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Climate modelling
Climate and its volatility
Climate is not constant in time or space. The climate of a planet goes through natural
changes in the course of its history, just like Earth in the past millions of years.
Paleoclimatology deals with the study of the past climate of the Earth, where glacial and
interglacial periods changed each other. Ice samples from the Antarctic show that during the
last 500000 years Earth witnessed four full glacial periods. Most recent research indicated
that in the course of the last glacial period, extreme temperatures in both directions have
been changing each other very rapidly, especially on the Northern hemisphere. However,
the last 10000 (apart from some significant but local changes) can be considered much more
stable and balanced. Northern hemisphere has been characterised in the last 1000 years by
an irregular but constant cooling which was followed by a massive warming in the 20th
century. In the 11th and 13th centuries, average temperatures were relatively high, while
relatively low temperatures could have been observed in the 16th and 19th centuries (small
ice age). Changes in temperature at both hemispheres have just one thing in common: the
excessive warming in the 20th century could have been observed on both hemispheres.

Observed changes in global average temperatures (a), rise in global mean sea level (b)
based on tide-ebb meters (blue) and satellite measurements (red, starting from 1978), and
changes in the March snow cover of the Northern hemisphere (c). Changes are relative to
the respective averages calculated for the 1961-1990 period. Circles indicate annual
averages while smoothed curves depict the average values of decades. Areas with grey
shades indicate estimated uncertainties. (Source: IPCC, 2007)
Based on the data of instrumental measurements becoming more systematic and frequent
since the middle of the 19th century, warming of the Earth’s atmosphere can be clearly
indicated. The pace of warming however became frightening for today. Recognizing the
serious problems of climate change, the IPCC (Intergovernmental Panel on Climate Change,
established in 1988) set the objective to summarize and publish the results of research on
climate.

The South Cascade glacier (Washington, USA) in the last century, and its significant
withdrawal until the beginning of the 21st century. ( Source: USGS Fact Sheet 2009-3046)
The four IPCC reports published up to now (1990, 1996, 2001 and 2007) provide scientifically
based information on the expected impacts of climate change, and provide help for the
adaptation to the expected challenges. On average, global mean temperature has been risen
by 0.7°C during the 20th century. However, in the last century, this growth was not
monotonous, shorter or longer cooler and warmer periods followed each other on the back
of general warming. The cooler period at the beginning of the century was followed by a
warming of around 0.5°C until the end of the 1940’s, but then again, a cooler period could
have been observed. From the 1980’s on, the pace and extent of warming have been above
average. Almost in all cases, the current year is the warmest year since the beginning of
instrumental measurements. (This is supported by the fact that the warmest registered
decade was the last one, 2001-2010.) The fact of increasing surface temperatures was
supported also by the most thorough ever analysis made on the climate of the past 200
years by the group led by Richard Muller, a physicist at Berkeley University, California. The
study, published in October, 2011, was made by using 1.6 billion data from 39028 weather
stations. Their results indicated that the temperature of land areas increased by
approximately 1°C since the middle of the 1950’s.
According to the model estimates in the IPCC reports, the frequency and intensity of
extreme weather events can also increase in the near future, which urge the analyses on
regional scales and the study of adaptation options. The third IPCC report published in 2001

called public attention that based on long-term model results and theoretical assumptions,
numerous regions of the Earth are going to become vulnerable due to global warming. In
this report, the endangered regions include the countries of Central East Europe and the
region of the Mediterranean Sea. Therefore, it is imperative to make regional climate
scenarios for the region of the Carpathian basin. The following part is going to describe what
kind of tools we have to describe expected future changes of climate.
Climate modelling
Scientists employ computer models to assist in a wide variety of tasks, including forecasting
day to day weather, analyzing local severe weather events, predicting future climates, and
even modelling the atmospheres of different planets. Shortly after the invention of the
computer however, scientists' goals were more humble, since they rarely had much more
than a few bytes of memory to work with and had to spend a significant amount of time
repairing hardware.
In the mid-20th century, as the idea arose that computers could perform the myriad
calculations to simulate atmospheric motion, scientists attempted to apply the pre-defined
laws of physics and fluid dynamics to recreate large scale atmospheric circulation. After
several attempts they soon learned that the atmosphere was much more complex than their
simple models could handle. They were greatly limited by computer technology and more
importantly lacking in important knowledge of how climatic processes interact and how they
influence climate. On one of the early forecast models, run on ENIAC (electronic numerical
integrator and computer), one of the first computers, the modellers found that a two
dimensional simulation with grid points 700km apart with 3 hour time steps could forecast
for a 24 hour period in about 24 hours, meaning that the model was just able to keep up
with the weather as opposed to creating useful forecasts days in advance. Models were
indeed simple compared to today; for example, after several failed attempts to create a
basic representation of large scale atmospheric flow, scientists at Princeton University's
Geophysical Fluid Dynamics Laboratory (GFDL) created a model that incorporated large
eddies, making the simulation much more representative. This experiment was deemed a
major success and the model is considered the first true GCM. It showed scientists just how
significant transient disturbances and smaller scale processes are in influencing the
transportation of energy and momentum throughout the atmosphere.
With this success research groups around the country began to develop their own models,
including at UCLA's Lawrence Livermore National Laboratory (LLNL) and the National Center
for Atmospheric Research (NCAR), further adding to the resources attempting to accurately
forecast weather and model the climate system. With a greater number of scientists
working on the problem, more was learned about the climate system and progress
accelerated. In addition, the rapid increase in computer technology, from the few bytes of
memory the first modellers had to work with, to kilobytes, megabytes, and gigabytes,
enabled the creation of much more complex models.

Even with drastic advances in technology and scientific knowledge, climatologists still have
to make many compromises in terms of realistically representing the Earth. For example,
until recently most models focused only on atmospheric circulation (AGCMs) whereas we
now know that the oceans, cryosphere (glaciers, ice sheets, sea ice, snow cover), and land
surface play extremely important roles in shaping our climate. Today, most models contain a
separate or self-contained oceanic component that actively interacts with the model
atmosphere. These are called Atmosphere-Ocean coupled models, or AOGCMs.
While early modellers made significant progress, the models still had problems reliably
forecasting climatic trends or oscillations. Because the model resolution was extremely
coarse many processes had to be parameterized. Model resolution is analogous to
photographic resolution as a measure of how small you can look at details. In computer
models resolution is important for small scale disturbances like thunderstorms and cyclones
and also for accurate representation of the Earth. For example, in early GCMs the land
surface resolution was so coarse that peninsulas and islands such as Florida and the UK did
not exist and the Great Lakes were treated as land. While extremely fine resolution may be
ideal, a balance must always be struck between model resolution and the computer power
available. If a model takes months to run then it's not useful to modellers trying to do
experiments. The computer power/resolution balance can be thought of as follows: for
every doubling in spatial resolution (horizontal and vertical) there is an eightfold increase in
grid points to solve for, and very often to keep the model mathematically stable the time
step must be halved as well, meaning you would need 16 times more computer power just
to double your model resolution.
The process whereby model resolution forces climatologists to simplify calculations is called
parameterization. It is the recognition that, while we realize there is an important process
here and we have an idea of its magnitude, we cannot possibly explicitly model it so we
must attempt to treat it as realistically as possible. One important example of a
parameterized process is convective clouds and thunderstorms. Thunderstorms, while
extremely important in the atmosphere for transporting heat and water vapour, are also
extremely small on the global-scale. A typical GCM grid box ranges from 100km - 300km and
the typical thunderstorm is around 1km. Therefore convection must be treated in a much
simpler way. While it seems unlikely and maybe unnecessary for convective clouds to ever
be modelled in a GCM, parameterizations have also evolved over time and have become
better at calculating the influence convection has in the atmosphere.
In the late 20th century, as models and computers became more complex and powerful,
model design began to diverge into several subcategories focusing on different aspects of
weather and climate, including Numerical Weather Prediction models (NWP), regional scale
models, and mesoscale models. These models all differ from GCMs in that they focus on
different aspects of the atmosphere. For instance, NWP models use a much smaller
horizontal scale--the North American continent for example--and attempt to forecast small
changes in weather over short periods of time (a few hours or days). These differ from GCMs

in that they are highly sensitive to initial conditions, where meteorological data fed into the
model have a dramatic influence on the output. These models deal with what is called the
"initial value" problem in that, given meteorological data, the simulation will diverge from
reality over time. Climate models are less dependent upon initial conditions and instead
must deal with the "boundary value" problem. This occurs where, once the general
circulation of the atmosphere has been established, it is difficult to create realistic climatic
disturbances such as interannual oscillations (ENSO, PDO, NAO) or climatic trends caused by
external forces.
Slowly but surely models have been developed, refined, and tested against real-world
situations, to the point that in the 1990s many scientists say the modern GCM was
established. While some model weaknesses persist in that they may have biases with
parameters, such as too much rain in a region or too warm in another, atmospheric
scientists have been able to include more and more climatic processes and better simulate
the climate as we learn more about our environment and the importance of the terms in the
equations.
Climate models
Depending on the various examinations and the objectives to be achieved, different classes
of climate models have been established in the past decades. Models in one of these groups
are only able to report the thermal characteristics of the climate system, these are called
thermodynamic models. Models in a second class, called dynamic models are also able to
simulate both thermal processes and flows.
It is often convenient to regard climate models as belonging to one of four main categories:


energy balance models (EBMs)



one dimensional radiative-convective models (RCMs);



two-dimensional statistical-dynamical models (SDMs)



three-dimensional general circulation models (GCMs).
These models are listed in increasing order of complexity and computational intensity.
It is useful to remember that one need not always necessary to use the most complex
model.
Construction of a Modern Climate Model
As climate models evolved through the 1990s, scientists began to shift focus from
reproducing general circulation to experimenting with the feedbacks of climatic processes
due to increasing greenhouse gases, changing ocean currents and the way the model
responds to forced perturbations such as ENSO. As the next generation of models come out
improvements in the models make them more reliable for global predictions and more
capable of regional analyses. Here is a simplified description of the anatomy of the latest
version of the Community Climate System Model: CCSM3

At their core, all GCMs employ a specific set of primitive dynamic equations, which allow the
atmosphere to move in three dimensions, warm up and cool down, and transport moisture,
etc. These equations are solved over and over again at specified locations in the model's
three-dimensional space. There are two main methods for establishing the horizontal
domain of a model. The simplest is to establish a grid along lines of latitude and longitude.
For example, the CCSM3 can be run on a 2o x 2.5o grid. Another method is to treat
atmospheric motion as waves using Fast Fourier Transforms (FFTs) to make the spectral
conversion. The resolution then is represented as the number of waves that can be
represented around the earth. The CCSM3 uses wave numbers of T31, T42, and T85; where
T represents the triangular truncation of the Fourier transform. This resolution can be
approximated to longitude/latitude with a resolution of T31 and T85 is 3.75o and 1.41o
respectively.
The vertical domain in the CCSM3 is represented by 26 levels, but is complicated by the fact
that the atmosphere is compressible and gets exponentially less dense as you move up in
altitude. Therefore, the model levels are irregularly spaced so as to have the most levels in
the troposphere where most of the weather and interaction between climatic processes
occurs. In addition, topography on the Earth's surface creates difficulties with using pressure
as the vertical coordinate because in many locations the ground intersects pressure levels.
The CCSM3, as most models, uses a variation of the terrain following coordinate called
sigma ( and is defined as:
σ = p/ps
where p = pressure and ps = pressure at the surface.
After the atmospheric core of the model has been constructed modellers must try to
incorporate all of the other climatic processes and feedback mechanisms that influence
climate so as to have an accurate, dynamic representation of the climate system. While the
models of the past focused on the atmosphere and sometimes included the oceans, today's
models contain separate modules for the land surface, oceans, and sea ice and sometimes
include atmospheric chemistry and advanced treatment of aerosols.
The land surface component of the CCSM3 uses the same horizontal grid as the atmospheric
component and has 10 subsurface layers to account for soil-atmosphere interactions. The
land surface can also be classified as a variety of types including ice, water, urban, and
vegetation. These distinctions are important for the radiation balance because the albedo of
the land surface can change dramatically. For example, the albedo of urban black top is very
close to 0, meaning it absorbs almost all radiation whereas the albedo of snow cover or
white sand is closer to 1 meaning it reflects most radiation.
The ocean and sea ice modules of the CCSM3 use a slightly different horizontal grid from the
atmosphere, although they have similar horizontal resolution. In addition, the ocean

component uses either 25 or 40 vertical levels defined by depth, extending down to the
ocean's deepest basins.
These components make up the newest version of the CCSM3 GCM and can be run in
different configurations, primarily by varying the horizontal and vertical resolutions. It
should be noted, however, that running the finest resolution configuration takes more than
1100 hours of computer time to simulate one year of the atmosphere. That is approximately
46 days and experiments looking at trends even 10 years into the future take significant time
to complete. That is why, for the longer period experiments, scientists use the more coarse
resolution.
GCMs have become integral for helping scientists study the Earth's large-scale circulations,
forecasting interannual variability such as ENSO, and evaluating the possibility of climate
change in the decades to come. GCMs differ from other models mostly in their spatial and
temporal domains and the inclusion of many processes not needed for other models
because of the longer time scales involved. Their spatial domain covers the whole globe as
opposed to, for example, a numerical weather prediction (NWP) model which may cover
only North America. On the temporal scale they attempt to simulate earth's atmosphere
from periods of several months to several decades, whereas NWP models can forecast for
periods as short as a few hours and up to several days relatively well.
Global climate models (GCMs)
Climate models are a mathematical representation of the climate. In order to be able to do
this, the models divide the earth, ocean and atmosphere into a grid. The values of the
predicted variables, such as surface pressure, wind, temperature, humidity and rainfall are
calculated at each grid point over time, to predict their future values. The time step (the
interval between one set of solutions and the next) is a function of the grid size: the finer the
resolution the shorter the interval between each computation. For example, a model with a
100 km horizontal resolution and 20 vertical levels, would typically use a time-step of 10–20
minutes. A one-year simulation with this configuration would need to process the data for
each of the 2.5 million grid points more than 27 000 times – hence the necessity for
supercomputers. In fact it can take several months just to complete a 50 year projection.
Climate models have been developed from weather forecasting models but, due to the large
number of calculations involved, climate models currently use bigger grid spacing and longer
time steps so that they can be run further ahead in time for a given amount of computer
time. Without more powerful computers, simulation of the climate with the same detail as
in weather forecasts would take far too long, especially if we want to explore many different
scenarios of the future. Nevertheless, there is increasing convergence between weather
forecasting and climate models, especially for predictions in the range out to months and
seasons.
Parameterization

There are certain physical processes that act at a scale much smaller than the characteristic
grid interval (e.g. clouds and turbulence). And if the complete physics of these processes, for
example, clouds, were to be computed explicitly at each time step and at every grid-point,
the huge amount of data produced would swamp the computer. These processes cannot be
eliminated, so simplifying equations are developed to represent the gross effect of the many
small-scale processes within a grid cell as accurately as possible. This approach is called
parameterization. There is a lot of research going on to devise better and more efficient
ways for incorporating these small scale processes into climate models.
Coupled model systems
Weather forecasting models must handle the properties of the atmosphere in three
dimensions, and work with current analyses of the ocean surface temperatures and at least
some basic land surface processes. These models have come to be known as atmospheric
general circulation models (GCMs). In parallel, studies of the oceans can concentrate on
three-dimensional properties of the oceans and are generally known as ocean GCMs. When
it comes to simulating the general behaviour of the climate system over lengthy periods,
however, it is essential to use models that represent, and where necessary conserve, the
important properties of the atmosphere, land surface and the oceans in three dimensions.
At the interfaces, the atmosphere is coupled to the land and oceans through exchanges of
heat, moisture and momentum. These models of the climate system are usually known as
coupled GCMs.
Coupling the ocean processes to atmospheric GCMs is a major challenge. The thermal
capacity of the oceans is massive compared to the atmosphere and can provide to, or
extract from, the atmosphere, massive amounts of latent and thermal heat. Representing
their heat storage, and the absorption of greenhouse gases by the oceans, in long-term
simulations of climate requires a full three-dimensional ocean model, which simulates even
the deep currents. Changes in the intensity and location of deep-water currents can
ultimately have profound effects on the atmosphere. In the past, changes in the circulation
of the oceans have produced major atmospheric responses.
The models must also be able to handle shorter-term fluctuations such as those associated
with ENSO. Recent developments in climate modelling, which take into account not only
surface processes at the ocean-atmosphere interface but also those acting at depth, have
produced considerable improvement to the quality of climate model results. An oceanic
GCM typically requires very high spatial resolution to capture eddy processes associated
with the major currents, bottom topography and basin geometry. High-resolution ocean
models are therefore at least as costly in computer time as are atmospheric GCMs. Further
coupling of other climate system component models, especially the cryosphere and the
biosphere, are also necessary to obtain more realistic simulations of climate on decadal and
longer timescales.

Improvement in the horizontal resolution of the global climate models used in the four
published PCC reports. The initial 500 km resolution improved to approximately 100 km in
2007. (Source: IPCC, 2007)
Regional Climate Models (RCMs)
Simulating climate change at the regional and national levels is essential for policymaking.
Only by assessing what the real impact will be on different countries will it be possible to
justify difficult social and economic policies to avert a dangerous deterioration in the global
climate. Furthermore, understanding processes on the regional scale is a crucial part of
global research. Processes acting on local or regional scales, such as mountain ranges
blocking air flow or dust clouds interacting with radiation will ultimately have impacts at the
global level.
One technique used to overcome the coarse spatial resolution of coupled GCMs is that of
nested modelling, depicted in the image above. This involves the linking of models of
different scales within a global model to provide increasingly detailed analysis of local
conditions while using the general analysis of the global output as a driving force for the
higher resolution model. Results for a particular region from a coupled GCM are used as
initial and boundary conditions for the RCM, which operates at much higher resolution and
often, with more detailed topography and physical parameterizations. This enables the RCM
to be used to enhance the detailed regional model climatology and this downscaling can be
extended to even finer detail in local models. This procedure is particularly attractive for
mountain regions and coastal zones, as their complexity is unresolved by the coarse
structure of a coupled GCM grid.
Climate change scenarios

IPCC SRES (Special Report on Emissions Scenarios - SRES) scenarios were constructed to
explore future developments in the global environment with special reference to the
production of greenhouse gases and aerosol precursor emissions.
The IPCC SRES scenarios contain various driving forces of climate change, including
population growth and socio-economic development. These drivers encompass various
future scenarios that might influence greenhouse gas (GHG) sources and sinks, such as the
energy system and land use change. The evolution of driving forces underlying climate
change is highly uncertain. This results in a very wide range of possible emissions paths of
greenhouse gases.
The SRES team defined four narrative storylines (see figure below), labelled A1, A2, B1 and
B2, describing the relationships between the forces driving greenhouse gas and aerosol
emissions and their evolution during the 21st century for large world regions and globally.
Each storyline represents different demographic, social, economic, technological, and
environmental developments that diverge in increasingly irreversible ways.

The four narrative storylines of SRES


A1: globalization, emphasis on human wealth Globalized, intensive (market
forces).
The A1 storyline and scenario family describes a future world of very rapid economic
growth, global population that peaks in mid-century and declines thereafter, and the
rapid introduction of new and more efficient technologies. Major underlying themes are
convergence among regions, capacity building, and increased cultural and social
interactions, with a substantial reduction in regional differences in per capita income.
The A1 scenario family develops into three groups that describe alternative directions of

technological change in the energy system. The three A1 groups are distinguished by
their technological emphasis: fossil intensive (A1FI), non-fossil energy sources (A1T), or a
balance across all sources.


A2: regionalization, emphasis on human wealth Regional, intensive (clash of
civilizations).
The A2 storyline and scenario family describes a very heterogeneous world. The
underlying theme is self-reliance and preservation of local identities. Fertility patterns
across regions converge very slowly, which results in continuously increasing global
population. Economic development is primarily regionally oriented and per capita
economic growth and technological change are more fragmented and slower than in
other storylines.



B1: globalization, emphasis on sustainability and equity Globalized, extensive
(sustainable

development).

The B1 storyline and scenario family describes a convergent world with the same global
population that peaks in midcentury and declines thereafter, as in the A1 storyline, but
with rapid changes in economic structures toward a service and information economy,
with reductions in material intensity, and the introduction of clean and resource-efficient
technologies. The emphasis is on global solutions to economic, social, and environmental
sustainability, including improved equity, but without additional climate initiatives.


B2: regionalization, emphasis on sustainability and equity Regional, extensive
(mixed

green

bag).

