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Started in 2004 and 2005 respectively, the CarboEurope & CarboOcean projects con-
stitute the leading European research effort to improve our understanding of the 
terrestrial and marine carbon cycle and its massive perturbation by human activities.

After 5 years of intensive research involving several hundreds of scientists all over 
Europe, CarboEurope and CarboOcean are now reaching their term. While fi nal 
results still need another couple of years of processing, a number of major fi ndings 
are taking shape that we are now able to deliver. These fi rst fi ndings are presented in 
a scientifi c assessment report which we are publishing in parallel to this educational 
booklet: Integrated assessment of the European and North Atlantic carbon balance.

This assessment report is primarily targeted to policy-makers and climate negotia-
tors who critically need fi rst-hand research results but it is also a great source of 
inspiration and knowledge for science teachers who want to relate their teaching to 
the latest fi ndings of climate research.

To illustrate this, we present a snapshot of the major fi ndings and key trends in the 
global carbon cycle in the fi rst chapter of this booklet. We do not expand on the 
data, methods and knowledge involved here – you will fi nd this in the full report. 
Instead, we go directly to the new and challenging results. We hope this will give you 
further enthusiasm for our science and for sustainability.

Annette Freibauer

CarboEurope
scientifi c offi cer

Christoph Heinze

CarboOcean
Coordinator

Andrea Volbers

CarboOcean
scientifi c offi cer

Ernst-Detlef Schulze

Carbo Europe
Coordinator



What we have learned, What we still don’t know, and What we must do to combat climate change

5

What we have learned, What we still don’t know, and What we must do to combat climate change

What we have learned 7

Achievements, surprises & worries from global carbon research

An overview of CarboEurope results 8
An overview of CarboOcean results 13
The global picture 17

What we must do 19
Climate change is caused by mankind? Excellent news: 
since we are the origin of the problem, we are also 
master of the solution!

Large-scale action is needed globally and has not yet occurred 19
The big solutions 22
Acting in daily life 24
The role of schools 26
Scientists’ responsibility 28

CarboSchools in action 30
Partnerships between climate researchers and 
secondary school teachers

Benevento, Italy 30
Bergen, Norway 32
Kiel, Germany 34
Lampedusa, Italy 36
Libourne, France 38
Motala, Sweden 40

Contents

Climate change, like no other environmental challenge in 
this century, will require a complete transformation of our 
energy and industrial systems, the way we transport our-
selves, build our dwellings and also the way we produce, 
buy and re-use goods and services. Such a transformation 
can be simply encapsulated in the words “decarbonising society”, a 

massive undertaking many times bigger than the Industrial Revolution, as it needs to 
reach every individual, every sector and every country in the world. 

A societal change of this magnitude will only be possible if individuals understand the 
scale of the challenge, the potential consequences, the solutions available and the 
governance strategies that can lead towards sustainable development pathways. It is 
the empowerment of the individuals that will drive the necessary behavioural change 
and enable higher level institutions to move forward with policies, strategies and 
incentives for industry and society to transform.

CarboSchools, and this very book are an outstanding contribution to the empowerment 
of individuals through making available knowledge of complex issues in simple words, 
yet presenting it in a highly authoritative and compelling way. Targeted to young 
audiences, CarboSchools is contributing to shaping a new generation of environ-
mentally-conscious kids, the ones who are inheriting a world with more greenhouse 
gases, higher temperatures, a more variable climate and higher seas. They are also, 
however, inheriting a world with new knowledge, more sophisticated governing 
institutions, and technology advancements that will help them reshape society in 
ways we may not even fully imagine at present.

This book is also an important contribution to shaping the new consciousness of 
global citizenship, one that addresses the issues of global justice and global commons 
(such as our shared atmosphere) which go well beyond the traditional boundaries of 
national interest and current environmental policies. 

It is incredibly exciting to see CarboSchools at the interface of science and society, 
leading an educational agenda that is largely missing from current curricula. This 
book and the CarboSchools project are great examples of how we can effectively raise 
the profi le of rapid scientifi c developments on important social issues like climate 
change with the younger generation, who will both suffer the impacts of climate 
change and be required to provide the solutions to stabilizing atmospheric green-
house gases.

Dr. Pep Canadell
Executive Director 
Global Carbon Project
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What we have learned
Achievements, surprises & worries from global carbon research

The capacity of vegetation to take-up carbon is 
affected by climate change. The oceans seem to 
absorb less and less carbon. The accumulation
of CO2 in the air is growing exponentially, 
although the natural carbon sinks still absorb 
more than half of our current emissions. In 
two words: no surprise - as we continue to 
emit more and more CO2, planet Earth is more 
and more perturbed!

Measuring tree growth with automated dentrometers (Alterra)

Key research questions about the global carbon cycle

Greenhouse gas emissions (mostly CO2 from fossil fuel burning and tropical defores-
tation) have been increasing exponentially since the industrial revolution and today 
constitute the widest perturbation to the Earth ever caused by human beings. For-
tunately, the natural carbon cycle is currently ‘soaking up’ a little more than half of 
our CO2 emissions by absorbing them in the vegetation (30%) and the ocean (25%). 
Thanks to that, there is much less CO2 in the atmosphere than there would otherwise 
be and hence the onset of a severe warming (caused by this greenhouse gas) and 
its dangerous effects is being delayed. The CO2 fraction that remains in the atmo-
sphere (45%), however, is already disturbing the climate and in return is affecting the 
capacity of the land and the ocean to continue absorbing our emissions. If the current 
trends continue, the future proportion of our emissions staying in the atmosphere will 
increase more and more. 

What is happening to the carbon absorbed in the vegetation and ocean ‘sponges’ or 
‘sinks’ as we rather call them? What is determining the effi ciency of these sinks and 
will they eventually become ineffective at some stage? What will happen as the natural 
carbon cycle is more and more disturbed by our ever-growing emissions? What will be 
the consequences on the Earth system? We critically need to be able to answer these 
questions much better if we want not only to set targets to stabilise our climate but 
to actually be able to reach these targets.
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nature simply instead offers us a huge anomaly. This is 
what happened in 2003 with the heat wave over Europe. 
This extreme event allowed us to detect something that 
had never been previously studied during the 20th and 
the fi rst years of the 21st centuries: an overall reduction 
of 30% in photosynthesis during the summer due to a 
rainfall defi cit (in Eastern Europe) and extreme sum-
mer heat (in Western Europe). As a consequence, the 
European continent, which normally absorbs carbon 

To learn more, you can find in www.carboschools.org: 

- The first CarboSchools booklet: “What we know, what we don’t know and how we try to better under-
stand global change” – introduction to research questions, challenges and methods for CarboSchools 
projects (in English, French, Dutch, German & Norwegian)

- A page: “Results from CarboEurope and CarboOcean: from scientists to policy-makers and citizens” 
where you can download the full report Integrated assessment of the European and North Atlantic carbon 
balance & CarboEurope policy highlights for 2006, 2007 & 2008.

Sources policy: with the exception of figures, we have decided not to include any references to the 
scientific publications behind the results presented in this booklet. The reason is that many of the 
results mentioned here are sourced from several different publications, therefore, it would be cumber-
some to mention them all and to mention only a few would not be representative of the diversity of 
sources used. You can find all the sources referenced in the EU assessment report.

during the vegetation growth season, became a source 
of CO2 to the atmosphere in July and August 2003, 
counterbalancing the equivalent of fi ve years of natu-
ral CO2 sequestration by the European biosphere. This 
teaches us that the land carbon sink is vulnerable
and reacts strongly to climate extremes. In a climate 
change scenario where more frequent extreme droughts 
may occur, such as the one in 2003, the European ter-
restrial ecosystems may reverse from net carbon sinks 
to sources, and in turn, further accelerate the accumu-
lation of CO2 in the atmosphere. The rise in atmospheric 
CO2 would then no longer only result from rising human 
emissions but also from the biosphere, normally a sink 
however disturbed to such an extent that it becomes a 
source.

Key results

-  We have discovered that nitrogen pollution fertil-
izes European forests. Our measurements of carbon 
fl uxes over numerous forests showed important dif-
ferences in the amount of CO2 taken up by the trees. 
However, the typical explanations for these varia-
tions, like the age of stand, local soil or weather con-
ditions, could not explain their amplitude. After years 
of patient tracking, we found the culprit; nitrogen 
deposited on forests by polluted air! This nitrogen 
pollution, mostly from the spreading of fertilizer on 
agricultural land and from the combustion of fuel in 
cities, is returned to the earth by wet deposition, 
that is, in rain drops and actually fertilizes the for-
ests. We still don‘t accurately know the magnitude of 
this phenomenon but our fi rst studies suggest that 

each additional gram of nitrogen facilitates the forests 
to absorb between 40 and 200 grams of additional car-
bon. Happy times - when nitrogen pollution stimulates 
forests to clean our CO2 pollution! In contrast, in the 
1980’s, acid rain, mainly consisting of nitric and sul-
furic acid, caused a decline in forest growth, whereas 
now, the fertilizing effect of nitrogen obviously over-
rides the toxic effect of acidity.

-  We have found out that peatlands converted into 
agricultural fi elds (by drainage) emit large amounts 
of CO2 due to peat decomposition. Although they only 
account for 3% of the land surface in the temperate 
western European region, drained peatlands emit 
25% of the total atmospheric CO2 absorbed by the 
European forests. It is, therefore, crucial to retain the 
remaining peatlands and to fi nd out under which con-
ditions drained peatlands can be restored (by fl ooding) 
to stop their CO2 emissions without releasing too much 
methane in return, which would partly reduce the posi-
tive balance in terms of the greenhouse effect.

1) A more detailed presentation of the aims & methods of CarboEurope is given pp. 26-30 of the 1st CarboSchools booklet.

An overview of CarboEurope results 

The aim of CarboEurope1 is to investigate the carbon cy-
cle on the European continent:
-  we want to learn more about how carbon is exchanged

between the atmosphere and terrestrial ecosystems 
(vegetation and soils) at all latitudes and in all vege-
tation types and how this interacts with other key bio-
geochemical cycles (nitrogen, water, nutrients…)

-  we want to better understand why carbon is ex-
changed this way and which processes govern the 
cycle and its variability

-  ultimately, we want to be more able to predict how the 
carbon cycle will evolve in the longer term under the 
stress of human perturbation as fossil fuel emissions 
continue to rise.

So… what did we fi nd?

Surprise: the European terrestrial sink can 
become a source

The excitement of science reaches its peak when unex-
pected observations show us something that models or 
theory were not predicting, suddenly revealing a gap 
in our understanding and opening up a new path for 
discovery. Sometimes we prepare large and complex ex-
periments hoping for data to confi rm our theories, but 

European-wide anomaly of Net Primary Production (i.e. photo-
synthesis) during 2003 (Ciais et al., 2005). Black dots indicate 
measurement sites.

Wet Nitrogen deposition in Europe. Magnani, pers. comm.
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accept that uncertainty is also a major component 
of decision making – do I take an umbrella tomorrow 
if the weather forecast is uncertain? If I want to be 
sure not to get wet, I take one; even if I’m unsure 
that I really need it.

-  It is not only important for policy-makers to know the 
result, it is also important to know how uncertain the 
result is. For example, a weather forecast may not give 
a certainty for rain but it can still provide very useful 
information on which to base a decision; people may 
make very different choices if the chances of rain are 
10% or 50%. We are progressing in quantifying the  
uncertainties in our estimates by constraining our 
models with more and more data from field observa-
tions.

-  We still have plenty of “big” unsolved questions. For 
example, we know from the difference between the CO2 
emitted, the CO2 absorbed by the oceans, and the CO2 
concentration measured in the air, that the northern 
hemisphere is overall a carbon sink. However, we still 
don’t really know how this sink is distributed across 
the various regions of the continent. Furthermore, 
the atmospheric CO2 concentration is increasing slight-
ly more rapidly over Europe than elsewhere. This trend 
has been seen clearly over the past 5 years but so far 
we are not really able to explain it.

