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CSIC SCIENTIFIC CHALLENGES: TOWARDS 2030

What are the major scientific challenges of the first half of the 21st century? Can we 
establish the priorities for the future? How should the scientific community tackle them?

This book presents the reflections of the Spanish National Research Council (CSIC) 
on 14 strategic themes established on the basis of their scientific impact and 
social importance.

Fundamental questions are addressed, including the origin of life, the exploration 
of the universe, artificial intelligence, the development of clean, safe and 
efficient energy or the understanding of brain function. The document identifies 
complex challenges in areas such as health and social sciences and the selected 
strategic themes cover both basic issues and potential applications of knowledge. 
Nearly 1,100 researchers from more than 100 CSIC centres and other institutions 
(public research organisations, universities, etc.) have participated in this analysis. 
All agree on the need for a multidisciplinary approach and the promotion of 
collaborative research to enable the implementation of ambitious projects focused 
on specific topics.

These 14 “White Papers”, designed to serve as a frame of reference for the 
development of the institution’s scientific strategy, will provide an insight into 
the research currently being accomplished at the CSIC, and at the same time, build 
a global vision of what will be the key scientific challenges over the next decade.

VOLUMES THAT MAKE UP THE WORK

 1 New Foundations for a Sustainable Global Society

 2  Origins, (Co)Evolution, Diversity and Synthesis of Life

 3  Genome & Epigenetics

 4  Challenges in Biomedicine and Health

 5  Brain, Mind & Behaviour

 6  Sustainable Primary Production

 7  Global Change Impacts

 8  Clean, Safe and Efficient Energy

 9  Understanding the Basic Components of the Universe, its Structure and Evolution

 10  Digital and Complex Information

 11  Artificial Intelligence, Robotics and Data Science

 12  Our Future? Space, Colonization and Exploration

 13  Ocean Science Challenges for 2030 

 14  Dynamic Earth: Probing the Past, Preparing for the Future 
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CHAPTER 4

ABSTRACT

Humankind is facing unprecedented climate 
and environmental crises with economic and 
social consequences that may compromise our 
development. Therefore, to design science-
based policies for our fair and sustainable 
development we need to consider the long-term, 
natural evolution of Earth ecosystems and 
biogeochemical cycles. Characterizing the 
temporal context for environmental changes is 
necessary to understand the impacts at a 
planetary scale of the current climate change 
and increased human pressure. The concept of 
“safe planetary boundaries” for humankind 
development critically frames the drivers, 
dynamics and challenges, like the present global 
warming, the biodiversity crisis, and the 
alteration of geochemical cycles that are 
currently affecting us. However, the definition 
of boundaries for our “safe” development and 
the “natural” Planet dynamics can only be 
properly carried out if a larger temporal scale 
than the last few decades when instrumental 
records are available is taken into account. The 
three objectives in this challenge are related to 
understand i) the short and long-term climate 
variability, the dynamics of past abrupt climate 
changes and the main forcing and their impacts 
on Earth dynamics and human populations, ii) 
past changes in ecosystems, landscapes and 
surface processes and their feedbacks and 
finally, iii) the long-term changes in the 
biogeochemical cycles.

KEYWORDS

global warming  great acceleration  
paleoenvironments  paleoclimate modelling  
biogeochemical cycles   
rapid climate changes  
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1. INTRODUCTION AND GENERAL DESCRIPTION