The B2 storyline and scenario family describes a world in which the emphasis is on local
solutions to economic, social, and environmental sustainability. It is a world with
continuously increasing global population at a rate lower than A2, intermediate levels of
economic development, and less rapid and more diverse technological change than in
the B1 and A1 storylines. While the scenario is also oriented toward environmental
protection and social equity, it focuses on local and regional levels.
Expected climatic changes in Europe
· Climate change is expected to magnify regional differences in Europe’s natural resources
and assets. Negative impacts will include increased risk of inland flash floods and more
frequent coastal flooding and increased erosion (due to storminess and sea level rise).
· Mountainous areas will face glacier retreat, reduced snow cover and winter tourism, and
extensive species losses (in some areas up to 60% under high emissions scenarios by 2080).

· In southern Europe, climate change is projected to worsen conditions (high temperatures
and drought) in a region already vulnerable to climate variability, and to reduce water
availability, hydropower potential, summer tourism and, in general, crop productivity.
· Climate change is also projected to increase the health risks due to heat waves and the
frequency of wildfires.
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Biosphere services and the significance of biosphere protection
From the appearance of life on Earth, the area of species constituting the biosphere and the
species and quantitative composition of communities have been changing continuously.
Earlier the transformation of the living world of geohistorical level could have been observed
as a natural phenomenon, but effects attributable to human activity had an increasing role
in the changes taking place in the last few thousand years. Among the anthropogenic
impacts on our environment one of the most debated and most significant is the issue of
climate change. (Hufnagel and Sipkay 2012, Harnos et al. 2008)
Climate change undoubtedly has a significant impact on natural ecological systems and
through these it also affects social and economical processes. For today it has become an
accepted fact that our social and economical life relies on limited natural resources and
enjoys the most diverse benefits of ecosystems („ecosystem services”). Thus ecosystems
can’t be considered as a single sector among others, since they are interlinked with most of
the sectors due to ecosystem services. Global changes primarily affect our life through the
alterations experienced in these sectors. (Hufnagel and Sipkay 2012, Harnos et al. 2008)

Global changes affect numerous sectors via „ecosystem services”, eventually exerting an
impact on social welfare (based on Czúcz et al. 2007)
Direct and indirect effects of climate change could have been already observed in the past
decades on terrestrial and maritime ecosystems – on the levels of individuals, populations,
species, ecosystem composition and functions as well. When examining at least 20-year long
data series of more than 500 taxa, statistically significant correlation can be shown between
temperature and the change of a biological-physical parameter of the given species.
Research have shown phenological, morphological, physiological and behavioural changes of
taxa, alterations in the frequencies of epidemics and damages caused by pests, shifts in
areas of species and other indirect effects.

Possible impacts of climate change on natural or nearly natural ecosystems and the
responses, reactions of communities are even less known than in case of cultivated
agricultural systems which had been studied in greater detail. This is due to the greater
complexity of near-natural ecosystems.
Ecological system incorporates living organisms, the inanimate environment and represents
their connections on a basis of a systematic approach (KALAPOS, 2007). The operation of
each community level ecological system is influenced by the abiotic environment and the
biotic factors. Abiotic environment comprises inanimate ecological factors which can be
separated into edaphic (physical and chemical characteristics of the soil), topographic
(elevation above sea level, inclination etc.) and climatic factors (MOSER & PÁLMAI, 1992).
Biotic factors mean the interrelations of organisms (interactions among producer, consumer
and decomposer organisms) and anthropogenic impacts can have a direct or indirect
appearance. Direct impacts are when the physical, chemical and biological conditions are
affected, and the indirect impact is the effect exerted on the living organisms (e.g.
deforestation).
The dynamic unit of habitat and community is called ecosystem or biogeocoenosis that has a
determined energy circulation. Ecosystem is a relatively stable spatial-temporal system.
Since its components can be changed and altered, it is called an open system. Biosphere is
the highest level ecosystem, the common part of the three geospheres (lithosphere,
atmosphere and hydrosphere) where organisms are living.
All ecosystems are characterized by a given species composition and number of individuals.
An ecosystem has not only a spatial area (biotope) but also a temporal variability, which
means the ecosystem is in a biological equilibrium. Among the species present in an
ecosystem, competition starts for the resources. According to the principle of competitive
exclusion and limiting similarity, only those species can live together which have a different
ecological place, niche (HUTCHINSON 1957, HARDIN 1960). Niche means a recess in a wall,
so it can be interpreted that the living space for different populations is separated by
imaginary niches created by the resources. Two populations with the same niche cannot live
in a longer term at the same spatial location beside each other. Depending on the state of
realization, two kinds of niche are differentiated: one of them is the fundamental (possible)
and the other is the realized (attained) ecological status. Fundamental niche means the
place that is occupied exclusively by the given population in the multidimensional ecological
space. When the resources actually available in the environment of the population are
considered, the realized niche is obtained. Realized niche is always smaller than
fundamental, since environmental limiting conditions force the population to give up the
perfect satisfaction of one or more environmental needs. (PÁSZTOR & MESZÉNA, 2007)

Ecosystems have an important role in the operation of the biosphere. Ecosystem services
are those activities that the beneficial effects of which are enjoyed by humanity. Based on
their method of operation, these services can be divided into several groups (MEA, 2005):


Provisioning services: ecosystems participate in the production of various products
(e.g. food, water, wood, fibres, pharmaceutical and cosmetic products).



Regulating services: ecological services have an important regulatory role in the
biosphere encompassing climate regulation, carbon sequestration, water and air
purification and restoration of the impacts of disasters.



Cultural services: provide aesthetic, spiritual, recreational experiences.



Supporting services: important tasks of ecosystems incorporate facilitating primary
and secondary production, maintaining biodiversity and circulation of minerals, soil
formation. This kind of services is not directly perceived by humankind in contrast with
the three other roles mentioned above. The relations between supporting services of
ecosystems and ecophysiological properties of plants can be seen below:

Ecophysiological properties of plants

Role of ecosystem

Photosynthesis, respiration and transpiration

Net ecosystem change of CO2 and H2O

Spatial distribution of carbon (above or under land
surface), competition between species, symbiotic
relations

Distribution of ecosystems flows

Growth, ageing, defoliation

Carbon source and sink

Mineral substances, climate, life-form, plant
functional types, phenology, canopy structure,
succession

Spatial and temporal variation inside
and between ecosystems

Relations between the ecophysiology of plants and the services of ecosystems
(BUCHMANN, 2002)
Since the birth of life, Earth has undergone several smaller and greater changes of climate.
Based on paleontological and paleoecological research it is seen probable that phenomena
related to the change of climate acted in the separation of geologic eras and periods.
Ongoing research cast a light upon the fact that global climate change observed in the last
century severely endangers a significant part of current species. The most important
difference between the current and past changes of climate is the time-scale of the change.
Compared to current change in climate, changes in the past took place some magnitudes
slower. Decrease of biodiversity can be characterized by the number of extinct species in a

given period, the so-called extinction rate of species. Current acceleration of processes is
indicated by the fact that this rate is 50-100-fold of the natural background extinction rate.
It is not obvious to everyone whether the decrease of biodiversity really causes significant
losses to humankind or not. Current public perception states that the value of something is
determined by how much people would pay for it. Traditional economical approach is prone
to underestimate the value of natural resources, thus mostly neglects the price of
environmental destruction and the exhausting of natural resources. Environmental
economics solves this problem by translating different aspects of assessments of biological
diversity (climate regulation, water retention, ecological self-regulation) into the language of
economics.
By applying the methods of environmental economics it is possible to quantify the values of
such services as the climate regulating role of ecosystems, or the role of montane forests in
water retention and decreasing the extent of floods. Furthermore, important aspects are the
indirect use values of natural habitats and communities, and potential values regarding
possible future use.

Global map of value of ecosystem services (Costanza et al. 1997). Colour code represents
the estimated value of ecosystems. The same code applies to the European and Hungarian
ecosystem service value maps.
When analysing the possibility of a global climate change tendency and its expected impacts
it must be clearly seen that human society is a part of the biosphere. It cannot be separated
from the biosphere (or from the services provided by the biosphere); otherwise it becomes
incapable of living. It is known that the services of the biosphere are available only in a
limited quantity, natural resources are finite. Biosphere services are jointly provided by
interacting communities of organisms (biomes, associations) living in different habitats.
Volume of a service provided by a community depends on the type of the community and it
is proportionate to its spatial extension (area). Through the processes of the global
ecosystem (bio-geochemical cycles, global atmospheric circulation, etc.) the impact of the
damage or destruction of a given community exerts its effects on the whole human society.
Thus the local damages and their impacts emerge through a complex ecologic chain of

effects in a spatially and temporally diffuse way, often quite far from the spot where the
original damage was caused.
From the aspect of environmental protection climate change is the most important element
of globally changing processes. Instead of the currently prevailing „in situ conservation”
(conserving current ecological conditions in present habitats) the aim of environment
protection could only be the conservation of operability, self-regulating capacity and
biological diversity of biosphere. This can be achieved through inhibiting destructive
anthropogenic effects and actively supporting natural adaptation processes of ecological
systems.
To solve the problem, active protection work based on eco-engineering can’t be avoided.
This work can be divided basically into two subtasks:


facilitating the formation of such natural and near-natural communities which are
adapted to the changing climate of Hungary,



securing an escape path for communities currently living in Hungary but unable to

adapt to the changing ecological conditions.
The primary aim on the present nature conservation areas of Hungary is the more effective
elimination of damaging effects unrelated to climate (disturbance, pollution, fragmentation
…), but structural rearrangements occurring due to changing climate and spontaneous
settling of new species must not be inhibited. However, this in itself is quite far from
sufficient. It is also crucial that formation of near-natural communities already adapted to
our climate in other locations should be facilitated with active colonization on areas
removed from other cultivation types under agricultural classification. This effort can be
supported by the method of geographical analogy which makes it possible to find current
analogues of the future climate of Hungary. The flora and fauna and natural vegetation
types and soils should be taken as examples and considered as a source of propagula. (These
areas can be found mostly to the South from Hungary, on the Balkan Peninsula.) The second
aim is the conservation of species unable to adapt which can also be done by finding areas
based on geographical analogy and translocation, but the goal in this case is to find those
areas the future climate of which is identical to the historic or present climate of Hungary.
(Most of these areas can be found in Poland.) Realization of these active environmental
protection interventions can only be done with the international cooperation of
environment protection authorities which necessitates the application of tools and methods
of diplomacy and international law.
Apparent interests of different human activities and sectors might interfere which
necessitates the financial quantification of possible effects and consequences. This task is
supported by the tools of environmental economics that are suitable to quantify, monetize
the value of biosphere services. These tools might also prove useful in enhancing
forestations with climate protection purposes, translocation projects with environment

protection purposes, removal of lands from intensive cultivation, or establishment of
agricultural production being in accordance with ecological conditions.
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Aquatic and wet habitats, hydrobiological impacts
General impacts of climate change on aquatic ecosystems
Marine ecosystems are maintained by the flow of energy from primary producers at the
base of food webs through to intermediate consumers, top predators (including humans),
and pathogens, and then back again through decomposition and detrital pathways. Thus,
marine communities are biological networks in which the success of species is linked directly
or indirectly through various biological interactions (e.g., predator-prey relationships,
competition, facilitation, and mutualism) to the performance of other species in the
community. The aggregate effect of these interactions constitutes ecosystem function (e.g.,
nutrient cycling, primary and secondary productivity); through which ocean and coastal
ecosystems provide the wealth of free natural benefits that society depends upon, such as
fisheries and aquaculture production, water purification, shoreline protection, and
recreation.
However, growing human pressures, including climate change, are having profound and
diverse consequences for marine ecosystems. Rising atmospheric carbon dioxide (CO2) is
one of the most critical problems because its effects are globally pervasive and irreversible
on ecological timescales (Natl. Res. Counc. 2011). The primary direct consequences are
increasing ocean temperatures (Bindoff et al. 2007) and acidity (Doney et al. 2009). Climbing
temperatures create a host of additional changes, such as rising sea level, increased ocean
stratification, decreased sea-ice extent, and altered patterns of ocean circulation,
precipitation, and freshwater input.
In addition, both warming and altered ocean circulation act to reduce subsurface oxygen
(O2) concentrations (Keeling et al. 2010). In recent decades, the rates of change have been
rapid and may exceed the current and potential future tolerances of many organisms to
adapt. Further, the rates of physical and chemical change in marine ecosystems will almost
certainly accelerate over the next several decades in the absence of immediate and dramatic
efforts toward climate mitigation (Natl. Res. Counc. 2011). Direct effects of changes in ocean
temperature and chemistry may alter the physiological functioning, behaviour, and
demographic traits (e.g., productivity) of organisms, leading to shifts in the size structure,
spatial range, and seasonal abundance of populations. These shifts, in turn, lead to altered
species interactions and trophic pathways as change cascades from primary producers to
upper-trophic-level fish, seabirds, and marine mammals, with climate signals thereby
propagating through ecosystems in both bottom-up and top-down directions. Changes in
community structure and ecosystem function may result from disruptions in biological
interactions. Therefore, investigating the responses of individual species to single forcing
factors, although essential, provides an incomplete story and highlights the need for more
comprehensive, multispecies- to ecosystem-level analyses.

The effects of rising CO2 do not act in isolation. Additional regional pressures on ocean
ecosystems include intensive use of fertilizers, coastal and benthic habitat degradation,
overexploitation of fish stocks, rising aquaculture production, and invasive species (Halpern
et al.2008). Coastal hypoxia is increasing and expanding globally (Diaz & Rosenberg 2008).
Ecosystem deterioration is intense and increasing, particularly for coastal systems, with 50%
of salt marshes, 35% of mangroves, 30% of coral reefs, and 29% of seagrasses already either
lost or degraded worldwide ( Jackson 2010). Thus, the integrated and synergistic effects of
these multiple stressors on marine ecosystems—both CO2 and non-CO2 related—must be
considered in total, not as independent issues (Doney 2010).
Ocean acidification is not a peripheral climate issue, it is the other CO2 challenge. The
world's leading marine scientists are warning us that our current rates of carbon emissions
are making our oceans more acidic. This is happening so fast that it poses a serious threat to
biodiversity and marine life.
Left unchecked, ocean acidification could destroy all our coral reefs by as early as 2050. It
also has the potential to disrupt other ocean ecosystems, fisheries, habitats, and even entire
oceanic food chains.
Substantiated by the world’s leading marine scientists, these facts highlight the importance
of learning more about ocean acidification and its potential impacts on our environment.


The huge amounts of atmospheric CO2 being absorbed by the world’s oceans is

making them more acidic than they have been for tens of millions of years.
· Coral Reefs provide habitat for at least a quarter of all marine species. Many of these face
extinction if reefs disappear.
· The biodiversity and splendour of coral reefs are at risk of disappearing for thousands of
years. This places in jeopardy an estimated 500 million people who depend on coral reefs for
their daily food and income.
· The Great Barrier Reef generates over 6.5 billion dollars in tourism revenue and 63,000
jobs.


If atmospheric CO2 can be stabilised at 450 ppm, (one possible target that has been
discussed by politicians) only 8% of existing tropical and subtropical coral reefs will still

be in waters of the right pH level to support their growth.
· Within decades, ocean acidification will also start to have major impacts on temperate and
polar water ecosystems. In fact, colder water absorbs higher levels of CO2 than warmer
water. Our polar seas are already so acidic that they are starting to dissolve some shells.
Three general rules could have been explored in the responses given by aquatic ecosystems
to climate change. The first two of these rules also apply to terrestrial communities:


Shift of areas to higher latitudes or elevations above sea level.



Changes in phenological patterns.



Decrease in average body weight and size both on community and population levels

(Montoya and Raffaelli 2010, Daufresne et al. 2009).
Rivers, lakes, seas and oceans
Fish species often group into thermal guilds (Rahel et al. 1996, Magnuson et al. 1979) and
species differ in their physiological and ecologic optimums. The increase in the temperature
of the rivers might cause a number of problems in the coming years. Due to the
simultaneously warming waters, fish species tend to shift to the North. Rising temperatures
of Southern waters will shrink the area of species favouring warm waters, because usually
their optimum range is quite narrow.
It must also be mentioned that simultaneously with the shrinking areas, the habitats of living
organisms are going to shred into parts, and the remaining species become more vulnerable
to the impacts of climate change (Schwartz et al. 2006). For planktons, surface water
temperature is a decisive factor. In the Southern hemisphere, two phenomena have
significant role in determining weather and surface water temperatures: El Niño and La
Niña.
La Niña is a coupled ocean-atmosphere phenomenon that is the counterpart of El Niño as
part of the broader El Niño–Southern Oscillation climate pattern. During a period of La Niña,
the sea surface temperature across the equatorial Eastern Central Pacific Ocean will be
lower than normal by 3–5 °C. La Niña makes the atmosphere very stable, and it is quite
favourable for fish stocks.
El Niño's warm rush of nutrient-poor water heated by its eastward passage in the Equatorial
Current, replaces the cold, nutrient-rich surface water of the Humboldt Current. When El
Niño conditions last for many months, extensive ocean warming and the reduction in
easterly trade winds limits upwelling of cold nutrient-rich deep water, and its economic
impact to local fishing for an international market can be serious.
In the past decades it has been observed that the frequency of the El Niño phenomenon has
grown significantly.
Coasts are experiencing the adverse consequences of hazards related to climate and sea
level. Coasts are highly vulnerable to extreme events, such as storms, which impose
substantial costs on coastal societies. Annually, about 120 million people are exposed to
tropical cyclone hazards, which killed 250,000 people from 1980 to 2000. Through the 20th
century, global rise of sea level contributed to increased coastal inundation, erosion and
ecosystem losses, but with considerable local and regional variation due to other factors.
Late 20th century effects of rising temperature include loss of sea ice, thawing of permafrost
and associated coastal retreat, and more frequent coral bleaching and mortality.

Coasts will be exposed to increasing risks, including coastal erosion, over coming decades
due to climate change and sea-level rise. Anticipated climate-related changes include: an
accelerated rise in sea level of up to 0.6 m or more by 2100; a further rise in sea surface
temperatures by up to 3°C; an intensification of tropical and extra-tropical cyclones; larger
extreme waves and storm surges; altered precipitation/run-off; and ocean acidification.
These phenomena will vary considerably at regional and local scales, but the impacts are
virtually certain to be overwhelmingly negative.
Corals are vulnerable to thermal stress and have low adaptive capacity. Increases in sea
surface temperature of about 1 to 3°C are projected to result in more frequent coral
bleaching events and widespread mortality, unless there is thermal adaptation or
acclimatisation by corals. Coastal wetland ecosystems, such as saltmarshes and mangroves,
are especially threatened where they are sediment-starved or constrained on their landward
margin.
Degradation of coastal ecosystems, especially wetlands and coral reefs, has serious
implications for the well-being of societies dependent on the coastal ecosystems for goods
and services [6.4.2, 6.5.3]. Increased flooding and the degradation of freshwater, fisheries
and other resources could impact hundreds of millions of people, and socio-economic costs
on coasts will escalate as a result of climate change. (IPCC Report, 2011)
Area changes of aquatic communities
Populations have three different responses when facing climate change: adaptation, area
shift or extinction (Woodward et Al. 2010, Wrona et al. 2006, Perkins et al. 2010). Numerous
examples can be found to these three responses. These possible responses are valid for both
terrestrial and aquatic communities, and in both cases mobile and immobile populations can
be distinguished. Mobile populations like birds or fish can actively change their location,
while seagrasses, corals or plants can spread only passively. These immobile populations
determine the structure of the community and they can tolerate changing environment for a
long term, but eventually they will be unable to propagate, so their extinction is delayed
(Mokany et al. 2010).
As a function of environmental factors (one of them is the climate), metapopulation
dynamics and dispersal options, the spatial-temporal dispersion of individual populations
generally shows nonlinear patterns. According to the climate envelope theorem, as a
function of climate scenarios, based on the climate parameters of the current area and
considering the physiological tolerance of a given species, the future area of species can be
determined. This theorem does not include limitations arising from interspecific relations
and the speed of dispersal. On a smaller spatial scale (<200 km) it seems that interspecific
interactions, while on a larger scale (>200 km) climate determines the area of species
(Gouhier et al. 2010). Not every species can keep up the pace of rising temperatures. Species
with short lifetime and good dispersal abilities can adapt quickly to the changes, these

species will form new communities with those species that disperse more slowly and having
a longer life span (Montoya and Raffaelli 2010).
Due to the fragmented, isolated character of freshwater habitats, the dwellers of these
habitats have limited opportunities to react to the impacts of climate change with the shift
of their area (Giller et al. 2004). Supposed that a given species would require freshwater of
the same temperature, a 4oC rise in temperature would necessitate a 680 km shift to the
North (Woodward et al. 2010).
In marine environment sea planktons show the greatest area shifts. In large aquatic
systems, dispersal is much more effective than in freshwater of terrestrial environment
(Giller et al. 2004). In recent 50 years the areas of pseudo-oceanic
thermophyl Ceratium (Dinophyta) species and copepod communities shifted to the North y
1100 km.
In the North Sea, during the 1970’s and 1980’s, temperate zone copepod species displaced
the subarctic species. In the 1980’s, wind intensity in the region of the North Sea has
increased and the water surface temperature at the Northern part of the Atlantic Ocean and
in the North Sea has elevated. In 1984-85 and in 1987-88, changes of great extent could
have been observed in the species composition of the planktonic communities which can be
attributed to the change of several climatic parameters (wind intensity and direction, water
surface temperature, NAO, Northern hemisphere temperature anomaly). The exchange of
species was a positive feedback process, the transition between the two states of
equilibrium has been quite rapid (Beaugrand 2004).

