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Climate change likely represents the major modifying agents of functional and structural processes
in terrestrial and marine ecosystems. Its importance lies in the fact that the space-time dynamics through
which it acts on environmental systems are scale dependent and, consequently, the responses are also
dependent on the space scale. Writing, therefore, on the impact of climate change on the ecology of plant
species is certainly a tremendous—highly timely—challenge. This is also given the huge collection of
studies that have analysed the consequences of climate change as specific effects on plant species and
plant communities. Many studies have been conducted so far on the alteration of primary productivity,
which is so important in the economic evaluation of the effects of climate change on agricultural species,
but also on forest ecosystems, where the damage caused by environmental pollution has also been
exacerbated by sudden changes of climatic parameters. As a consequence of the, only apparently,
chaotic behaviour of the climate, the effects on photosynthetic activity and primary productivity
are different at the various latitudes and longitudes of the planet. In fact, globally, greening trends
(the increased photosynthetic activity in vegetation over time) have significantly increased over the
last two-three decades by 22–33%, particularly over China, India, many parts of Europe, central North
America, southeast Brazil, and southeast Australia [1]. This also results from a combination of direct
factors, i.e., land use and management, forest conservation, and expansion, and other indirect factors,
i.e., increased atmospheric carbon dioxide concentration and its relative fertilisation effect, extended
growing season, global warming, nitrogen deposition, and an increase in diffuse radiation [2–6]. Such
factors are, to a variable extent, linked to human activities. Agriculture, forestry and other land use
(AFOLU) are a significant net source of greenhouse gas (GHG) emissions, contributing to about 23% of
anthropogenic emissions of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) combined as
CO2 equivalents in 2007–2016. AFOLU results in both emissions and removals of CO2, CH4, and N2O
to and from the atmosphere. These fluxes are affected simultaneously by natural and human drivers,
making it difficult to separate natural from anthropogenic fluxes. The total net land–atmosphere flux
of CO2 on both managed and unmanaged lands very likely provided a global net removal from 2007 to
2016 according to models of −6.0 ± 3.7 Gt CO2 year−1 [7]. This net removal is comprised of two major
components: (i) modelled net anthropogenic emissions from AFOLU are 5.2 ± 2.6 Gt CO2 year−1 driven
by land cover change, including deforestation and afforestation/reforestation, and wood harvesting
(accounting for about 13% of total net anthropogenic emissions of CO2); and (ii) modelled net removals
due to non-anthropogenic processes are 11.2 ± 2.6 Gt CO2 year−1 on managed and unmanaged
lands [7], driven by environmental changes such as increasing CO2, nitrogen deposition and changes
in climate (accounting for the removal of 29% of the CO2 emitted from all anthropogenic activities:
fossil fuel, industry, and AFOLU). The responses of vegetation and soil organic carbon (SOC) to rising
atmospheric CO2 concentration and climate change are not well constrained by observations. Nutrient
(e.g., nitrogen, phosphorus) availability can limit future plant growth and carbon storage under rising
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CO2. However, new evidence suggests that ecosystem adaptation through plant-microbe symbioses
could alleviate some nitrogen limitation. The warming of soils and increased litter inputs will accelerate
carbon losses through microbial respiration. The thawing of high latitude/altitude permafrost will
increase rates of SOC loss and change the balance between CO2 and CH4 emissions. The balance
between increased plant respiration in warmer climates and carbon uptake from enhanced plant
growth is a key uncertainty for the size (and the sign) of the future land carbon sink (or source) capacity.

Environmental modelling with particular regard to primary producers of ecosystems and the
estimation of their present and future productive potential fits into this absolutely partial framework
of knowledge of the effects of climate change. The models are necessarily a simplified representation
of the reality that surrounds us, but, nevertheless, they can provide scenarios useful for understanding
the ecosystems’ founding processes and their criticality when the pressure of environmental drivers
becomes particularly strong, as we are observing right now. One of the limitations of ecological models,
however, is that they depend on our level of knowledge and this is true for both theoretical and
operational models. The variety and the number of ecological models is impressive, and several fields
of exact sciences have been called upon to provide the technical and informatics tools that have made it
possible to define their current and future developments. But even taking into consideration only a part
of the ecosystem, such as the one assigned to primary production (first trophic level, photo-autotrophic
compartment), our ability to simulate the processes that underlie carbon fixation in plants is limited by
our current knowledge, determining a quantity of information or variability not explained by the model
used, which underlies a sort of ‘Uncertainty Principle’ valid for the ecological sciences. The design of
Nature and its state of apparent disorder at the various levels of hierarchical, spatial and temporal
scales is still far from being fully discovered. Although the word ‘uncertainty’ resonates widely in this
paper, it can represent a very key source of information and the force that pushes us to try other ways
to increase our level of knowledge and make our simulation and forecasting ability more and more
accurate in a complex world.

In this brief introduction, some aspects have been touched on that should be further explored
through the papers of this Special Issue. The complexity of the real world requires us to undertake
methodological approaches that are capable of integrating functional processes that operate within
structures that have adapted to the external environment and simulate their adaptability to changes
in time and space. As an example, the simple simulation of the trajectory of a light beam within a
tree canopy collides with a structural complexity such that the model’s simplifications are necessary
to alleviate the computational load that would be used to trace the trajectory of the light. We need,
in parallel to the biophysical and biochemical computation, new adaptive probabilistic or fuzzy
logic algorithms that are able to understand the maximum variability, as is possible of the light path.
Even the simple temporal dynamics of a process such as that of carbon fixation can lead to high
computational difficulties when considering the self-shading of forest canopies, which varies according
to the ecological status, physiology, stress, specific biodiversity, the age and position of individuals,
the state of ecological succession, the spatial scale, etc. The leaf patchiness and the internal water
status (water chemical potential) are functional and structural parameters that greatly influence the
gas exchange both at the leaf level and at individual and community canopy levels. The models that
try to simulate these processes are also limited by our mechanistic knowledge that currently is able to
consider only a part of the observed variability.
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