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What will you find in this booklet? 
 
 
 
Many materials of high quality present what we know about climate change: this one invites 
you to discover what we don’t know and how researchers work for a better understanding of 
this phenomenon, in general and within the framework of two large-scale European 
programmes on the subject. 
 
Anyone interested in climate research will thus find useful information here. But this booklet 
is above all proposed as a tool for secondary school teachers willing to engage 
interdisciplinary projects on that topic. The stake is consequently not only any more to inform 
or transmit knowledge, but to encourage questionning among young people and to raise the 
desire for understanding and the will for taking part in the transformation of the world which 
will enable us to manage the challenge of global change. 
 
This is why the focus here is on the way we build new knowledge through scientific research 
rather than on knowledge itself. The educational strength of project-teaching is then to 
mobilise disciplinary contents, strengthened in their articulation and meaning at the pupils’ 
eyes, to provide the knowledge and notions necessary for a true understanding of the 
problems. 
 
Global change deeply challenges our ways of thinking and taking decisions. We must learn 
how to think and act with complexity, systems, global nature and interdependence in mind. 
This is why this booklet also tries to illustrate: 
- the interdisciplinary character of research (by opposition to the traditional division of 
science into specialities); 
- the need to strive for an overall picture (by opposition to the tendency to be satisfied with a 
partial approach); 
- the various degrees of uncertainty (by opposition to the view of science as synonymous with 
truth); 
- the often-chaotic character of knowledge construction, which is not linear but reserves a 
central place to randomness and creativity; 
- the organic link between global issues, collective decisions and everyday individual choices. 
 
Best success in your projects ! 
 
 
 
Philippe Saugier 
Coordinator CarboEurope educational activity 
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Resources on the internet 
Where to find what you won’t find in that booklet? 

 
 
For information on greenhouse effect and climate change in general: a wide variety of documents 
provide an introduction to the problem (in all languages), the majority of which are available on the 
Internet; some are objective, others more or less subjective. For a neutral and exhaustive approach, 
the United Nations Convention on Climate Change offers a number of very good introductory 
publications: 
www.unfccc.int: click on “essential background” then on “background publications” or use the direct 
link: 
http://unfccc.int/essential_background/background_publications_htmlpdf/items/2625.php 
(see in particular “climate change information kit”, available in French, English, German, Spanish and 
Russian)  
 
We also recommend the EU environment website for young people (multilingual), where you will find 
an introduction to climate issues (and many other issues) 
http://europa.eu.int/comm/environment/youth/index_en.html and the Manicore site, which has the 
great interest, from an educational point of view, to be structured around questions and to be 
particularly pleasant to read (in French & English) 
http://www.manicore.com/anglais/documentation_a/greenhouse/index.html 
 
For scientific data on the problem: the reports of the IPCC (intergovernmental panel of experts on 
climate change) are the world reference source on the subject.  
We recommend to start with the synthesis for the general public of the most recent report, that of 
2001, proposed by the GreenFacts International Foundation: 
http://www.greenfacts.org/fr/dossiers/changement-climatique/index.htm (available in French, English, 
Spanish and German) 
You may also obtain information at the source by downloading the “summary for decision makers” and 
the summaries of the three working groups of the 2001 report: www.ipcc.ch (available in English, 
Arabic, Chinese, Spanish, French and Russian). These summaries are addressed to a non-scientific 
audience, but through the complexity vis-à-vis the problem and the vast amount of information 
presented, they are addressed to readers already familiar with the issues. 
 
For scientific news: all the new articles published in the specialized press, all the new discoveries 
are presented in a language accessible to all at www.ghgonline.org  
 
Glossary: you will easily find several climate change glossaries from a search engine on the 
internet. We also recommend that of the GreenFacts Foundation: 
http://www.greenfacts.org/studies/climate_change/toolboxes/glossary.htm (in English, also available in 
French, German and Spanish) 
 
For knowledge and notions involved: ESPERE climate encyclopaedia 
www.espere.net (French, English, German, Spanish, Polish, Hungarian, Norwegian, partially 
Portuguese) 
 
For examples of action that can be performed by anybody on a daily basis: 
http://www.climnet.org/publicawareness/index.htm (Spanish, French, German and English) 
 
Other useful resources (English only): 
On research: www.exploratorium.edu/climate/ and http://climate.nms.ac.uk/ 
On the effects of the problem: world map of observed occurrences of climate change. 
http://www.climatehotmap.org/ 
To calculate emissions of CO2 by yourself, your family, school, etc. 
http://www.co2.org/calculator/index.cfm / http://www3.iclei.org/co2/co2calc.htm 
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WHAT WE KNOW AND WHAT WE DON’T KNOW 

 
KEY QUESTIONS 

AND RESEARCH ON GLOBAL CHANGE 
 
 
“Our knowledge of the structure and functioning of terrestrial ecosystems is not developed to 
a sufficient degree to understand–much less predict–the consequences of climate change 
either on the systems themselves or on subsequent atmospheric interactions.”  
(International Geosphere-Biosphere Programme, 1991) 
 
 
1. Predicting the future? 
 
Many things are already known…  
 
Today we are certain that climate change is taking place on a global level, and that the 
changes are in particular characterised by: 
 * an average observed temperature increase of 0.6° C as compared to the beginning of 
the 20th century, the period 1990-1999 being the hottest decade; 
 * an average observed increase in the concentration of a number of greenhouse gases, 
and of carbon dioxide in particular, for which levels have passed from 280 to 370 ppm1 
between 1750 and 2000; 
 * the brutal nature of the changes observed vis-à-vis geological scales, of dimensions 
and at a speed not witnessed for at least 10,000 years. 
 

 
                                                
1 ppm = parts per million: unit of volume used to express the proportion of an element present in very small 
quantities (in this case CO2) in a wider space (in this case the atmosphere). 370 ppm (or 0.037%) indicates that in 
one million cm3 of air there is 370 cm3 of pure CO2. 
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What is more, everything leads us to suppose that this current climate change, as opposed to 
natural phenomena such as ice ages, is human in origin: the increase in carbon dioxide in the 
environment is produced by combustion of fossil fuels (petrol, coal) since the beginning of the 
industrial era. Other increases in greenhouse gases, such as methane and nitrogen oxide, also 
undeniably bear the mark of human activity over the last 200 years. 
 

 
 
 
We also know that even if we were to stop all emissions today, these changes will continue 
and accentuate themselves over the course of the next few centuries due to the lifespan of 
these gases in the atmosphere and the inertia of the system. 
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…but there is so much more that we do not know! 
 
