe

Tree migration is not a new research topic: • Fraxinus excelsior migration routes in 
Europe

• CpDNA SSR
• 10 000 year-based  (Heuertz et al 2004)

Transplanting trees, 1794, Hayes
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11. Tree moving

21002000

Fagus sylvatica in France
Based on an average rise of 2.5°C 

(INRA, Nancy)
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11. Tree moving

2000

Quercus ilex in France
Based on an average rise of 2.5°C 

(INRA, Nancy)

2100
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12. Summer drought

Longer, more intense and more frequent drought periods 
Mainly in summer

• Decreased water availability
• Reduced evapotranspiration

• Reduced yield

• Long term effects of drought period on forest

• Example: 1975-1976 drought affected development of 
Dutch Elm Disease by allowing Scolytus to invade and 
breed in healthy areas in UK (Gibbs and Gregs, Forestry, 1997)

• Forest as Carbon wells?
• 2003 drought in Europe
• 30% reduction of primary productivity 

in forest
• Corresponds to a 0.5 GtC deficit
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13. Forest long life-span and models

GOTILWA model

BIOMASS model

EFISCEN model
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14. Forest long life-span

ISHS Meeting, Gembloux

Tree seedling

Cut down
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15. Change rapidity
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16. What can we do?

Awareness is needed
- Scientists, general public, decision makers…
- At all levels…

… including ourselves

And any action in that direction is welcome:

- reduce heating / air conditioning by 1°C in the offices

- travel by train instead of plane to attend a meeting
- replace incandescent lighbulb by economical ones in the 
labs

- organise yourself so that your presentation is finished in 
time and that the participants of the conference will be in 
time at the train station.



Thanks for your attention !
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The brighter pixels are near the camera

The soil unevenness clearly appears (this 
justifies the applied correction)
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Discrepancies in the analysis and interpretation of climate change data 
A. Kunz and Michael M. Blanke, University of Bonn Germany 
 

Weather and phenology data were analysed from 50 year records (1958-2007) at 
Campus Klein-Altendorf of the University of Bonn in the proximity to Holland 
and Belgium (190 km East of Gembloux). The weather data included air and soil 
temperature, precipitation and frost and the phenological data of the beginning  
and end of flowering, harvest, yield and leaf drop of 4 apple and pear varieties.  
While our data analysis compared the last 20 years with climate change (1988-
2007) with the 30 previous years without climate change (1958-1987) and 
partially confirms results of other authors such an earlier flowering, earlier 
harvest and earlier leaf drop, it contradicts in the following  
1)  increased threat of frost (due to the combination of remaining April spring 
frosts and more advanced, more frost-sensitive flowering stages) in contrast to 
reported/forecast less frost (DWD, 2007) 
2)  a shorter flowering period, also after warm winters in contrast to reported 
longer flowering periods particular after warm winter with pollination problems 
(Legave, 2008); 
3)  a longer fruit development (due to more advanced flowering than harvest in 
contrast to reported shorter fruit development (Ruess, 2009), which requires a 
re-think of the T-stage harvest date prediction 
4)  earlier leaf drop, which contradicts/waives any issues of longer vegetation 
period at a time when the fruit trees have no leaves 
Since the results seem to depend on the method of data analysis (long-term 
average versus regression), we analysed our and reported data to explore the 
potential reasons for the apparent discrepancies and showed at least two reasons: 
a)  linear regression lines through short term (e.g. 30 years) data sets   
b)  use of the temperature (>5°C) based vegetation period rather than a 
phenology based units; this could be more suitably called ‘phenological or 
pomological period’. The complete talk can be viewed also on this Benelux 
website and in the special climate change issue of Erwerbs-Obstbau 3/2009. 
Blanke, M.M, and A. Kunz, 2009: Beschreibung des rezenten Klimawandels 
und sein Einfluß auf Kernobst am Standort Klein-Altendorf. Erwerbs-Obstbau 
(Springer Heidelberg) 51 (3), 00- 00 (in print)- special climate change edition 