Humankind is facing unprecedented climate and environmental crises with 
economic and social consequences that may compromise the development of 
our societies on Planet Earth. Changes in our Planet dynamics have played a 
determinant role in the evolution, migration and extinction of hominids and 
controlled the onset of sedentary societies, the development of agriculture 
and the Neolithic revolution, and the rise and fall of civilizations and empires. 
The history of the Homo genus is linked to the natural evolution of the Plan-
et, although the detailed interplays of environment-climate-humans remain 
unclear in crucial milestones as the origin of bipedalism in the first hominids. 
the fate of Neanderthals, the onset of agriculture, the first cities and the Neo-
lithic revolution, and the recent impact of humankind in the Planet owing to 
complex and often non-linear relationships. To design science-based policies 
for a fair and sustainable development of the societies we need to consider the 
long-term, natural evolution of Earth ecosystems and biogeochemical cycles 
and to understand the impacts at a planetary scale of the current climate 
change (Global Warming) and increased human pressure (Great Accelera-
tion). To prepare as species and humankind to the planetary-scale challeng-
es we need a complete knowledge and comprehension of our planet, an 
Earth-System strategy and vision and a time perspective that only geological 
records can provide.

Coordinators
Ana Moreno  
(IPE, CSIC)

Santiago Giralt  
(GEO3BCN, CSIC)

CHAPTER 4
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We have entered a new phase (so called the Anthropocene) characterized by 
abundant empirical evidence of the unprecedented rate and global scale of im-
pact of human influence on the Earth System since the Industrial Era (Steffen 
et al., 2016). The concept of “safe planetary boundaries” for humankind devel-
opment critically frames the drivers, dynamics and specific challenges, such as 
the present global warming, the crisis in biodiversity, the alteration of geochem-
ical cycles and other environmental threats that are currently affecting Earth’s 
population. However, the definition of boundaries for the “safe” development 
of our societies and the “natural” Planet dynamics can only be properly carried 
out if a larger temporal scale than the last few decades when instrumental re-
cords are available is taken into account. Hence, past global changes provide the 
only possible analogs of Earth scenarios and the only validation for forecasting 
models for climate and environmental evolution at the end of the 21st century. 
Geological records hold the key to our understanding of what lies ahead. Be-
sides, to understand the uniqueness of the rapid nature of the changes we are 
witnessing in the Planet in recent decades, we need to identify other periods in 
Earth History when abrupt changes happened. Fortunately, geological records 
provide such opportunities, mainly related to the Precambrian Snowball epi-
sodes, the regional glaciations recorded at the end of the Hirnantian (Ordovi-
cian), the Carboniferous, the Permian crisis and along the Quaternary Period 
(last 2.58 Ma), when our species (Homo sapiens sapiens) begun and developed, 
as well as generalized greenhouse episodes, such as those recognized in the Ear-
ly Palaeozoic and Early Mesozoic. Therefore, to better define the natural bound-
aries of a safe Planet for humankind and set in a context for the recent trends 
we will focus on three main but complementary perspectives: climate, biodi-
versity and biogeochemical cycles. The recent biodiversity crisis and its rela-
tionship with previous ones and the Biosphere dynamics will be dealt with in 
Challenge # 7, although Geoscience teams will also contribute with paleoeco-
logical strategies. Similarly, climate change as a main driver of the Global Change 
dynamics is considered in other Challenges but limited to its instrumental and 
documentary range, not with the full needed temporal range of its variability 
provided by the geological record.

The three main objectives in this challenge will be related to climate, environ-
mental and biogeochemical cycles, particularly understanding i) the short 
and long-term climate variability, the dynamics of past abrupt climate chang-
es and the main forcing (insolation, volcanics, ocean-atmosphere-hydro-
sphere-biosphere interactions) and their impacts on Earth dynamics and hu-
man populations, ii) past changes in ecosystems, landscapes and surface 
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processes and their feedbacks iii), the long-term changes in the biogeochem-
ical cycles (C, N, P, S…). Although Quaternary records are more likely to have 
the chronological resolution and sensitivity to address these objectives, deep-
er time archives (since Archean to Neogene times) will also be used to con-
strain climate, environment and biogeochemical cycles.

2. IMPACT IN BASIC SCIENCE PANORAMA  
AND POTENTIAL APPLICATIONS

Understanding the impacts of the undergoing global warming, the increasing 
human pressure on the Planet and their consequences in the different Earth 
domains is of paramount importance to correctly design both sustainable and 
environmental friendly strategies and to establish long-term policies that 
might allow reducing the negative impacts that the current rise of carbon di-
oxide might have on our development. Our strategy aligns with the Sustaina-
ble Development Goal 13 (Take urgent action to combat climate change and 
its impacts) defined by the United Nations.