The whole world is asking itself a critical question: how is the situation going to evolve? This 
simple question poses a colossal challenge from the point of view of science: our current 
knowledge is clearly insufficient to predict with precision the evolution and consequences of 
climate change. What we can be sure of is that the average temperature will rise still further 
over the course of the 21st century; but it is impossible to state whether it will be by one or by 
six degrees2… And that makes a world of difference!  
 
As for the consequences of global warming, the situation is no better: we know that global 
warming will expand the oceans and intensify precipitation (snow and rain); but here too it is 
impossible to say by how much. In addition, we still do not know with any certitude whether 
global warming will intensify extreme climate phenomena (storms and cyclones). 
 
We are also thinking about the risk of unexpected reactions in the Earth’s atmosphere, linked 
to the passing of certain limits. This is the elastic band principle: as long as you stretch it 
without exceeding a given level of tension, the elastic holds firm and can return to its initial 
position; but if the tension exceeds its resistance it snaps once and for all. For example, some 
fear that global warming will one day weaken or even stop the North Atlantic Stream, and 
consequently lead to a regional cooling over Europe: that is the scenario that inspired the film 
“The Day After Tomorrow”, which contains a very small degree of probability… But 
although we suspect the existence of such limits, we do not know where they are situated. 
And anyway, in this specific case the possible cooling would most likely be outweighted by 
the global warming taking place at the same time. 
 
That is not all: change is not regular over space, that would be too easy! For example, 
average levels of global warming currently observed in the Alps are at 1 degree (and even 2 in 
some places) as opposed to the planetary average of 0.6. Moreover, no one lives everywhere 
at the same time: what we all need to know, apart from the general trend, is what is going to 
happen in the place where we live. Currently, we are really not able to answer in a precise 
manner. The most we can do is to identify trends; but depending on assumptions made, these 
may sometimes be contradictory. 
 
Two great unknown factors 
 
Why is it so difficult to predict climate change? 
 
Firstly, there is our limited understanding of the natural phenomena involved. Human 
activities that produce greenhouse gases are known; however, the natural processes that 
release, absorb and store such gases are not yet fully understood. The way in which soil 
transfers carbon from one natural reserve to another (the carbon cycle) is very complex, and 
we have a limited understanding of how this cycle reacts to interferences caused by humans. 
 
But we are also faced with another great unknown: the future of human society. How will 
global population evolve? How will the poorest countries, which currently emit very low 
levels of CO2, develop? How will emissions evolve in an economy that will have more and 
more limited reserves of oil and coal? What decisions will be taken by the responsible 
                                                
2 From the state of our knowledge in 2005, an increase of less 1.5 degrees is very unlikely if not impossible. Not 
to exceed 2°C is a major goal of international negociations. 
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politicians in future in order to limit emissions? Will we perhaps be able, thanks to 
technologies as yet uninvented, to make use on a massive scale of energy sources that do not 
emit greenhouse gases? So many questions to which it is of course impossible to answer over 
the space of a century. 
 
It is not possible to shed light on the majority of unknown factors linked to the future of 
human activity: that is why we treat them in the framework of a number of socio-economic 
scenarios corresponding to a number of possibilities for the evolution of global population, 
economic growth, environment policies, etc.3 On the other hand, progress can certainly be 
made in our understanding of natural phenomena. 
 
From the human body to planet Earth 
 
Some say that, in our knowledge of planet Earth, we are at the point where doctors were at the 
beginning of the 19th century vis-à-vis knowledge of the human body. At that stage, they 
were only just beginning to reach an understanding of blood flow, respiration and the nervous 
system, and to determine the functioning of the various organs: of lungs, the heart, the brain, 
the digestive system, etc. 
 
It is true that our understanding of the “organism planet Earth” is currently very limited. We 
know which are the key players in life cycles: mainly oxygen, carbon, nitrogen and hydrogen. 
We also know what are the major “organs”: oceans, the atmosphere, the vegetal and animal 
world. But how do the first travel through the latter? Who controls whom, how and why? 
 
For a long time we believed, for example, that plants were the slave of physical factors such 
as the sun’s rays, precipitation, temperature, etc. But in reality, does plant life itself not occur 
within a cycle, and is it not subsequently capable of influencing in turn these physical factors? 
 
We do not yet truly know how to go about answering these fundamental questions. 
 
We of course have a great many advantages over the doctors of the 19th century: accuracy of 
measurement instruments, satellite images, exchange of information and ideas, continual 
scientific collaboration on a planetary level, and of course the power of computers which 
enable us to process all this information. 
 
However, we also have huge obstacles to overcome: 

- the planet is a particularly cumbersome “body” and not one that it is easy to examine. 
To pass from one “organ” to another, we often have to travel thousands of kilometres! And it 
is very difficult to “see” the elements in the life cycle and to follow them in their travels: for 
example, carbon-14 only exists in infinitesimal quantities (on average 1x10-12– i.e., a 
thousandth of a billionth–of the carbon contained in a sample). The study of flows (i.e., 
movements of all these elements across earth, plants, oceans, rivers, the atmosphere, animals, 
etc.) is always a more or less hazardous extrapolation on the basis of limited observations 
over time and space, and consequently with considerable margin for error. 

- we only have one Earth! Experimental science has always based itself on the 
possibility of testing and comparing reactions in order to uncover laws of nature. In the case 
of Earth, it is impossible to take a specimen to inject it with CO2, wait for 100 years and study 

                                                
3 For more information: the principal scenarios retained within the framework of the 3rd evaluation report of the 
IPCC are presented on pages 10-11 of the “summary for decision makers” available at www.ipcc.ch  
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the results, and to take another for which CO2 is maintained at normal levels to see the 
difference… 
 
 
Understanding the system in its entirety 
 
Lastly, we are faced with a difficulty not previously experienced in the history of science. Up 
to the Renaissance, great intellectuals such as Leonardo da Vinci were still able to approach 
all fields of human knowledge: Art, Philosophy, Mathematics, Biology, Chemistry, Physics, 
History, etc. However, with the acceleration of scientific progress during the last two 
centuries, the organization of the knowledge in disciplines has become increasingly 
specialized. 
 
The problem is that we are not able to understand the system in its entirety through the sole 
domain of specialist disciplines. Whilst we must continue to isolate certain elements to better 
study them, at the same time we must also connect them with each other as they are in reality, 
to try to understand their exchanges and feedbacks. Climate change concerns the interaction 
between human societies and the whole Earth system: we need to integrate the various 
disciplines of Earth sciences, but also the social sciences. It is a true revolution, which turns 
our patterns of thought upside down and obliges us to re-examine our systems of training. 
 