Changes taking place in the 1980’s and 1990’s in the North Sea resulting in the exchange of
planktonic community (Beaugrand 2004)
The original, subarctic species are large and were present with a great biomass in the
zooplankton. The size of temperate species is smaller and this species represents a much
lesser biomass. Furthermore, the number of individuals of Calanus finmarchius was highest
in spring, when larvae of cods were feeding on these crustaceans. The peak of C.

helgolandicusreplacing the C. finmarchius is in autumn, thus the main feed source of cod
larvae become severely reduced or extinct (Richardson 2008).
In North-western Atlantic Ocean the same copepod communities expanded in the opposite
direction: the climate in the 1980’s and 1990’s around Labrador and Newfoundland was
exceptionally cold, and the Labrador stream flowing to the South became stronger.
(Richardson 2008).
Changes of feeding networks in the waters of Earth
As a result of changes in the area and phenology of species, some species are going to
become extinct from the feeding networks, and feeding relations become stronger or
weaker. Competition of populations of the same functional groups is temperature
dependent. In a rail-off experiment, above 25 oC the Cerodaphnia reticulata of smaller body
size has won and the Daphnia pulex become extinct, while in lower temperatures opposing
results were obtained (Lynch 1978).
Comparison of aquatic feeding networks of different latitudes show that the proportion of
trophic levels and functional groups is climate dependent. Moving from North to the South,
the Macroinvertebrate communities of water currents are composed of less and less species
and the significance of Diptera species increases (Wrona et al. 2006).
In case of fish, higher temperatures result in increased body growth provided sufficient
amount of feed is available. Lacking the sufficient amount of feed, fish inhabit colder waters
or if this is not possible, hunger arises (Jansen és Hesslein 2004).
In the cold zone, warming typically causes the strengthening of higher trophic levels,
increasing production and the growth of average length of food chains.
Sediment samples of the Baffin island revealed that primary production had been increased
in the 20th century in the lakes (Michelutti et al. 2005). In the Loch Leven lake, Scotland,
growth in the winter production of phytoplankton and the spring production of zooplankton
was observed (Carvalho and Kirika 2003). Thorough analysis of lakes in the Netherlands
showed that increasing primary production can be observed even at higher trophic levels.
Eventually, growing production can lead to eutrophication (Mooij et al. 2005).
In the lake system of Wood River, Alaska, the earlier breaking of ice and the increase in
temperature lead to a growth in the individual density of zooplankton,
primarily Daphnia, and therefore the individuals of sockeye salmon (Oncorhynchus nerka)
achieved higher body weight gain in their first year of life. However, this positive effect was
reduced by the elevated density of older individuals (Schindler et al. 2005). According to a
hydrological model, in Lake Erken, Sweden, improving light conditions can result in manifold
growth of phytoplankton. Thus, light limitation will be replaced by food limitation. Greater
biomass and higher proportion of diatoms due to the sedimentation of dead diatom cells
leads to biomass growth of the benthic community (Blenckner et al. 2002).
In coldest habitats, the third trophic level appears only above a certain level of temperature.
This process leads to strengthening top-down control and increasing production (Flanagan et

al. 2003, Gyllstrom et al. 2005). Simultaneously, another effect is going to take place: in case
of disturbation, there is a greater chance for species of higher trophic levels to disappear
(Petchey et al. 1999, Petchey et al. 2004).
Expected impacts of climate change on freshwater communities
Freshwaters provide a disproportionately high percentage of biological diversity: they cover
only 0.8% of the area of Earth, but serve as a habitat for 6% of the species. They are
especially important from the aspect of ecosystem services they provide for mankind.
Therefore it is of great concern that these habitats are severely endangered by climate
change.
In case of freshwaters, drastic warming and more frequent drought periods can cause
habitats to disappear totally. Such endangered habitats are receding glaciers, drying currents
and lakes.
Climate change increases the incidence of droughts which can lead to drying out of lakes and
water currents (Meyer et al. 1999). An experiment studying the monthly and three-monthly
drying out of water currents found that as a consequence of drying out, the dominant green
algae living on the surface of the currents had been replaced by diatoms and greater, rarer
invertebrates disappeared (Woodward et al. 2010). In case of marshes and moors, longer
warm and dry periods and the cessation of continuous soil water provision can accelerate
filling and forestation (Burkett et al. 2005). In global scale, the amount of shallow water
habitats (small water currents, rivulets, bays, marshes, moors, shallow lakes, coastal zones)
may decrease (Carpenter et al. 1992).
Supposedly, inside the continents less precipitation and water flow rate can be expected.
Dryer drainage basins can be more sensitive to the change of rainfall. In North America, in
the Great Basin, shrinking of marshes and lakes can be expected. Seasonal distribution of
precipitation can show more significant changes than annual amount of rainfall (Carpenter
et al. 1992).
We also have to consider that currently applied water biological water quality systems will
become useless due to increasing temperatures, since they consider an ecological state
assessed in an earlier, cooler period as a reference. (Woodward et al. 2010).
Lakes react to climate change in a sensitive manner, their changes represent the impacts
affected on their whole drainage basin, their state reflect the events of a longer period,
therefore random, noise-like effects are excluded, but t is hard to differentiate the climatic
effects from anthropogenic stressors like eutrophication, acidification and other impacts
associated with land use (Adrian et al. 2009, Woodward et al. 2010). Hypolimnion of deep
lakes follows every climatic change with great inertia, however, the temperature measure in
600 m depth in Lake Tanganyika increased by 0.31°C during the 20th century (OReilly et al.
2003).

Climate change has two substantial impacts on freshwater ecosystems:


as a consequence of increasing atmospheric temperature, water temperature also
going to elevate



Change in the seasonal pattern of precipitation is going to change the hydrological

conditions of aquatic systems.
Hydrological changes in freshwater systems
Lakes
In case of great lakes – just like in the case of oceans – increasing temperature advantages
the layered state where upper water layers are warmer than those deeper and mixing is
inhibited. The extent of mixing is also influenced by the change in wind intensity.
Continuous low water levels of greater lakes have harmful biological effects. Summer
drought may cause early drying out of natural propagation places and safe living places of
the offspring of fish. Water cover can disappear and several valuable habitats, like coastal
stones, shallow zones inhabited by marsh vegetation etc.
Not every living organism is detrimentally affected by low water levels. Due to their mode of
feeding, Anatinae favour low water levels, their number is much greater than in case of high
water levels. At Lake Balaton, the Mallard is the most abundant species, but other species,
like Northern Shoveler, Gadwall, Eurasian Wigeon, Northern Pintail, Garganey and Eurasian
Teal can also be found. They are especially abundant in winter if the water is not frozen.

The common Mallard (Anas platyrhyncos) (image: Tibor Csörgő)

A common migratory bird and winter guest of our greater stillwaters, the Eurasian Teal
(Anas crecca) (image: Tibor Csörgő)
Changes can take place even in the macrovegetation: the summer low water level is
favourable for thermophyl seaweed species instead of the usual seaweed species
(Potamogeton perfoliatus, Myriophyllum spicatum). Such thermophyl seaweed species is the
spiny naiad (Najas marina) that additionally favours sodic, saline habitats.

Spiny naiad (Najas marina) favouring warmer, sodic water (source: http://sitesnature.aquitaine.fr )
Reed communities on the margin of the coasts have important role in the water quality of
the lakes due to the filtering function of their coating of living organisms sticking to the
surface of the plants. Reduction of water levels can be even positive for this vegetation.
Destruction of the reeds in Lake Balaton is an increasing and accelerating process, but in
years with low water levels local spreading of reeds could have been observed.

Decaying reeds in Lake Balaton (image: Csaba Sipkay)
Where the reeds form only a narrow strip along the coast of Balaton, the decrease of the
water level might reach such an extent that reeds won’t have any water under them, so they
can’t fulfil their filtering function.

Dried coastline at Badacsonylábdihegy at the most severe point of the 2003 drought. The
original line of the coast is indicated by the stonewall on the left. (image: Csaba Sipkay)
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Terrestrial communities
Every living organism has a spectrum of temperature (tolerance spectrum) it had adapted to.
Living organisms react to changing conditions in two ways: they change their area or
phenological cycle. With global warming, the area with appropriate temperature for living
organisms shifted towards the poles, or higher elevations in mountainous regions. A number
of studies have been dealing with the potential effects of climate change on the flora and
the fauna (e.g. Thuiller et al. 2004, 2005, Kelly et al. 2008, Eaton 1996).
Kelly et al. (2008) found that in 30 years, the area of most of the 1350 mountainous plant
species examined in the study shifted upwards with 64.7 m on average. Accordingly,
vegetation zones shifted towards the higher regions everywhere. At the lower boundaries of
these areas, plants have been unable to endure the increased temperature and the
occasional weather extremes, so these species perished here and other species have taken
over. When examining the reasons of this phenomenon, the researchers found that
elevating snow line, increasing temperature and drought periods had decisive role in the
transformation. The 99 species included in the study of Parmesan and Yohe (2003) wanders
6.2 km/decade to the North on average. 434 species changed their area according to the
climate change: species of the temperate zone are expanding, but the area of the polar
species is shrinking.
The problem that endangers the communities most is that living organisms do not react in
the same way and extent to changing environmental conditions, therefore food networks
can be transformed dramatically. Different members of the food chain react to climate
change in different ways (Crick 2004, Harrington et al. 1999). For today, it has also become
known that the higher the position of a species in the food chain, the more sensitive this
species is to climate change (Voigt et al. 2003). It is also a fact of interest that species in
close relationship do not necessarily react to the effects of climate change in the same
extent (Végvári et al. 2009).
Shifted seasons:
A great number of observations support the fact that the beginning of the vegetation period
had been shifted to earlier and earlier dates in the past decades (Parmesan and Yohe 2003,
Visser and Both 2005). In North America, the beginning of the frost-free period has been
shifted 11 days earlier during the last 60 years (Easterling et al. 2000). This results in earlier
bud-breaking and animals appear earlier accordingly. The comprehensive study of Parmesan
and Yohe (2003) showed that 62% of the observed 677 species start their spring life-cycle
earlier than before.
According to a forecast, 75% of bird species are going to start their reproduction cycle earlier
by 2080. Those bird species nesting earlier have changed their egg-laying pattern in a
greater extent than those laying their eggs later in the year. Furthermore, there are species

which appear earlier from their winter resorts or awaken earlier from their hibernation. At
this time, not all the environmental conditions are optimal for them (e.g. American
Robin (Turdus migratorius), Yellow-bellied marmot (Marmota flaviventris), etc.) (Crick 2004,
Inouye et al. 2000 ).
There are some pieces of evidence that long-range migratory birds are less able to adapt to
climate change compared to those bird species that migrate on shorter distances. This is
especially true for those species whose migration is controlled not by the change in
temperature but some other factors. Végvári et al. (2009) studied the arrival dates of 93 bird
species. They found that there is a trend that these bird species arrive back earlier, but there
are distinguishable groups: long-range migratory species cold adapt in a lesser, while shortrange migratory species in a greater extent to the spring commencing earlier. Species
changing heir quill-feathers in the summer arrive earlier than others which are moulting at
their winter resort.
A good example for host-parasite relationship is the case of common cuckoo (Cuculus
canorus) and its nest hosts. Möller et al. (2010) showed that long-range migratory birds are
having more cuckoo eggs in their nests than short-range migratory or locally overwintering
species. The reason for this lies in the different phenological response of these species. Since
cuckoos are long-range migratory birds, they could not adapt to the vegetation period
shifted earlier than their short-range migratory nest hosts. Therefore cuckoos arrive later,
when their hosts have even already started egg-laying. This is a major disadvantage, since
the cuckoos’ chances to lay their eggs in these nests is decreased, and this results in a trend
showing cuckoos are laying their eggs into the nests of long-range migratory bird species.
Changes in vegetation:
As a summary, it can be stated that critical changes can be expected in most of the
communities. These changes can fundamentally alter the image of a territory. This
transformation process is related to the changes in the areas of the species which build up
these communities. According to our models, the area of the Northern, mostly pine-leaved
tree species are going to shrink in a significant extent, they can remain only in the Northern
parts of their current area, or pushed back to some resorts or asylums. The proportion of
deciduous trees however, is going to increase with their expansion to the North. In South,
deciduous trees are going to be replaced by Mediterranean species; a mixed functionality
should arise with longer vegetation period and greater amount of sequestrated carbon.
Heading further to the South, the dominance is going to be taken over by bushes and
grasses which will increase the expected frequency of fires (Thuiller et al. 2005).
Ecosystems at higher latitudes have been transformed in recent years as well: with the
increase in temperature, the density of shrubs became greater and the Northern boundary
of trees had expanded. Due to the altered albedo and energy regulation, increasing
photosynthetic activity has been observed during the last 25 years. A contrasting effect is
that water stress overburdens the advantage given by longer vegetation period. As a result,
primary production had been increasing only until 2000 (1.4%), it is constantly decreasing

since then. Due to higher air temperatures, the amount of precipitation decreased, so less
water is available for the plants (Bunn et al 2007).
In a given community, replacing a species with another having the same function has a
minimal effect, but if the original species becomes replaced with a species of different
function, significant changes can take place. For example, if grass species will be replaced by
broad-leaved deciduous tree species, the nitrogen and carbon cycle of temperate zone
ecosystems will be altered in a significant extent. Besides, due to close interspecific
connections, this change is going to affect other species as well (Thuiller et al. 2006.).
A consequence of the decreasing are of the Amazon forests is that evapotranspiration is
going to decrease, and a warmer, dryer climate will be established. This is important
because in a dryer climate, the chance of forest fires is greater. Besides, the quantity of
withheld CO2 will also be decreased. Apart from anthropogenic effects, the rainforests of
South America are also endangered by the changing climate. The most endangered parts of
the forests are those close to the fringes of the forests. The process is accelerated by the
opening of the canopy, since the more leaves are fallen, the more timber is going to be
produced that is prone to be ignited by fire-causing events. This can lead to litter fires that
damaged young trees, sometimes deeply penetrating into the forest and further opening
the canopy cover of rainforests (Laurance and Williamson 2001). This is important because
10-15% of global CO2 emission come from the degradation of tropical forests.
Degradation of forests can decrease the amount of precipitation by 20% (Lean et Warrilow
1989; Shukla et al. 1990). Forest fires are caused by intended arson: 47000 forest fires have
been observe in 1997 in the Amazon basin, the majority of which have been caused by
farmers (Brown 1998). Forest fires are phenomena greatly increasing the emission of
greenhouse gases (Laurance et Williamson 2001; Houghton 1991; Fearnside 2000). As we
can see there are a number of feedback loops providing an aggravated outlook for the
coming decades.
The terrestrial vegetation of Hungary
Hungary has a transitional position not only from climatic, but also from biogeographical
aspect: the country lies on the boundary of Central European deciduous forest zone and the
continental forest steppe, with significant submediterranean effects. The expected warming
could affect the area of Hungary in a quite sensitive way, for a number of reasons. First of
all, the boundaries of vegetation zones determined by climatic factors show increased
sensitivity from the aspect of climate change. Second, due to the isolated position of the
Carpathian Basin, its flora and fauna are increasedly endangered. Natural values of Hungary
are already pushed back to a relatively small area and they are dramatically endangered
even without considering climate change. Consequently, the impacts of climate change
would certainly result in the change of natural structures, fundamental alteration in current
conditions which calls the attention for the importance of adaption of nature protection and
biodiversity conservation and the significance of the tasks in these fields. (Hufnagel and
Sipkay 2012, Harnos et al. 2008)

Biogeographical regions of Europe, 2005. (source: EEA)
Significant changes in the climatic conditions of Hungary, expected to be onset at the end of
this century can result in the shift of biogeographical zones.

Expected shifts of climatic zones based on geographical analogy (Potential analogous
NUT2 regions of Debrecen for the studied periods)
Plants adapt to the change climate on the spot, locally, if they are able to, or „wander away”
using their reproductive parts. Altering their areas however, is severely hindered by the
fragmentation of their current habitats due to anthropogenic activities. There is no
significant connection between areas covered by natural vegetation, therefore species
cannot wander, and cannot find those resorts, asylums where they can survive unfavourable
periods.

Dolomite rock grass on the Odvas hill of Budaörs – home of many protected species, a
victim of fragmentation (image: Gergely Petrányi)
The most endangered group of Pannon vegetation are the endemic species since their whole
area is limited to the Carpathian Basin. These species include: Hungarian Iris (Iris aphylla
subsp. hungarica), the iteparous perennial relic endemicFerula sadleriana and Linum
dolomiticum. Since climate change in Hungary is expected to be most significantly manifest
in the drying out of wet habitats and further drying of arid habitats, increased reaction can
be expected from the species favouring wet habitats (Atlantic-Submediterranean or
Subatlantic species). Eurasian or cosmopolitan species with a large area are affected the
least by climate change. Winners of climate change can come from drought-tolerant species
with Southern area, especially if they have a good expansion ability. However, a significant
part of these plants are weeds, therefore their increased expansion requires increased
attention.

An endemic species of the dolomite rocks and the steppe vegetation of the warm slopes:
the Linum dolomiticum (source: DINPI)
Plant species can react to climate change also by changes in phenology. According to the
results of numerous studies, early spring species can react in the most spectacular way: they
can shoot and blossom earlier. Long-term phenological studies have also been made in
Hungary. It has been revealed that in the past 100 years the blossoming of the Black Locust
shifted 3-8 days earlier in the year depending on the studied region.

Black locust (Robinia pseudoacacia) (source: http://hortiplex.gardenweb.com )
Communities of natural state and great species richness are more stable than secondary
communities or those communities whose natural state has been derogated. The role of
species richness in mitigating the effects of weather changes has been shown in numerous
cases. Ecological systems rich in species could more effectively mitigate the negative effects

of climate change. The reason why it is a significant fact is that in the densely populated
Europe – and even in Hungary – there are more derogated, species-poor habitats than
habitats in near-natural state.

Black Locust plantation in the Great Hungarian Plain dominated by only one tree species
(source:http://zoldhullam.blog.fn.hu/ ))

Hardwood forest grove in a near-natural state ( http://www.novenyzetiterkep.hu , János
Bölöni)
Animals
More than three-fourth of the currently known species are represented by invertebrate
species, mostly insects and other arthropods. The role of insects is predominant not only in
the biodiversity of our planet, but also fundamentally affects the functioning of near-natural
or agricultural ecosystems. In this respect it is perhaps enough to think of the pollination of
flowering plants, pests, agent of biological plant protection, arthropods maintaining the
processes of the soil or vectors of diseases.

An inhabitant of our beech forests: the Rosalia longicorn (Rosalia alpina) (image: Gergely
Petrányi)
The volatility of climate fundamentally affects the structure of insect communities,
composition of regional fauna and seasonal state changes of individual, local habitats
(microhabitats, biotopes). Weather exerts its direct effects through phenological and
population dynamics processes which indirectly result in the transformation of areas and
biodiversity.
Insect communities are not only important in themselves, but they are also indicators of the
impacts of climate change. With their help we are able to gather such kinds of information
which can be fathomed by no other methods.
One of the most important orders is Lepidoptera – the fourth largest insect order in Europe
– consisting of 8470 species living in 35 countries. Even in Hungary, 3500 species have been
indicated! Due to the richness of species, the Lepidoptera species list of a given region can
give a thorough overview of the natural conditions and it is also true in reverse: butterflies
and moths react sensitively to changes in abiotic environment and therefore can be used as
good indicators considering climate change.

The patchlike area of the Southern Festoon (Zerynthia polyxena) follows the area of its
food plant, the European Birthwort (Aristolochia clematitis) (image: Gergely Petrányi)
Well-discernible changes can be observed in the area and local abundance of wild species
that can be attributed to the warming climatic trend of the 20th century. The majority of the
studied Lepidoptera species showed a systematic Northern expansion during the 20th
century. Depending on the species, the Northern expansion could attain 35-240 km.

Geometrids have perfectly adapted to the rocky habitats and stick to these places as well Charissa variegata (image: Gergely Petrányi)
During the course of the 20th century, the areas of species changed systematically, and
these changes were in accordance with the forecasts of global warming scenarios.
Therefore, however researchers can not conduct controlled trials on the impacts of climate
change on the areas of species, the repetition of similar patterns in all the studies provides a
sufficiently strong evidence that climate change even currently exerts a significant impact on
natural populations.