2.1. Past constrains to our future climate
Reliability of future global warming projections depends on how well climate 
models reproduce the observed climate change over the twentieth century 
(Kravtson et al., 2018). At present, climate models reproduce with a signifi-
cant degree of confidence the seasonal, annual, and multi-annual climate var-
iability owing to both the excellent availability of instrumental meteorologi-
cal datasets and the large computational capacity that allows the use of 
sophisticated climate models. However, decadal climate variability present 
in the instrumental meteorological datasets is poorly modeled in terms of its 
magnitude, spatial patterns and its sequential time development. Longer data 
series are clearly needed to improve the models predictability.

Decadal-scale climate variability is crucial for understanding present and fu-
ture climate as it allows us to contextualize the response to anthropogenic 
forcing with natural changes due to internal climate dynamics (Cane, 2010). 
The modes of variability affect global, hemispheric and regional climates on 
different spatiotemporal scales and can therefore have important societal im-
pacts. They are often associated with severe climate events such as droughts, 
floods, heat waves and cold spells affecting agriculture, water resources and 
blue economies, which, in turn, modulate air quality, fire risk, energy availa-
bility and human health (Zubiate et al., 2017).
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Geological records are the best archives for studying this decadal-scale climate 
variability as it is their most often temporal-scale resolution. Therefore, the 
main efforts of the CSIC researchers will be focused on obtaining the control of 
long-term climate reconstructions in the replacement of microbial and shelly, 
benthic and pelagic ecosystems, although shorter (i.e., seasonal, annual) and 
longer (i.e., centennial, millennial) temporal scales will not be disregarded.

2.2. Abrupt and Rapid climate changes
Long-term climate changes might be led by variations in the dominance, in-
tensity and relationship among the modes of climate variability as can clear-
ly be seen during the Medieval Climate Anomaly (MCA) and the Little Ice 
Age (LIA). These rapid changes have proven to be responsible of many of the 
migrations that societies have faced through time, especially when living in 
areas vulnerable to drought, flood, and abrupt and significant temperature 
changes (Kaczan and Orgill-Meyer, 2020). The Mediterranean area in gen-
eral, and the Iberian Peninsula in particular is a high vulnerable area (IPCC, 
2013). There are evidences of increase in the frequency and intensity of some 
extreme climate events as a consequence of global warming and it is expect-
ed to continue to increase under medium and high emission scenarios, 
strongly affecting ecosystems as well as economic goods. In fact, the project-
ed changes for the end of the 21st century under high-warming scenarios are 
greater than those under historic climate change. The scientific efforts will 
be focused to determine the periodicity and recurrences of these abrupt cli-
mate changes further analyzing the available geological archives, such as 
lake and marine sediments, speleothems, peatbogs, ice, and corals. Although 
some efforts have been carried out to perform this task they have always 
been done from the qualitative perspective and not from the quantitative 
one. The qualitative reconstructions are very useful to describe past climate 
and environmental evolutions. However, these reconstructions can be real-
ly useful when incorporated in global climate models as quantitative recon-
structions since they can be then employed to validate climate variability 
when testing the performance of these models. This cutting-edge research 
field, between the climate modelers and the paleoclimatologists, who work 
in climatic models from Archaean-Proterozoic- Phanerozoic to the Quater-
nary, is currently being developed and it will become a significant hot topic 
in the next few years since both research communities have already agreed 
that, if global climate models must be employed to forecast future challeng-
es that society will face, they should perfectly simulate well-known past cli-
mate and environmental conditions (Phipps et al., 2013).
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The coupling (uncoupling) of the modes of climate variability might enhance 
(reduce) the intensity and periodicity of these abrupt climate changes. In 
fact, the main climate chronozones of the last 2,000 years in the Iberian Pen-
insula can be explained by changes in the coupling/uncoupling of the North 
Atlantic Oscillation and the Easter Atlantic climate modes (Sánchez-López 
et al., 2016). Despite the large effort carried out to characterize in detail the 
decadal climate evolution of a given climate chronozone, like the LIA (Oliva 
et al., 2018) and the MCA (Moreno et al., 2012) there is still a scarce knowl-
edge of the forcing mechanisms responsible of their evolution. The correct 
assessment of the intensity and frequency of these abrupt climate events as 
well as of their most probably forcing mechanisms can only be performed if 
longer than instrumental meteorological datasets are available.