Future challenges

-  One of our major achievements is the carbon ob-
servation network we have deployed and consoli-
dated all over Europe – with air sampling stations, 
flux towers, tall towers, aircraft sampling sites and 

remains limited by the lower light levels and by the 
fact that plants cannot profit from the more favorable 
temperatures due to their senescence. The result is a 
net release of carbon in warmer autumns that cancels 
out the extra carbon absorbed during warmer springs. 
This suggests that even when the growing season at 
temperate latitudes is extended by global warm-
ing, the terrestrial ecosystem does not absorb 
more atmospheric CO2.

-  We are progressing towards a new method to trace 
emissions from fossil fuel burning in the atmo-
sphere. Until now, the only way to discriminate CO2 
emissions from such human activities from the natural 
atmospheric CO2 variability was to use 14C (radiocarbon) 
measurements, which owing to their considerable cost 
cannot be made at high frequency (more often than 
every couple of weeks) nor at high spatial density. We 
have found a very interesting correlation between at-
mospheric CO2 and carbon monoxide, which is much 
easier to measure. This is still at development stage 
but we hope that in the near future this will lead to an 
operational tool for local communities to verify their 
efforts in emission reduction through straight-forward 
atmospheric measurements.

-  We have validated a new methodology for inves-
tigating the key missing component in the Euro-
pean carbon budget: the regional scale. While low 

-  Moreover, we have found evidence that the way 
we manage forests & agricultural fields has a big  
influence on their capacity to emit or absorb CO2, 
and we have learned a lot about how land can be 
managed in order to take up CO2 more effectively. 
We established that forests are still absorbing CO2 even 
when they are unmanaged. We found that European 
grasslands generally act as a carbon sink and that 
croplands, contrary to previous assumptions, are either 
neutral or even a small sink. We are also learning more 
about the factors that control whether the CO2 fixed 
through photosynthesis migrates towards long-term 
storage in the soil, or rather, if it is quickly released 
back into the atmosphere. We are now preparing  
recommendations for good practices in land-use 
(agriculture & forestry) for efficient carbon man-
agement & the protection of carbon sinks.

-  We have learned more about how warmer autumns 
and springs (due to global warming) are affecting 
the capacity of vegetation to absorb CO2. Since ris-
ing temperatures in spring lead to increased carbon 
absorption at the start of the growing season, we 
were wondering if the same would be true in autumn. 
We have discovered that photosynthesis (taking up 
carbon) is also increasing during warmer autumns 
but that respiration (releasing carbon) is increasing 
even more. This is because photosynthesis in autumn 

Forest tree species map (Hengeveld 
et al., in prep., Alterra): we now 
have much more insight into where 
different types of forest are located 
and how they grow. This is important 
information for designing the optimal 
carbon management plan because 
each location will require different 
measures (e.g. Portugal needs fire-
smart forest landscape whereas for 
central Europe, with large stocking of 
biomass, the production of biomass 
for bioenergy may be optimal and at 
the same time it reduces the storm 
risk. In the north, the continuous 
flow of harvesting for industry and 
the conservation of peatlands may 
be the optimal strategy).

populated regions like Siberia show rather similar 
carbon fluxes from one point to another, Europe is 
a complex, subtle mosaic of different land uses. Our 
regional experiment in Les Landes (near Bordeaux in 
France) combined intensive measurements at many 
different scales, from several meters to several hun-
dreds of kilometres, and taught us how to represent 
the spatial complexity and what density of observa-
tions is needed to obtain an acceptably accurate pic-
ture of such a heterogeneous region. In the future, 
this methodology may be replicated in other European 
regions and provide the means to monitor the regional 
distribution of local carbon sources and sinks and 
how they evolve with time.

More uncertainties in the European carbon 
balance...

-  Despite the progress made in understanding differ-
ent aspects of the European carbon cycle, we still 
have not managed to close the gaps in our carbon 
budget between the different methods used; for ex-
ample between estimates from scaling up local flux 
measurements to the European scale and estimates 
derived from measurements of CO2 concentration in 
the atmosphere. The uncertainties in all the methods 
remain large – in fact the uncertainty even appears 
to have increased! What we have learned though, is 
that things are more complex than we first thought 
but this higher level of uncertainty is in itself an 
important result. Furthermore, we have a better un-
derstanding of the sources of this uncertainty and 
how to improve our estimates in the future. Policy-
makers want an exact figure, however, they have to 
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An overview of CarboOcean results
CarboOcean4  is the counterpart of CarboEurope for the 
oceans:
-  we want to better understand how carbon is exchan-

ged between the atmosphere, the ocean (at various 
depths), the ocean floor and the sediments, and how 
it is transported from rivers to estuaries, coastal  
regions, the open ocean and finally in the ocean  
currents themselves.

-  we want to ascertain how this natural cycle is being 
affected by the massive invasion of CO2 released by 
humans and to be able to predict how it will evolve 
in the future.

-  we want to know more precisely how much carbon is 
being absorbed by the ocean, how the uptake works 
and varies in time and what effects all this extra CO2 
invading the oceans will have. Most importantly, how 
will this affect the ocean’s ability to continue absor-
bing large amounts of CO2 in the coming decades? 
Furthermore, when CO2 enters the ocean it acidifies5  
the seawater, which may threaten various groups of 
marine organisms and perhaps endanger the whole 
ocean food chain - so what will be the consequences 
of this ocean acidification?

Key results

-  We have instigated the first year-round multiple-ship 
observation system for the North Atlantic carbon  
cycle through the “Voluntary Observing Ships” (VOS) 

operation. This involves equipping commercial ships 
along their regular routes with instruments measu-
ring the exchange of carbon between the atmosphe-
re and the ocean, increasing our scientific database 
at relatively low cost. The data collected are extra-

polated (over space and time) with the aid of ocean 
models and satellite observations and allow us to 
deliver precise estimates of carbon uptake in dif-
ferent regions of the North Atlantic and its va-
riation over time. For example, we have calculated 
that the North Atlantic (from 10ºN to 65ºN) took up  
0.25 PgC 6 +/- 10% in the year 2005. This important 

campaigns, satellite observations and the associated 
modelling capacities. This network now forms the ba-
sis for a long-term infrastructure project called ICOS 
(Integrated Carbon Observing System). The overall 
aim of ICOS is to produce temporally resolved maps 
of the land-atmosphere carbon exchange across 
Europe2 based on a harmonized observing network 
of atmospheric and flux measurement stations. In  
addition to providing broad-scale field-validated data 
for research and modelling, these maps will allow  
local communities to evaluate their own progress 
towards achieving carbon neutrality. A pilot phase 
of ICOS has now been launched to prepare the techni-
cal and financial infrastructure for equipping Europe 
with this leading world observatory for the carbon 
cycle, both on the land and in the ocean. The full 
implementation of ICOS is planned for 2012 and is 
expected to provide decades of observations.

-  As industrialised societies will surely continue to 
emit massive amounts of CO2 into the atmosphere, 
we urgently need more accurate knowledge on how 
to manage land as a carbon sink and how to moni-
tor our progress towards this objective. The more CO2 
we  manage to “clean” from the atmosphere with the 
help of plants, the more we will limit the harm caused 
by our emissions.

-  Despite any success we may have in strengthening the 
immediate capacity of our forests and land to absorb 
the carbon we emit, we also know that this capacity 
will become more fragile as the climate changes. A 
critical question to further research is therefore: to 
what extent and for how long can Europe rely on 
its terrestrial carbon sinks?3  

-  Climate change is a global issue. Whatever we learn 
about the European carbon cycle can be applied to 
models across the rest of the world to help inform 
global research and climate mitigation policies.

A strong community across scientific frontiers

Although these scientific results represent significant 
steps in advancing carbon science, of no less impor-
tance is the human result, that is, we have built a 
community with free circulation of ideas and data. 
The Earth system is a huge complex puzzle. The biggest 
challenge of global change research, in a scientific tra-
dition where we are all specialists in a small part, is to 
integrate all components in a way that represents the 
wider picture. CarboEurope has put together modellers 
and experimentalists, including soil, atmosphere and 
forest scientists, from 17 different countries for the first 
time in an extended way.

A direct benefit can be seen in the sharing of data  
within the community; for example, data from flux 
towers are now completely open to all. This was not the 
case in the past; people were afraid to see their results 
published by others. As a consequence of this open spi-
rit, the number of publications has grown considerably. 
In the past, one single site would often lead to only one 
paper. Today, many more papers integrate data from the 
whole community, taking in numerous different sources.

4) A more detailed presentation of the aims & methods of CarboOcean is given pp. 31-36 of the 1st CarboSchools booklet.
5) The pH of the seawater is decreasing due to physical-chemical laws but stays above 7: the water acidifies, but remains alkaline.
6) 1 PgC means 1 peta-gram of carbon, which is the equivalent of one giga-ton (one billion of tons). 0.25 PgC +/- 10% therefore means 250 million tons of carbon 
plus or minus 25 million tons.

2) Flux maps are already available at http://inversions.lsce.ipsl.fr
3) A new EU research project called CARBO-Extreme is dedicated to this question and will try to estimate the probability that the quantified emission reduction 
commitments of Europe should be increased by 5, 10 or 20 % to counter reductions in ecosystems C sinks by 2020 and 2050 for various emission scenarios. A major 
product will be maps showing the risks of not attaining targets in emission reduction as a result of a weakening of the European C sink.

Cruise track of CarboOcean VOS lines in the northern Atlantic 
Ocean (Benjamin Pfeil, CarboOcean data centre, BCCR).
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-  The acidification issue illustrates this very well: we 
know with certainty that seawater is acidified as CO2 
enters the ocean and that marine life, biodiversity, and 
the whole food chain may be adversely affected but 
we are not yet able to predict the scope of the con-
sequences, which might threaten the Earth’s eco-
logical balance as severely as climate warming is 
doing. We are making progress with new investigation 
methods, notably through “mesocosm perturbation 
experiments”7  consisting of artificially adding CO2 to  
closed columns of sea water to see how marine life  

result will also help CarboEurope to deduce the conti-
nental budget: when you know accurately how much 
CO2 is emitted by human activities, how much is up-
taken by the ocean and by how much it has increased 
in the atmosphere, then the difference between them 
is the terrestrial sink. This more precise estimate of 
the North Atlantic sink will also help to distinguish 
the North-American from the Eurasian terrestrial sink. 
Validating the methodology to reach this estimate 
is a key achievement of CarboOcean.

-  Thanks to this observation system, we see that the 
North Atlantic sink strength is highly variable: in the 
early years of the 21st century the North Atlantic ab-
sorbed 50% less CO2 than in the mid-1990s. Recent 
data show that the CO2 sink is slowly recovering. We 
need more years of observations to see whether the 
trend is sustained or if it is only part of a longer nat-
ural variation, and to better understand its causes. 
In the Southern Ocean, we see that the ocean sink 
has been weakening since at least 1980, a trend 
that has been probably brought about by the inten-
sification of Southern Ocean winds due to climate 
change.

-  The latest predictions from our computer models show 
that the oceans will continue to uptake CO2 from the 
atmosphere, but the continuous acceleration of  
climate change and CO2 emissions will gradually 
reduce the sink strength, resulting in a temporary 

but huge increase of CO2 in the atmosphere. This 
is very alarming, combined with the fact that our 
models also predict that by 2100 the land uptake (the 
biosphere sink) will decline, possibly to zero or even 
become a source of CO2.