Larva of the Mountain Small White (Pieris ergane), indicator species of our untouched
dolomite rock grasses (image: Gergely Petrányi)

The Death’s-head Hawk moth (Acherontia atropos) overwinters in Africa and migrates in
summer to Hungary (image: Gergely Petrányi)

The Portland Moth (Actebia praecox), one of the disappearing species of our steppe fauna,
last seen in the late 1970’s in Hungary (image: Gergely Petrányi)

Lignyoptera fumidaria, a steppe relict, reaches its Western boundary of its area in Hungary
(image: Gergely Petrányi)
Based on the area maps of some vertebrate groups similar studies have been made by
evaluating the areal situation of a species in a point (central situation, fringe situation,
situation outside the area, etc.), and the proportion of species not affected by the climate
change characterized by the geographical analogy, damaged, and species expected to gain
benefits. (Bartholy et al 2012)

Taxa
Lepidoptera
Mammal
Bird
Reptile
Amphibian

Not affected
55-81%
54-21%
78-23%
51-13%
75-50%

Loss
19-45%
36-48%
15-59%
18-21%
17-25%

New species
19-36%
10-31%
8-18%
28-69%
8-25%

As we could see, climate change can cause significant changes in almost all communities.
The main cause of the problem is the elevated concentration of greenhouse gases in the
atmosphere. Due to a number of feedback loops, this causes significant changes in the
climate system of the Earth with increased temperatures and more frequent climatic
extremities. Every living organism tries to react to these changes, in the beginning with
tolerance, then with phenological and area changes. Not all of the organisms are able to
react properly, therefore systems become more vulnerable to further impacts. Demolishing
communities can react back to the change of weather, further strengthening the process.
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Phenomena in phenology and population dynamics
Phenology models and techniques
Among the phenology models and techniques, plant development models are considered as
the most important. The history of these models dates back to 1735 and is associated with
Reaumur. Reaumur recorded the dates of different phenophases and the mean
temperatures of arbitrary days of a given phase.
A great upswing in modelling could have been observed in the 20th century, along with the
development of computer science and the growing popularity of analyses related to climate
change. Most predominantly the correlation of increase n temperature and the changes in
phenophases has been studied. Most phenology models are able to predict budburst,
flowering and fruit maturation, but no model can predict the date of canopy leaf coloration
so far.
Reaumur observed that grain and grape was harvested later in 1735 when the heat sum in
April, May and June had been lower than in the year of 1734. Hence, he deducted that
plants grains develop faster if the temperature is higher in the period between sowing and
harvest, and grapes develop faster if the temperature is higher in the period between
flowering and harvest.
Phenology models can be classified into 3 main types:


theoretical models: in case of the leaves produced by the plants, these models are
based on a cost/benefit ratio.



statistical models: study the correlations between climatic factors and the time of
phenophases. E.g. the Spring index model (Schwartz and Marotz 1986, 1988; Schwartz
1997) considers the heat degree days, mean temperatures, intensity and the number of
synoptic weather phenomena.



mechanistic models: describe plant phenology with the known or assumed “causeeffect relationships“ between biological processes and key driving variables. E.g. the
spring warming model contains also the development rates along with mean
temperatures and heat sum. However, this model has a fundamental problem: our
knowledge on the biochemical and biophysical processes taking place in the dormancy
periods are quite incomplete.

Importance of plant phenology models:


prediction of impacts of global warming on wild and cultivated plants



improvement of crop productivity models



forecasting the presence of pollens for people suffering in allergic disorders



forecasting frost damages for foresters and farmers.
Impact of climate change on the growth of forests is described by the FORGRO (Forest
Growth) model. This model simulates tree growth, productivity (Mohren 1987) and
considers the phenophases appearing at the end of the vegetation period (Vesala et al.
1998). The increase of CO2 and temperature in the model impact the processes in forest
trees.
Models describing the life-cycles of animals primarily deal with ectotherm (cold-blooded)
animals, since the adaptation of endotherm (warm-blooded) animals to different seasons or
periods is not so definite (Régnière et al. 2003). These models also include temperaturedependent models that describe the correlation between the development of insects and
temperature (Logan and Powell 2001).
The four factors affecting the climate of a given unit of territory are as follows: geographical
latitude, elevation above sea level, continentality and the layout of local circulations (Bolstad
et al.)
There are also daily weather generators that depict realistic data on daily rainfall, insolation,
monthly mean temperature and precipitation. These also simulate extreme impacts like
drought and frost.
The paper of Brügger (2003) is about the phenological variations of forest trees. PEI
(Phenological Emergence Index) gives an estimation of spring sprouting and autumn
colouration of the leaves. Phenophase indicates which development stage the plants have
been observed in. Different phenological development stages mark distinguishable
processes when a special morphological structure is developed. Development of Fagus
sylvatica and Picea abies has been studied in Swiss forests between 1990 and 1999. It has
been found that colouration and fall of leaves is affected by temperature, photoperiod,
precipitation, drought and also the wind. Sprouting of beech leaves took 1-19 days,
colouration 6-36 days.
BBCH scale determines the phenological growth stage in case of mono- and dicotyledonous
plants (Meier, 2003). The scale contains 99 codes classified into groups of 10’s. Code 00
marks seed stage before the plant starts to sprout; code 99 is for postharvest operations and
storage.
Groups of the BBCH scale are as follows:



00-09: Germination, bud development and sprouting. Code 07 marks the stage of
the beginning of sprouting or bud breaking; code 09 marks the stage when the bud
shows its green tips.



10-19: Development of the leaf.



20-29: Formation of shoots.



30-39: Stem elongation or rosette growth, shoot development (main shoot).



40-49: Harvestable vegetative plant parts or vegetatively propagated organs begin
to develop.



50-59: Inflorescence emergence. E.g.: code 51 – inflorescence or flower buds visible,
code 55- first individual flowers visible, code 59- first flower petals visible.



60-69: Flowering (main shoot). E.g.: code 60 – first flower opens, code 65 – full
flowering: 50% of the flowers open, first petals may be fallen, code 67 – flowering
finishing: majority of petals are fallen or dry, code 69 – end of flowering: fruits set visible.



70-79: Development of fruit.



80-89: Ripening or maturity of fruit and seed.



90-99: Senescence, beginning of dormancy. E.g. beginning of leaf-fall.

In case of apple, pear, quince, strawberry and currant, a special scale is used (Meier et al.
1994):


Bud development.



Development of the leaves.



Development of the shoot.



Emergence of flowers.



Flowering.



Development of the fruit.



Ripening of the seeds and fruit.



Senescence, beginning of dormancy.
There are some so-called phenological calendars that describe the starting date and period
of seasonal natural phenomena and their interrelations. Environmental conditions,
ecosystems and various species provide a help for this task. If phenophases are compared to
climate, a very colourful picture will be obtained. This is why it is so important in studies
related to climate change. In the European program named POSITIVE (Menzel et al. 2001)
more than 400 phases have been collected in flora and fauna, and also the environment of
the observatory stations has been studied. The calendar also contains daily mean
temperatures.
Important parameters were as follows:



phenophase, e.g. budburst, leaf sprouting



physical environment conditions, e.g. snow, ice



climatic parameters e.g. temperature, precipitation, wind
Calendar types:



descriptive: describes the emergence and succession of phenophases,



relative: compares the phases and their ecological conditions.
In Central European phenological calendars, environmental limits determine the start and
the end of a season. When mean daily temperature exceeds 0°C, it marks the beginning of
early spring, when temperature exceeds 5°C it marks the start of spring and if 13°C is
exceeded, summer is going to begin. And when the daily mean temperature falls below 0°C,
this shows the start of winter, falling below 5°C is the indication of late autumn, and falling
below 13°C marks the start of autumn (Jaagus and Ahas 2000).
By studying the data from the calendars of various nations, POSITIVE program has yielded
the following results:



Germany and around: earliest dates, longest vegetation period, longest transitional
seasons, most definite trends and strong, 8-year long fluctuation cycles



Baltic region: oceanic climatic impact (late summer, more rain), strong trends, visible
8-year long cycles.



Ukraine: earliest middle spring, longest summer, late precipitation, low-normal
differences.



Russia: latest starting dates, shortest vegetation period, continental climate (long
winter and short summer), short transitional seasons, no trends in the Eastern and

Southern regions, 8-13-year long fluctuating trends in the fragments.
Fingerprints of plant phenology are the indicator plants that show the changes for us
(Menzel 2003). Spring phenophases have mostly been studied in the last 3-5 decades e.g. in
case of the lilac, with the following results: phenophases commenced 0.12-0.31 days earlier
every year in Europe and 0.08-0.38 days earlier every year in North-America. Autumn phases
have been studied in a less intensive manner, but these commenced 0.03-0.16 days later
every year. A significant change in leaf-fall was demonstrated in North-Eastern Spain: leaves
fell 13 days later in 2000 than in 1952 (Peñuelas et al. 2002). Fruit bearing commenced in
the case of Sambucus nigra and Aesculus hippocastanum 9 days earlier in 2000 than in 1974.
The use of phenophases as bioindicators is also very useful in studies related to climate
change. E.g. a 100-year long series of data is recorded on the flowering of the Prunus
avium of Gresheim. These data has been displayed and trends fitted in three periods: 19002000, 1951-2000 and 1982-2000. The steepness of the resulting trends was increasingly
greater, which shows that the change of phenology is becoming faster, phenophases are
emerging earlier and earlier every year. This phenomenon is associated with the increase in
temperature. The colouring of the leaf is affected by the late, warm summer (delaying it)
and the high temperatures in May and June, hurrying it (Menzel 2003).
The impact of precipitation is most expressed in the Mediterranean vegetation (Peñuelas et
al. 2002), species with lesser drought tolerance and non-irrigated cultivated crops are in
close correlation with precipitation. In the future, some additional factors can prove to be

important in determining the change of phenophases: photoperiodic regulation, the impact
of CO2, irrigation, fertilization, action of agricultural producers (Menzel1998; Peñuelas et al.
2002).
Not only the plants can mark the change of seasons, but also the first song of birds, earlier
arrival of migratory birds or earlier emergence of butterflies.
Since the beginning of the 20th century, mean temperature of the Northern hemisphere
increased by 0.6°C. Daily minimum temperature has increased in a greater extent than
maximum (IPCC 2007). The length of vegetation period was lengthened by 18 +/- 4 days in
Eurasia and 12 +/- 5 days in North America.
Continental-scale phenology modeling utilizes sums of heat-degree days and observes plantclimate relations (Schwartz 2003). The model studies exclusively indigenous plants. Spring
index considers data resulting from the first leaf sprouting of lilac and two species of
honeysuckle bushes. Second generation models studying the first leaf and first flower
formulated by Schwartz (1997) contained the following data:


First -2.2 °C freeze date in autumn



Composite chill date (all frosty days)



First leaf date (early spring)



First bloom date



Last -2.2 °C freeze date in spring



-2.2°C freeze period (number of frosty days)



Damage index value (elapsed time between the sprouting of the first leaf and the
last frosty day)



Average annual, average seasonal, and twelve average monthly temperatures
A study observing the data of the period of 1959-1993 reported that the first leaf indicating
spring emerged 5.4 days earlier, the first flower appeared 4.2 days sooner and the last frosty
day commenced 4.2 days earlier (Menzel and Fabian 1999).
Plant phenological phenomena
Studies in phenology play an important role in researching climate change. Phenology data
collected by monitoring systems set up at various spots of the world provide us help to
create models. With the statistical analysis of these data, forecasts can be given on the
extent of impacts of global warming and changes in weather.
Global plant phenology data, networks and research
In China, the CAS (Chinese Academy of Sciences) network studies the change of various
phenophases. Among the studied 127 species there are soft stem (herbaceous) and woody
stem (arboreal) plants like Paeonia lactiflora or Ginkgo biloba. The dates of the various
phenological phases of these plants are observed, such as budburst or leaf colouring. These
dates are used to study correlations with weather parameters (Wan and Liu 1979). CMA

network (Chinese Meteorological Administration) collects the necessary meteorological data
from the 587 stations located at various locations of the country (Cheng et al.1993). Also
historical records can provide a great help in the work of climate change researchers, since
written materials on phenological observations are available from the 11th century BC.
Various models formulated in the country show the difference in the flowering date of the
observed plant species in different regions of China, which can be associated with the
different temperatures a CO2-concentration of these areas.
The meteorological network of Japan, the JMA (Japanese Meteorological Agency) has been
established in 1953 (Chen 2003). It has nearly 100 stations country-wide which are also
dealing with the observation of phenophases and measurement of meteorological data. 12
plant and 11 animal species are observed in different regions. Phenological models are
concentrating on the extent of warming in urban regions, and the extent of changes climate
change causes in the dates of phenophases. One of these models studies the relation
between main inflorescence and geographical coordinates, and another model tracks the
relation between temperature and flower bearing. The most important among the observed
plants is the Prunus yedoensis. It has been observed that 1°C increment in the March mean
temperature causes the flowering to commence 3-4 days earlier. Other important studied
plant species are Prunus mume, Acer palmatumand Taraxacum officinale.
The exploration of the flora and fauna of Australia started practically in 1788 (Keatley 2003).
In this work, the continent has been divided into the following regions: Western Australia,
Northern Region, Southern Australia, Queensland, New South Wales, Victoria and Tasmania.
Mostly the observation of eucalyptus species are conducted in these regions, but Araucaria
cumminghamii, Corymbia maculata or the indigenous Pinus species are also studied.
The first phenology network in Europe has been established by Carl von Linné, who made his
observations in Sweden (Menzel 2003). The IPG (International Phenological Garden) is a
unique network in Europe established in 1957 by F. Schnelle and E. Volkert. This network
studies 7 phenophases of 23 plant species. Length of vegetation period, amount of CO2,
changes of spring temperature are observed and tracked. ICP Forests (International Cooperative Programme) is a programme observing the impacts of air pollution to forests.
There are also national networks in Europe, in Albania, Austria, the Czech Republic, Estonia,
Germany, Poland, Russia, Slovakia, Slovenia, Spain and Switzerland (Schnelle 1955). There
are also networks in some countries that are incomplete or not fully operational, like in
Portugal and Greece.
Research in the United States has been conducted mainly in the 20th century. From 1851 to
1859 a relatively short observational project took place when 86 plant, bird and insect
species have been observed in 33 different places of the country. Phenological research
became important in the 1950’s for agriculture (Schwartz 1994). Besides the observations
ofSyringa and Lonicera species, study of Cercis canadensis, Cornus florida and Acer
rubrum can be mentioned as significant observations (Reader et al. 1974). Eventually, these
plants indicate earlier springs from 1970 on.

Observation in Canada has been conducted from as early as 8-10 thousand years before
(Schwartz 2003). The first nations and the Inuits made natural calendars that were based
mainly on the flowering date of Thermopsis rhombifolia, the ripening of Rubus
spectabilis and the flowering of several Rose species and Holodiscus discolour. Nowadays the
flowering of wildflowers, phenological examination of birds, frogs and the freezing dates of
lakes and rivers are conducted.
In South America, the examination of the flowering of indigenous tropical trees, coffee and
cacao is conducted. Impacts of El Niño and CO2 emission on the phenology of plants are also
studied. This region is inhabited by a huge number of different types of climatic and plant
communities. The emergence of the flower and the maturity of the fruit of a given plant
species on different locations are also studied.
Researchers started to show interest towards phenology during the 1990’s. They were
motivated by the recently increased temperature and the changes taking place in the
development of plants and animals. In 1993, the Phenology Study Group of the International
Society for Biometeorology (ISB) has been established in Canada, and in 1996, the GPM
(Global Phenological Monitoring) was formed. GPM is one of the most important systems
currently operating at the Northern hemisphere. The most important factors determining
the starting date and duration of phenophases are: temperature, precipitation, soil type, soil
humidity and insolation. Among these, temperature has the most important influence,
therefore the GPM is focused mainly to this factor. The selection of the species is based on
the following criteria:


Plants should have phenophases that are easy to observe.



The start of the phenophases should be sensitive to air temperature.



Plants should be economically important.



Plants should have a broad geographic distribution or ecological amplitude.



Plants should be easy to propagate.



Blooming should last several months during the growing period.

These criteria are met particularly by fruit trees, bushes in parks and spring flowers. There
are special standardized observation programmes when plants are grown in a closed place,
watered and eliminating weather effects. In these cases, only temperature effects are
examined. Trees and bulbous plants do not need to be grown in special places. Observations
are done at the starting day of the given phenophase, at least 3-4 hours after the sun has
passed its peak position.
GPM utilizes the so-called BBCH (Biologische Bundesanstalt, Bundessortenamt, Chemische
Industrie) codes, where abbreviations are attached to the various phenophases:


SL: The buds begin to open in at least 3 places on the object under observation. In
the case of flower buds (bud burst) the green leaf tips enclosing flowers are visible; in the
case of leaf buds (bud break) the first green is visible.



UL: Beginning of the unfolding of the leaves, first leaf surfaces visible. In at least 3
places on the object under observation, first leaves have pushed themselves completely
out of the bud or leaf sheath and have unfolded completely, so that the leaf stalk or leaf
base is visible. This phase is sometimes only recognizable by bending back the young leaf.
The individual leaf has taken on its ultimate form, but has not yet reached its ultimate
size.



BF: First flowers open, Beginning of flowering, blossom. In at least 3 places the first
flowers have opened completely.



FF: full flowering. Approximately 50% of the flowers are open.



EF: end of flowering. Approximately 95% of the total petals have fallen.



RP: fruit ripe for picking. The fruits show the colouring characteristic for their variety
and can be removed easily from the fruiting lateral.



RF: first ripe fruits. The first ripe fruits fall from the tree naturally.



CL: colouring of leaves. Approximately 50% of the leaves have taken on the colours
of autumn.



FL: leaf fall. Approximately 50% of the leaves have fallen off.
Phenological data are utilized in numerous programmes. There are data providers who
record which day and where the phenological activity of the given species has taken place. In
the process of research, observations, data analyses, modelling, forecasting and supporting
of decision making are conducted. Answers are sought for the following questions:



Which biotic or abiotic factors affect the date of the given phenophase?



What effect the date of phenophase has on the ecological and socio-cultural
research:



How this date can be influenced in order to gain better results?

Phenology is also used by strategy-makers. It can provide a great deal of help in issues like
politics, environment, environment protection, nature, human health. NGOs can deal with
and utilize phenology in such issues that are not sufficiently paid by the government or
industry.
In commerce, phenological data can refer to the quality of food or whether it is fit for
human consumption or not. Information related to phenology can help in increasing crop
yield and avoiding damages caused by frosts or pests.
Among the databases, bibliographical and meta-databases can be found. Meta-databases
show what kinds of phenological systems exist or existed before. Bibliographic databases
contain data from botany, ornithology, geography, history, agronomy, forestry, and other
environmental and health sciences (Jeanneret 1997).