One side effect of the present global warming is linked to the significant modifi-
cation of the ice mass balance. The ice mass balances of Antarctic and Greenland 
ice sheets represent the largest uncertainty for predicting future sea-level rise 
worldwide (Dowdeswell, 2006). The mass balance is determined by the ratio be-
tween the snow accumulated inland of the ice sheet and the ice removed in the 
coastal zone. However, the mechanisms controlling the flow of ice flow in polar 
ice sheets are not yet understood. It is therefore crucial that these mechanisms 
must be understood in detail in order to predict the volume of polar ice that ar-
rives to the oceans thus controlling sea level evolution (Kopp et al., 2017). Accord-
ing to the Intergovernmental Panel on Climate Change (IPCC, 2014), the current 
climate change is expected to directly impact ecosystems and human societies by 
enhancing processes like sea level rise. The prediction of ice-sheet discharge is 
highly relevant in times of intensive warming in polar regions.

2.3. The current Biodiversity crisis and previous extinctions
Five mass extinctions are known in the past, some of them related to sharp pale-
oclimatic shifts. These are the Ordovician, Devonian, Permian, Triassic-Juras-
sic and Cretaceous-Tertiary (or the K-T) Mass Extinctions. Climate change and 
increasing anthropogenic impacts on the environment are projected to become 
the leading drivers of biodiversity loss, eroding the natural capital that sustains 
human wellbeing and prosperity. The challenge of understanding these large-
scale changes and their consequences for human wellbeing have led to the de-
velopment of a set of planetary boundaries to guide Earth system governance. 
These boundaries identify key biophysical limits which, by staying within these 
limits, humankind may reduce the risk of crossing thresholds that could lead to 
devastating and potentially irreversible environmental change, ensuring the 
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maintenance of critical ecosystem services (Nash et al., 2017). However, it is not 
clear when during this 21st century ecological assemblages might suffer such 
losses, and whether the process will be gradual or abrupt.

Most of the existing biodiversity forecasts lack the temporal perspective need-
ed to answer these questions because they indicate the number and locations 
of species threatened by climate change for just a snapshot of the future, of-
ten around the end of the century (Trisos et al., 2020). Usually, these biodi-
versity forecasts focus at the level of several target species rather than ecolog-
ical assemblages. However, many of the most sudden and severe ecological 
effects of climate change can occur when conditions become unsuitable for 
several co-occurring species simultaneously, causing catastrophic die-offs and 
abrupt ‘regime shifts’ in ecological assemblages.

Therefore, a holistic and long-term characterization must be carried out in 
order to characterize how these biodiversity losses are initiated, which are 
their evolution and main driving mechanisms, and which are the thresholds 
that led to these abrupt ‘ecological shifts’ (i.e., long-term climate fluctuations, 
anthropogenic exploitation of natural resources). The geological record of-
fers a unique opportunity to reconstruct and characterize the onset, evolu-
tion and offer clues about the main drivers of past global diversity crises. These 
reconstructions of past global crises in biodiversity, including extinctions, 
help to frame the current biodiversity trends in a longer time-scale context 
and to understand how life responds to environmental perturbations, such as 
climate loss of habitats, in order to provide the boundary conditions for engi-
neers and policymakers working to mitigate impacts and hazards. Reconstruc-
tions of past global crises evolution show, in addition, the potential role of re-
silience, if exits, and how usually is the post-crisis scenario.