-  We are progressing in our capacity to see where 
the CO2 emitted by humans goes once it enters the 
ocean. Tracking how CO2 from human activities per-
meates the ocean’s interior is a very tricky job because 
we do not know what the carbon content in the ocean 
was before the onset of the human emissions and so 
far the results given by the various methods available 
still differ significantly, generally owing to the lack of 
measurements over space and time. Nevertheless, all 
approaches more or less agree that the largest quan-
tities accumulated in the high latitude northern 
Atlantic close to the areas of deep ocean mixing.

-  We have learned a lot about how the terrestrial and 
marine carbon cycles interact through the coastal 
ocean. In close collaboration with CarboEurope, we 
conducted intensive studies in the North Sea to bet-
ter understand how carbon migrates between land & 
ocean in shelf seas: for example, how the carbon car-
ried by rivers is mixed and diluted in the coastal ocean  
and how this affects the whole cycle. This integration 
of land and sea is critical to understanding the carbon 
cycle both regionally and globally and is particularly 
challenging due to the complexity and heterogeneity 

of the exchanges. In the North Sea, we are now able 
to observe and account for the carbon input, via 
rivers, received from waste water, agriculture, and 
natural biological activity in the entire basin. This is 
one of the very few attempts in the world to quantify 
all relevant fluxes between land, sea and atmosphere 
comprehensively at the regional scale. We conducted 
similar observations in the Gibraltar Strait where we 
found out that outflow waters from the Mediterra-
nean Sea carry significant amounts of anthropognic 
carbon into the Atlantic Ocean’s interior. 

Big unknowns about carbon in the ocean

-  Our picture of the marine carbon cycle is still very 
crude. For now, we are only beginning to witness the 
spectrum of potential changes in the ocean due to 
increasing CO2 and rising temperatures. Due to their 
difficulty of access, their expanse (71% of the Earth‘s 
surface) and depth, the oceans are sparsely sampled 
compared to the continents. Furthermore, while  
CO2 diffuses quickly in the atmosphere and is, there-
fore, “easy” to track (atmospheric CO2 concentrations 
are rising all over the world in a rather homogeneous 
way), mixing in the ocean takes considerably longer 
and thus the concentrations are more heterogeneous. 
Hence, the quantities of carbon transported within the 
ocean with respect to space and time are largely un-
known. We observe big changes and big perturbations 
on many parameters but often without being able to 
explain what we observe, nor able to predict the 
consequences. The more we learn - the more certain 
we become about the uncertainties!

In order to continuously obtain new data, commercial ships such as the MV Benguela Stream (cargo ship to the left) were equipped 
with a CO2 measurement system. With the help of these continuous data, scientists can monitor the North Atlantic sink and quantify 
how the CO2 uptake changes over time and varies for different latitudes.  (Source: T. Steinhoff and U. Schuster).

Varying North Atlantic sink strength as deduced from a suite of 
collaborative projects (A. Watson & al, in prep.). In the early 
years of the 21st century the North Atlantic CO2 sink was only 
50% of that in the mid-1990s. Is looks as if the CO2 sink has 
been slowly recovering- but what will be the value for 2006 and 
in future years? Is it a long-term trend or natural variation? 
These findings show that the CO2 sink is highly variable and needs 
to be continuously observed.

How does the marine ecosystem react 
to a doubling of today’s atmospheric 
CO2 concentration? In Norway, near 
Bergen, large plastic bags (called 
„mesocosms“, which literally means 
„medium worlds“) with artificially 
CO2-enriched water enable the con-
sequences of this enrichment on  
marine life to be observed „in situ“. 
(A. Volbers, U. Riebesell)

7) See example in Bergen p. 39 of the 1st carboschools booklet.
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reacts to various concentrations and the related change 
in pH. This has become a high priority on the research 
agenda with a new “European Project on OCean Acidi-
fication” (EPOCA), which started in 20088.

Future challenges

Ocean carbon science is faced with important questions 
for the future of mankind:

-  what is the future of the ocean carbon sink? Is the 
decrease in the sink in the first few years of the 21st 
century in the North Atlantic a long-term trend or  
rather due to decadal variation? What effect will it 
have? A lasting decrease in this sink would accelerate 
the dangerous accumulation of CO2 in the atmosphere.

-  will we see a change in ocean circulation and, if so, 
with what consequences on climate and the ocean 
sink capacity?

-  what levels of atmospheric CO2 concentration and 
ocean acidification will be reached after the cessa-
tion of the human CO2 invasion into the Earth system 
and with what consequences for marine life?

These pressing questions challenge our capacity to make 
reliable predictions, which directly depends on the capa-
city of our computer models to accurately simulate the 
complexity of reality. Currently far too many components 
of our ocean carbon cycle models are derived from purely 
empirical relationships or even simply “best guess estima-
tes”, due to the lack of data from field observations. We 
need to vastly increase the number of observations in 
key regions of the world’s oceans in order to validate 
and improve the accuracy of our models, particularly 

in the high latitudes (Arctic & Antarctic oceans), which 
due to their sensitivity to changes in carbon cycling and  
climate can serve as “magnifying glasses” for observing 
ongoing perturbations of the Earth system.

The global picture
Bad news…the world’s emissions are current-
ly accelerating faster than the worst scenar-
ios predicted and the natural capacity of the 
carbon cycle to absorb our emissions seems 
to be decreasing.

The European projects CarboEurope and CarboOcean 
are part of a bigger endeavour by scientists from all 
over the world to better understand and predict climate 
change. The Global Carbon Project tries to identify the 
big trends from all carbon-related observations all over 
the world. Here is a brief outlook of the most recent 
synthesis. You can read the summary and access the full 
presentation at http://www.globalcarbonproject.org/
carbontrends/index.htm

Carbon emissions from fossil fuels

The growth rate of fossil fuel emissions is accelerating – in the 
period 1990-1999 it was increasing at a rate of 0.9% per year, 
whereas in the period 2000-2007 the rate of increase was 3.5%. 
This represents a multiplication by almost four in the last decade, 
exceeding the highest forecasted growth rate for the period 2000-
2010 in the emissions scenarios of the Intergovermental Panel 
on Climate Change (IPCC)9. The biggest increase in emissions has 
taken place in developing countries, largely in China and India, 
while in developed countries it has been growing slowly.

All graphs in this section are ex-
tracted from: Global Carbon Project 
(2008) Carbon budget and trends 
2007, [www.globalcarbonproject.org, 
26 September 2008]

Trajectory of global fossil fuel emissions

Current emissions (black) are tracking above the most intense 
fossil fuel scenario established by the IPCC SRES (2000), A1FI- 
A1 Fossil Fuel intensive, and are moving away from the stabili-
zation scenarios of 450 ppm10  and 650 ppm.

Carbon emissions from tropical deforestation

Here the mean atmospheric CO2 concentration is simulated 
by (black line) BCM-C model as compared to the range (grey  
shading) from other C4MIP (Friedlingstein et al., 2006) models, 
based on the IPCC SRES A2 emissions scenario in which fossil fuel 
usage more or less continues to grow unabated (source: Tjiputra 
et al., in prep.)
There is a strong agreement across 11 models from the C4MIP  
experiment, now backed up by these new CarboOcean results, 
that natural carbon sinks in both oceans and on land will be 
weakened by the effects of climate change. This weakening,  
combined with the rise in emissions, explains this highly alar-
ming curve. This does not mean that atmospheric CO2 concentra-
tions (governed by CO2 emissions minus land and ocean uptake) 
will certainly rise in an exponential way over the 21st century, 
however, the prevention of such a rise, and the stabilisation of 
climate, will certainly require strong intervention policies from all 
the world’s governments.

9) IPCC scenarios correspond to various future predictions of CO2 emissions globally depending on various hypotheses of economic & industrial development, and 
population growth.
10) ppm : parts per million, unit used to measure small concentrations (1 ppm = 0,0001%)8) epoca-project.eu



What we have learned, What we still don’t know, and What we must do to combat climate change

19

Atmospheric concentration

The annual mean growth rate of atmospheric CO2 was 2.2 ppm 
per year in 2007 (up from 1.8 ppm in 2006), and above the 
2.0 ppm average for the period 2000-2007. The average annual 
mean growth rate for the previous 20 years was about 1.5 ppm 
per year. This increase brought the atmospheric CO2 concentration 
to 383 ppm in 2007, 37% above the concentration at the start 
of the industrial revolution (about 280 ppm in 1750).

Human perturbation of the global carbon 
budget 1850-2006 

This graph shows how the CO2 emitted by mankind (higher part, 
distributed between fossil fuel burning and deforestation) pro-
gressively diffuses in the whole system (lower part, distributed 
between atmosphere, ocean & vegetation). Atmospheric CO2 ac-
cumulation is directly measured, the ocean sink is modelled, and 
the land sink is the residual from closing the balance (it is not 
directly measured).

The decline of the natural sinks 

Natural land and ocean CO2 sinks have removed 54% (or 4.8 
PgC 11 per year) of all CO2 emitted from human activities during 
the period 2000-2007. The size of the natural sinks has grown 
in proportion to increasing atmospheric CO2. However, the ef-
fectiveness of these sinks in removing CO2 has decreased by 5% 
over the last 50 years and will continue to do so in the future. 
That is, 50 years ago, for every ton of CO2 emitted to the atmos-
phere, the natural sinks removed 600 kg while today they are 
removing only 550 kg, and this amount is falling. Part of the 
decline is attributed to up to a 30% decrease in the efficiency 
of the Southern Ocean sink over the last 20 years. Nevertheless 
it is impressive that natural CO2 sinks were able to absorb about 
half of the anthropogenic emissions in 1960, when emissions 
were 2 PgC/yr, and similarly 50 years later when emissions are 
now 10 PgC/yr.

All of these changes characterise a carbon 
cycle that is generating a stronger climate 
impact and sooner than expected.

What we must do
Climate change is caused by mankind? Excellent news: since we are the  
origin of the problem, we are also master of the solution!

Learning about climate change can be de-
pressing for children, especially for teenagers 
who are shaping their vision of their place in 
society, public engagement, and in the future. 
A worrisome sequence of events can be: ask-
ing „what can we do“, then feeling power-
less, getting back to normal life, and doing 
nothing.
By overseeing the broad question of how we 
can solve the climate crisis, this chapter tries 
to suggest pathways for teachers to avoid 
this sequence of events and empower young 
people to take positive action and engage 
themselves as citizens with a sound scientific 
understanding.

Large-scale action is needed globally 
and has not yet occurred

Science has now shown that:

-  human activities are perturbing the whole Earth- 
system at a wide-scale and with extreme speed,  
affecting the cycles of all major components of life: 
water, carbon, nitrogen etc. In particular, the massive 
CO2 emissions from burning fossil-fuel and deforesta-
tion is driving global warming (and thus increases in 
sea level), ocean acidification, and a wealth of inter-
dependent effects that we are unable to predict with 
reasonable certainty12.

-  the risks involved for humanity range from massive 
loss of biodiversity, huge costs to the economy13, and 
tragedy for billions of people unable to adapt due to 

poverty, loss of land, scarcity of drinking water and 
other related afflictions14. 

-  the only way to stop taking such dangerous risks is to 
decrease and stop emitting greenhouse gases (GHG) 
into the atmosphere.

-  the capacity of natural sinks to absorb our emis-
sions is decreasing as climate gets more and more 
disturbed, meaning that we cannot count on the  
capacity of current sinks when setting our targets for 
emission reductions.

The dominant development model in the world, based 
on continued industrialisation and economic growth, is 
characterised by massive use of fossil fuel, intensive  
agriculture and deforestation - which coupled with de-
mographic growth lead to large increases in GHG emis-
sions.

It is therefore completely impossible to stop or drasti-
cally reduce our emissions from one day to the next15. So 
the key question is: how to change this unsustainable 
civilization into a sustainable one without jeopardizing 
it, and at what pace? How can we progressively stop 
using fossil fuels, stop deforestation, stabilize popula-
tion, and at the same time, ensure that basic living 
conditions are satisfied for all?