Some phenological networks have online information systems providing maps, tables and
graphs about the changes in nature. EPN (European Phenology Network) contains a huge
amount of phenological information.
The importance of phenological processes can be found in many places, not only in climate
research. For example, species are active until they have nutrients and water sufficient for
their development and this determines the time of the optimal period and phase (van Vliet
et al. 2003). In agriculture, forestry and fishery it is important that the life-cycles and
vegetation periods of plants and animals are affected by biotic and abiotic factors in their
reproduction, which heavily affects their productivity. Human health is also affected by
phenological processes, considering e.g. allergy, diseases, epidemics or water quality.
Among these, the dates of emergence of the allergenic pollens or the hatching of the
mosquitoes causing malaria are of utmost importance. Observations of phenophases can
also be important when arranging the flight plans of airplanes and taking into account the
flight of migratory birds, or when trying to avoid the dangers posed by leaves fallen on
roads. Phenology also has a significant role in tourism via the emergence of colourful
autumn leaves, appearance of migratory birds, and inflorescence of flowers.
Plant phenology in some bioclimatic zones
Studies conducted in various climates include mainly the research of leaves in tropical and
arid climates (Sanchez-Azofeifa et al. 2003). Here, phenophase depends on the length of the
rainy and dry periods. The date of new leaf-bearing and leaf-fall is observed and the Leaf
Area Index (LAI) is calculated. The correlation between the pollen production of the flowers
and the appearance of birds and bats is also studied.
Different kinds of Mediterranean climates form a transition between the dry tropical and
the temperate zone. Volatile amount of annual precipitation, variable length of summer
draught periods, intense summer insolation, mild-hot summers and cool-cold winters are
characteristic for this zone. Based on the structure of the vegetation, six types of
Mediterranean climate types are known. Phenophases are affected by environment,
summer drought, fires, unstable structure, various floods and erosion in winter, agriculture,
grazing and anthropogenic effects. Studies concentrate mostly on the impacts of
temperature and precipitation. When studying the changes in temperature it has been
observed that warming was 0.5°C in the last century, a study conducted between 1952 and
2000 stated that leaves of trees on average sprout 16 days earlier and fall 13 days later than
in 1952 (Peñuelas et al. 2002). Herbaceous plants flowered 6 days earlier than in 1952 and
fruit bearing commenced 9 days earlier in 2002 than in 1974. Migratory butterflies and
moths arrived 11 days earlier and migratory birds arrived 15 days earlier than in 1952.
The Great Plains of North America can be divided into tallgrass, shortgrass, mixed-grass
prairies and sandhills (Henebry 2003). Phenology is affected by the start, length and
intensity of drought, the precipitation surplus, hails, snow, frosts, fires, grazing, pests and air
pollution. In current studies, impacts of precipitation, temperature and the flowering of

plants are observed (Leopold and Jones 1947). Amongst the multitude of study
plants Lepidium densiflorum, Andropogon gerardii andPanicum virgatum can be found as
examples.
Among the climates on high latitudes, Arctic Circle is characterized by 6 months of daylight
and 6 months of night. In the Northern parts of Norway, daily mean temperatures exceed
5°C less than 100 days in a year. In Scandinavia, the number of snow-free days is less than
120 per year. (Björbekk 1993). Phenology research started in Sweden with Carl von Linné.
During his examinations in 1751, he observed the budburst, flowering, fruit-bearing and leaf
colouration of plants. In studies conducted later in Western Norway, it was found that
among the plants studied Prunus padus required the least heat for budburst and Fraxinus
excelsior needed the warmest temperatures. Considering inflorescence, colder weather was
also sufficient for Salix capra. As for climate change, it was found that a greater increment
can be expected in winter than in summer temperatures and precipitation. In Central
Europe, budburst commenced 0.2 day/year earlier from 1960 to the end of the century,
while autumn phases emerged 0.15 day/year later, which means a longer vegetation period.
In Canada,Populus tremuloides brings the first flowers 0.27 day/year earlier.
Among climates of great elevation above sea level, the climate of the Rocky Mountains has
been selected as a base. The higher the elevation, the greater the amount of precipitation is,
and the greatest amount can be expected around the peak of the mountain. With increasing
elevation, temperature decreases. In the last century, summer precipitation increased by 3033%, and the annual minimum temperature increased by 0.7-0.9°C. In the case of some
trees and bulbous plants, budburst and flowering were delayed by 2-5 days. High mountains
are characterized by short vegetation period, cold temperatures and snow cover. The
beginning of the vegetation period is mainly determined by the melting of the snow cover.
The earlier the melting commences, the earlier the vegetation period begins and the
productivity
of
seeds
increases.
Among
the
plants
studied, Vaccinium
myrtillus and Delphinium species can be found as examples.
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Renewable energy resources
Humanity inevitably needs energy. We use a huge amount of energy for preparing our food
and for other activities of our everyday life. Our relation with the environment is
fundamentally determined by producing and making energy available. It can be stated that
our most important energy source is the Sun, its energy is utilized by the plants and
indirectly the energy of the Sun can be found in fossil fuels. Throughout the history of
humankind, human and animal power, biomass, and from the start of the industrial
revolution, coal have been the most significant energy sources. Use of energy from
hydrocarbons (oil, natural gas) became the most prevalent source of energy during the last
century.
The growing population of the Earth and the increasing hunger for energy gradually leads to
a point where hydrocarbon resources peter out or their production becomes uneconomic.
This is why renewable or alternative energy resources have started to gain increasing focus.
Earth’s population exceeded 7 billion by now, and according to forecasts it attains 9 billion
by 2050. The current structure of energy production will not be able to provide such a huge
population with sufficient amount of energy, a contribution from renewable energy
resources is certainly needed. Use of nuclear energy poses a greater risk than renewable
energy resources, and nuclear disasters can cause even greater damages than their share in
the production. Recent catastrophes (Chernobyl 1986, Fukushima 2011) showed that
necessary amounts of energy have to be produced without nuclear power plants.
Currently, 80% of the produced energy is consumed by the developed countries, but only
20% of humanity lives in these countries. Therefore it is absolutely clear that our energy
consumption is unsustainable, it is inconceivable that every citizen of the Earth increases the
consumption of energy to the level of developed countries.
According to our current knowledge, such an energy demand cannot be satisfied and there
is no definite, obvious solution for this problem. The following efforts shall undoubtedly be
made:
- improvement in energy saving,
- improvement in energy efficiency,
- improved use of still unexplored or unused energy resources,
- and these above efforts should be made with full consideration of environmental aspects
and the least possible damage to the environment.
All the forecasts on energy consumption show an increase in future use, but also
prognosticate the increment in the utilization of renewable energy. Different countries have
different opportunities, but in broad lines the following renewable energy resources can be
taken into consideration:



Biomass,



Thermal energy,



Solar energy,



Wind energy,



Water energy.
The greatest problem of renewable energy resources is availability, since their availability
changes in time (just consider solar energy for example). Therefore the production of these
cannot be sustainable without appropriate energy storing systems. The objectives of the EU
2020 strategy determined strict targets.



20% decrease in primary energy consumption by 2020



20% decrease in the emission of greenhouse gases in the EU by 2020



20% of total energy mix must be covered by renewable energy sources by 2020



At least 10% use of biofuels must be attained by 2020.
In case of Hungary, EU specified a 13% share of renewables.
Use of renewable energy resources in Hungary by 2020, total: 186.4 PJ
Use of renewables in the Use of renewables in the Total energy of biofuels used in
production of electricity in 2020: production of heat energy in 2020:
9470 GWh (79.7 PJ)
2020:
19.6 PJ
87.1 PJ
Domestic energy balance
In the recent 20 years primary energy consumption has not been changing significantly: it
was around 1100-1150 PJ in average. Figure below shows the distribution of energy
consumption in 2008. There is a general trend towards declining coal and oil use, and the
share of output of power plants increased from 25% to 35%.

63% of total domestic consumption is imported; the proportion of domestic production
attains only 37%, which shows Hungary’s significant dependence and vulnerability. A
predominant proportion of the import arrives as liquefied and gaseous energy resources,
the former is used by chemical industry and transportation and traffic, while the latter is
used by households and electricity sector. In the distribution of domestic energy production,
the production of electricity is the most predominant (Paks Nuclear Power Plant).
Domestic primary energy usage:

Classification of energy sources:
Non-renewable:


nuclear,



coal-type energy resources (peat, lignite, sub-bituminous coal, bituminous coal,
anthracite)



hydrocarbons (natural gas, crude oil)
Renewable:



water,



biomass



wind and solar energy
Transitional:



geothermal energy (10-100 years depending on local conditions)
Renewable energy sources:
Biomass
In the course of photosynthesis plants bind and build in atmospheric carbon, thus
transforming the energy of the Sun into chemical energy. The Hungarian flora binds an
amount of carbon nearly three times greater than that of production. So the utilization of
remaining biomass for energetic purposes would be quite useful. Annually, nearly 10 million
tons of organic by-products could be used and 60-70 MJ of energy could be produced this
way. Main types of utilization could be burning, pyrolytic gasification, biogas (methane
fermentation), plant oil (biodiesel) and production of alcohol. From environmental
protection aspects, the most purposeful utilization in Hungary would be the methane
fermentation, because this way useful biofertilizer by-product would be produced beside
biogas that could substitute chemical fertilizers in soil remediative treatments.
Biomass types for combustion (burning) purposes

Biomass source for combustion can be of quite various origin: herbaceous (energy grass,
energy reed, grain straw, corn stalk, husks, mowed roadside grass residues, litter, etc.) and
woody (treebark, forest residues, loppings) biomass as well. The energy content and density
of these is very different of course, therefore each type has different setbacks and
advantages.
One of the ways of plant production for energy purposes is the use of cultivated plats since
their production technology is already elaborated, and these can be produced in a reliable
way with a nearly constant yield. However, plant production for energy purposes often
clashes with food production; therefore it must not be disregarded that we must produce
food on the areas of good conditions and only the remaining, unused lands should be used
for energy production purposes.
Grain straw
From the aspect of energy production, it is not the one of the best combustion material, but
its accessibility and quantity makes it appropriate for use. Due to the declining animal stocks
it is available in large quantities and the technology for mechanical collection (baling) is
widely available. It can be transported easily and it is considered an economical solution
within reasonable limitations.

Corn stalk
Approximately 15 million tons per year of corn stalk is produced in Hungary, which provides
a good potential for energy production. Its setback is its late collection which means
increased humidity that decreases below the 20% utilization threshold only in a few months.

Oil plant cakes
Oil plant cakes are by-products of pressing of oil plants, and they make one of the best
biomass materials for energy production. Their low dry-matter and high oil content, and
high energy density make them very appropriate for use. In the past, they had been used as
animal feed, but declining animal stocks rendered their use for energy production a viable
option. Their mostly known forms are pellets and meals, the first of which can be used in a
technologically easier way.
Vine, loppings
Considering their characteristics, they are extremely good energy resources, but they are
produced in smaller amounts in smaller areas, therefore their utilization can be economical
only if used locally. Due to its high calorific value, it can be combusted profitably in specific
equipment.

Energy grass ( Agropyron elongatum ), energy reed ( Miscanthus ), energy hemp
The great yield (10-20 t/ha) and low agrotechnical needs make it a viable choice for energy
production. Pellets are produced from the harvested plants to be combusted in special
furnaces. Industrial level usage is not yet elaborated, but it can be combusted in smaller,
local facilities. Energy reed does not produce seeds in Europe; therefore its propagation
makes the production expensive. Similarly to energy grass it has a high yield (20-40 t/ha) and
recommended to be used in the form of pellets. Energy hemp can be produced on all types
of soils except extremely saline soils, its plant protection requirements are low due to its
good weed-suppressing ability, and can be used in the form of pellets as well.
Forest byproducts
In Hungary, approximately 6 million m3 of wood is produced every year. Byproducts can be
used extremely well due to their high calorific values. Every year, nearly 1 million
m3 byproducts are produced (twigs, boughs, bark and other tree residuals that cannot be
used for industrial purposes), however, their collection is quite difficult and expensive which
makes their collection unprofitable. As a by-product of sawmilling industry, half a million
tons of sawdust is produced annually that can be used locally in an economical way.
Biomass from energy plantations
In Hungary, plantations of at least 3000m2 area are considered energy plantations. Their
production cycle can be very short (max. 5 years); short (max. 15 years and long (20-25
years). The most important woody energy plants are: poplar, black locust and different kinds
of willow. Main energetic characteristics of the most important solid types of biomass
suitable for combustion are listed in the table below:
Name
Yield (t/ha)
Calorific
value Gross
energy Tonne
of
oil
(MJ/kg)
content (MJ/ha)
equivalent (toe/ha)

Wheat
Rye
Corn
Cornstalk
Corn cob
Grain straw
Rape straw
Rape cake
Sunflower stalk
Sunflower cake
Grape vines
Orchard loppings
Energy grass
Energy reed
Energy hemp
Sweet sorghum
Black locust
Oak
Beech
Poplar
Birch
Pine
Willow
Forest loppings
Logging residue
Sawdust
Wood chips

3-5.2
1.5-2.7
3.5-7.6
5.2-11.4
1.5-3.5
2.5-5.8
0.6-1.3
1.9-3.5
1.1-1.5
1.0-2.0
1.0-2.0
10.0-15.0
20-25
12.1-15.0
20.0-26.2
8.0-23
11.0-20.0
11.0-20.0
15.0-21
11.0-20.0
11.0-20.0
15-25
8.0-9.0
1.5-2
-

15.32-17.57
14.96-17.43
16.5-17.87
16-17.5
16.16-17.4
15-16.77
13-15
19.57-21.5
15.2-17.45
16.6-23.75
15.23-17.23
8.4-14.7
14.78-16.84
14.67-16.8
16.03-17.25
14.73-16.28
16.325-18.411
9.046-18.075
10.530-18.156
11.778-18.472
12.933-18.917
14.226-18.659
14.34-17.98
11.6-16.7
11.3-14.6
12.4-17.2
11.8-17.8

45960-92360
22440-47060
57750-135810
83200-199500
22500-58690
32500-87000
11740-27950
28880-61070
18260-35620
15230-34460
8400-29400
147800-252600
293400-420000
193960-258750
294600-426530
130600-423450
99500-361500
115830-363120
176670-387910
142260-378340
156480-373180
215100-449500
92800-150300
16950-29200
-

1.097-2.205
0.535-1.124
1.379-3.243
1.987-4.764
0.537-1.401
0.776-2.077
0.280-0.667
0.689-1.458
0.436-0.850
0.363-0.823
0.200-0.702
3.530-6.033
7.007-10.03
4.632-6.180
7.036-10.187
3.119-10.113
2.376-8.634
2.766-8.672
4.219-9.265
3.397-9.036
3.737-8.913
5.137-10.736
2.216-3.589
0.404-0.697
-

Biogas systems
Biogas systems produce biogas by fermenting different kinds of organic materials and on
one hand utilizes the energy of the produced gas and on the other hand the remaining
biofertilizer is reused in soil cultivation. Biogas systems have advantages in numerous areas.
They help in the neutralizing of biological wastes and during they anaerobic way of
operation the environmental load presented by waste materials is decreased, and they also
facilitate carbon neutral energy production. All the used materials remain in the closed cycle
of complex biogas systems, only the energy is delivered. In Hungary, organic waste from
animal husbandry can be used for energy production purposes in the greatest quantity. This
means mainly manure, primarily pig slurry. Currently, slurry management is still considered
as an activity resulting in heavy pollution, but this load could be decreased by operating
biogas systems while also producing energy.

The organic part of municipal waste can also be used for biogas production. A significant, 3040% of municipal waste is organic material, however, a larger proportion of this is not
utilized, but stored in expensively maintained waste deposits or becomes incinerated.
Organic wastes placed in waste deposits not only decrease the storage capacity of the waste
disposal site, but as a consequence of precipitation and rainfall, harmful materials can leak
into the soil and can pollute groundwater. Besides, sludge of high organic material content
remaining from municipal sewage can also be considered as a significant waste source, it’s
handling still unresolved. The same applies to the wastes of animal origin from
slaughterhouses. These, beside considered as hazardous waste materials, pose a significant
animal health risk.

Biogas production
Biogas is produced from the organic materials of biological origin mentioned above at an
appropriate temperature, by fermentation with the help of different kinds of bacteria.
Energy content of the produced gas is 70% that of natural gas, approximately 18-23 MJ/m3.
Depending on composition and pollutants, 50-75% of biogas is methane, 50-25% carbondioxide. In Hungary, nearly 30 million tons of organic waste is produced every year. From
this, approximately 2 billion m3biogas can be produced annually. Biogas can only be
produced in the reactors if the conditions below are simultaneously met:


anaerobic storage ;



constant high temperature;



presence of appropriate bacteria.

In the course of biogas production, organic materials are decomposed into simpler
molecules, eventually to methane and carbon dioxide. Biogas is produced from the organic
material in 25 days at 35°C, and in 15 days at 56°C. Appropriate setting of these systems is a

difficult task, bigger systems may require as much as 3 months until the system operates at a
maximum efficiency producing appropriate amounts of gas.
Biogas utilisation
Biogas is a renewable energy resource that can be used in multiple ways. It is possible to
produce electric and heat energy. By producing electric energy, biogas is used primarily to
drive gas motors driving an electricity generator. Gas motors produce mechanical energy
which is transformed to electric energy in a generator. Generators generate an alternate
current of 50 Hz and 500 V, which is transformed and supplied into the public mains. By
producing electricity, the efficiency of the process is around 30-40%, the rest of energy is
heat. A further utilisation of this heat energy, it is possible to utilize as much as 90% of total
energy produced. By burning (combusting) biogas, heat can be produced directly as well,
however this can be economic only when used locally (heating the site, central heating).
During indirect utilisation, biogas is transported to the users in a pipeline. Prior to direct
utilisation, the gas must be purified and smelled; afterwards it can be supplied into the
public mains or used as a fuel for vehicles using gas.
Remaining materials of biogas production can be utilised for soil improvement measures as
a replacement of chemical fertilizers. Operation of the system is not economic in every case
due to the high initial investments, but on sites where appropriate amounts of organic waste
is produced, a system like that can turn profitable in a short period of time. Considering all
the above mentioned factors, utilisation of organic wastes as a resource for biogas
production has economic, environmental, waste management and renewable energy
production benefits.
Geothermal energy
Geothermal energy is stored in Earth’s high temperature masses. According to the law of
thermal conductivity, energy per unit of mass is greater in lower depths. In the course of
exploiting thermal energy, it must be considered that energy storing masses should be
nearest to the surface. Therefore geothermal energy can be produced in those areas where
these conditions are met, and where geothermal energy is of great relative energy content,
cheap and can be utilised in great amounts, available and can be handled well. Considering
these assumptions, water meets the conditions best from an economic aspect. Industrial
geothermal heat stock stored in the rock layers of Hungary is around 8.55×1019 kJ, available
energy produced is around 4.085×10 17 kJ of which 30-40% can be utilised.
Exploitation of thermal energy, i.e. surfacing Earth’s core energy, shows a relationship with
the production of fossil energy resources considering the methods and necessary tools and
equipment. Main conductor of thermal energy is water; therefore the most abundant
current of energy can be surfaced by utilizing its physical characteristics. Water or steam of
appropriate temperature can be surfaced by drilling wells and the expansion of water or
steam. Formerly the water of high saline content was directed into nearby natural water
currents causing significant environmental damage. The yield of wells decreased
continuously and the temperature of the water also decreased, so the cooled water was

injected back to the wells in order to maintain constant production of appropriate amount
of energy. This could only be done by coping with a number of technological problems,
pressure differences emerging in the system, turbulent streams and two-phase mixed
streams. In the course of reinjection, changes have to be considered both in the medium
and the energy distribution in the medium. Therefore energy production with reinjection
requires appropriate prudence, careful planning and knowledge of quantitative and
qualitative context of partial processes.
Energetic utilisation of thermal waters
Utilization of thermal water consists of two large sectors: production of electricity (energy
produced using heat) and direct use (utilisation without transformation). When electricity is
to be produced from thermal water, then the thermal water must be cooled and the energy
produced using this temperature difference can be transformed into electricity.
Unfortunately, this process can be characterized with a very low efficiency. Production of
electric energy production can only be profitable where geological and thermal conditions
are appropriate for this task. In Hungary, there are suitable areas, mainly the Southern areas
of the Great Hungarian Plain where thermal waters of 100-200°C are available. In Hungary, it
must also be considered that reinjection results in significant costs, therefore without the
reutilisation of the resulting low temperature water, this way of energy production cannot
be profitable. It might be reasonable to use linked electric and heat production. When
purely electricity is produced, efficiency remains as low as 10%, but if heat energy is further
utilized, efficiency can approach 100%.
For the purpose of direct utilisation, cooler waters, with temperature of less than 100°C can
be considered. Use of natural gas can be replaced by direct utilisation; thermal water can be
used to produce warm water that can be used to heat residential and industrial buildings. In
Hungary, the industrial use of thermal water began in the 1920’s, Hungary becoming one of
the leading countries in thermal water utilisation for the 1960’s. The most important sectors
utilising thermal energy are horticulture, animal husbandry and central heating.
Unfortunately, the legal aspects of thermal water utilisation are still not appropriately
settled in Hungary, and only 1% of domestic energy production comes from this energy
resource.
Heat pump systems
22% of world’s thermal energy utilisation is made with thermal pump systems. These
systems utilise energy with an extremely high efficiency. Therefore, significant
improvements and development have been carried out in Hungary during the recent
decades. Waters of 60-90°C temperature are the most suitable for heat pump application.
For industrial purposes, mainly waters of low temperature resulting from electricity
production can be considered, while in public use, heating of buildings can be the most
reasonable application. As for the efficiency of these systems: there are great variations, but
obviously these systems can be profitably applied in areas where significant temperature
differences are present and different media have good heat conductivity.

Heat pump systems are basically quite simple systems, their structure does not differ
significantly form industrial or household refrigerators. During their operation, refrigerators
draw heat and through a heat exchanger, heat energy is transferred to the environment. The
principle is quite similar, but heat pumps draw heat from the environment and this energy
will be transferred to the medium to be heated. More up-to-date equipments can be set to
reverse operation and work as air-conditioners in summer.
As a heat source, a so-called geothermic probe is used. It is a probe bored to 100m depth,
this layer keeps a 10-15°C temperature all year round, independently from the change of
seasons. This media of constant temperature is the source of heat. In winter, when the
system is used for heating, heat pump delivers the heat from the deep towards the
buildings, and in summer, when it is used for cooling, the heat is transported from the
buildings into the probe. The circulated medium transfers the heat through a dual heat
exchanger. Formerly freon was used as a conveyor medium, but due to its ozone damaging
effects; currently environment friendly, non-polluting gases are used. Under appropriate
circumstances, current up-to-date equipment are able to produce 4-5kW heating energy
from the 1kW electric energy used.
Since the decrease of CO2-emission became a significant factor in industrial energy usage, a
growing interest can be observed towards the utilisation of geothermal energy, because it is
relatively cheap and most importantly, is associated with low levels of air pollution. In
Hungary geothermal heat sources are primarily utilised by agriculture, therefore mainly such
modes of utilisation must be found which satisfy the needs of agriculture, such as cooling
and drying. A significant variation can be observed in the utilisation of heat pump systems:
most important periods are the winter heating season and the summer cooling period. With
appropriate planning and careful design, the unutilized capacities can be exploited, and the
energy source can be linked to energy production systems.
Utilisation of solar energy
The most important energy source of Earth is the Sun. The surface of the Earth receives
energy many times the needs of the entire global energy consumption, 1353 W/m2 on
average. The radiation reaching the surface consists of two parts: direct and scattered
radiation. The extent of actually utilisable solar radiation is affected by geographical
location, seasons, parts of the day and a number of other meteorological factors, so the
actually utilisable energy maximum is around 1000 W/m2. Of course, only a small part of this
amount can be utilised in reality.
The most important limiting factor of utilising solar energy is the number of hours of sunlight
and the angle of incidence of solar radiation. The latter can be greatly influenced by physical
placement, but the intensity varies greatly during the year. Energy utilisation is of higher
level in the summer than in winter and in the transitional months. Solar radiation can be
utilised in many ways. Active utilisation of solar energy can be realized with photothermal
(simply thermal solar radiation collector) or photovoltaic (solar cell, often abbreviated as PV)
methods.