The recent biodiversity crisis and its relationship with previous ones and the 
Biosphere dynamics will be dealt with in Challenge # 7, although Geoscience 
teams will also contribute with paleoecological strategies.

2.4. Anthropogenic impacts
Concern about the anthropogenic impact on climate has led to predictions of 
how people living in areas vulnerable to drought, flood and temperature ex-
tremes will respond to such events. Although some recent studies have focused 
on observed climate events and trends to document how migration flows vary 
as a function of both the severity of the event and the ability of people to mi-
grate, among other factors, most of these studies lack a long-term perspective 
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that might help to design and implement more effective environmental and po-
litical measures to mitigate the adverse effects of these climate events. Indeed, 
hydrology, surface processes, biological dynamics and even socio-economic evo-
lution are particularly sensitive to both climate and environmental changes at 
varied temporal scales (http://www.ipcc.ch/). Short- and long-term Pleistocene 
and Holocene climate and environmental fluctuations have influenced human 
migrations and territory occupations as well as agricultural productivity, food 
security, health risk, and conflict level of preindustrial societies. However, dis-
crimination between climate, environmental and anthropogenic impacts on 
past humankind evolution remains difficult because of the complex and often 
non-linear interactions between multiple driving mechanisms.

Therefore, the use of a new transdisciplinary and cutting-edge approach em-
ploying historical, archaeological, paleoenvironmental and paleoclimate data 
is strongly encouraged since it will provide access to long-term perspectives 
on human ecodynamics (interaction between human social and cultural sys-
tems, and climate and environment) and offer a unique basis for counteract-
ing the recent political and fiscal reluctance to mitigate projected climate 
change (Büntgen et al., 2011). In this context, high-resolution temporal-scale, 
multi-disciplinary, and robust paleoclimate and paleoenvironmental recon-
structions are of paramount importance since they provide key information 
on this long-term human ecodynamics evolution.

Human activities now rival the great forces of nature in driving changes to the 
Earth System and this fact has led to the proposal that Earth has entered a new 
geological epoch called the Anthropocene (Gaffney and Steffen, 2017). Although 
there is a lack of consensus on the spatiotemporal onset of the Anthropocene, 
otherwise called “Age of Humans”, which will be the main indicators that will 
define this geological period, and how this geological epoch will be formally de-
fined, human action is undoubtedly the main driver in the origin of many cur-
rent landscape configurations and their recent evolution. Therefore, its defini-
tion and characterization is key to determine from when the Earth System might 
have been functioning beyond the natural climate and environmental Earth 
variability for the last millennia or even millions of years.

The nature and dynamics of environmental changes can only be approached 
throughout long-term studies of landscape evolution using a multiproxy and 
multidisciplinary methodology, evaluating independently both climate and 
human action through robust and well-dated evidences.
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2.5. A longer term perspective of recent and future  
biogeochemical cycles
The third complementary perspective of reconstructing past global changes is re-
lated to the long-term characterization of the biogeochemical cycles. The onset 
of the intensive agriculture in the 1950s has strongly increased the N/P (nitrogen/
phosphorous) ratio in the atmosphere and thus in natural, semi-natural and man-
aged ecosystems. This ratio increase, together with high levels of carbon dioxide 
in the atmosphere due to anthropogenic emissions, has a profound and yet uncer-
tain consequences on the phosphorus cycle and N:P stoichiometry for the struc-
ture, functioning and diversity of terrestrial and aquatic organisms and ecosys-
tems as well as threats biodiversity, ecosystem productivity, food security, and 
human health (Peñuelas et al., 2020). This abrupt modification of the biogeochem-
ical cycles, among other factors, served to define the term ‘Great Acceleration’ in 
order to capture the holistic, comprehensive and interlinked nature of the post-
1950 changes simultaneously sweeping across the socio- economic and biophys-
ical spheres of the Earth System, encompassing far more than climate change. 
This Great Acceleration has become an iconic symbol of the Anthropocene and it 
is being used as an indicator of the trajectory of this new geological epoch.