Answering these questions is naturally not the respon-
sibility of scientists, but of society, governments and 
politicians. However, as scientists we need to make 
sure that the questions are well formulated, well 
documented, and well understood in the full context 
of their implications and that the various responses 
elaborated are scientifically valid. In particular, we 
need to make it clear that the changes required are not 
just minor adjustments to mainstream pathways nor  
reverting to a „stone-age society”, but rather a change 

11) 1 Petagram of carbon is 1 billion tons of carbon.

12) As documented by the Fourth Assessment Report of the IPCC (2007). See also first carboschools brochure « What we know, what we don’t know and how we 
try to better understand global change ».
13) As particularly well documented, in the Stern review on the economics of climate change (2006)
14) The possibility of positive effects in some places, e.g. increased agricultural productivity in Siberia or Alaska, is of no comparison with the scope of the nega-
tive effects globally.
15) In contrary to e.g. the ozone layer problem, where a single family of industrial gases (CFCs) could easily be replaced by a less harmful existing technology.
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of paradigm and culture, a complete re-thinking of our 
production and consumption patterns, and lifestyles.

The challenge is clear: 

1) Ultimately, a sustainable world means a zero-emissions 
world, where non-renewable natural resources (e.g. coal 
and oil) have been replaced by renewable resources and 
all waste is recycled.

2) The current political goal of the EU in internation-
al climate negotiations is to “stay below the 2-degree 
limit”16 – a level proposed as the threshold under which 
we could avoid “dangerous climate change”17. Model pro-
jections indicate that this level can be obtained only by 
a reduction of the world’s greenhouse gas emissions to half 
of their 1990 levels by 205018. To achieve this, with a 
population of now 6.5 billion, we need to reduce the an-
nual average per capita to only 3 tons of CO2-equivalent 
- which means cutting emissions by a factor of almost 8 
in the US, or by a factor of 3.5 in the EU-25. If the world 
population increases to 9 billion (much more likely by 
2050), we will need to reduce emissions to 2.1 tons per 
capita, which would mean cutting them by a factor of 11 
in the US and by a factor of 5 in the EU-25.

3) In 2008, 20 years after the creation of the Inter-
governmental Panel on Climate Change (IPCC) and 
16 years after the United Nations gave a mandate 
to “achieve stabilisation of GHG concentrations”19, 
humanity has not yet started to reduce its emissions. 
Instead, emissions are still growing exponentially (see 

page 17). This discouraging situation is primarily due to 
strong growth in the developing world (particularly in 
nations experiencing rapid industrialisation, like China) 
and because industrialised countries, despite their 
previous commitments20  and initial efforts, are still 
continuing to increase their emissions (notably in the 
transport sector)21.

“Save humanity !” (the planet will recover…)

The slogan “save the planet” is often put for-
ward to motivate people “to do something for the 
environment”. Although full of good intentions, 
this formulation illustrates one of the key persis-
tent misunderstandings in our society. The planet 
is a complex ecosystem, permanently trying to 
maintain a balance - meaning that whatever dis-
turbance we create, it will move towards a new 
more or less stable state. The Earth as defined as 
a natural system is, therefore, not in danger, but 
humanity is putting itself in danger. The slogan 
“save the planet” in this context is misleading, 
blinding us to what is really under threat. What 
we need to save is not the ‘planet’ but the condi-
tions for a peaceful cohabitation of billions of 
humans. The real challenge today is to “save hu-
manity”, and this is not a matter of doing a little 
for nature but of doing a lot for our children.

Tons of CO2-equivalent22 emitted per capita in 2000: in red from fossil fuel burning, in green from land-use 
change (mostly deforestation).
Blue line: EU-25 average (10.4 T CO2-equivalent per year per capita)
Red line: world average (6.8 T CO2-equivalent per year per capita)
Orange line: world average corresponding to „50% of 1990 emissions“ with a world population of 6.5 billions 
(3 T CO2-equivalent per year per capita)
Green line: the same with a world population of 9 billions (2.1 T CO2-equivalent per year per capita)
(data source: Climate Analysis Indicators Tool (CAIT) Version 5.0 (World Resources Institute, 2008))

The need for drastic change is more pressing than ever in the developed world, which has been and remains 
largely responsible for climate change and where the current levels of GHG emissions must be divided by a 
factor of at least 5 to 10 in order to reduce world emissions to 50% of their 1990 level.

16) i.e 2 degrees more than pre-industrial values, which means about 1 more than today’s global temperature.
17) With the reserve that in fact no-one really knows what specifi c level of CO2 concentration in the air would prevent “dangerous climate change”: fi rst, because 
the levels already reached are unprecedented in the human history, making it impossible to know from the past what concentration means for sure what conse-
quence; second, because given the delay & inertia between reaching a certain level of concentrations, and the consecutive rise of temperatures, we might in fact 
already have passed some critical thresholds.
18) in order to reach a stabilisation of 550 ppm of CO2-equivalent concentration. But more recent model studies show that this 550 ppm target will be too high 
and that even with 450 ppm, there would only result in a 50% likelihood of limiting global warming to 2°C.
19) Ultimate objective of the United Nations Framework Convention on Climate Change - UNFCCC
20) The Kyoto protocol states that “developed countries have to reduce their emissions of GHG between 2008 and 2012 by at least 5% compared to 1990 levels”
21) However in the EU-25, greenhouse gas emissions fell by 4.8 % between 1990 and 2004. But during the same period, energy-related emissions fell consider-
ably less (- 1.6 %) and since 2000, emissions from energy supply and use have been rising. The reduction in energy-related greenhouse gas emissions since 1990 
was achieved largely in the energy supply, services and industry sectors, but was to a large extent offset by growth in transport emissions. The increase observed 
since 2000 is mainly due to growing electricity production from thermal power plants, particularly those using coal. (source European Environmental Agency)

22) CO2-equivalent includes CO2 plus all the other greenhouse gases emitted by man (eg. methane and nitrous oxide) related to their radiative effect (i.e. the 
amount of additional warming they cause. For example, 1 ton of methane = 21 tons of CO2-equivalent)
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The big solutions
So how can we Europeans reduce our emissions by a fac-
tor of 5? Taking into account that
-  the debate is no longer “should we reduce our emis-

sions?” but “how and at what pace?”, and “do we 
start voluntarily right now, or do we wait until 
natural catastrophes or human confl icts do that for 
us at much higher costs?”

-  given the urgency of reducing emissions, all possible 
strategies should be combined to maximise the ef-
fect.

The ultimate solutions are quite straight-forward and 
target directly where the sources of emissions are:

a) Energy is at the heart 

To drastically reduce our greenhouse gas emissions in 
the EU we need to:

- Replace oil and particulary coal with renewable 
energy sources (e.g. solar, wind, geothermal, wood) 
on a large scale

- Widely increase energy effi ciency (e.g. insulation, 
public transport)

- Widely reduce consumption of energy from GHG emit-
ting sources (e.g, shift from private cars to public 
transport, biking and walking, reduce the transport 

of goods and travel in general, especially air travel, 
reduce heating and air-conditioning, use wood rather 
than concrete and steel for housing, use low-energy 
light-bulbs, and sort and recycle rubbish).

- Find new ways of producing clean energy.
Nuclear energy is controversial: its proponents consider 
it as a good temporary solution (because it is CO2 neu-
tral) while its opponents argue that the drawbacks are 
greater than the benefi ts (e.g. highly toxic radioactive 
waste, risk of major accident, and connection with the 
nuclear military industry). Biofuels are controversial as 
well, because of the vast agricultural areas they require, 
replacing food production with fuel production, their 
associated water consumption and soil, water & air pol-
lution issues, and fi nally their poor energy effi ciency.23

b) Agriculture & land-use are directly concerned
To reduce our greenhouse gas emissions we need to:
- Stop broad-scale land clearing in tropical countries 

(basically this means recycling paper and prevent 
harvesting of unmanaged forests)

- Reduce meat consumption, increase organic farming, 
develop sod-seeding techniques without tillage, re-
place fertilizers with compost, etc.

c) A few “medicines” can perhaps help temporarily
In the same way as doctors attend their patients with 
drugs, climate change can also be mitigated by “cura-
tive” measures like CO2 storage : this consists of captur-
ing CO2 emissions where they are produced (e.g. power 
plants) and depositing them typically in a liquid state 

(ie. dissolved in solution) in stable cavities in the earth 
(e.g. former oil fi elds or in the seabed). There are big 
hopes that this could be implemented soon on a large 
scale but there remain many questions about the per-
manence and safety of such storage (e.g., the acciden-
tal release of large amounts of concentrated CO2would 
be extremely toxic).
CO2 sequestration comes from the idea that man can 
artifi cially enhance the capacity of natural sinks (land 
plants and oceans) to absorb our carbon emissions; for 
example, by planting forests. However, while it is clear 
that young trees store the CO2 while growing, the fi -
nal effect depends a lot on what the trees become on 
the long term24. Other „geo-engineering“ approaches 
(like artifi cial fertilisation of the ocean through mas-
sive spreading of iron) remain highly controversial due 
to their poor effi ciency and unintentional side effects, 
including major perturbations to ocean ecosystems, re-
duced ocean oxygen concentrations, and increased pro-
duction of a highly potent greenhouse gas, N2O.
CO2 storage and sequestration can be compared to al-
lopathic medicines; they attenuate the symptoms but do 
not stop the cause of the disease and may have harmful 
side-effects. However, all possible means to stabilize at-
mospheric CO2 should be implemented. Carbon storage, if 
the technology can be validated, will be highly desirable 
while we are in the transition phase from an energy infra-
structure based on fossil fuels to one which is not.

It’s not a sin to use energy!
The sun provides extraordinary amounts of energy to 
the Earth, freely available for millions of years. The 
problem is not the use of energy itself but rather, the 
use of non-renewable sources of energy, i.e., sources 
that will no longer be available to our children and 
which in addition, as is the case with fossil fuels, 
threaten their future living conditions.

Global ‘chance’?
The problem may seem huge and hopeless. On the 
contrary, it could reveal itself as an historical op-
portunity for mankind. Solving it will force us to 
overcome our divisions to co-ordinate a unifi ed re-
sponse globally. This response will necessarily lead 
to a more balanced world, paving the way for a new 
“global citizenship” and hence “global civilization” 
equipped with the capacity to regulate confl icts and 
stakes at the global level.

23) Biofuels need a a great deal of energy for production and transformation to fuel, which fi nally counterbalances a much if not all of the benefi t in their CO2 
reduction potential. Cutting down a forest to plant crops for biofuel releases more CO2 in the long-term than would have been released if the forest had been left 
standing and an amount of fossil fuel, equivalent to that from the crops, had been used instead.
24) However, if we decided to bring back forest at large scale in the areas previously covered by forest the terrestrial sink would undoubtedly be enhanced. A dif-
ferent story is whether we want to do that and what would be the impact on food production, livelihoods and economies.
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Acting in daily life

The emission trends will most likely not go down be-
fore international agreements lead to ambitious policies 
combining incentives (taxes) and constraints (laws) on 
a global scale. International political negotiations al-
ways revolve around each party only wanting to make 
the smallest compromise; therefore, it is a slow process 
but the one that will ultimately make the largest global 
difference.

While governments are struggling with negotiations and 
policy, we, as individuals, can act immediately. We need 
forerunners that show that a climate-friendly way of life 
is possible, modern and nice!

Whatever level of action is concerned, it’s all a mat-
ter of fi nding ways to contribute to the “big solutions” 
mentioned above: reducing energy usage, switching to 
renewable energy sources, increasing energy effi ciency, 
mainstreaming sustainable agriculture and consumption 
in general.

At the individual level, Europeans can strongly reduce 
their emissions by adopting sustainable lifestyles:

•  at home: 

- insulate, avoid air-conditioning in summer, reduce 
heating in winter by e.g. wearing a pullover, heat 
only the rooms you need and at the time you need 
them, change your oil or electrical heater to a so-
lar or wood one.