Passive utilisation of solar radiation can be realized with the design and orientation of
buildings.
Thermal utilisation
In the course of photothermal utilisation, solar radiation is transformed into heat with the
help of some energy receiving medium (collector). It is used mainly for producing warm
water, but other technological purposes can also be considered, like heating of buildings,
swimming pools, greenhouses etc. A very important element of the thermal collectors is the
storage medium, since solar energy is usually not available when required. Very good
thermal insulation is a primary requirement of heat storages which result in low heat loss,
and they must also be easily fulfilled and emptied.

Photovoltaic utilisation
In the course of photovoltaic utilisation, solar radiation is transformed directly into
electricity. This kind of equipment (solar cells) produces direct current in general, which can
be converted into alternating current directly or with the help of inverters. The produced
energy can be supplied into the public mains, or stored in chemical or other types (e.g.
hydrological) of energy storages. The most important applications of photovoltaic system
can be as follows:


Facilities located far away from public mains,



Farms, buildings, stables,



Electric supply of storage facilities (lightning, ventilation, security, etc.);



Irrigation, water pumping (inland drainage),



Water supply of animal husbandry farms;



Electric supply of telecommunication devices,



Energy source of equipment of public needs.

Several ways can be applied for the storage of electricity. A differentiation has to be made
between the stand-alone (not linked to public mains) and systems connected to the
electricity network. In systems connected to the electricity network it is reasonable to
supply the energy to the network and get it back if needed. The disadvantage of this is that it
requires a two-way electricity meter and the permission of the power supplier. During
stand-alone operation, produced energy must be kept in storages. This is possible by storing
the energy as chemical energy (accumulators, hydrogen production) or physical storage
(hydrological, flywheels, etc.)
Passive utilisation of solar energy
Passive utilisation of solar energy can be put forward primarily in construction solutions.
With appropriate orientation and shading, solar energy can heat the buildings in winter, and
does not significantly warms them up in summer. A basic aspect of design is that in
residential buildings, rooms with the greatest heating requirement should be oriented
towards S-SE-E direction due to the light the energy that can be gained from solar radiation.
Simultaneously, rooms of lower heating requirement are designed to insulate, protect

rooms with greater heating requirement. Slanted glass surfaces greatly enhance the
insolation of buildings. Passzívházakról bővebben.
Utilisation of wind energy
Wind is one of the longest used renewable energy source. Recently its utilisation – besides
producing mechanical energy – facilitates the production of electricity. Despite a number of
technical improvements, wind turbines with horizontal axis have been spread widely. The
reason for this is the significant surplus in electricity production compared to other technical
solutions.
Efficiency of wind turbines is greatly affected by meteorological condition, location of
deployment and the relative location of wind turbines to each other. Based on geographical
location, basically sea (offshore) and inland wind turbines can be differentiated. From the
aspect of energy production, a wind turbine can be stand-alone, or linked to the mains. Also
wind turbine parks, as complex energy producing units can be differentiated. Dynamic
improvements can be observed in all fields of related technologies, from new constructional
aerodynamic solutions to computer software development. Currently, world’s wind turbine
capacity is around 160000 MW. New blade profiles, greater generators with higher
efficiency, higher towers, new material structure solutions, lighter constructions, more
efficient and reliable control solutions characterize the modern wind turbines these days.
How is wind caused?
Basically, because the level of solar radiation absorbed by the surfaces at the Equator is
greater than that around the poles, in a simplified approach, air masses flow from the poles
towards the Equator. This is modified by the rotation of the Earth which results in many
vortexes both at the Northern and Southern hemispheres. In Eastern wind belts the
atmosphere gains impulse momentum, and in the Western wind belts the atmosphere
delivers impulse momentum.
Energy production
The more energy is utilised by a wind turbine, the more it decreases the mechanical energy
of the wind. If all the energy were utilised, windspeed would drop to zero behind the wind
turbine, therefore air mass should be immensely condensed. If the air masses could pass
without any braking effect, energy would not be produced. It can be deducted from the
statements made above, that there should be an optimal point of energy exploitation
somewhere between the two extremes. An ideal wind turbine decreases windspeed by 2/3,
so it utilizes 2/3 of all available energy. To be very precise, Betz’s law states that no turbine
can capture more than 16/27 (59.3%) of the kinetic energy in wind.

Energy storage
Utilisation of renewable energy sources cannot be separated from the need to
(transitionally, or for a longer period) store and transport energy. Alternative energy sources
have several disadvantages compared their fossil counterparts. They possess a way lesser
energy density, poorer availability, transportability and in many cases they can be utilised
only in certain periods, their energy production often being not reliable. Therefore it is
necessary to store produced energy. Some types of energy storages used in practice


mechanical accumulators;



heat accumulators;



electric and electromagnetic energy storages;



electrochemical accumulators, fuels, energy resources.
Mechanical accumulators
Mechanical accumulators store produced energy basically in potential or kinetic energy.
Potential energy can be stored in the gravitational space of the Earth or a flexible
deformation of a solid body. Kinetic energy is mostly stored as the rotational energy of a
flywheel. In a larger scale, mechanical energy storage is realized by pumped storage power
plants. This kind of power plant consists of two storages with great difference in their
elevation. In the empty period, water i pumped upwards, to the upper storage, while in case
of energy need, the change in the potential energy of the water is used: the water flows
downwards and drives a generator, producing electricity.

Heat accumulators
Heat accumulators accumulate energy by heat intake. Two types of heat accumulators can
be distinguished. In the first type, temperature increases in the course of heat intake, and in
the second type, the heat taken in causes some kind of state change (mostly melting). In the
case of the first type, stored specific energy is defined by the heat capacity of the storage
medium and the affordable change in temperature, while in the second case, stored specific
energy is defined by the latent heat of the state change. Type, structure and cost of heat
accumulators depend primarily on the desired duration of storage. In heat accumulators,
heat must be stored at the highest possible temperature, possibly near to the temperature
of the heat source the energy of which is desired to be stored.
Electric and electromagnetic storages
Electric energy can also be stored in condensers (capacitors). Theoretically, condensers with
infinite resistance keep 100% of the electric energy, however, in reality these are of low
capacity, and they also slowly lose their energy in time. To resolve this problem,
supercapacitors have been developed that are able to store huge energies with very low
losses compared to their conventional counterparts. Also an advantage of theirs that they
are able to take and deliver the energy very quickly. On of the most important areas of
application is the electric car, where supercapacitors are used for quick energy storage and
delivery secondary energy storage. This way the conventional accumulator can be protected
from the impulse-like energy demands which result in increased lifetime of the accumulator.
Electrochemical accumulators
Electrochemical accumulators (everyday accumulators, batteries) belong to the group of
chemical energy storages which store, gain or deliver electricity as a direct consequence of a
chemical reaction. The accumulator consists of electrodes separated by liquid, gel,
sometimes solid state electrolytes. Electrodes make up the two electric outputs of the
accumulator. The materials of the electrolyte and the electrodes are able to produce
chemical reactions associated with the change of electric charges. In the course of charge
and discharge, the active substance of the cells becomes transformed in a chemical reaction,
without the addition of any external material, delivers energy and is rebuilt later.
Fuels
Artificial fuels are such materials that are able to produce energy when entering into a
reaction with each other, or other materials usually inorganic materials found in the
environment (air, water, carbonic acid). In the majority of cases, these reactions can be
renewed, i.e. by necessary energy input the state of the materials can turn back to the
original state. Among artificial fuels, hydrogen seems to be the most ideal, as it can be
produced by hydrolysis and does not produce pollutants during its use. Hydrogen is the most
suitable material to replace fossil fuels like gasoline, oil, natural gas, carbon. The
disadvantage of hydrogen is that it can be liquefied in a difficult way; the process requires a
very low temperature of -252ºC. Liquefying hydrogen requires great energy input and an
expensive and complicated cryostat is needed to keep hydrogen in liquefied form.

Therefore, from the aspect of energy storage, local use must be the primary goal. Further
disadvantages of hydrogen include dangers of leakage and explosion, therefore equipment
used for transport, store and utilisation must be equipped with high level control and safety
tools.
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Sustainable development
Establishment of the concept of sustainable development
In this chapter, we are seeking the answer to the question what the concept of sustainable
development means, and why a need of humankind emerged towards a solution like this. It
can be stated that the concept of sustainable development is very closely related with the
protection of the environment. Interest has been raised for environmental protection due to
various environmental impacts and research results, and also directed attention to the
importance of cooperation on a global scale.
In 1968, establishment of the Club of Rome was one of the answers concerning the solution
of the emerged global environmental problems. The Club of Rome has 100 members from
nearly 40 countries representing education, business, governments, science etc. In 1972, the
report of Donella and Dennis Meadows titled “Limits to Growth” was published. This report
stated that according to the model calculations of the authors the raw material and energy
sources necessary for the survival of humankind might to be exhausted on a time span of a
few generations and not in the distant future as suggested earlier. This work also warned
that providing the increasing population of the Earth with drinking water and sufficient
amount of food would be more and more challenging. Nowadays the population of the Earth
is around 7 billion, and appropriate provision of water and food is one of the greatest
challenges for humankind. Authors also thought that a global environmental disaster might
commence at the middle of the 21st century. Their solution proposals were directed towards
the limitation of economic growth, which established the concept of zero growth. The idea
of zero growth states that development should have been stopped where it stood, and thus
our fundamental problem arising from the overuse of materials and resources. This should
have caused the conservation of the current status quo, level of development, and as such it
has been heavily opposed by the developing countries who expressed their opinion that
everyone has the right to development and growth, and no one, especially not the
developed countries have the right to prevent them in this effort. One of the great merits of
the idea was that it proved to be an incentive for new professional debates and working out
of possible solutions, models.
In 1981, the wording of sustainability was first published by Lester R. Brown in his work on
sustainable society. In this work, sustainable society was based on the least possible
deterioration of environment (in both the sense of quality and quantity) caused by
population growth and usage of natural resources.

Lester R. Brown (1934-)
In 1983, pursuant to the resolution of the United Nations General Assembly, the World
Commission of Environment and Development has been established led by chairwoman Gro
Harlem Brundtland. The Committee had 23 members; Hungary was represented by
academician Professor István Láng.
Professor István Láng gave a presentation in the television programme University of
Omniscience (Mindentudás Egyeteme) at 11th November 2011 titled “Environment –
sustainable development”.
In 1987, the Brundtland Committee published its report titled Our Common Future that had
since become generally known. In this work, the Committee outlined the global vision of
sustainable development and the core elements of its realization. According to their idea,
this vision can be characterized as an economic growth of such a type that takes into
consideration the conservation of natural resources and also might present a solution for
the problem of the developing countries. This report gave a very short and concise definition
of the concept of sustainable development:

"Sustainable development is a development that meets the needs of the present without
compromising the ability of future generations to meet their own needs " .
Beyond introducing the concept of sustainable development, the Committee’s report also
set the principles required for the realization, mentioning the following aspects listed below:


Respect and protection of communities.



Improvement of the quality of human life.



Conservation of the vitality and diversity of Earth.



Minimizing use of non-renewable resources.



Growth should not exceed the supporting and regenerating ability of Earth.



Change of individual behaviour and habits.



Providing the right to human communities to take care of their own environment.



Establishment of national cooperation for the integration of development and
protection.



Enforcement of a global consensus.

Title page of the report titled Our Common Future
Later sustainable development also appeared in various conferences, scientific research etc.
and it has been built in strategic visions and action plans as well. Since Lester R. Brown first
published the wording „sustainable” (in a societal aspect: sustainable society), and the
Brundtland Committee had finished its work (1987), the explanation „sustainable
development” spread with tremendous speed; however, intentions were in reality hardly
realized by actual steps. Decent proofs are the events of the UN conferences arranged in Rio
de Janeiro (1992), Johannesburg (2002) and again Rio de Janeiro (2012). This can be
explained with the hardships of the interpretation of the integrant concept of sustainable
development, conflicts of interests and the sluggish pace of moving away from the global
and philosophical level.
Different interpretations of sustainable development
The Brundtland definition of sustainable development has been published in 1987 and since
then became the most generally known definition of the concept. A decent question may
emerge concerning how much the need to satisfy the „present need” in the definition has
changed in the decades following the publication of the definition, but also the effects of a
plenty of other external limiting factors must be taken into consideration: climate change,
globalization and the change of various resources and biodiversity.
Differing from the wording of Brundtland, it was proposed at the Conference of Scientific
Academies (Tokyo, 2000) that it would be better to speak only about sustainability and
words like development or improvement should be left out. In this definition of
sustainability the expressions of environment and natural resources can be found as new
elements. This means that the goal of sustainability is humankind itself, i.e. the long-term
existence of society and the improvement of social well-being and the improvement of the
conditions of human life.
Literature states as a basic principle that representatives of weak sustainability hold the
position that human capital is directly substitutable for natural capital. This means that the
aspect of weak sustainability assumes the unconditional substitutability of nature.

Interpretation of weak sustainability
It comes from unconditional substitutability that the point of this approach is that if the sum
of capital is left constant over time, sustainable development is achieved. So the value of
aggregate capital must be left constant regardless of the types of capital. Followers of the
weak sustainability approach think that the decrease of the value of some components is
acceptable if the values of some other component show equal growth, substituting the
decreasing capital stock.

Strong sustainability
According to the concept of strong or strict sustainability, natural resources can only be
replaced by economic capital in a limited extent, and not in an unconditional, unlimited way.
See figure above. In this case, conservation of the full natural capital has primary
importance. The substitutability of natural and man-made, artificial capital is limited.
The third way of interpretation is environmental sustainability. According to its
representatives, the goal is not only the conservation of the full value of capital, but also the
maintenance of level of incomes and services originating from individual natural resources.
Levels of sustainable development
Earth is a complex system consisting of many subsystems showing very complicated
interactions. At first sight, these subsystems form independent groups; however they shape
our planet through their interactions. It is a global system of interrelations, since even a
regional problem can have implications on other continents as well: just think on the
example of air pollution. It can be experienced in numerous cases that consumer habits
exert their effects not on the spot of the consumption but somewhere else, and this
phenomenon is greatly supported by globalization processes.

Beside international and domestic sustainability events, it can’t be disregarded that those
strongly committed to the protection of nature and environment raise their anxious words
again and again for the sake of the cause. Their concept can be supplemented today with
sustainability, climate change and globalization. Altogether it can be stated that
sustainability can’t be realized disregarding the interrelations and interactions of climate
change and globalization.
The European Union can be considered as a leader in the realization of the idea of
sustainability when we just think of the fact that the requirement of realizing sustainability is
present in almost each and every main document. This is inevitable for practical
accomplishment of this goal, and therefore incorporated also in the Treaty of Maastricht
(Maastrichti Szerződés (1992)) or in the Fifth European Community Environment
programme: „Towards sustainability” (1993-2000), in which the EU made a commitment to
sustainability.
According to the evaluation of results of EU Sustainable Development Strategy achieved to
these days, the exact improvements can be considered as moderate, however, even on
Community and Member State levels, a significant development of relevant policies could
have been observed.
Programs, ideas of global, regional, national and local levels work typically in an isolated
way. In the sake of convergent operation, an organizing principle interlacing the programs of
various areas and not decreasing their efficiency would be needed. This common organizing
principle might be embodied by the concept of sustainability.
Employment, healthcare, environmental, agricultural and touristic program worked out on a
regional level strive to reach synergy. There are multidimensional synergic effects that
influence the efficiency of each other in the sense of multiple areas. However, it can also
actually happen that the realization of one of the programs seriously deteriorated the
efficiency of another. Analysing the content and levels of sustainability it can be perceived
that local level is where advance might be easier, since it can be assumed that wide-scale
realization of sustainable improvement is really important for the inhabitants of a
settlement or a microregion.
The emergence of today’s global financial-economic crisis might provide a further support
for the importance of local level. This is supported by the book of Schumacher (1974) titled
„Small is beautiful”, which underlines the selection of appropriate size and scale in politics,
economy and society.
Chapter 28 (titled: Local authorities’ initiatives in support of Agenda 21) of „AGENDA 21”
accepted in 1992, in Rio de Janeiro deals with the local program of sustainable development
and the decisive role of local authorities. The local program of sustainable development
(Local Agenda 21 – „LA 21”) aims to create accordance of the nature-economy-society
triangle in a local and microregional level in a way that it should serve the long-term ideas of

sustainable development. Local Agenda 21 is a complex system organising and operating
program built on the strict interpretation of sustainable development.
Dimensions of sustainable development
In early stages, the one-dimensional concept attempted to define sustainability from the
aspect of the exploitation of natural resources. One-dimensional models mostly considered
the ecological limitations and environmental aspects.
The next step was the appearance of the two-dimensional models. And since welfare and
well-being are also incorporated in the goals of sustainable development, social-economic
aspects also received spotlight. Welfare is related to the standard of living, while well-being
expresses the feeling of happiness or content among given conditions. Nowadays it becomes
more and more obvious that development can’t be expressed in the terms of increasing
production and material wealth mostly at the price of destroying the nature or environment,
since we are feeling worse quite often besides increasing GDP and seemingly growing
wealth. The formerly known tools for environmental conditions were also supplemented,
e.g. the tools of environmental policies supporting sustainability, set of values of sustainable
society, etc.
Currently, the three-dimensional model is the most widely used (see figure below), and the
three dimensions are represented by biosphere, society and economy. These models
attempt to interpret the interactions of the three dimensions from the aspect of
sustainability.

Various sustainable development strategies
The EU Strategy for Sustainable Development
The Strategy for Sustainable Development of the European Union was accepted in 2001,
Gothenburg, and was first reviewed in 2005. The Renewed EU Sustainable Development
Strategy is on track since July 2006. This strategy is built on the three pillars; therefore it
aims economic development, environmental balance and social advance at the same time.
To reach these three goals, such proposals were drafted that policies should serve
sustainable development.
As key objectives, tasks managing global environmental problems posing the greatest
challenges are detailed in the Strategy, as follows:


global climate change,



diseases endangering public health,



problems of chemicals and food safety,



poverty,



ageing of population,



inappropriate management of natural resources (decrease of biological diversity,
soil erosion, increase of the quantity of waste materials),



increasing traffic and its impacts, regional inequalities.
To manage the problems above, the Strategy proposes exact measures, action programs. To
reach sustainable development, political changes are needed in EU and Member State
levels. Primary objectives can be summarized as follows:



strengthening the coherence of EU policies,



appropriate pricing that serves as a signal for individuals and enterprises,



scientific and technological investments for future improvements,



improved communication among population and companies,



enlargement and global dimension also must be taken into consideration.

Coherence of multiple EU policies means the sustainable development must become the
central objective of each and all sectors and policies. Besides, it has to incorporate
economic, environmental and social impact assessments inside and outside of the EU. These
impact assessments serve as important information sources for decision makers for the
preparation of proposals, thus risks of decisions can be minimized.
Appropriate pricing provides an incentive to the development of eco-friendly products and
services. Besides, it is also important to stop financial funding that encourages the wasteful
exploitation of natural resources and abolish the price of pollution.
Innovation is one of the most important objectives that help adjustment to sustainable
development, development of eco-friendly tools and technologies that do not pose harm to
human health.
Improvement of communication facilitates acceptance of various social layers towards
decisions made for advancing sustainable development. With the help of publicity, dialogue
and education, making groups of society interested in the manifestation of sustainable
development on local level can be accomplished. This is because local, microregional level
plays an important role in the realization of the goals of sustainable development. Education
can increase the responsibility what individuals and communities feel towards environment.
Furthermore, communication towards companies is very important, since companies must
be motivated to incorporate environmental and social aspects into their economic activities.
Sustainable development can only be realized if the solution of global, long-term objectives
can be delivered to the levels of individuals, households, companies and policies.
Regional and local sustainability strategy
Chapter 28 (titled: Local authorities’ initiatives in support of Agenda 21) of „AGENDA 21”
accepted at 14th June 1992, in Rio de Janeiro deals with the local programs of sustainable
development. Local Agenda 21 (LA-21) programs are built on the strict interpretation of
sustainable development. The main idea of the strict interpretation is that natural capital
can be replaced by economic capital only in a limited way. Therefore, these programs must

serve the interests of sustainable development in accordance with the nature-economysociety triangle, at a local level and in a long term (assessing the interests of at least three
generations). These are complex programs, not identical with the environmental programs
but incorporating them, and they also must interlink perspective with the global dimension.
Main steps of LA-21 programs are shown by the figure below.