  
In short: we are able to observe that mankind is in the process of bringing about brutal and 
durable change in climate by upsetting the equilibriums that had been slowly established 
throughout the geological ages, and we are able to determine some of the consequences of 
this. But we are not in a position to predict them with either certitude or precision, partly 
because we still have a poor understanding of the majority of the natural processes 
involved, and partly because future human activity is unpredictable in the long term. 
 
 
2. Key questions on natural processes 
  
The essential objective is clear: developing our overall understanding of the Earth 
system. And wherever there is a system, there are permanently actions – interactions – 
feedback: there is no beginning and no end, but rather causes and effects that continually act 
on each other. One hell of a headache… The questions we ask ourselves are therefore 
themselves interdependent, and consequently can be formulated in a great many ways. But 
whatever the focus, the questions that emerge are essentially as follows: 
 
How does the carbon cycle react to the increase in CO2 levels in the atmosphere? 
How do carbon exchanges take place between the various components of the cycle 
(sediments, earth, plants, oceans, living organisms, etc.)? How do these components react to 
the increase in CO2 levels in the atmosphere? What is the Earth’s natural capacity for 
absorption of the excess carbon we release into the atmosphere? Does biodiversity favour 
carbon stores? What types of forestry and agriculture management favour carbon stores? (see 
“the urgent question as regards carbon: natural sinks”) 
 
How does the water cycle react to the increase in temperatures? 
Water vapour is the most abundant natural greenhouse gas. Will increased evaporation lead to 
greater levels of water vapour in the air, and consequently a greater number of clouds, more 
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precipitation, and therefore less sunshine, decreased radiation and an accentuated greenhouse 
effect? 
 
How does the nitrogen cycle interact with interference of the other cycles? 
Nitrogen (which forms 78% of the atmosphere) is a fundamental element for life, essential for 
all living things including plants. The availability of nitrogen is therefore one of the limiting 
factors governing their growth: cultivated land is treated with nitrogenous fertiliser (hence the 
designation “nitrates”) to increase crop yield. But what happens when the atmosphere 
becomes richer in CO2? Do plants carry out more photosynthesis, or are they limited in all 
cases by nitrogen availability in soils, and maybe also by other limiting factors? 
 
How do the oceans transport heat, and how do oceanic currents interact with global 
warming? 
How currents are affected by global warming? What effects will this in turn have on climate? 
Do we have reason to fear irreversible changes in planetary climate regulation by oceans? Is 
there a risk of “surprises” linked to events for which the probability is very low, but which 
have very serious consequences? 
 
What are the effects of climate change on the various ecosystems, and what in turn are 
the consequences as regards climate? 
How do forests, wetlands, cultivated fields, prairies, etc., react to changes at different 
latitudes? Do increases in atmospheric CO2 levels and in temperature lead to increased levels 
of photosynthesis, and consequently of carbon stores in plant life? What are the consequences 
of significant land-use changes such as deforestation? Will increased temperatures melt the 
permafrost in artic regions, and if this is the case, will that lead to more emissions of 
greenhouse gases that will further increase the temperature? 
 
What is the local and regional impact? 
How will the changes (increase in temperature, precipitation, etc.) vary between the regions of 
the world? Will the Alps be deprived of snow, will the Mediterranean regions turn to desert? 
How will our water sources be affected? What will happen if water normally stored in the 
form of snow in winter flows directly into rivers? What will be the consequences on 
agriculture, food and habitat? 
 
Do we have reason to fear an increase in extreme meteorological phenomena? If so, at 
what latitudes? 
Will storms, hurricanes and cyclones be more frequent and more extreme? Will droughts and 
flooding become more pronounced? 
 
Needless to say, we already have part of the answer for the majority of these key questions, in 
a more or less precise way. But we are also aware that we will probably never have the whole 
answer! Given this context where there will always be room for doubt, it is therefore all a 
question of reducing uncertainties: this is essentially what we are working to achieve. 
 
 
3. The urgent question as regards carbon: “natural sinks” 
 
Of all the natural cycles that play a part, the carbon cycle is the most directly affected by 
human interference. 
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However, one thing that is very surprising is that only 40% of the CO2 we release can be 
found in the atmosphere. The oceans and vegetation absorb all the rest. We therefore talk of 
“natural carbon sinks”, which considerably offset (or slow down) the harmful effects of 
human interferences. The question we ask ourselves with urgency is simple: up to what point 
will the Earth be capable of absorbing the excess carbon we release into the 
atmosphere? 
 
Whilst our general conception of natural sinks is well founded, uncertainty is considerable 
over quantities truly absorbed, causes of annual fluctuation, and above all over future 
behaviours of these sinks.  
 
Quantities remain very imprecise 
 
At present, of the 6.3 Gt (giga-tonnes, i.e. billions of tonnes) of average annual CO2 emissions 
by man, it is believed that: 
- Oceans absorb 1.9 Gt +/- 0.7 Gt, i.e. between  19 and 41% of our emissions.  
- Continental vegetation absorbs 1.2 Gt +/- 0.8 Gt, i.e. between 6 and 32% of our emissions.  
Therefore, if we add the two together, 3.1 +/-1.5, i.e. between 25 and 73% of our emissions 
(for which in reality we situate the average at around 40%), this gives an error margin of one 
in three. We are seeking by all available means to reduce this considerable error margin, 
particularly by dividing elements into interannual variations that are natural in origin (inherent 
to the system) and variations ascribable to human interferences. 
 
Surprising annual variations 
 
The above-mentioned figures are only averages: in reality, natural sink activity can vary 
considerably from one year to the next (source: A. Manning, MPI-BGC Jena). 
 

 
Emissions of CO2 caused by 
deforestation 
 
 
 
Emissions caused by combustion 
of fossil fuels 
 
 
 
 
 
 
Increase in atmospheric CO2  

 
 
Whilst human emissions (deforestation and fossil fuels: top curves, in Gt/year) increase in a 
relatively regular manner, the consecutive increase in the atmosphere (i.e., what is left in the 
air once natural sinks have played their role: bottom curve) is in the form of saw blades. Some 
of these variations are attributed to other natural phenomena (El Nino in particular), but for 
the most part we know very little about the mechanisms that cause them. 
 