Biogeochemical processes are of particular interest in the ‘critical zone’ de-
fined as Earth’s outermost surface, from the vegetation canopy to the zone of 
groundwater (Brantley et al., 2006), and thus encompasses the nexus amongst 
all earth systems. Most terrestrial life resides in the critical zone, and it is rap-
idly undergoing transformation by anthropogenic changes. As ICDP stated in 
its Science Plan in 2019, “the critical zone is, indeed, the key record of the 
emerging Anthropocene”.

Paleoenvironmental records from geological sequences may provide the 
longer perspective in biogeochemical cycles and a better understanding of 
current processes.

3. KEY CHALLENGING POINTS

Reconstructing past global changes face a number of challenges that hampered 
the achievement of the aforementioned goals. The major challenges are:

1. The limited temporal and spatial coverage of the needed geological 
records to obtain reliable and robust spatiotemporal short and long term 
evolution of key climate/ environment parameters (i.e., precipitation, 
temperature, chemical element cycling, …)

© CSIC © del autor o autores / Todos los derechos reservados



VOLUME 14 | DYNAMIC EARTH: PROBING THE PAST, PREPARING FOR THE FUTURE

Ana Moreno and Santiago Giralt (Chapter Coordinators) 61

2. The proxy quantification to obtain the availability of long and highly-
resolved temporal records that might allow to capture decadal climate 
variations.The only way to overcome these two major limitations is to 
combine a large variety of sedimentary records (such as espeleothems, 
lake and marine sedimentary records and peatbogs, archeological sites, 
etc., at short-term chronological intervals, and climatically sensitive 
facies and minerals associated with fluctuations in biodiversity and 
evolutionary patterns at long-term chronological intervals) in order to 
ensure the best spatiotemporal coverage as well as to use a large array of 
techniques at high-temporal resolution to obtain the best information of 
the studied records. Also, it is of paramount importance to establish 
close collaborations between the different research groups to ensure 
that a real multidisciplinary approach is applied and that a sufficient 
temporal and spatial coverage is attained. To this end, the use of indirect 
climate indicators (also known as proxies) from natural archives 
becomes of paramount importance. Proxies generally respond to 
environmental parameters such as temperature and precipitation, and 
in turn may be indirectly linked to certain modes of climate variability, 
through for example their response to the atmospheric circulation 
(Bradley, 2015). Over the last decades, several studies have attempted to 
reconstruct a number of modes of climate variability at different time 
scales using historical documents and natural archives (proxy records). 
Major findings show evidence of the spatiotemporal variability of these 
modes, their impacts, interactions and possible links to external forcing 
since the early Holocene and especially for the last millennium 
(Dätwyler et al., 2018).

3. More accurate and robust chronological models by integrating several 
absolute (AMS 14C, 210Pb/137Cs, 234U/230Th, Optical Stimulated 
Luminiscence, tephrochronology) and relative (paleomagnetism, 
orbital tuning) techniques, depending on the type of record and its 
temporal scale.

4. Model- Data integration. The decadal characterization can only be 
carried out when working together climate modelers and 
paleoclimatologists and this is one of the main goals that we CSIC 
researchers’ should focus rooting the new research in the previous 
expertise we have.

5. Accessible and FAIR databases. Results must be independently 
checked by other researchers in order to validate them. This implies 
that datasets employed in research should be accessible following 
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standardized protocols. Although, there are some public databases 
(i.e., NOAA Paleoclimatology: https://www.ncdc.noaa.gov/data-access/ 
paleoclimatology-data) in which researchers can make publicly 
available their datasets and scientific journals begin to compel authors 
to submit the employed datasets prior to the final acceptance of a given 
manuscript, these initiatives must be generalized.