Steps of Local Agenda 21
The Local Agenda 21 process can be interpreted at multiple levels:


in a narrow sense it’s just like a strategic plan or program, that is embodied in a
tangible document and contains an action plan,



in a broad sense, as a process of creating and realization of the strategy,



and according to the broadest interpretation, LA-21 is a way of thinking, agriculture,
lifestyle, way of life interwoven by the idea of sustainable development that appears in
political culture and the work of local authorities (e.g. in local regulative work).

Local authorities play a principal role since local authorities are connected to the local
communities in the strongest way. It is important to mention International Council for Local
Environmental Initiatives, an international organization established in 1990 with the
cooperation of local authorities. The Council also participated in the drafting of the basic
document, and has been playing an important role in the support of local initiatives ever
since then. The community preparing LA-21 is led by ICLEI, the work is supported by
guidance, and working out of methodologies.

Sectoral sustainability strategy
This chapter introduces the complex concept of sustainable tourism, which can be explained
by the fact that tourism is often involved today in development plans as a take-off point; and
it can be decisive which parameters are considered during the realization of the
development of the sector.
This topic has a broad literature, therefore a vast number of different definitions and
approaches can be found. According to the approach of World Tourism Organization’s
(WTO), guidelines and management processes concerning the development of sustainable
tourism are applicable in case of all destinations and forms of tourism, involving mass
tourism and different types of niche tourism. These principles incorporate environmental,
economic and social aspects concerning the development of tourism, and their balance
should secure long-term sustainability.
Thus, sustainable tourism should:


make optimal use of environmental resources that constitute a key element in
tourism development, maintaining essential ecological processes and helping to conserve
natural heritage and biodiversity,



respect the socio-cultural authenticity of host communities, conserve their built and
living cultural heritage and traditional values, and contribute to inter-cultural
understanding and tolerance,



ensure viable, long-term economic operations, providing socio-economic benefits to
all stakeholders that are fairly distributed, including stable employment and incomeearning opportunities and social services to host communities, and contributing to
poverty alleviation (UNEP WTO 2005).

It can be clearly seen from the points mentioned above that the relation between tourism
and sustainability is quite complex, since it is affected by environmental, social and
economic effects as well (Puczkó-Rátz 2001). Therefore, tourism should be in accordance
with efforts directed towards nature conservation and must not exploit natural and social
resources (Dávid-Baros 2009). Besides, the general condition of the environment has to be
maintained, and the benefits of tourism should be extended to the whole society, and a high
level of tourist satisfaction also must be maintained of course (Inskeep 2000).
Sustainable tourism development requires the informed participation of all relevant
stakeholders, as well as strong political leadership to ensure wide participation and
consensus building. Representatives of governmental and non-governmental organizations,
tourism industry, tourists and local inhabitants must be involved (UNEP WTO 2005) (PuczkóRátz 2001). Achieving sustainable tourism is a continuous process and it requires constant
monitoring of impacts, introducing the necessary preventive and/or corrective measures
whenever necessary. Sustainable tourism should also maintain a high level of tourist

satisfaction and ensure a meaningful experience to the tourists, raising their awareness
about sustainability issues and promoting sustainable tourism practices amongst them.
(UNEP WTO 2005).
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Environmental economics
Introduction to environmental economics
Peculiar features of the use of natural resources
In case of private assets consumers compete for goods and it is possible to rule out a part of
the consumers. Essentially, private assets are the traditional market goods which can be
gained at the market for money and their consumer can be determined exactly. In case of
pure common assets however, nobody can be ruled out from the use of these valuables and
there is no competition between consumers since the consumption by individuals does not
decrease the stock available for others. Furthermore, common goods can be characterized
by collective consumption, which means that numerous persons can consume the same
service simultaneously, it is available to everyone and nobody can be ruled out from their
benefits. Many kinds of environmental resources can be classified in the category of
common goods. Generally, two groups are mentioned in the literature:


free natural goods



and produced common goods.
Free natural goods, like water, air, landscape, biodiversity etc., are available without
limitation for everyone, while produced common goods are the results of a production
process. Those goods and valuables in case of which individual consumption does not
decrease their quantity, but some consumers can be ruled out from their use are called
mixed goods. Negative effects of the use of common goods could manifest as public
detriments, such as greenhouse effect, decreasing species diversity and acid rains. An
outstanding example for the various environmental problems is the so-called tragedy of
common pastures. The concept can be linked to the article titled „The Tragedy of the
Commons” published in 1968 in Science by a biologist named Garrett Hardin.

Garrett Hardin (1915 – 2003)
In this famous article, Hardin mentions an English common pasture as an example. The main
characteristic of this pasture is that it is able to feed 10 cows of which each of them can
produce 10 litres of milk per day. After some time, one of the farmers brings another cow to
the pasture. What is the consequence of this? Less grass will be available for the cows;
therefore they are going to produce only 9 litres of milk per day. However, the farmer who
has 2 cows on the pasture gains 18 litres of milk per day and his income is going to grow
proportionately. This is noticed by another farmer and he will also bring another cow to the
common pasture. The daily milk production of all the cows decreases to 8 litres, but two of
the farmers gain 16 litres of milk per day. And the process goes on, every farmer will bring
another cow to the pasture.

The Tragedy of the Commons
When 6 farmers brought an extra cow to the pasture, even the farmers with 2 cows begin to
gain less milk than the original 10 litres. If 8 farmers have 2 cows each on the common
pasture, they gain only 4 litres of milk. And the ninth farmer would not even gain anything
by bringing a second cow to the pasture. The common pasture functions optimally only until
the point where each and every user respects the rules set by common agreement.
However, deserting provides more benefits in any given point of time for a farmer, while the
situation of the other farmers only slightly deteriorates. Altogether, when individuals make
decisions fit for their own interests concerning the use of given resource, eventually they are
going to cause harm for themselves. (Legend to the abbreviations of the table above:
SZT=Rule keepers, D=deserters, K=community.)
A practical example of the tragedy of the commons is the pollution of the environment. The
tragedy of the commons supports the fact that by applying this approach, stocks finally
peter out and common goods will perish
Interpretation of the concepts of environmental and resource economics and ecological
economics
The discipline of ecological economics is positioned on the boundary of economics and
ecological sciences. The primary objective of this discipline is to establish models that handle
and studies socio-economic-natural system as coherent systems embedded into each other
and developing together. The central question of the research works is to determine the
boundary conditions of a sustainable economic system and working out the appropriate
model.
Ecological economics starts from the system of nature and through the logic of nature, tries
to give answers to conflicts and contradictory problems between the economic and social

sphere. If the mutual relationships between economy and nature will be successfully
explored, answers are going to be given along these relationships to make the operation of
the socio-economic system accord with the functioning of the biosphere. (Significant
researchers of the field are e.g: Schumacher E., Boulding K.E., Costanza R. etc.)
Representatives of environmental and resource management think that advance towards
the solution can only be achieved if phenomena are studied from the aspect of the market.
This field analyses how market conditions can be transformed in a way that the socioeconomic sphere should become sensitive to the natural-environmental problems.
Pollutions and the mitigation of their effects stand in the focus of the studies of
environmental economics.
Representatives of environmental economics see the key to the solution in market tools,
while representatives of ecological economics are debating among each other on the
assessment of the role of the market. (For example Schumacher is on the opinion that if we
allocate prices for natural valuables, then it is just like selling out nature. On the contrary,
Boulder has come to a conclusion that the principal problem is that there is no realistic price
given for natural resources.) Both disciplines agree that they consider nature as the basis of
all kinds of economic activities.
The concept and characteristics of externalities
A well-renowned representative of neoclassical economics, Alfred Marshall introduced the
concepts of costs and benefits into economics. He used these concepts for such kinds of
events when e.g. a company affects the operation of another business unit even without
having a market relationship. Since the presence of this kind of effects disturbs the
functioning of the market, neoclassical economists thought it very important to include
these in economic calculations.

Alfred Marshall (1824 – 1924)
The concept of external economic effects, or externalities can be linked to the work of
Arthur Cecil Pigou, an English economist, published in 1920 titled Economics of Welfare. In
his work, Pigou distinguished social and private costs and founded his theory of external
economy.
In the course of an economic activity, the process is very simple: a trade-off is realized
between a producer and a consumer who are in relationship with each other via the market.
But if this contract results in unexpected and unintended costs or benefits for a third party,
then externalities can be observed. This means that the third party is not part of the market,

did not make any contract with the producer of the consumer, however, still becomes
affected by the economic activity realized. So, if the third party must endure an out-ofmarket effect, it is an externality.
Well-known economists have been dealing with this topic: authors Samuelson and Nordhaus
(1998) made the following definition: „‘Externalities or “spillover effects” occur when firms
or people impose costs or benefits on others outside the marketplace”. ‘An externality exists
when the production or consumption of a good directly affects businesses or consumers not
involved in buying and selling it and when those spillover effects are not fully reflected in
market prices.

Paul Anthony Samuelson (1915 – 2009)

William Dawbney Nordhaus (1941 – )

Grouping of externalities can be done in multiple ways. Positive and negative, producer and
consumer externalities can be distinguished. In case of positive externalities, the economic
player affected by an external effect gains a benefit from the externality. Therefore the
economic activity of this player results in greater benefits or can be conducted with smaller
costs. In case of companies, the profit maximizing output is smaller than the amount
favoured by the society. In case of a negative externality, the externality has a detrimental
effect on the environment of the affected person or entity. In this case these external effects
result in the increment of the costs needed for the same amount of production or decrease
the consumer benefit.
Negative externalities can be of technological or financial character, and can be related to
common goods or private properties. There are cases when both positive and negative
externalities emerge simultaneously. Additionally, reversible and irreversible externalities
can also be distinguished. In case of reversible externalities, the resources are available for
all participants and the cost can be transferred to each other. In case of irreversible
externalities, the benefit or cost of the user of the resource is directed only in one direction.
Consumer externalities arise when consumer behaviour causes some unintended side effect
which can be either positive or negative. Producer externality emerges when the behaviour
of the producer of manufacturer causes the externality which also can be positive or
negative.
Altogether, it can be stated that costs of externalities emerging in the form of pollution of
the environment are increasing, affect larger and larger proportion of mankind and
detrimentally affect the quality of free common goods. A distinct peculiarity of free common
goods is that they can seem to be worthless for the economic players in the course of their
economic decision making process, and are handled as they could be used in unlimited
amounts.
Environmental pollution is not wilfully caused by the polluting company or person, however,
if that entity wants to increase the profits by greater production, generally disregards this
factor in the course of the decision making process, since it does not emerge as a direct
expenditure. External impacts, their associated costs and benefits are neither considered by
the seller and nor the buyer, and will not be included in the market price.
Economic consequences and economically optimal level of external effects
As we have mentioned it before, growth of production and consumption can have such
economic impacts that cannot be handled by traditional market mechanisms. These outer
(external) impacts lead to the so-called market failures. The reasons for this in relation with
the environment are given by Szlávik (2007) as follows:


lack of available information, data on environmental impacts associated with the
use of resources,



expected future impacts of current activities are not considered thoroughly enough
by those using the resources of the environment,



property rights are unclear in many cases,



inappropriate price structure that determines the market opportunities associated
with the resources,



differences in cultural, legal etc. rules regarding the behaviour of individuals.
An important feature of externalities is that they do not appear directly in the market or via
the prices. From the aspect of environmental ecology, it is clear that the external impact
affecting the welfare of people is at least as important as the effect of market products or
services with a given price. Situation considered generally as optimal solutions or
equilibriums are not what they meant to be, while the prices of external impacts are not
included or become miscalculated in the model.
It is well known from the literature of environmental economics that external effects appear
more significantly and the number of affected entities grows continuously. While individual
economic players strive to increase their profits and serve public benefits, it can also happen
that as a consequence of negative externalities they do not provide benefits, but damages
for the public. Traditional economic methods are not considering external damages in
profitability measurements, and do not deduct the damages caused to third parties from the
profit of the company.
In this respect, the environment is totally worthless in the eye of the economic player,
because it is available for free. And given the traditional methods, the economic entity does
not even notice in the course of its operation that it causes damages to third parties due to
the side effects of its activities.
In this chapter, we analyse the optimal level and impact of externalities. Of course, analysis
of this issue strictly from ecological, environment protection aspect is not appropriate, since
the most optimal solution for the society would be if the negative externalities would not
even exist. In practice, by considering also aspects of sustainability, the issue can be
interpreted in many cases as it is shown in the next figure.

Economically optimal level of externalities
If free competition is supposed, the demand function is parallel to the x axis, since the
change in the supply of individual producers does not have a modifying effect on the price. If
we deduct the marginal costs of the individual producer from the price, we obtain the
marginal benefit of the polluting activity of a competing producer; this is indicated by the
MNPB (Marginal Net Private Benefit) curve.
MNPB curve shows the amount of extra benefit for the producer coming from extending the
polluting activity with a single unit (Szlávik (2007), Kerekes (2007)). This benefit is the largest
when the amount of production is Qm. The area below MNPB is identical to the profit of the
producer, this is the net benefit. The MEC (Marginal External Cost) curve shows the external
marginal cost arisen by the society as a consequence of the polluting activity. Q∗ is the
intersection point marking the level of activity where the marginal benefits of the producer
are equal to the marginal damages of the society. This means that at an economic activity
less that Q∗ the benefits of the producer are greater than the damages of the society.
Areas under the curves have the following meaning according to Szlávik (2007) and Kerekes
(2007):
B: the economically optimal level of the externality,
A+B: the social optimum of the net private benefit,
A: maximum of social net benefit,
C+D: the part of the externality that must be avoided,
C: the part of the net private benefit that is not recognized by the society,
Q*: the socially optimal level of the economic activity,
Qm: level of the economic activity providing maximum private benefit.
According to the literature, the figure above shows that environmental protection is not
without costs and producers can be forced only by applying an external tool to decrease
their economic activity from the Qm level providing maximum profits to the Q* level that

can be recognized by the society. Such external tools are the taxes and norms described in
the chapter below.
Management of externalities in different economic theories
An English economist, Arthur Cecil Pigou, emphasized the importance of internalization of
externalities. One of the economic approaches of managing externalities is associated with
Pigou. According to his theory, taxation is the most appropriate way to make external
economic effects to be considered in the decisions of economic players.

Arthur Cecil Pigou (1877 – 1959)
The main objective of Pigou was to make natural environment and human environment as
important during economic decision making as labour and capital. To reach this goal, he
studied the effects of the introduction of a special tax.
According to Pigou, if the amount of tax is t* that has to be paid after the activity of the
polluting entity, this will force economic entities, companies to reduce their activities from
the level of Qm to Q* which is the socially recognized, optimal level of production.
The figure above also indicates the marginal benefit reduced by this amount of tax. This is
zero at Q* production quantity and becomes negative after this point which means that
additional economic activity is not recognized by the society due to the pollution associated
with it.
As it can be seen in the figure, the optimal amount of the tax is identical to the external
marginal cost of the optimal pollution level. This means that for determining the amount of
the tax, the following factors must be known:


place and characteristics of the curve of external marginal costs,



and the place and characteristics of the curve of private net marginal benefits.

In practice, these two conditions are very hard to be met. Economic players know their own
marginal benefits and their changes but the authorities do not have information. Moreover,
these individual producers do not know about the damages their activity causes to society.
Literature mentions this phenomenon as „information asymmetry”, what prevents the
introduction of this tax in practice.

The theory of Pigou is only one of the economic ways to manage externalities. Ronald Coase,
a Nobel-laureate American economist thinks that there is no need to state intervention in
order to manage external economic impacts: the market will find the socially optimal level
by itself, in case the proprietary rights are fixed and clear.

Ronald H. Coase (1910 – )
According to the study of Coase published in 1960, efficient distribution can be achieved if:


bargaining costs are negligible,



affected parties are free to engage into negotiations,



the number of affected parties is small,



jury can give authorisation to any of the parties.
Coase’s theorem says that no matter who owns the property rights, the system will reach its
optimum by the way of bargaining (Kerekes, 2007). The consequence of the decision made
by the court is that it can modify the distribution of costs and benefits among the affected
parties.

Polluters and victims of environmental pollution will bargain supposedly on the basis of the
marginal cost of their damage and the benefits, and the costs of mitigation about the
optimal level of the economic activity resulting in the pollution.
The operation of the mechanism supposed by Coase is as follows: in case of lack of
regulation or lack of balancing effect of endangered players, the polluter tries to operate at
a level where he can maximize his profits. The social optimum however, is at the point
where the marginal benefit arising from the activity of the polluter equals the social
marginal loss due to the pollution. If the victim has a legal right to a non-polluted
environment, then the polluter must pay compensation. This means that theoretically such a
natural tendency is going to be established that progresses towards the social optimum.
According to the presumption of Coase this theorem is true even if the polluter has his own
rights and the victim must pay in order to decrease or quit the polluter’s activity. The Coasetheorem says that no matter who has legal rights, an automatic tendency is going to be
established towards the achievement of social optimum via bargaining and negotiations.
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Climate policy
Climate policy assumptions and international talks, summits, negotiations and undertakings
were preceded by a number of scientific results and explorations. First in 1896, Arrhenius
Svante put up that there is a close correlation between atmospheric carbon dioxide
concentration and the average temperature of the Earth. In 1938, based on meteorological
observations between 1900 and 1935 Callendar indicated a close correlation between CO2
emission from fossil fuel use and atmospheric carbon dioxide concentration. In 1957 Revelle
pointed out that increasing atmospheric carbon dioxide concentration may even have a
global effect, thus systematic and thorough global observations are needed. Systematic
measurements started in the sixties in the USA ( NOAA, Mauna Loa)
These observations highlighted the global problems and more and more scientists and
politicians started to deal with giving answers to the questions affecting all inhabitants of
the Earth.
1962 Carson: Silent Spring
1968 Dubos- Ward: Only One Earth (global environmental problems)
1970 Club of Rome
1970 Earth Day movement
Until the seventies, world wars and the cold war made international cooperation impossible.
In the period of easing, the recognition of expanded environmental problems, the
development of international observations, establishment of research networks and
initiation of joint policy approaches, agreement have been started. After going beyond the
initial problems and the easier and wider availability of environmental information,
numerous measures mitigating the harmful impacts of climate change have been made.
1985 Vienna Convention for the Protection of the stratospheric ozone layer. This is going to
be the framework for protocols against ozone depleting materials. Cooperation and
regulatory actions among countries.
1985 Helsinki Protocol: reduction of sulphur emissions: 70% reduction until 2003 (SO2 is not
a greenhouse gas, but causes acid rains)
1987 Montréal: gradual reduction of CFC-s
1988 Sophia Protocol: Reduction of the emissions of NOx. Information and technology
exchange. Until 1994, emissions cannot exceed the 1987 level. This is a real greenhouse gas
(320 units of CO2 equivalence)
1989 Helsinki: gradual ban on the use of CFC-s
1997 The European Union bans the production and trade of CFC-s
1992 Rio de Janeiro United Nations Framework Convention on Climate Change, UNFCCC,:
The amount of greenhouse gases must be stabilized on a non-dangerous level.
Representatives and signing persons acknowledge that greenhouse gases disrupt the

ecosystem of the Earth. Among the objectives, the stabilization of the atmospheric
concentration of these gases and to minimize of formation of further emergency situations
have been set. Parties undertake the compulsory information of the public, research and
systematic observations. The Conference of the Parties has been established with the
objective of solving the problems of global warming.
Main international agreements and statements on environment
Brundtland report
In the first part of the 1980’s, international organisations, including primarily the United
Nations, recognized the following tendencies:


Protection of the environment tends to be more global.



Thinking and acting must be made on a long term horizon.