The weight of History 
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Terrestrial carbon sinks do not only depend on the type of vegetation and physical parameters 
(weather, daily and seasonal variations, etc.), but also on the history of land use over several 
hundred years. Two prairies similar in appearance may have a very different carbon balance 
if, for example, one has been cultivated for several hundred years and the other was still a 
forest as recently as twenty years ago. The continent of Europe has been strongly marked by 
the presence of humans for a number of millennia: in order to reconstitute flows without 
making too many mistakes, a great deal remains to be done! 
 
The biosphere’s slogan of choice: “slow in, fast out” 
 
The relationship between vegetation and atmospheric carbon levels is asymmetrical: 
exchanges towards the interior take place slowly (“slow in”), whilst they take place rapidly 
towards the exterior (“fast out”). The sequestration of carbon from the atmosphere to 
terrestrial sinks (by photosynthesis and decomposition of vegetal litter in the soil) is the result 
of a long and random process. By contrast, with combustion, the release of carbon into the 
atmosphere is sudden and unavoidable. 
 
Furthermore, the terrestrial biosphere contains between two and five times as much carbon as 
the atmosphere: changes in carbon stocks present in vegetation therefore have significant 
effects on concentrations of CO2 in the air. The majority of carbon absorbed by 
photosynthesis is in reality only retained temporarily (in leaves, wood and fruit) before 
returning to the air by biodegradation. Only a small proportion is durably retained in humus 
under more stable forms. We know little about what determines this distribution. 
 
Are natural sinks vulnerable in the short term? 
 
Recent studies show that possibilities of artificially holding CO2 in vegetation (mainly by 
planting new forests) will be exhausted in approximately 200 years’ time, once a new balance 
has been achieved between growth and felling. Only ocean sinks will conserve their power of 
absorption for a number of centuries to come. Some terrestrial ecosystems could even become 
natural sources and release large quantities of CO2, which could cancel out all our efforts to 
reduce human emissions. 
 
We can but hope that this scenario is excessively alarmist and that reality will not be so 
severe; in any case, however, this shows that it is more urgent than ever that we make 
progress in our understanding of natural sinks and their evolution over time. For terrestrial 
and marine sinks respectively, CarboEurope and CarboOceans represent the large-scale 
efforts of the EU to contribute to this task. 
 
Increases in CO2 are commonly referred to in terms of proportion: the average concentration in the 
atmosphere has thus passed from 280 to 370 ppm over the last 200 years. But in order to sufficiently 
visualise the extent of the phenomenon, it is useful to also express them in terms of quantity: in 1800, 
the atmosphere contained around 600 giga-tonnes of CO2. Currently levels exceed 800 Gt, with 
increases that get larger every year by currently around 3 Gt per year. At this rate, as compared to 
pre-Industrial Revolution levels, the total quantity of CO2 in the atmosphere could be doubled by the 
2050s with levels exceeding 1,200 Gt. Nature is helping us tremendously: without the carbon sinks of 
the oceans and of vegetation, we would doubtless already have reached 1,200 Gt by the year 2000. 
 
 
4. How do we deal with these questions? 
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Scientific research : questioning reality 
 
Facing a surprising phenomenon like global warming, our starting point as researchers is first and 
foremost to ask ourselves questions – such as those summarised in the previous pages. 
 
Next we think up one or more hypotheses: we identify the suspects! For example, it may be supposed 
that combustion of fossil fuels (and therefore man) is responsible for the increase in CO2 levels. 
 
Then we begin the investigation. We look for all possible clues in confirming or rejecting our 
hypothesis: traces, signals, footprints (those are words we truly use). We carry out experiments, 
measurements, gather samples, and perform laboratory analyses. This often takes a strange form: 
passing an afternoon at the top of a tower above treetops, planting a thermometer in the ground, 
gathering air pockets all night long in the middle of a field, making planes constantly fly from up & 
down without landing, digging holes at the summit of mountains and on the ocean floor... 
 
We crosscheck a multitude of information until we obtain a “bundle of presumptions” sufficiently solid 
to allow the drawing of conclusions. It is often the accumulation of a large number of information on a 
given issue that allows the identification of trends in a statistical manner. On other occasions, it is on 
the contrary extreme values, data that cannot be explained which lead to new research paths. 
 
We usually need several years and lots of perseverance to go from question to answer. On occasion 
we do not manage to do this, or only to a very partial extent, or not in the manner intended. 
Sometimes a conclusion casts doubt on a past result that had been thought well established. It also 
happens that answers are accidentally found to questions that we did not think to ask ourselves! 
 
In the majority of cases, our conclusions do not give a clear answer to the initial question, but lead to 
new questions and hypotheses on which we have to begin working all over again! Put simply, we 
constantly ask ourselves questions, doubt what we know, and strive to “see” what it is not easy to see. 

 
 
Observation: putting the planet under medical surveillance 
 
The aim is simple: to collect the greatest possible amount of data on the largest possible 
number of parameters, as often as possible, in as many locations as possible, in order to 
provide as accurate as possible an overall picture of the planetary climate situation. In short, 
to answer the question: “what is really happening, when and where?” 
 
Observational activities are very diverse. The following measurements can be cited: 
- stocks (for example how much carbon is present in vegetation and in soils) 
- fluxes (for example in order to estimate the quantity of CO2 released or absorbed by a forest, 
cultivated field, natural prairie, etc.) 
- concentrations of greenhouse gases in the atmosphere 
- oceanic currents 
- meteorological parameters 
- data from satellites, which provide us with information on a multitude of parameters (for 
example, surface and atmospheric temperature, spread of vegetation, etc.). 
 
This is a kind of planetary “monitoring”, in the hospital sense of the term: we place the Earth 
under medical surveillance in order to monitor evolution of all the parameters that we are able 
to measure. We seek to increase the frequency and diversity of measurement points, so as to 
have an ever-clearer picture of the situation, and to develop new instruments that are more 
accurate and more reliable. 
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In addition to observations on the present, we also study the past with considerable attention: 
the Earth has a great many archive systems, where you can find very accurate traces of past 
climates – for up to 700,000 years ago! Air samples can be found in the sediments of lakes, in 
the glaciers of mountainous regions, and in polar ice caps, on the basis of which the history of 
our climate can be reconstituted. 
 
Experimentation: understanding the mechanisms that control organism Earth 
 
It’s nice to know what is happening through observation, but the question by which we are 
constantly obsessed is “why and how does this happen?” 
 