-  reduce water consumption and install a solar water 
heater

- unplug all electric devices with a stand-by func-
tion, buy only energy effi cient electrical appliances 
(“class A” label in the EU), install low-energy light 
bulbs and switch them off when you don’t need 
them 

- sort your rubbish and make your own compost
- choose local products, organic foods, reduce meat 

and cheese consumption, and avoid buying out-of-
season fruits and vegetables.

•  at school: basically the same as at home and, in par-
ticular, recycle paper and use both sides of the paper.

•  in daily transportation: instead of using a car to com-
mute to work, school or shopping, choose to bike, 
walk or to take public transport, and reserve your car 
for the exception instead of using it for the routine.

-  for holidays: travel by train instead of by car or by 
plane.

Some of these actions have an associated short-term 
cost but they will all eventually help you save money 
(and in particular reduce your energy bill). Many of 
them will also benefi t your health.

Learn more about what you can do by visiting www.
climatechange.eu.com (in all EU languages), website of 
the EU campaign You Control Climate Change and check-
out the effects of your choices using personal carbon 
calculators such as www.mycarbonfootprint.eu 

Could we be mistaken?
Science is never 100% sure of its fi ndings, so there is some hope that we are mistaken in our projections. The 
only way to verify future projections is to see what actually happens as time goes by. Unfortunately the observa-
tions over the past 50 years, particularly the last few years, repeatedly show that carbon dioxide concentrations, 
global temperatures and sea level rise remain near the high end of the IPCC projections.
Climate change confronts us with a moral dilemma: on the one hand, as scientists we need to be careful with 
the meaning of our results to a society, which so far grounds its whole economy on fossil fuels. On the other 
hand, our results indicate clearly that major upheavals will happen in the near future unless humanity makes 
fundamental changes to its relationship to nature. What we can only do is trying to present our results in the 
most honest way possible and explain them as clearly as possible to people and policymakers.

CO2 offset: guilt-relief for high polluting lifestyles?

Many companies are now encouraging their customers to offset their CO2 emissions by fi nancing mitigation proj-
ects for an amount of money corresponding to the quantity of CO2 they emit, e.g., for air travel. This can be an 
effi cient application of the “polluter-pays” principle, provided that:

-  people don’t use the offset principle just as a means of guilt-relief for high polluting lifestyles and fi nally 
encouraging business as usual, e.g., fl ying as much as they like, by paying someone else to take care of their 
CO2 emissions.

-  projects funded with this money are able to prove that the CO2 reduction promised is really happening. This 
can be the case with, e.g., building new equipment or infrastructure to replace old ones, where a direct CO2 
reduction can be related to the money invested. Carbon sequestration projects are much harder to guarantee; 
for example, one can never be sure how long the CO2 sequestered through tree-planting will remain trapped. 
So, it is essential to fi nd a serious project that supports energy effi ciency and renewable energy.

You can limit these two risks by

1) above all, reducing your own emissions as much as you can by implementing concrete measures such as those 
mentioned above.

2) purchasing offsets only for the emissions you are absolutely unable to stop and by carefully choosing your 
‘off-set’ company. The Global Carbon Project has published a comparison of the various companies off-setting 
CO2 and has set criteria on how to choose the best supplier of CO2 credits. 

   (http://www.globalcarbonproject.org/global/pdf/ReportSeries/GCP_Report_No.6.pdf)

All in all, off-setting your emissions is not stopping them. However, it does voluntarily assign a cost to them 
and it accelerates emission reductions elsewhere thanks to the money given, before new taxes eventually make 
this an obligation for all.

Banner of the www.climatechange.eu.com campaign website of the EU
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The role of schools

Between governments and individuals lies a critical link 
in the chain of responsibility: local communities and, in 
particular, schools. Climate change calls for big changes 
in behaviour and habits, which are fundamentally matters 
of education. So, the key question is: in a society still 
broadly dominated by a non-sustainable culture, how can 
schools contribute to promoting sustainable lifestyles?

In the same way that knowing that ‘tobacco kills’ is 
necessary but in itself insuffi cient to make people stop 
smoking, learning the facts about climate change is 
necessary but again insuffi cient to impact on daily hab-
its25. Furthermore, young people are overwhelmed with 
information about climate change and many are fed-up 
by the shock-tactics of media.

Educational actions concerning climate change should 
aim to progress from „awareness“ to “understand-

ing” and fi nally to “taking action”. The climate crisis 
is crying out for schools to become communities that 
are able to inspire the young generation on this issue:
-  by leading by example and by demonstrating sus-

tainability: one cannot expect pupils to change if the 
community of adults around them is not changing.

-  by not only teaching environmental facts and notions 
but also by developing the capacity of pupils to act 
as agents of change as active members of society.

This requires the implementation of integrated environ-
mental education strategies at all school levels, for ex-
ample by engaging students in a “school agenda 21”26:
-  establish a committee to guide this process
-  calculate your carbon footprint and identify your major 

sources of emissions and reduction potentials related 
to school buildings and daily activities

-  agree on an action plan (led by students) defi ning 
roles, calendars, and indicators of progress

-  implement the action plan with support from munici-
pality and regional authorities

-  monitor and evaluate progress
-  offset remaining carbon emissions
-  integrate curriculum work: e.g., learning about climate 

change in science classes
-  inform and involve families and the local community

The Eco-schools programme of the Foundation for 
Environmental Education27 is one highly demonstrative 
example of how an integrated approach can effectively 
impact the daily habits of pupils. A recent survey in 
Ireland, where the program reaches 3000 schools, 
showed that participating schools:28

-  achieved 10% shift from car usage to walking, biking 
and taking the bus

-  reduced energy consumption by 25 to 33%

-  reduced school waste by 65 to 70%, and by 10-20% 
in students’ homes, resulting in 8000-10,000 tons of 
waste diverted from landfi ll each year.

Why so few people are changing their lifestyle? 

Recent psychological research reveals that there 
is nowadays a widespread concern about climate 
change, but it is perceived to be of secondary 
importance in comparison to other issues in our 
daily lives, such as family, health, safety, and 
fi nances. One of the reasons seems to be due to the 
perception that the consequences will be felt only 
in the distant future. This “distant risk” seems of 
limited personal importance. 

Even though surveys reveal that the ’personal im-
portance’ of global warming has increased con-
siderably over the past decade, most people still 
consider that it is mainly the responsibility of 
governments to take measures. Personally relevant 
causes, impacts, and solutions to climate change 
are seldom discussed. Thus, engaging the public on 
this important issue is a key challenge!

Would you like to involve your school in sustainable education?

-  To avoid re-inventing the wheel and losing time and energy through the lack of resources or know-how, look 
for external support from environmental education professionals when they are available in your region.

-  The key is to engage in a dynamic change. Start with small steps and take the time needed to address more 
ambitious goals.

-  Avoid moral judgements and questioning personal lifestyles and choices. Initiatives should focus on school 
policy built through collective compromise for energy effi ciency, promoting walking and biking to school, 
waste reduction, the food served in the canteen etc. but without impinging on the individual freedom of 
school staff, families, and pupils.

-  Whatever positive actions are taken at the school level, remind your pupils that in a democratic society they 
will have a political role through voting and campaigning. Young people should be made well aware that 
the big solutions at the society level cannot only rely on individual action but should be driven by forward-
thinking governments through new taxes, laws, international treaties etc. and that the citizens have infl u-
ence through their vote.

-  Money needed for fi nancing concrete measures for emission reductions in your school may be collected by 
eventually creating your own school carbon offset fund (plenty of real-life applications for maths and eco-
nomics lessons!) and selling offset credits to parents, your municipality and/or your school board, or by 
agreeing with your school clerk that the savings on the energy bill should be re-invested for further invest-
ment in this project.

25) Otherwise all scientists would work in passive buildings, use only renewable energy, leave their cars at home and stop fl ying!
26) as derived from the “local Agenda 21”, a methodology for implementing sustainable development in local communities, inspired by the “Agenda 21” action 
plan initiated at the Rio conference in 1992.
27) www.eco-schools.org
28) www.greenschoolsireland.org



What we have learned, What we still don’t know, and What we must do to combat climate change

29

Scientists’ responsibility
« Science sans conscience n’est que ruine de l’âme » - 
François Rabelais, 1532
(“Science without conscience is but ruin of the soul“)

Like in every sector of society, many of us still work as 
usual29 but some research institutes and projects are 
now leading by example by enacting low-emission poli-
cies in the work place. Here are two examples:

The low emission policy of the Bjerknes Center for Cli-
mate Research (BCCR) in Bergen, Norway

In summer 2007, the Bjerknes Centre developed a “low 
emission policy” that launched the following initiatives:

1. Save energy on your way to work: biking and walking 
to work is now rewarded. Bikers and pedestrians will 
be provided with individual benefits and the institute 
was fit with showering facilities and a secure bike 
stand. There is even a new room where small repairs 
can be carried out. According to the institute’s direc-
tor, Eystein Jansen (fig. below) scientists cannot just 
talk about climate change without doing something 
concrete. There have always been researchers biking 

and walking to work but the new campaign should 
motivate even more people to bike or walk. This is 
considered a simple and concrete way to reduce CO2 
emissions in our daily lives. The campaign should 
also help reduce the number of cars in the city cen-
tre. If the car cannot be avoided, it is recommended 
to set-up car pools. 

2. Save energy on business trips: the BCCR institute 
wants to decrease the amount of work-related travel.

a) Of the means of transport we use, aircraft emit the 
largest amount of greenhouse gases, so every scien-
tist is asked to critically assess whether air travel is 
really necessary. If so, it is recommended that the 
shortest distance possible is travelled by plane, even 
if the ticket is more expensive. When traveling inside 
Norway, going by train is encouraged. 

b) All air travel in 2008 will be compensated for in the 
CO2 quota market, meaning that, e.g., 1 ton of CO2 
emissions will be compensated for by financing an 
emission reduction of 1 ton somewhere else. A com-
mon requirement of such projects is that they need to 
have verified CO2 reduction strategies. BCCR will most 
likely use the same scheme the Norwegian Govern-
ment employs for state financed travels.

29) The scientific community remains divided on the meaning of its social responsibility - some scientists believe that we should „show the example“ by strongly 
reducing our own emissions and others object that it‘s not a topic to be discussed within the community as the search for solutions should strictly remain the 
responsibility of governments and the broader society.

Institute director Eystein Jansen opens the new bike storage room in an official ceremony. Employees that participate in the walk 
and biking campaign can follow their own as well as their colleagues bike routes on the internet. After a certain number of trips,  
they obtain a gift (source: J. Johannessen)

c) To avoid travel, video conference systems can be used 
to participate in meetings and small conferences. The 
BCCR has an agreement with another institute nearby 
to use its hardware. In addition, the University of 
Bergen’s equipment can be used when needed. 

3. Save energy directly at the institute

The scientists were asked to turn off their comput-
ers at night and/or install automatic PC switch-offs. 
Recently, new “green computers” that use 50% less 
energy have been introduced and the scientists have 
been encouraged to choose green.  In addition,  
double-sided printing was recommended and the in-
stitute’s newspaper, “Bjerknes Times“, is now being 
sent electronically. 

Energy can also be directly saved by installing 
switches that turn the lights off automatically when 
they are not needed, especially after-hours. This has 
not yet been done since the institute might move to 
another building in the near future.

The Global Carbon Project (GCP) has set a goal to 
become carbon neutral in all its core activities by the 
end of 2008

The GCP has launched a “zero net carbon emissions” ini-
tiative by which all its core activities will be effectively 
carbon neutral by 2009. The first steps were to track our 
emissions and identify our greatest opportunities for 
improvement. With small offices hosted in large institu-
tions in Australia and Japan, reducing the carbon emis-
sions from our offices required us to change our habits 
to reduce electricity use and influence others to make 
improvements in day-to-day operations.