6. Understanding ice flow in polar ice sheets. The goal to understand how 
ice flows from the accumulation to the ablation zone is crucial for 
correctly estimating the changing mass in polar ice sheets. To achieve 
this objective, the balance between i), the internal deformation of the 
ice itself, driven by gravity flow, and ii), the ice-sheet basal motion, 
which takes place only where the ice bed is at the pressure melting 
point (temperate ice) should be characterized in detail.

7. Monitoring Networks. The main challenge that might hamper the 
acquisition of quantitative past global reconstructions is the lack of long 
and continuous monitoring datasets that allow to characterize in detail 
how the climate and other environmental signals are transferred to the 
sediments. Implementing and maintaining this monitoring network is 
costly both in instrumentation and personnel but, without investing the 
required funds to conduct it, we will not be able to obtain these 
quantitative past global reconstructions.

8. Repositories of geological archives. Only a large and coordinated effort 
between all research groups involved in this task can overcome this 
limitation and CSIC researchers are already working in this direction.

There are also specific challenges for each dimension of the past global changes:

3.1. Climate

 Ț How did the Earth’s climate system behave during warmer / high-CO₂ 
worlds?

 Ț How did the Earth’s climate system behave during glacial / interglacial 
cycling in cold and warmer worlds, and during icehouse greenhouse 
transitions?

 Ț What are the fundamental processes and feedbacks forcing climate 
transitions, at timescales from decadal to million years and beyond?

 Ț How fast did permafrost and gas hydrate stability react on changing 
climate and vice versa?

 Ț How does ice rheology control ice-sheet motion?
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 Ț What is the influence of temperate ice in deeper parts of the ice-sheets 
on the ice flow properties?

 Ț How is the ice sheet discharge enhanced due ice-sheet basal motion?

3.2. Environment/Biodiversity

 Ț What were the biotic responses to major environmental changes (e.g., 
climatic, super-eruptions, impacts), at timescales from decadal to 
million-year and beyond?

 Ț What were the impact of abrupt climatic / biogeochemical events at 
decadal to millennial timescales, and how are these propagated through 
the atmosphere– hydrosphere–biosphere systems?

 Ț Calibrating the palaeoclimatic influence in the replacement and 
disappearance of microbial and shelly ecosystems in deep time

 Ț High-resolution, near-time targets are also needed to fully probe 
questions regarding the sensitivity of land surface processes to 
anthropogenic perturbations.

 Ț Lakes can enable a vastly improved understanding of phylogenies 
through the combined study of body and molecular fossil information in 
such self-contained ecosystems.

3.3. Biogeochemical cycles

 Ț What are the key processes characterizing Earth’s Critical Zone?
 Ț How the carbon, oxygen, sulphur and phosphorous cycles were affected 

by biotic crisis in the past?
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Every day human activities involve interaction with our 
planet Earth. Everything around us is built upon the Earth, 
grows on the Earth, or depends on the environments and 
internal dynamics of the Earth to some degree. Indeed, 
Earth’s dynamic processes have strong influence on our 
society today as they have had at any time in human history, 
providing both major opportunities as well as challenges. 
Therefore, the knowledge about the Earth is the key to 
develop an informed citizenry and a global awareness of 
a common Planet and a common future. For example, 
dynamic processes during interaction between the tectonic 
plates that make up the outer “skin” of Earth provide us 
with the valuable mineral deposits we need to develop our 
society, or the arable land and fertile soils needed to sustain 
it. Likewise, plate boundaries are the locus of hazards such 
as earthquakes, tsunamis, and volcanic eruptions that 
can cause large-scale disruption to, and displacement of, 
communities and economies. Just as one example, the 
March 11th, 2011 Tohoku earthquake offshore Japan, shows 
how a single-event natural disaster caused by one of the 
dynamic processes of the Earth (plate subduction) can 
have important socio-economic impacts that range from 
large-scale infrastructure damage to local and regional 
population relocation. Understanding the full range of 
Earth’s dynamic processes will not stop natural disasters 
like the Tohoku earthquake, but it will provide important 
information for developing models for their mitigation. 
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