This is the very heart of research, whereby we attempt to push back the frontiers of 
knowledge, to progress in our understanding of phenomena of which little is known or which 
are completely unexplained. Here we find all our key questions, which form a kind of 
enormous puzzle for which each researcher attempts to shed light on a small piece in order to 
allow the whole to progress. 
 
In this way, each works on “their” own question. For example: above one forest a very large 
carbon sink is measured, but at the same time a much slighter increase in biomass is 
measured; the trees only store part of the carbon absorbed by the forest. What happens to the 
rest? What really takes place between the atmosphere and the trees, and then between the 
trees and the earth, between the earth, bedrock and underground waters, and between plant 
life and animals, why and how? 
 
In order to answer this type of question, there is only one way to proceed: to make hypotheses 
and attempt to check them through experimentation. You need to go and see what is 
happening, to take samples, to compare different situations, to cast doubt over what is already 
known: put simply, to search! 
 
Modeling: a mega-simulation game for time travel 
 
The Earth is a complex system, with very slow reaction times in terms of human life span, and 
impossible to isolate in a sealed container to carry out laboratory experiments… Under such 
conditions, it is difficult to check “in situ” if our hypotheses vis-à-vis the climatic system are 
correct or false, and even more so to predict the future. 
 
However, we have super-computers with which we create virtual planet Earths in their 
entirety: what is known as models, a kind of mega-computer game with which we “have fun” 
artificially modifying parameters to see what will happen! 
 
As in any good simulation, there are squares (we refer to a “grid”). The squares contain a 
multitude of parameters (temperature, humidity, CO2 levels, wind direction, vegetation, etc.) 
and are linked by a series if equations that reproduce what is known about the interactions 
between these various parameters in reality. Then there are “time steps”, that is to say units of 
time (for example in hours, days, weeks, etc.) which determine the virtual rate at which the 
computer is asked to recalculate the parameters for each square, on the basis of equations, and 
in this way to simulate reality in various time scales. 
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It is therefore possible to calculate, in the space of only a few days, climate change over the 
last 1,000 years. On the basis of climate archives that are available thanks to drilling, we are 
able to compare reality with the simulation. If there are differences, this demonstrates 
insufficiencies in the model which must therefore be adjusted. The more we are able to check 
its reliability for the past and the present, the more we can rely on it in travelling to the future 
and in predicting evolution of some climatic factors in 50, 100 or even 1,000 years’ time. 
 
Lastly, models are tools for prediction; one of their most common applications is to forecast 
the weather! And the weather is also a good example of the limits of models: sometimes 
forecasts are incorrect, and the further away you go in terms of time, the more random they 
become. This is quite simply because equations remain merely a pale approximation of 
reality. A forecast provides trends, not certainties! The smaller the squares, the more the data 
and equations are numerous and accurate; the smaller the time units (in other words the higher 
the resolution of the model), the clearer the picture, and the closer the forecasts will be to 
reality. 
 
And whilst weather forecasts regularly tell us jokes, climate models are still far from perfect. 
There are two considerable fronts on which we are trying to make a breakthrough: 

- Integration of all components in a unique global model. As a basis, we build separate 
models for vegetation, oceans, the atmosphere, etc. It is then a question of “coupling” all these 
elements (as in reality) to create a global model capable of reproducing the whole of the Earth 
system. One of the most substantial obstacles is that as yet little is known about some 
components (such as soil), which therefore makes them difficult to render. 

- Reducing scale. Whilst we are able to simulate climate relatively well on a planetary 
level, on a regional level (for example the continent of Europe) models are however still 
rather poor predictors. Furthermore, it is precisely at a regional level that we currently suffer 
most from a lack of information. This is a problem not only linked to the limits in the power 
of computers (the more models are complete and accurate, the more they are greedy in 
calculations), but also to the limits in our understanding of the phenomena in question. 
 
 
Everything is related! 
 
These three great pillars of research - observations, experimentation and modelisation - are 
very closely linked: models are fed with data resulting from observations; their equations are 
adjusted based on what we learn from experiments; processes about which little is known 
(therefore to be investigated!) are uncovered each time a model produces a result far away 
from the observations, and so on…  
 
 
5. What are we doing to solve the problem? 
 
Although we are faced with immense scientific challenges, we have not waited for a time of 
certainty to alert public opinion and authorities. 
 
Since its creation in 1988, the Intergovernmental Panel for Climate Change (IPCC) organises 
regular assessments of the state of advancement of knowledge for all specialities concerned, 
and this on a global level. Relying on several thousand scientists, the IPCC has already 
published three assessment reports that are an authority on the subject; the reports were 
published in 1990, 1995 and 2001. The next is scheduled for 2007. 
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At the interface between science and policy, these reports are the major tool for the 
elaboration of public policies. In 1992, at the World Summit in Rio de Janeiro, on the basis of 
the first IPCC report the United Nations established the Framework Convention on Climate 
Change (UNFCCC). Its ultimate purpose “is to achieve (…) stabilization of greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 
interference with the climate system.” 
 
 
The Kyoto protocol: insignificant or considerable? 
 
Established by the Convention in 1997, the Kyoto protocol sets binding objectives for the 
developed countries: between 2008 and 2012, they must reduce their emissions of greenhouse 
gases by at least 5% on average compared to 1990 levels. 
 
This objective may at once seem insignificant and potentially considerable. 
 
Insignificant because from a scientific point of view, 5% will not change trends in any way. 
This will allow at most to limit the growth of an imbalance that is increasing all the time. 
 
Potentially considerable because:  

- This objective for reduction is not an end but a beginning. The Kyoto protocol is a 
changing framework: commitments to reductions in emissions are made by five-year period. 
Period on period, the international community may, should it so choose, set limits that are 
more and more binding. 

- The objective is defined as compared to 1990; yet since this date emissions have 
continued to increase. In this way, a 5% reduction by 2012 as compared to 1990 levels is in 
reality much more when compared to present levels! We may actually ask ourselves questions 
as regards the capacity of certain countries to keep their commitments: to cite an extreme 
example, in 2002 Spain exceeded its 1990 emission levels by 39%4. 

- For the first time in History, an international agreement in the field of environment 
has taken the form of a binding legal commitment for signatory countries, i.e., with real 
sanctions in the event of non-compliance. 
 
It will have taken nearly 8 years between the signature of the protocol in 1997 and its 
“ratification by at least 55 countries representing 55% of total CO2 emissions” which allowed 
it to enter into force on 16th February 2005. Due to the opposition of the United States, which 
are responsible for the highest amount of emissions, this event failed well not to take place. In 
this field as in many others, we find conflict between strategies based on particular interests 
and strategies seeking the collective establishment of “planetary rules of play” applicable to 
all. The entry into force of the protocol is however an important political sign: on a major 
subject, the largest superpower of the time could not impose its will on the international 
community. 
 