Because we attend meetings and conferences, as well 
as bring scientists together to synthesize research, we 
needed to set clear boundaries to count which emis-
sions are our responsibility. Based on the Greenhouse 
Gas Protocol publication “Working 9 to 5 on Climate 
Change” (www.ghgprotocol.org) we developed a simple 
policy that whoever takes on the responsibility to pay 
for the financial costs of a journey or event is account-
able for the emissions. This allows the costs for off-set-

ting emissions to be included right from the beginning 
and encourages the new habit of considering carbon 
emissions when making decisions.

We had a few surprises when looking at carbon off-set 
providers. Many of the online air-travel calculators did 
not take into account the increased impact of high al-
titude emissions, even though since 1999 the IPCC has 
recommended using a multiplier of 2.7 as a radiative 
forcing index (RFI). We also found that only some of 
the offset providers had independently verified carbon 
credits, something we decided was essential for a secure 
investment. 

It was not much of a surprise that 89% of emissions 
from GCP activities were from travel. The reductions 
we have made include using more ground transport for 
shorter distances, increasing the number of conference 
calls and web meetings to reduce the total number of 
trips and co-locating meetings, so that one journey can 
meet multiple needs. The basic nature of the Global  
Carbon Project, which encourages synthesis across inter-
national scientific communities, means that off-setting 
unavoidable emissions will remain an important aspect 
of being carbon-neutral and having minimal impact on 
the atmosphere and climate.

We chose an off-set provider who adheres to indepen-
dently verified strict standards for their projects, in-
cludes radiative forcing in their air travel calculations, 
and offers transparent reporting.
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Discover how teachers and scientists join 
forces in CarboSchools30 and bridge the gap 
between research and education! To illustrate 
the variety of projects initiated in several 
European countries since 2005, this chap-
ter presents six inspiring examples all dem-
onstrating in different ways the benefits of 
teacher-scientist partnerships. Students con-
duct experiments on the impact of greenhouse 
gases, learn about climate research and the 
reduction of emissions, and inform their wid-
er community about climate change. We hope 
that they will become fascinated and empow-
ered by the search for solutions to the biggest 
uncontrolled perturbation to the Earth-system 
in human history. We hope to make learning 
about science more engaging and challenging 
for young people as future workers, consum-
ers, citizens, or even scientists!

Benevento, Italy 

IPSAA “Vetrone” & IIS “Alberti”: Sustainable 
conservation agriculture as a tool to mitigate 
the greenhouse effect

By Danilo Marandola, agronomist at CNR-IBIMET (Institute of 
Biometeorology) and regional CarboSchools coordinator; IPSAA 
“Vetrone” (Vocational School for Agriculture and Environment): 
Antonio Cristofaro, director, and Aniello Russo, Nicola Fusco, 
teachers; IIS “Alberti” (Technical School for Chemistry and Envi-
ronment): Giovanni Antonio Paolucci, director, and Massimo Cap-
pelluzzo, Aurelio Stefanelli, teachers. (pictures by the authors)

Number of pupils involved in the project: 30 (20 from 
IPSAA and 10 from IIS), average age 16-17

Main subjects involved: agronomy, ecology, chemistry

Duration: 2 years

Agriculture and CO2: why a CarboSchools project in a 
school for agriculture? Modern intensive agriculture can 
contribute strongly to increased CO2 emissions which are 
usually higher than the CO2 uptake resulting from plant 
photosynthesis. The main source of CO2 emissions is till-
age that, through moving soil, causes strong oxidation 
of Soil Organic Matter (SOM). SOM is composed mainly 
of plant detritus (eg. leaves, roots, and remnants of the 
harvest) and can be considered the final product of plant 
photosynthesis, consisting mainly of carbon. Modern in-
tensive agriculture in the last decades has caused strong 
oxidation of SOM with the result of huge CO2 emissions all 
over the world. In addition to the effect of increasing CO2 
emissions by ploughing, there are “secondary” emissions 
related to the fact that tractors burn oil (150-300L/ha) 
and that fertilizers are produced using oil. A special kind 
of agriculture, called conservation agriculture, on the 
contrary, reduces the energy input required in cultivation; 
it can help to reduce CO2 emissions directly (by using less 
oil and less fertilizer), and indirectly (by supporting the 
storage of CO2 in the soils in the stable form of SOM).

Conservation agriculture: the sod seeding system. 
Also named Direct Seeding or No-tillage, this technique 
doesn’t need any kind of soil tillage. It’s carried out 
with a special machine that, with a system of disks, 
opens thin furrows in the soil in which seeds are placed 
and subsequently closes them. It can be used on soils 
just after the cereal harvest, directly on meadows or on 
farrow fields. Published data show that this technique 
can: a) substitute traditional modern agriculture (the 
plough), b) increase SOM, and c) reduce CO2 emissions. 
Moreover, by avoiding soil tillage, this technique reduc-
es SOM oxidation and contributes to CO2 storage in the 
soils. In this way, and not to mention the low energy in-
puts used for the whole production cycle, agrarian soils 
have the potential to change from CO2 “sources” to 
CO2 “sinks” while the total cultivation energy inputs 
are reduced by 50-70%.

The project: “Conservative sustainable agriculture as 
a tool to mitigate greenhouse effect”. Students have 
been involved in the survey of different cultivation ex-
periments with the aim to increase their interest for the 

CarboSchools in action
Partnerships between climate researchers and secondary school teachers

“new” cultivation technique and to evaluate the poten-
tial for greenhouse gas mitigation. In the first project 
year, three different crops (corn, wheat and rape seed) 
have been cultivated in IPSAA’s farm with the no-tillage 
technique. Three tests have been also realised with the 
traditional cultivation method (using the plough) to 
compare with the sod seeding system thesis. IPSAA’s 
students have been involved in monitoring the culti-
vation procedures (seeding, fertilization, harvest) and 
in simple data collection concerning agronomic aspects 
(e.g. crops growth, plant density, and weeds). On the 
other hand, IIS’s students have been engaged in simple 
instrumental analysis of soil gas exchange, with the at-
tempt to describe CO2 dynamics, both in traditional and 
in sod seeding fields.

Some educational observations:

-  Students showed a lot of interest for the hands-on 
activities. They use to look bored during lessons or 
explanations but were very active during data col-
lection activities and field visits. In general, IPSAA 
students show difficulties in understanding scientific 
concepts. IIS students, on the other hand, show lim-
ited understanding of the agronomic meaning of the 
experiments.

-  The involvement of a scientist represented, first of 
all, a new source of scientific news and a way to 
stimulate attention and interest in students. The use 
of different communication strategies, enthusiasm, 
and the scientific “outlook” helped the scientist to 
activate the students. On the other hand, the project 
appeared to be scientist-dependant. This means that, 
without a scientist present, the project looked as 
though it would have problems in continuing. Teach-

ers by themselves were not able to replace the carry-
ing role of the scientist.

-  Students have been evaluated in two different ways. 
A questionnaire concerning general aspects of the 
greenhouse effect was used at the beginning of the 
project and will be posed again at the end to evalu-
ate the evolution of the pupils’ general knowledge. 
The second evaluation method has been represented 
by an indirect evaluation action. Students have been 
called to talk about their activities to other students 
belonging to other classes and/or schools. Teachers 
and the scientist looked at the experiment from afar. 
The experiment, on the one hand, showed the gen-
eral level of students’ knowledge (stressing where to 
integrate information and explanation) but also rep-
resented a good way to increase the level of partici-
pation and the sense of awareness about what pupils 
were studying and doing.

-  Other school teachers have usually looked at the proj-
ect with respect and amazement. Actually, they really 
think that schools (especially the vocational ones) 
have the duty to provide students with new experi-
ences and knowledge but, as matter of fact, they are 
not able to achieve this by themselves. Parents have 
been in general very interested too. For IPSAA stu-
dents, the parents are generally represented by farm-
ers that have showed a strong interest in the project 
and in the sod seeding technique. As a result of this, 
many parent-farmers have expressed the will to test 
it in their own farm. This demonstrates that students 
have realized a good dissemination activity at home, 
which is a good indication of their level of participa-
tion in the project and its potential.30) CarboSchools is currently funded until 2010 by the Science in Society programme of the EU, with a target of getting about 100 schools directly involved in 

nine regional projects. Between 2008 and 2011, EPOCA, the new EU research project on ocean acidification will also be joining forces with CarboSchools.
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Bergen, Norway 
Bergen Katedralskole: The sea outside our door
by Bente Færøvik (Biology teacher); Eva Falck (regional Carbo-
Schools coordinator); Solveig Kringstad (technician); Ingunn 
Skjelvan (researcher); Andrea Volbers (CarboOcean project 
manager) (pictures by the authors)

Our project started in 2005 as a cooperation between 
Bergen Katedralskole (an upper secondary school in Ber-
gen) and Bjerknes Centre for Climate Research (BCCR) 
on the initiative of the CarboOcean research project 
(outreach). 
During the school year 2006-2007, twenty-six students of 
age 17, as well as four teachers and four scientists/tech-
nicians, were involved in this project, which formed part 
of a subject called Science. In the initial phase, scientists 
from BCCR gave lectures about the carbon cycle to the 
science teachers and the students. The students also had 
lectures at school about the greenhouse effect and visits 
were made to the BCCR laboratory facilities. From august 
2006 onwards, the focus was especially on ‘hands-on’ ex-

periments, allowing the students to use all the scientific 
instruments and to perform all measurements themselves. 
The students took part in four science expeditions with 
the ship, R/V Hans Bratstrøm to explore the fjords in our 
local area just outside Bergen. Two of the expeditions 
were in September 2006 and two in March/April 2007.

The expeditions aimed to investigate physical, chemical, 
and biological aspects of seawater, and during the au-
tumn expeditions, the students and teachers joined the 
research vessel to Hjeltefjorden. Scientists/technicians 
from BCCR also joined the cruise to explain how to use 
the scientific equipment on board and how to sample 
the water. They also explained the scientific background, 
what is measured, demonstrated the experiments, and 
helped the students to analyse samples and calculate 
various parameters relating to the marine carbon cycle.

R/V Hans Brattstrøm was equipped with a plankton net, 
seabed grab sampling equipment, a water-sampler unit 
and a sensor for hydrographic measurements, the CTD 
(Conductivity, Temperature and Depth). The students 
determined temperature and salinity as functions of 
depth, they collected water samples for  oxygen and in-
organic carbon measurements, and determined the com-
position of plankton species at this time of the year. 
They also learned about life and security on board. 

In Spring 2007, the same group of students participat-
ed in two additional expeditions to two new locations 
(Vatlestraumen with a depth of 50 m and Korsfjorden 
with a depth of 500 m). The students’ work here, was 
to compare samples from the two locations; the param-
eters studied were temperature, salinity, oxygen, inor-
ganic carbon, plankton, and benthos. The students did 
seabed grab-sampling surveys and compared the species 
found at the seabeds of the two locations. To analyse 
the inorganic carbon samples, five of the students vis-
ited the BCCR laboratories and used the available equip-
ment under the guidance of an engineer.
The students’ work consisted in collecting all relevant 
data, analysing the data, and writing a report about the 
work onboard with pictures showing all of the relevant 
equipment.
In the subject called Science the students should per-
form a scientific investigation in one of several science  

R/V Hans Brattstrøm. Students wearing safety suits.

topics with in average two teaching hours used every 
week. The first cruise resulted in solid reports and some 
of the students made a poster that was presented at  
several international scientific meetings (e.g. Carbo-
Ocean). In addition, a newspaper article and a video 
were produced from the cruise in 2006 (available on the  
CarboSchools and CarboOcean web-site). The science 
project was not evaluated by grading but instead just 
approved. This fact made it difficult to finish the reports 
from the April 2007 cruises, since other matters became 
more important. In the future, it would be better to  
evaluate the project by grading.