Environmental and economic policies must be linked together.
New ideas, new ways of approach, new ways of thinking and new strategic assumptions are
necessary. To reach these goals, the World Commission on Environment and Development
has been formed.
The Report of the Brundtland Commission, Our Common Future, was published by Oxford
University Press in 1987.
The document was the culmination of a “900 day” international-exercise which catalogued,
analysed, and synthesised: written submissions and expert testimony from “senior
government representatives, scientists and experts, research institutes, industrialists,
representatives of non-governmental organizations, and the general public” held at public
hearings throughout the world.
The Brundtland Commission's mandate was to: “*1+ re-examine the critical issues of
environment and development and to formulate innovative, concrete, and realistic action
proposals to deal with them; [2] strengthen international cooperation on environment and
development and assess and propose new forms of cooperation that can break out of
existing patterns and influence policies and events in the direction of needed change; and
[3] raise the level of understanding and commitment to action on the part of individuals,
voluntary organizations, businesses, institutes, and governments” (1987: 347). “The
Commission focused its attention on the areas of population, food security, the loss of
species and genetic resources, energy, industry, and human settlements - realizing that all of
these are connected and cannot be treated in isolation one from another” (1987: 27).
The Brundtland Commission Report recognised that human resource development in the
form of poverty reduction, gender equity, and wealth redistribution was crucial to
formulating strategies for environmental conservation, and it also recognised that
environmental-limits to economic growth in industrialised and industrialising societies
existed. As such, the Report offered “*the+ analysis, the broad remedies, and the
recommendations for a sustainable course of development” within such societies (1987: 16).

However, the Report was unable to identify the mode(s) of production that are responsible
for degradation of the environment, and in the absence of analysing the principles governing
market-led economic growth, the Report postulated that such growth could be reformed
(and expanded); this lack of analysis resulted in an obfuscated-introduction of the term
sustainable development.
The report deals with sustainable development and the change of politics needed for
achieving it. The definition of this term in the report is quite well known and often cited:
"Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs". It contains two
key concepts:
· the concept of "needs", in particular the essential needs of the world's poor, to which
overriding priority should be given; and
· the idea of limitations imposed by the state of technology and social organization on the
environment's ability to meet present and future needs."
Brundtland Commission
After the 1972 Stockholm Conference on the Human Environment and the 1980 World
Conservation Strategy of the International Union for the Conservation of Nature, the leaders
of our world realized that we needed to create an organization whose sole purpose was to
raise awareness of the need for sustainable development. During this time period, people in
developed countries were starting to become more aware about environmental issues
stemming from industrialization and growth. Developed countries wanted to reduce the
environmental impact of their growth. On the other hand, developing countries were
becoming discouraged because they were not at and could not reach the higher levels of
economic growth that industrialized countries had. Because of this need for growth,
developing countries were desperate to use cheap methods with high environmental impact
and unethical labour practices in their push to industrialize. The United Nations saw a
growing need for an organization to address these environmental challenges which were
intertwined with economic and social conditions as well.
In December 1983, the Secretary General of the United Nations, Javier Pérez de Cuéllar,
asked the Prime Minister of Norway, Gro Harlem Brundtland, to create an organization
independent of the UN to focus on environmental and developmental problems and
solutions after an affirmation by the General Assembly resolution in the fall of 1984. This
new organization was the Brundtland Commission, or more formally, the World Commission
on Environment and Development (WCED). The Brundtland Commission was first headed by
Gro Harlem Brundtland as Chairman and Mansour Khalid as Vice-Chairman.
The organization aimed to create a united international community with shared
sustainability goals by identifying sustainability problems worldwide, raising awareness

about them, and suggesting the implementation of solutions. In 1987, the Brundtland
Commission published the first volume of “Our Common Future,” the organization’s main
report. “Our Common Future” strongly influenced the Earth Summit in Rio de Janeiro, Brazil
in 1992 and the third UN Conference on Environment and Development in Johannesburg,
South Africa in 2002. Also, it is credited with crafting the most prevalent definition of
sustainability,
The financial funding required to the work of the Commission was provided by the
governments of Canada, Denmark, Finland, Japan, The Netherlands, Norway, Sweden and
Switzerland. Later, many other governments joined and contributed to the fund – even
Hungary. Significant contributions arrived from several international funds as well. Expenses
of the Commission, the Secretary and the experts facilitating the compilation of the report
„Our Common Future” amounted to 9 million dollars. The Commission set the 8 key
questions to be analyzed, as follows:


Perspectives of population growth, environment protection and sustainable
development.



Energy and protection of environment.



Industry: protection of environment and development.



Food safety, agriculture, forestry: protection of environment and development.



Human settlements: protection of environment and development.



International trade relations: protection of environment and development.



Decision systems supporting environmental economics.



International cooperation.



The list does not include education and environmental awareness, therefore the

Commission and its work received a lot of criticism..
Rio de Janeiro: UN Conference on Environment and Development
The United Nations Conference on Environment and Development (UNCED), also known as
the Earth Summit, took place in Rio de Janeiro, Brazil, from June 2-14, 1992. It was held
twenty years after the United Nations Conference on the Human Environment (UNCHE) took
place in Stockholm, Sweden. Government officials from 178 countries and between 20,000
and 30,000 individuals from governments, non-governmental organizations, and the media
participated in this event to discuss solutions for global problems such as poverty, war, and
the growing gap between industrialized and developing countries. The central focus was the
question of how to relieve the global environmental system through the introduction to the
paradigm of sustainable development. This concept emphasizes that economic and social
progress depend critically on the preservation of the natural resource base with effective
measures to prevent environmental degradation.

Held to mark the twentieth anniversary of the Stockholm Conference, the Rio Earth Summit
became everything that an earlier ‘Stockholm plus ten’ conference, held in Nairobi, Kenya in
1982, could not. Indeed, it became more than even its proponents had hoped for. Instead of
being the ‘second’ United Nations Conference on the Human Environment, Rio was the
United Nations Conference on Environment and Development; putting those two terms
together, which had been so much at odds at Stockholm, might itself have been Rio’s most
important achievement. In particular, it broadened the scope of global environmental
diplomacy by adopting the notion of sustainable development, which had been advocated 5
years earlier in by the World Commission on Environment and Development as one of its key
policy frameworks.
The world at Rio was, of course, very different from the world at Stockholm. In the
intervening two decades, the Cold War (the defining political framework at UNCHE) had
disappeared, the level of public interest in the environment was greatly increased,
environmental issues such as stratospheric ozone depletion and global climate change were
now squarely on the global policy map, and energy had become a major concern for
economic security in the aftermath of the oil price shocks of 1973–74 and 1980–81.
Results
The results of the UNCED included the Rio Declaration enunciating 27 principles of
environment and development, Agenda 21, and a Statement of principles for the
Sustainable Management of Forests, which were all adopted by consensus (without vote) by
the conference. The institutional innovation resulting from the conference included an
agreement on the operating rules for the Global Environmental Facility (GEF), United
Nations Convention on Biological Diversity, and the establishment of the United Nations
Commission on Sustainable Development (CSD) on the basis of an Agenda 21
recommendation. The United Nations Framework Convention on Climate Change (UNFCCC)
and United Nations Convention on Biological Diversity were products of independent, but
concurrent, negotiating processes that were opened for signatures at UNCED.
Rio Declaration on Environment and Development
The Rio Declaration on Environment and Development is a set of 27 legally non-binding
principles designed to commit governments to ensure environmental protection and
responsible development and intended to be an Environmental Bill of Rights, defining the
rights of people to development, and their responsibilities to safeguard the common
environment. It established the "Precautionary principle" and the principle of "common but
differentiated responsibilities". The Declaration recognizes that the only way to have longterm social and economic progress is to link it with environmental protection and to
establish equitable global partnerships between governments and key actors of civil society
and the business sector.
The Declaration includes many progressive approaches such as the polluter pays principle
(the polluter bears the costs of pollution) and the precautionary principle (carry out

environmental assessments to identify adverse impacts and eliminate any potential harms
from a project before it is started). It advocates that today's development shall not
undermine the resource base of future generations and that developed countries bear a
special responsibility due to the pressure their societies place on the global environment and
the technologies and financial resources they command. Strong environmental policies are
inevitable but should not be used as an unjustifiable means of restricting international trade
and shutting off the Northern markets for Southern countries. However, nations shall
eradicate unsustainable patterns of production and consumption.
The earlier title "Earth Charter" was later appropriately downgraded as its contents were
watered down and negotiated away. Effectively, its 27 principles are almost all weaker than
the equivalent document signed in Stockholm 20 years earlier. The original idea of
establishing an Earth Charter has not been forgotten but taken forward by the independent
NGO body, the Earth Charter Initiative.
Agenda 21
Agenda 21, the international plan of action to sustainable development, outlines key policies
for achieving sustainable development that meets the needs of the poor and recognizes the
limits of development to meet global needs. Agenda 21 has become the blueprint for
sustainability and forms the basis for sustainable development strategies. It attempts to
define a balance between production, consumption, population, development, and the
Earth's life-supporting capacity. It addresses poverty, excessive consumption, health and
education, cities and agriculture; food and natural resource management and several more
subjects.
Its 40 chapters are broken up into four sections:
· Social and economic dimensions: developing countries; poverty; consumption patterns;
population; health; human settlements; integrating environment and development.
· Conservation and management of resources: atmosphere; land; forests; deserts;
mountains; agriculture; biodiversity; biotechnology; oceans; fresh water; toxic chemicals;
hazardous, radioactive and solid waste and sewage.
· Strengthening the role of major groups: women; children and youth; indigenous peoples;
non-governmental organizations; local authorities; workers; business and industry; farmers;
scientists and technologists.
· Means of implementation: finance; technology transfer; science; education; capacitybuilding; international institutions; legal measures; information.
Statement of principles for the Sustainable Management of Forests
The Statement of Forest Principles was the first global agreement concerning sustainability
of forest management. Although it was not a legally binding contract, all signatories are

expected to practice reforestation and forest conservation; they were also to develop
programs to find economic and social substitutions for forestry.
United Nations Convention on Biological Diversity
The United Nations Convention on Biological Diversity was signed by 154 member countries.
The main objectives of the convention were to conserve biological species, genetic
resources, habitats, and ecosystems; to ensure the sustainable use of biological materials;
and to guarantee the fair and equitable sharing of benefits derived from genetic resources.
It was conceived as a practical tool for translating the principles of Agenda 21 into reality.
United Nations Framework Convention on Climate Change
The United Nations Framework Convention on Climate Change (UNFCCC) aims to "achieve …
stabilisation of greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous interference with the climate system." It was signed by more than 180
governments and promotes the principles of common but differentiated responsibility and
precautionary action.
The Convention divides countries into two groups: those who are listed in Annex 1 of the
Convention and those who are not (known as 'non-Annex 1 Parties'). Annex 1 Parties are the
industrialized countries, who have historically contributed the most to climate change. For
example, North America and the European Union are jointly responsible for 85 percent of
the human-made carbon dioxide in the atmosphere today. The UNFCCC established leading
roles for industrialized countries in curbing global warming and required them assist
developing countries to avoid the negative effects of climate change and to allow
adaptation. UNFCCC called on Annex-1 Parties to stabilise their greenhouse gas emissions at
1990 levels by the year 2000.
United Nations Commission on Sustainable Development
The United Nations Commission on Sustainable Development (CSD) was established by the
UN General Assembly in December 1992 to ensure effective follow-up of UNCED. It is
responsible for reviewing progress in the implementation of Agenda 21 and the Rio
Declaration on Environment and Development, as well as providing policy guidance to follow
up the Johannesburg Plan of Implementation (JPOI) at the local, national, regional and
international levels. The JPOI reaffirmed that the CSD is the high-level forum for sustainable
development within the United Nations system.
The Kyoto Protocol
The Kyoto Protocol is an international agreement linked to the United Nations Framework
Convention on Climate Change, which commits its Parties by setting internationally binding
emission reduction targets.
Recognizing that developed countries are principally responsible for the current high levels
of GHG emissions in the atmosphere as a result of more than 150 years of industrial activity,

the Protocol places a heavier burden on developed nations under the principle of "common
but differentiated responsibilities."
The Kyoto Protocol was adopted in Kyoto, Japan, on 11 December 1997 and entered into
force on 16 February 2005. The detailed rules for the implementation of the Protocol were
adopted at COP 7 in Marrakesh, Morocco, in 2001, and are referred to as the "Marrakesh
Accords." Its first commitment period started in 2008 and ended in 2012.
Doha Amendment
In Doha, Qatar, on 8 December 2012, the "Doha Amendment to the Kyoto Protocol" was
adopted. The amendment includes:
· New commitments for Annex I Parties to the Kyoto Protocol who agreed to take on
commitments in a second commitment period from 1 January 2013 to 31 December 2020;
· A revised list of greenhouse gases (GHG) to be reported on by Parties in the second
commitment period; and
· Amendments to several articles of the Kyoto Protocol which specifically referenced issues
pertaining to the first commitment period and which needed to be updated for the second
commitment period.
On 21 December 2012, the amendment was circulated by the Secretary-General of the
United Nations, acting in his capacity as Depositary, to all Parties to the Kyoto Protocol in
accordance with Articles 20 and 21 of the Protocol.
During the first commitment period, 37 industrialized countries and the European
Community committed to reduce GHG emissions to an average of five percent against 1990
levels. During the second commitment period, Parties committed to reduce GHG emissions
by at least 18 percent below 1990 levels in the eight-year period from 2013 to 2020;
however, the composition of Parties in the second commitment period is different from the
first.
The Kyoto mechanisms
Under the Protocol, countries must meet their targets primarily through national measures.
However, the Protocol also offers them an additional means to meet their targets by way of
three market-based mechanisms.
The Kyoto mechanisms are:


International Emissions Trading



Clean Development Mechanism (CDM)



Joint implementation (JI)

The mechanisms help to stimulate green investment and help Parties meet their emission
targets in a cost-effective way.
Monitoring emission targets
Under the Protocol, countries' actual emissions have to be monitored and precise records
have to be kept of the trades carried out.
Registry systems track and record transactions by Parties under the mechanisms. The UN
Climate Change Secretariat, based in Bonn, Germany, keeps an international transaction log
to verify that transactions are consistent with the rules of the Protocol.
Reporting is done by Parties by submitting annual emission inventories and national reports
under the Protocol at regular intervals.
A compliance system ensures that Parties are meeting their commitments and helps them to
meet their commitments if they have problems doing so.
Adaptation
The Kyoto Protocol, like the Convention, is also designed to assist countries in adapting to
the adverse effects of climate change. It facilitates the development and deployment of
technologies that can help increase resilience to the impacts of climate change.
The Adaptation Fund was established to finance adaptation projects and programmes in
developing countries that are Parties to the Kyoto Protocol. In the first commitment period,
the Fund was financed mainly with a share of proceeds from CDM project activities. In Doha,
in 2012, it was decided that for the second commitment period, international emissions
trading and joint implementation would also provide the Adaptation Fund with a 2 percent
share of proceeds.
The road ahead
The Kyoto Protocol is seen as an important first step towards a truly global emission
reduction regime that will stabilize GHG emissions, and can provide the architecture for the
future international agreement on climate change.
In Durban, the Ad Hoc Working Group on the Durban Platform for Enhanced Action (ADP)
was established to develop a protocol, another legal instrument or an agreed outcome with
legal force under the Convention, applicable to all Parties. The ADP is to complete its work
as early as possible, but no later than 2015, in order to adopt this protocol, legal instrument
or agreed outcome with legal force at the twenty-first session of the Conference of the
Parties and for it to come into effect and be implemented from 2020.
Internal Emissions Trading
Parties with commitments under the Kyoto Protocol (Annex B Parties) have accepted targets
for limiting or reducing emissions. These targets are expressed as levels of allowed

emissions, or “assigned amounts,” over the 2008-2012 commitment period. The allowed
emissions are divided into “assigned amount units” (AAUs).
Emissions trading, as set out in Article 17 of the Kyoto Protocol, allows countries that have
emission units to spare - emissions permitted them but not "used" - to sell this excess
capacity to countries that are over their targets.
Thus, a new commodity was created in the form of emission reductions or removals. Since
carbon dioxide is the principal greenhouse gas, people speak simply of trading in carbon.
Carbon is now tracked and traded like any other commodity. This is known as the "carbon
market."
Other trading units in the carbon market
More than actual emissions units can be traded and sold under the Kyoto Protocol’s
emissions trading scheme.
The other units which may be transferred under the scheme, each equal to one tonne of
CO2, may be in the form of:
· A removal unit (RMU) on the basis of land use, land-use change and forestry (LULUCF)
activities such as reforestation
· An emission reduction unit (ERU) generated by a joint implementation project
· A certified emission reduction (CER) generated from a clean development mechanism
project activity
Transfers and acquisitions of these units are tracked and recorded through the registry
systems under the Kyoto Protocol.
An international transaction log ensures secure transfer of emission reduction units
between countries.
The commitment period reserve
In order to address the concern that Parties could "oversell" units, and subsequently be
unable to meet their own emissions targets, each Party is required to maintain a reserve of
ERUs, CERs, AAUs and/or RMUs in its national registry. This reserve, known as the
"commitment period reserve", should not drop below 90 per cent of the Party's assigned
amount or 100 per cent of five times its most recently reviewed inventory, whichever is
lowest
Relationship to domestic and regional emissions trading schemes
Emissions trading schemes may be established as climate policy instruments at the national
level and the regional level. Under such schemes, governments set emissions obligations to

be reached by the participating entities. The European Union emissions trading scheme is
the largest in operation.
The EU Emissions Trading System (EU ETS)
The EU emissions trading system (EU ETS) is a cornerstone of the European Union's policy to
combat climate change and its key tool for reducing industrial greenhouse gas emissions
cost-effectively. The first - and still by far the biggest - international system for trading
greenhouse gas emission allowances, the EU ETS covers more than 11,000 power stations
and industrial plants in 31 countries, as well as airlines.
A "cap and trade" system
The EU ETS works on the 'cap and trade' principle. A 'cap', or limit, is set on the total amount
of certain greenhouse gases that can be emitted by the factories, power plants and other
installations in the system. The cap is reduced over time so that total emissions fall. In 2020,
emissions from sectors covered by the EU ETS will be 21% lower than in 2005.
Within the cap, companies receive or buy emission allowances which they can trade with
one another as needed. They can also buy limited amounts of international credits from
emission-saving projects around the world. The limit on the total number of allowances
available ensures that they have a value.
After each year a company must surrender enough allowances to cover all its emissions,
otherwise heavy fines are imposed. If a company reduces its emissions, it can keep the spare
allowances to cover its future needs or else sell them to another company that is short of
allowances. The flexibility that trading brings ensures that emissions are cut where it costs
least to do so.
By putting a price on carbon and thereby giving a financial value to each tonne of emissions
saved, the EU ETS has placed climate change on the agenda of company boards and their
financial departments across Europe. A sufficiently high carbon price also promotes
investment in clean, low-carbon technologies.
In allowing companies to buy international credits, the EU ETS also acts as a major driver of
investment in clean technologies and low-carbon solutions, particularly in developing
countries.
Third phase brings significant changes
Launched in 2005, the EU ETS is now in its third phase, running from 2013 to 2020. A major
revision approved in 2009 in order to strengthen the system means the third phase is
significantly different from phases one and two and is based on rules which are far more
harmonised than before. The main changes are:
· A single, EU-wide cap on emissions applies in place of the previous system of national caps;

· Auctioning, not free allocation, is now the default method for allocating allowances. In
2013 more than 40% of allowances will be auctioned, and this share will rise progressively
each year;
· For those allowances still given away for free, harmonised allocation rules apply which are
based on ambitious EU-wide benchmarks of emissions performance;


Some more sectors and gases are included.

Almost half of EU emissions covered
While emissions trading has the potential to cover many economic sectors and greenhouse
gases, the focus of the EU ETS is on emissions which can be measured, reported and verified
with a high level of accuracy.
The system covers emissions of carbon dioxide (CO2) from power plants, a wide range of
energy-intensive industry sectors and commercial airlines. Nitrous oxide emissions from the
production of certain acids and emissions of perfluorocarbons from aluminium production
are also included (see box).
Participation in the EU ETS is mandatory for companies operating in these sectors, but in
some sectors only plants above a certain size are included. Governments can exclude certain
small installations from the system if fiscal or other measures are in place that will cut their
emissions by an equivalent amount.
For commercial airlines, the system covers CO2 emissions from flights within and between
countries participating in the EU ETS (except Croatia, until 2014). International flights to and
from non-ETS countries are also covered, but as a goodwill gesture the European
Commission has proposed deferring the scheme's application to these for 2012 to allow
time for agreement on a global framework for tackling aviation missions to be reached in
autumn 2013.
Altogether the EU ETS covers around 45% of total greenhouse gas emissions from the 28 EU
countries.
Objectives of the climate policy of the European Union
By 2020, the EU has committed itself to:
· reducing its greenhouse-gas emissions by 20% (or even 30% in case an international
agreement is reached that commits other countries in a similar way);
· increasing the share of renewable energies to 20% of total EU energy consumption;


increasing the share of renewable energies in transport to 10%;



improving energy efficiency by 20%.

Achieving these goals will require major breakthroughs in the research and development of
new technologies. The European Strategic Energy Technology Plan (SET-Plan) - the
technology pillar of the European energy and climate policy - outlines long-term energy
research priorities for the horizon of 2020 to 2050. It lays the foundations for a European
policy for energy technology and establishes a framework that brings together the diverse
activities in the field of energy research.
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