The 15 EU Member States (at the time of the Kyoto conference), totalling 24.2% of  
worldwide emissions, ratified the protocol in May 2002. They agreed to set their reduction 
commitment at 8% on average compared to 1990 levels. Some countries are going much 

                                                
4 The gap is much less for the 15-Member EU: in 2002 emissions only exceeded 1990 levels by 1.4%, mainly 
due to the continued increase in road transport. 
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further, such as Germany and Denmark, who in 1998 made a unilateral commitment to 
reducing their emissions by 21%. 
 

 
Total emissions of greenhouse gases in the 15-Member EU compared to the Kyoto objective 
(source: European Environment Agency, 2004) 
 
 

 
Indicator of “distance compared to the linear regression objective” (source: European 
Environment Agency, 2004) 
The “distance compared to the linear regression objective” represented by the bars indicates 
the gap which separates the hypothetical objective set for 2002 and the actual emissions in 
2002. The hypothetical objective set for 2002 supposes that the authorised emissions of 
Member States between 1990 and 2012 will follow a linear trajectory. The distance compared 
to the regression objective is expressed in a percentage.  
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Contribution to global warming, 1900-1999 
The size of the countries is proportional to their emissions of CO2 from fossil fuels 
 
 
How can we reduce emissions? 
 
This is THE key question posed to human society by the challenge of climate change! 
 
The most obvious way is to reduce emissions at the source: the cleanest energy is that which 
we do not use! Increased use of public transport, bicycles, renewable energy, recycling, etc., 
are the best methods. 
 
Another way is to develop new sources of energy and clean technology capable of increasing 
energy efficiency and reducing or even cutting out greenhouse gas emissions altogether: 
cogeneration, biogas, fuel cells, electricity produced by nuclear fusion, etc. 
 
Seeing as all possible means should be put to use, the Kyoto protocol also authorises the 
natural sequestration of carbon by the planting of new forests. The motivation is clear: as long 
as there we have not implemented technological solutions or changed behaviours for 
considerably reducing emissions, all solutions allowing a gain in time are most welcome. 
 
However, from a scientific point of view we are not entirely sure that this works! We know 
that trees at the height of their growth period are a means of temporarily retaining CO2 in 
plant form, but we do not know so well how this storing method behaves over time. How does 
absorption capacity evolve over 10, 100 or 300 years? How long can we consider that this 
carbon “artificially” stored in nature will truly remain imprisoned there? What kinds of forest 
and methods of management best favour carbon storage? 
 
In or out the cycle? 
 
Any combustion releases CO2, but any CO2 emission does not necessarily increase the atmospheric 
CO2 concentration: all depends on what one burns! 
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- The carbon contained in any fuel of vegetable origin (e.g. wood) is already in the cycle. It was in the 
atmosphere, from which it was "borrowed" by the plant thanks to photosynthesis, and to which it is 
"returned" while burning; and in any case returned soon or later, combustion or not, when the plant 
dies. This carbon is in the cycle: the emission is said to be neutral. With the condition, which is not the 
least, that for a tree burnt or torn off, a tree is replanted: deforestation, by reducing the quantity of 
carbon immobilized in the vegetation, is one of the major sources of increase of atmospheric CO2 by 
man. 
- On the other hand, fuels of fossil origin (coal, oil and natural gas) are not any more in the cycle. They 
are stable tanks accumulated within geological times, thanks to which we have a formidable source of 
energy, but at a big cost: each time they are burned, they rejects into the air CO2 which was not there 
any more since million of years. This is just as if one had opened a tap which reinjects in a very 
complex closed loop, until there in balance, increasingly larger quantities of one of the components, 
and if one always continued to increase the flow of this tap in spite of the signs of disturbance on the 
whole circuit. 
 
This is why, provided that it doesn’t reduce the surface of the forests, any operation allowing to 
substitute a fossil fuel with a fuel of vegetable origin (biogas, wood, diester and other fuels of 
vegetable origin) replaces a CO2 emission which was out of the cycle, by a CO2 emission which is in 
the cycle - and thus from now on without incidence on atmospheric concentrations. It is the same logic 
in housing when one replaces cement or bricks (which have a very high energy cost) by wood (which 
retains captive the carbon it contains). 
 
 
A global and ethical questioning of our development models 
 
From a philosophical point of view, we may ask ourselves the question: “has humanity truly 
taken stock of the threats that weigh on its future?” 
 
On its own, the Kyoto protocol is a demonstrative response: not only are the first binding 
commitments far too tentative to turn the curves around, but what is more, seven years after 
they have been fixed, it seems obvious that some countries won’t be able to make them. 
 
At the other end of the chain of responsibility, i.e. on an individual level, things are not more 
ahead: in the developed countries (which are responsible for the vast majority of emissions), 
people that have truly changed their ways of life and work in order to reduce their own 
emissions still form a very small minority. 
 
Spurred by the media and environmentalist movements, public awareness has beyond any 
doubt hugely progressed; but whether on an individual or collective level, the reality of the 
world shows that the time of acting has generally speaking not yet come. 
 
Three major obstacles can be mentionned: 
 
1) Global change cannot be seen, has no smell and no perceptible effects either in the short 
term, or close by its sources. Furthermore due to its global nature, people often feel that what 
they can do as a person will always remain too marginal to make any difference. 
 
2) The extent of the risks is uncertain. How can we take action today to protect against 
problems tomorrow if we do not know well what these problems will be? On this subject as 
on many others (genetic engineering, animal feed, nuclear energy, etc.), two opposing 
concepts emerge: 
- some consider that as long as we have no clear proof of risks, we can continue the 
experiment; 
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- on the contrary, others consider that due to the irreversible character of the risks with which 
we are faced, we must stop as early as we have no proof of an absence of risks: these are the 
supporters of the “precaution principle”, which is one of the foundations of the Kyoto 
protocol. 
 
3) Great forces of inertia and resistance to change (through industrial lobbies as well as 
populations) prevail in our societies, expressing the permanent tension between collective 
interests and particular interests. 
 
Lastly, global change refers us back to the question of poverty and large-scale imbalances 
between the countries of the North and those of the South: 
- The phenomenon is caused by only a part of humanity (the industrialised world) but the 
effects are suffered by all: some see in this an environmental act of aggression by developed 
countries towards the rest of the planet. 
- The poor and disadvantaged, since they have the most limited capacity for adaptation, will 
be the most severely affected by the harmful effects of climate change. 
 