The students showed a strong interest in the project 
and they worked very hard. The project gave them in-
sight into how scientists work and the complexity of 
nature. The scientists from BCCR were motivated and 
helpful. This cooperation also motivated the school to 
focus on climate change issues by arranging a “climate 
week” at school, which consisted of scientific presenta-
tions, panel debates, etc.

For the school year 2007-2008, a small exchange pro-
gramme was set-up. First, two students from Kiel (both 
aged 17) visited Bergen Katedralskole for a week in 
August and participated in a 1-day expedition in the 
vicinity of Bergen, that was in addition to a 4-day biol-
ogy expedition in the mountains. Second, two students 
from Bergen took part in a 10-day cruise in the Baltic 
together with students from Kiel. Student-exchange has 
several positive aspects, it is exciting, informative, can 

aid development, but it can also be challenging when it 
comes to language skills.

A few words on the school year 2008-2009: the Norwegian 
CarboSchools project has been extended to include two 
more schools in Bergen (Bjørgvin videregående skole and 
Danielsen videregående skole), and the University of Ber-
gen, represented by the Geophysical Institute (UiB-BCCR) 
is now coordinating the activities funded through the 
new CarboSchools project. During three days in Septem-
ber this year (2008), forty-five students of age 17-18 and 
five teachers joined R/V Hans Brattstrøm to investigate 
the physical, chemical and biological conditions of the 
fjords outside of Bergen. The students and teachers from 
the three schools participated in the project as part of 
their biology, technology & science, and geoscience sub-
jects, respectively. And as a result of these different ap-
proaches, different aspects of the project are highlighted. 
In addition to the 1-day expeditions in September, sev-
eral visits of students to UiB-BCCR, and vice-versa, have 
been carried-out, where lectures on the theory and on 
data compilation and calculation have been presented. 
The analyses were also made on these expeditions. 

The students were very motivated, which is inspiring for 
the scientists/technicians. The Norwegian CarboSchools 
project will be presented at the CarboOcean annual 
meeting, within an 1.5 hour session dedicated to school 
activities, in order to give feedback to the scientists 
working in the CarboOcean project and to encourage 
other local school projects.

Plankton net in operation.

Watersampling.
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Kiel, Germany 
Gymnasium Wellingdorf: Students, Teachers 
and Researchers Study the Ocean
by Sabine Temming, Biology, German and Drama teacher  
(pictures by the author)

Concept:

Using the specific example of marine sciences, NaT-Work-
ing Marine Research31 attempts to convey the fascina-
tion of natural sciences and the complexity of the climate 
system to students from secondary schools. Opportuni-
ties are provided for practical studies on current research 
issues in direct contact with researchers. The students 
obtain hands-on experience with scientific methods and 
insights into research. 

The project is currently funded by the NaT-Working Pro-
gram of the Robert Bosch Foundation and by the German 
Research Foundation through its participation in the Kiel 
Cluster of Excellence „The Future Ocean“.

Implementation:

Grade 5 – 8: Student Science Clubs:

In interdisciplinary afternoon activities, younger pupils 
obtain their first exposure to scientific work. Through 

various experiments in topics ranging from osmo-regu-
lation in marine organisms to simulation of effects of 
increasing carbon dioxide in the ocean, the pupils ac-
quire the basic skills for ’investigative learning’.

Grade 10 – 13: Together with their teachers and marine 
scientists the students work individually or in groups. 
Wherever possible, the projects are designed to be in-
terdisciplinary, linked to actual research and integrated 
into the school curriculum. Results are presented by 
the students and the work of the students is usually 
graded. 

Investigating the Effects of Changing Salinity on Or-
ganisms An example for a course project in a 12th 
grade ecology class:

(January – June 2006)

Project Description:

Twenty students of an advanced biology class investi-
gated the effects of changing salinity in the estuary of 
the local river, Schwentine. About 20 hours of the regular 
class work were dedicated to the project but most of the 
students spent much more time. Students developed their 
own research questions together with their teacher and 
the two scientists, A. Antia and J. Dengg. The class was 
split up into small groups that were supported by one or 
two scientists each and worked on the following topics:

- Monitoring the Kiel Fjord

- Effects of increasing salinity on starfish

- Impact of changing salinity on a red algae 

- Effects of changing salinity on phytoplankton

- Theoretical background

Sometimes all of the students met with the teacher and 
the scientists for a class session but mainly the small 
groups worked individually supported by the scientists. 
About every other week, they got a 2-hour long class 
period off to work on their projects. The students pre-
sented their research as written reports, posters and 
talks at school. The presentations were graded and ac-

counted for about 20% of the grade for this class. In 
addition, the students presented their work to the pub-
lic during an open-day at IFM-GEOMAR and prepared a 
web presentation.

Results:

Some groups were able to achieve excellent results; 
they organized their work, asked for help when nec-
essary, worked mostly independently and showed well 
prepared presentations. For a few other students, this 
way of working was more difficult and they did not com-
municate with the teacher or the scientists when prob-
lems came up.

The project not only covered the curriculum require-
ments (ecology as a topic and project-work as a meth-
od) but also fostered many other skills such as design-
ing experiments, social learning, communication skills, 
presentation skills, and writing about science.

In an evaluation, students appreciated the close work 
with the scientists and the work outside the school, 
that is, at the institute. They mostly liked working in 
teams and the ‘relaxed‘ and cooperative atmosphere at 
the institute was mentioned as a positive aspect. They 
got insights into scientific work and a broader basis for 
a decision for, or against, a scientific career.  In ad-
dition, all students emphasized that similar projects 
should be pursued in the future. 

Carbon Cycle  – Climate Change –  Impact on the 
Ocean

An example for a current project  in a 13th grade 
project class  (Sept. 2008 – Mai 2009)

Based on these experiences, a similar project was start-
ed in September 2008. Students of grade 13 will investi-
gate questions related to the increase in carbon dioxide 
concentration in the ocean.  A class of 14 students was 
split up into 6 groups working together with tutors of 
IFM-GEOMAR. In this course, the focus is more theo-
retical. The groups will work with scientific literature, 
carry-out library studies, prepare posters and share their 
results in an oral presentation session. Finally, the stu-
dents will write essays on their specific topics.

Red algae at Kiel Fjord. Phytoplankton cultures. Student experiment: Starfish prefer a specific salinity.

Preparing a scientific poster.

Research vessels: Polarfuchs and ALKOR.

31) in cooperation with IFM-GEOMAR (Leibniz Institute for Marine Sciences), the University of Kiel and the Cluster of Excellence “The Future Ocean”
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Lampedusa, Italy 
Istituto Onnicomprensivo “Luigi Pirandello”: 
Atmosphere, climate, and sustainable  
development
By Alcide Giorgio di Sarra, scientist at ENEA/ACS32 and Maria 
Angela Marramaldo, headmaster (pictures by F. Monteleone, G. 
Giovanetti, and S. Piacentino)

The project “Didactic experiments on the atmosphere, 
climate, and sustainable development at the high school 
of Lampedusa” took place during the year 2007. Lampe-
dusa is a small island in the southern central Mediter-
ranean, where about 5000 people live. A measurement 
station dedicated to the study of climate is operational 
on the island since 1997. 

The project was proposed by ENEA jointly with the local 
high school, Luigi Pirandello and was partially supported 
by the Italian Ministry for Education; three teachers 
(science, informatics, and sport) participated in the ex-
periments, and worked on the subject at school during 
the ordinary lessons.  Four senior and three young scien-
tists, as well as two technicians from ENEA, contributed 
to the project in different ways.

The core of the project involved about 30 students,  
15-18 years of age, and was based on introductive semi-

nars, a visit to the measurement station, and hands-
on experiments. The students were divided into three 
groups and each of the groups participated in two field 
experiments. An introductory seminar provided back-
ground information on the atmospheric structure, at-
mospheric composition, and climate.

The first experiment consisted in the preparation, 
launch, and collection of data from a radiosonde that 
was launched from the ENEA Station for Climate Obser-
vations, which is located on the north-eastern coast 
of the island. The data were used to derive informa-
tion on the atmospheric vertical structure and to dis-
cuss the energy equilibrium, which forms the basis of 
climate.  Preparing the radiosonde (calibration, testing 
of the communications system, understanding the me-
teorological parameters), as well as filling and releas-
ing balloons, were amusing challenges for the students. 
They were lucky as each group could get a record with 
their balloon: Group A won the prize for the balloon 
top altitude (33,729 m), Group B for the lowest tem-
perature (-65.7°C), and Group C for the strongest wind 
(67.2 m/s) and longest flight distance from Lampedusa 
(292.3 km).

The second experiment consisted in sampling ambient 
air, each group at different times of the day, in downtown 
Lampedusa. After sampling, each group participated in 
the analysis at the ENEA Station for the determination of 
the CO2 contents. The CO2 mixing ratio measured down-
town during the day was compared with the values 
measured at the ENEA station, far from the downtown 
traffic. While the air was being sampled in stainless 
steel canisters on the main road of Lampedusa, a 
small crowd gathered and began assisting with interest 
in the sampling and the students were explaining to the 
public what they were doing. The differences (the CO2 
at noon was more than 10 ppm higher downtown than 
at the station) were discussed in relation to natural and 
anthropogenic CO2 sources, energy use, daily life, emis-
sions, and sustainable development. 

The seminar and experiments took place within a single 
week; each group participated in two morning sessions 

32) Ente per le Nuove tecnologie, l’Energia e l’Ambiente (National Agency for New Technologies, Energy and the Environment), Department for the Environment, 
Global Change and Sustainable Development

(about three hours each) and two afternoon seminars 
(one at the beginning, and one at the end of the week). 
The collected data, as well as some additional data (the 
complete record of CO2 measurements at Lampedusa, 1992-
2007), together with suggestions for simple analyses to 
be performed in class, were distributed to the teachers.

At the end of the year, one morning was dedicated to the 
presentation of the activities to the other students of 
the high school (about 150 students). Presentations were 
prepared by the groups that had participated in the proj-
ect and by the teachers. Within this seminar, the students 
also had to communicate to their schoolmates about the 
outcome of their experiments. Two final seminars (on gla-
ciology and climate, and on energy and climate) were 
given by the ENEA experts. As part of the project, a me-
teorological station was also installed on the roof of the 
high school to allow for the familiarization with meteo-
rological variables and instruments, and to start the sys-
tematic collection of meteorological parameters.

Students were strongly interested by the project and got 
heavily involved in the activities  thanks to the rele-
vance of the discussed themes. The introductory seminar 
was supported by several practical experiments, which 
further motivated the students (the school did not have 
a scientific laboratory at that time, so the students did 
not have any similar experience beforehand). The stu-
dents participating in the project experienced a new 
and positive approach to scientific disciplines, learnt 
new, different and rewarding methods, and acquired a 
basic scientific vocabulary. It is, however, difficult to 

assess the influence of the experiment on the students’ 
future choices. Students’ parents responded positively 
to the activities carried out during the project. The 
involved teachers actively participated in the project, 
considering it a valid didactic tool and appreciated its 
high scientific level. They worked hard, and with enthu-
siasm, on the project and contributed significantly to 
its success. 

Ready for launch!  The radiosonde has been calibrated, tested, and connected to the 
balloon filled with helium.  

Trajectory followed by the balloon 
launched on March 21, 2007 by Group C, 

which attained the maximum distance 
from Lampedusa (292 km).

CO2 and wind direction (orange) measurements at Lampedusa 
on March 21, 2007.  The CO2 was measured downtown Lampe-
dusa (pink) and at the ENEA Station, which is far from the town 
(blue).  The wind originating sector is indicated in yellow.