All in all, and even when science brings us new answers to big questions, this is a matter of 
balancing opposing needs in society (e.g. energy, mobility versus preservation of resources), 
and opposing interests (those of present economy, those of ecosystems & biodiversity, those 
of future generations, those of industrialized and non-industrialized, rich and poor etc.), which 
in the current dominant non-sustainable conception of growth are in great disbalance. Beyond 
scientific evidence, this difficult quest calls for ethics-related criteria which are independent 
from factual knowledge. 
 
The challenge of global change forces us to question our entire relationship with nature, 
with the preservation of equilibriums, with the sharing of resources and wealth and with 
the notion of growth. More than ever, development shall mean building new solidarities 
at a planetary level, as opposed to the preservation of interests of particular groups, 
countries or groups of countries. Will we be able to implement together, as one 
humanity on a single planet, solutions that will allow us to adapt to the changes we have 
already brought about, and to pursue our development without placing the key 
equilibriums of the system in further danger? 
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CARBOEUROPE 
 

UNDERSTANDING AND QUANTIFYING THE CARBON BALANCE OF EUROPE 
 
 
 
What is the role of the continent of Europe in the global carbon cycle? 
 
More precisely, what is Europe’s carbon balance: how much CO2 does it emit, and how much 
does it absorb? How can we reduce the uncertainties in our estimates of this balance on a 
local, regional and continental level? What mechanisms control the CO2 exchanges in the 
biosphere, and how are they affected by changes in land use, management and climate? Are 
the European efforts to reduce CO2 emissions detectable in the atmosphere? 
 
Since January 2004, CarboEurope has mobilised hundreds of European researchers on these 
questions, crucial both from the point of view of science and politics. Flux towers, flying 
laboratories, intensive observation campaigns, a new generation of computer models: with a 
budget of more than 30 million euros, of which 16 are provided by the EU, and ninety 
institutions from 17 participating countries for a duration of five years, CarboEurope is 
presently the world´s largest scientific initiative to address the carbon cycle. 
 
 
1. What are our objectives? 
 
Quantifying the carbon exchanges of the European continent. 
How does carbon travel within the vast number of natural and human systems present on the 
old continent? What is Europe’s carbon balance, how is it distributed over space and how 
does it evolve over time? Where are the stocks and how do they vary? 
Europe is far from being a homogeneous surface. Population is distributed very irregularly, 
and there are many climatic and geographic sub-regions. With regard to CO2 fluxes, it is a 
real mosaique of sinks and sources varying constantly with season, meteorological conditions, 
land use, management etc. We will determine this mosaic and its evolution in time from local 
to continental scale with unprecedented accuracy and precision. 
 
Better understanding what explains these changes, at all possible levels 
What are the mechanisms controlling the carbon cycle in European ecosystems, and thus 
determining our mosaic of carbon fluxes? How do the human disturbances - in particular 
climatic change and land use change - influence these mechanisms and thus the European 
carbon balance? For example, are the increases in growth rates noted in certain forests (up to 
40% of more in 50 years old forests) due to the increase in atmospheric CO2? 
CarboEurope will provide new answers to these questions at local, regional and continental 
levels, for each large system compartment: vegetation (forests, meadows, wetlands, cultivated 
fields), soils, atmosphere etc. We will seek in particular to understand: 

- the distribution of CO2 fluxes between the three fundamental causes of exchange: 
“breathing" of the biosphere by decomposition of organic material, harvest and fires; 
assimilation by the plants; and combustion of fossil fuels; 

- and the way in which this distribution evolves in time, space, and according to 
human activities. 
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Understanding goes beyond description: it means to discover the ecological relations and the 
mathematical laws behind all these mechanisms. 
 
Providing the EU with the scientific instruments required for the verification of 
commitments taken on within the Kyoto protocol. 
In order to fulfill its commitments for emissions reductions, the EU can take measures to 
reduce the emissions at the source (by means of policies favouring public transport, clean 
industries, renewable energies etc.) and to increase the natural sequestration of carbon (in 
particular by the management of existing forests and new plantations). Will we be able to 
measure the reduction in atmospheric CO2 that is expected as a result? How can we go about 
checking that the objective for reduction of emissions has truly been met, and that the 
measures taken to this end are truly effective? 
CarboEurope will provide the EU with an observation system to detect changes in carbon 
stocks and fluxes. Moreover, in anticipation of the negotiations for the following commitment 
period envisaged by the protocol (2013-2018), we will lay the foundations for an accurate 
accounting system for carbon stocks & fluxes, to be applied to all countries of the Union. 
 
 
2. What do we rely on? 
 
CarboEurope is continuing work on a cluster of European projects which have been run since 
1996 on various aspects of the carbon cycle. These projects have assured the development of 
the major measurement networks on which research relies today, and in particular of flux 
tower methodology. 
 
These towers are somehow the skeleton of CarboEurope: they constantly measure, 24 hours a 
day, carbon fluxes in the area observed, that’s to say the quantity of CO2 released or absorbed 
by the area in question, by function of time of day, weather conditions, season, etc. 
 
That is how we were recently able to uncover a fundamental piece of data: the forests and 
prairies of the EU naturally absorb significant quantities of carbon, between 7 and 11% of 
European emissions of CO2 from fossil fuels. But this key information leads us back to the 
major unknown factors: what happens to the carbon absorbed by these natural European 
sinks? Is it stored durably or temporarily? How vulnerable are natural sinks vis-à-vis climate 
change? 
 
 
Fluxes and concentrations  
 
A flux is a quantity of material (in this case CO2 or carbon), which passes through a unit of area and a  
unit of time. The fluxes considered here are vertical, positive or negative, depending on whether they 
are released upwards (emission) or downwards (absorption). For example: +7 g of carbon per day and 
per square metre. 
A concentration is the proportion of a gas (in this case CO2) in a mixture (here the air)–it is therefore 
expressed as a relative value–at a given point and at a specific moment in time: the atmosphere 
currently contains around 380 ppm of CO2. 
Fluxes are very localised both in space and time: by function of vegetation, latitude, season and 
meteorological conditions, they constantly vary from one point to another and from one moment in 
time to another. By contrast, atmospheric concentrations are global and change little: CO2 is 
spread very rapidly through the atmosphere, and concentrations are in a way therefore a global 
average of the cumulative effects of all fluxes on the scale of a whole continent. However, there 
remain a number of small differences that are very revealing. For example, levels between 3 and 4 
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ppm greater on average are observed for the northern hemisphere: this is because the majority of 
emissions are located there. And concentrations are lower above large forests, which are the principal 
natural sinks of CO2. 
 

 
3. How do we proceed? 
 
A multitude of methods and observation sites 
 
The general principle is simple: in order to 
estimate Europe’s carbon balance as 
accurately as possible, and to better 
understand the mechanisms that govern it, we 
need to multiply the number of measurement 
sites, increase the frequency of our 
observations, and articulate in a more tied than 
ever observation & modelisation activities. 
Based on this a great many coordinated 
actions are implemented: 
- A network of around one hundred 
measurement sites, each equipped with a flux 
tower. 
- A network of a dozen very tall towers, up to 
400 m in height, capable of “viewing” fluxes 
for an entire region (of around 500 km2, 
compared to only 1 km2 for classic flux 
towers) and of measuring the concentrations at 

different altitudes of the lower atmosphere. 
- A network of ground stations in surroundings with very little interference (on islands or 
alpine summits) in order to distinguish natural mechanisms from the “noise” generated by 
human activity. 
- Six aerial bases where various 
scientific aircraft can carry out regular 
flights to collect samples of air. 
- An intensive regional campaign 
associating all instruments and 
technologies available to work at the 
highest possible degree of accuracy. This 
campaign, scheduled for 2006, will take 
place in France in the Bordeaux region. 
- An army of networked computers and 
calculators for building models, sharing 
and integrating data. 
 
 
 
These activities will allow us to “view” 
the carbon cycle in as clear a manner as 
possible for the whole continent. And 
one of our biggest problems is that it is 
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very difficult to maintain “fine tuning” by increasing scale! 
 
The larger you make it, the more fuzzy it becomes … 
 
The dilemma is a simple one: 
- The smaller is what you study, the clearer you see, but the less representative is what you 
see 
- By opposition, the bigger is what you study, the more you see the full picture, but the fuzzier 
it becomes! 
 
Our grand quest is therefore to see more and more details more and more clearly, on ever 
increasing scales within the continent of Europe. And since we cannot cover the whole of 
Europe with flux towers at one-kilometre intervals, we will have to find a trick! 
 
The key word is extrapolate: that is to say to provide yourself with the methodological means, 
using as a basis the small amount of precise but local observations available, to deduce what 
is happening on the largest scale whilst making as few mistakes as possible both in terms of 
space and time. 
 
And the trick–in other words CarboEurope’s methodological response–is to integrate the 
greatest possible diversity of investigation methods: by multiplying data sources and 
measuring and calculation techniques, we will be able to confront a maximum possible 
amount of information and to progressively uncover more & more accurate trends. That is 
what is known as a “multiple constraint” approach. 
 
… but the more you integrate, the clearer things will be 
 
This maximum integration strategy poses us three considerable scientific challenges: 
 
1) Integration of scales: by associating instruments that “view” lots of things on a small scale 
(for example flux towers) with others that view fewer things on a larger scale (for example 
tall towers, planes and satellites), we can compare their respective data and consequently 
extrapolate with greater confidence. 
 
2) Integration of all the components where exchanges take place–forests, prairies, cultivated 
land, wetlands, earth, atmosphere, etc.–with measurement sites in all the important European 
climates, from the Mediterranean to the Arctic circle.  
 
3) Integration of modelisation techniques: 
 - The direct method goes from “bottom” to “top”: on the basis of what we already 
know about the natural processes involved and true fluxes for the small number of points 
fitted with a tower, we create a simulation of fluxes for an entire territory, then we calculate 
the supposed effect of these fluxes on the global concentration of CO2 in the atmosphere. We 
fine-tune the model until the concentrations measured correspond with those simulated. 

- The inverse method goes from “top” to “down”: on the basis of variations in 
atmospheric concentrations measured on the scale of a territory, the model is made to work 
inside-out so as to recreate, in as localised a manner as possible, the fluxes supposed to have 
caused these variations in concentration levels. 
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Whilst both methods have their strengths and weaknesses, a combination reveals a picture 
which is closer to reality. CarboEurope will use both methods for the first time simultaneously 
as multiple constraints to produce weekly to monthly maps of the European carbon balance at 
a 50 x 50 km² resolution. 
 
 
The CO2 map of Europe: how can the gaps be filled in? 
 
One of CarboEurope’s most important objectives is a good illustration of the way the 
“multiple constraint” approach works: drawing up the carbon balance for the continent of 
Europe; i.e., drawing the map of Europe for CO2 fluxes. 
 
On what information can we rely in drawing this map? 
1) We have the data from the flux towers: these are continual measurements, but very 
localised. This produces a map that is almost entirely blank, with only a small number of 
visible spots here and there, but on which we have a large amount of information. 
2) At the opposite end of the scale, measurements of concentrations provide information that 
is representative on a continental scale, but which tells us nothing about the origin of CO2 
measured. On the other hand, small variations in concentrations are in fact caused by 
variations in flux: with concentrations, we somehow truly see a complete map of Europe for 
fluxes, but it is so blurry that the image merges into a single colour which changes a little 
from one day to the next. Variations in this “colour”, even very slight, are a most precious 
indication. 
3) Lastly, we have satellite data, which is both localised and wide-reaching: it provides 
accurate information for each point of the map and covers the whole of the continent. It is still 
not our desired map of flows (satellites do not know how to view them), but rather a series of 
other maps, detailed and without “gaps”, for phenomena which interact with fluxes: for 
example energy exchanges at ground level, or meteorological data. 
 
By superimposing these three groups of observations, we obtain a map that is at the same time 
full of gaps and full of information: to sum up, it is a series of equations with multiple 
unknowns. And the secret of equations with multiple unknowns is that you can find the 
solutions when you can put side by side several equations involving the same unknowns in 
different ways: the more the sources of information are diverse, the more the problem is 
constrained, and the greater the chance of finding the answers. That is where our computer 
models take the stage: they are wonderful machines for solving complex equations. 
 
Put simply: a very accurate map that is 99% blank (from flux towers) + a very blurry 
complete map (from measurements of concentrations) + accurate maps for data indirectly 
linked to CO2 exchanges (from satellites) + good computer models + 5 years’ worth of 
measurements, calculations, errors and approximations = a wonderful European map of fluxes 
by the end of CarboEurope! 
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CARBOOCEANS 

 
(to be developed) 
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