Temperature profiles measured by the three groups using ra-
diosondes. The sonde from Group A reached the top altitude  
(33.7 km), the one from Group B the lowest temperature 
(-65.3°C), and the one from Group C encountered the strongest 
wind (67 m/s) and reached the largest distance from Lampedusa 
(292 km).
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because it incorporated many different subjects. This 
also showed the pupils that it is possible to approach 
one topic in many different ways when working at an in-
terdisciplinary level and they appreciated the coherence 
that this gives to their classes during the school year.
One very important aspect of the project work was that 
it gave the pupils an opportunity to work autonomously 
and on their own initiative (for example, the organic meal 
was entirely their idea). At the same time, they learnt to 
develop a collaborative attitude towards learning, i.e. to 
work along-side their teachers as well as other pupils 
in order to ask themselves questions, find answers and 
develop ideas. Therefore, the pupils generally felt that 
they had experienced a different approach to learning 
and expressed their willingness to continue.
For both teachers and pupils, working with scientists 
brought a breath of fresh air into the educational routine; 
the scientists brought us into contact with a different 
way of acquiring knowledge and they gave a specific con-
text to the subject that was being studied. The scientists 
are very approachable, enthusiastic and involved when 
with the pupils but unfortunately they are too busy to be 
frequently available and the pupils would have liked more 
contact with them.
The pupils had to write a report twice during the year 
describing what they had done, both as a team and in-
dividually, and their intentions for the next part of the 
project. They also had to describe the effects of climate 
change in English. The posters and work produced for 
the exhibition were an additional way of evaluating their 
achievements. 
Finding funding for certain parts of the project, for ex-
ample for transport and experimental equipment, was 

the cycle and how the natural environment (oceans and  
forests) adjusts to this change.

English and Spanish
Pupils worked on vocabulary related to climate change  
using materials such as newspapers, publications, web-
sites and video, and participated in debates and discus-
sions.

Project Outputs
An important aspect of this project was the work that 
the pupils produced as a result of their studies; in par-
ticular, that for a Sustainable Development Week exhibi-
tion, which they organised in the school, including:
• Posters showing climate change, the greenhouse  

effect, the carbon cycle, ecological footprints, the 
project partner laboratory and the scientists, CO2-sen-
sor measurements and interpretation.

• An educational game, “S.O.S CO2”: to increase aware-
ness of climate change issues.

• A conference for the school about the role of forests 
within the carbon cycle.

• Workshops:  the pupils modelled the greenhouse effect 
and demonstrated the CO2 analyser.

• An organic meal in the school canteen: to raise aware-
ness about reducing our carbon footprint by choosing 
local and in-season foods.

Comments on educational aspects
Many parts of the curriculum benefited from this project 

Libourne, France 
Lycée Max Linder
by Mauricette Mesguich, biology teacher and Stephanie Hayes, 
CarboSchools coordinator in Aquitaine (pictures by the authors)

This CarboSchools project is a collaboration between 
our school “Lycée Max Linder” and the EPHYSE research 
unit from INRA33, Bordeaux. In 2007-2008, it involved 
thirty-four 16-year-old pupils and eight teachers from 
the following disciplines: physics and chemistry, biol-
ogy and geology, economics and ECJS (civic, law & so-
cial education), English, Spanish, mathematics and the 
school library. On average, three hours per week were 
dedicated to the project, which was integrated into the 
curriculum and took place over the course of the school 
year. The project started with a conference given by a 
scientist from INRA on the climate, carbon cycle and 
role of forests, attended by nearly 100 pupils.

Multi-disciplinary activities

MPI (physical measurements and computing) 

We studied the mechanics of some sensors from a physi-
cal and electrical point of view and exploited the data 
measured by the sensors.
Another sensor that we studied was an infra-red CO2 
analyser installed outside the school building over the 
school yard. For a whole month, the levels of CO2 in the 
yard were measured and the pupils could see how they 
varied between day and night as a result of photosyn-
thetic activity by the trees.

ECJS (civic, law and social education) and economics 

Various research topics were chosen by the pupils, e.g. 
forest management, ecological footprints, ‘Grenelle de 
l‘environnement‘ (a governmental forum organised in 
France last September), and various aspects of sustainable 
development. The pupils visited a waste disposal unit and 
also conducted a school awareness-raising campaign in 
the form of a survey, discussion and art  exhibition.

SVT (biology and geology)
In these classes, the greenhouse effect and the carbon 
cycle were studied, as well as the human impact on

33) Institut national de la recherche agronomique, French national agriculture research center.

a difficulty. We solved this problem by registering with 
our educational board as an innovative project so that 
we could receive funding and by winning some prize 
money in a national science competition.
Some of the other teachers responded positively to our 
project and approached us to offer their help and involve-
ment. However, some teachers did not like the fact that 
we had created a class apart by gathering the best pu-
pils in the school. The headmaster was extremely pleased 
with this project because as a result an extra class was 
created, so this year there are two classes working on the 
project (a total of 70 pupils). At the end of the year, he 
thanked us and said “It was a pleasure to see such happy 
pupils”.

We studied the di-
ameter growth of 
trees with a potenti-
ometer sensor; first 
the principle of how 
the sensor works, 
and then, the trees’ 
annual growth. We 
also studied the life 
growth of trees by 
looking at ring width 
and dendrochronol-
ogy in order to deduct the climatic, environmental and seasonal 
conditions that affected the trees’ growth. 

The pupils visit the 
experimental site 
“Le Bray” to learn 
about the plant 
species of the for-
est, the sensors 
on the site, and to 
interact with a re-
searcher. The pupils 
produced a slide 
show report of their 

visit to show what they had learnt and their understanding of 
how researchers study the interaction between the atmosphere 
and forest vegetation. 

Several groups of two pupils worked on a different maritime pine 
tree from the same stand to compare their growth patterns. This 
graph shows the growth of a maritime pine. 

At the end of the 
project, the pupils 
organised a Sustai-
nable Development 
week to present 
their findings to 
the public. 
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This work is a cooperation between Platengymnasiet, a 
upper secondary school in Motala and the department of 
Soil and Environment at the Swedish University of Agri-
cultural Sciences, SLU. Two teachers in Motala, Rune Da-
vidsson and Lennart Wallstedt, have supervised the stu-
dents. Dr Monika Strömgren and prof. Mats Olsson from 
SLU have supported the project with methods and models 
for calculating the fluxes of carbon dioxide. The students 
have also visited the university in Uppsala, where they 
met scientists and received help with advanced measure-
ments of the carbon content in the soil.

The aim of our project was to encourage the pupils to 
discover and better understand research and its meth-
ods, to enable them to use current research and tech-
niques, and to discuss the development of their work. 
We wanted them to understand nature‘s role in climate 
change and to become conscientious individuals. 

Our project helped students to reach many goals in the 
curriculum for project work. For example, that pupils are 
able to delimit a task or a problem, to choose relevant 
material, methods as well as relevant tools, to discuss 
with the supervisor how their work is progressing, to 
provide a written report of the project describing the 
progress of the work (from initial idea to final product), 
and to assess, either in writing or verbally, their work-
ing procedures and results.

Motala, Sweden 
Platengymnasiet: is the forest a source or a 
sink of carbon dioxide?
By Rune Davidsson and Lennart Wallstedt, science teachers 
(pictures by the authors)

Is the forest a source or a sink of carbon dioxide? Eight 
students, 18-19 years old, in upper secondary school 
have been working on this project over one year, for an 
average of two lessons per week. They have measured 
the soil respiration and the growth of the trees in a for-
est during the year. 

The forest is situated about 5 km from the school and 
the students visited the forest several times to make 
measurements and collect data. The soil respiration was 
estimated by measuring the increase of carbon diox-
ide in small, closed chambers placed on the ground. By 
measuring the increasing content of carbon dioxide in 
the chamber, it is possible to calculate the release of 
carbon dioxide from the ground. The method is based on 
a few assumptions, for example about the level of res-
piration from the roots and the effects of temperature. 
In the forest, they have also counted the numbers of 
trees, measured the diameters of the trees and the an-
nual growth of young trees. The figures were put into a 
model so that the amount of carbon dioxide uptake per 
square metre, per year could be determined. 

earlier with the work for this second year. Some pupils 
thought the teachers have steered their work too much 
but others wrote about good contact with the teach-
ers with a lot of interaction. Perhaps we could reduce 
our involvement in the pupils‘ work in the future. We 
have faced some problems with the equipment but have 
solved it together with the pupils and the scientists.

We have a positive principal and interested colleagues. 
The parents of one pupil told us that their son had 
changed his plans for university during our project so 
that he could continue with these subjects. 

Thanks to the evaluation, but also to all discussions 
with the students during the work and the pupils writ-
ten reports, we understand that our students reached 
our project goals quite well, so we are very satisfied 
with this project and we want to continue to co-operate 
with the scientists from SLU.

According to an evaluation of the cooperation with SLU 
during year 2007-2008, our pupils seemed to be very 
pleased with our project. They found it very interesting 
and appreciated having access to scientists and thought 
that the project had a good combination of practical 
and theoretical work.

They found it fun and exciting to draw conclusions 
based on measurements; to have experienced science 
„for real“. They have acquired a more in-depth knowl-
edge about, for example, carbon sinks, and practical 
knowledge. One pupil wrote: ”I am thinking more of 
the environment now, such as going by car to a lesser 
extent.” Another pupil said: „I am MEGA-satisfied with 
my effort. I have done my very best and I have learned 
a lot. I‘ve invested heart and soul in this ... „.

What did the involvement with a scientist bring? The 
pupils wrote that it became more fun and exciting; it 
feels bigger and more important: „the scientists could 
help us more with the method than our teachers and 
have given us many ideas that might not otherwise have 
come up”. The pupils have learned about how authentic 
research works in reality and they wrote that they have 
become more interested in doing research. 

From the evaluation, we know that the time-planning 
and the structure could be improved to reduce the stress 
at the end of the project. Therefore, we have started 

Pupils and teachers from Platengymnasiet in the School forest, 
5km north of Motala. Measuring the diameters of the trees.Measuring the soil respiration.Collecting data from our wetherstation.



„...Thus human beings are now carrying out a large scale geophysical 
experiment of a kind that could not have happened in the past nor be 
reproduced in the future. Within a few centuries we are returning to 
the atmosphere and oceans the concentrated organic carbon stored in 
sedimentary rocks over hundreds of millions of years.“

Roger Revelle & Hans E. Seuess. 1957

------

„This would be a better world for children if the parents had to eat 
the spinach“

Groucho Marx in Animal Crackers, 1930
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This booklet is dedicated to 

teachers and scientists who want 

to train younger generations to be 

able to understand the challenges 

of climate change and to motivate 

them to find and implement the 

solutions for a sustainable hu-

manity.

The first chapter gives an over-

view of the most remarkable find-

ings from five years of European 

research on the terrestrial and 

marine carbon cycles within the 

projects CarboEurope and Carbo-

Ocean, and shows the wider per-

spective of the latest trends ob-

served in the global carbon cycle.

The second chapter addresses the essential actions we 

need to take if we want to stop further threatening the 

equilibrium of life on Earth.

The third chapter illustrates how secondary schools work 

with scientists and learn about climate change research 

through the CarboSchools initiative launched in 2005 by 

CarboEurope and CarboOcean.

We are at the bottom of the mountain in terms of our 

capacity to understand what we are doing to the Earth’s 

system and in our capacity to achieve sustainability. We 

need new cohorts of passionate researchers to address 

the ever unknown complexity of planet Earth. We need 

visionary citizens and politicians to change our course  

locally and globally. We have to leave our children a world 

where the alarming trends go down again!

Last check before balloon launch: in a few minutes  
Italian students from scientific high school “Luigi  
Pirandello” will sample the atmosphere over the  

island of Lampedusa  

European distribution of the annual fossil fuel CO2  
emissions, brighter colours indicate higher emission rates  

(IER, University of Stuttgart)
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