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1. fejezet - Climate change, impacts 
and responses 

R_1 Education of geography by climate change (Reading) 

Climate change and related aspects are of concern even for the youngest generation. This fact may be a good 

starting point to emphasise some related aspects of science and of society. Many aspects were just dead subjects 

for our pupils without this enhanced attention. 

Climate change is an exciting scientific and practical challenge of our era. Acting today in this regards yields 

positive results for the next generation. This is why young generation should also be involved into these pieces 

of knowledge to motivate them for contributing to focused response of society in mitigation of the changes and 

in adaptation to them. In preparation of these tasks geography undertakes a key role from among education 

subjects. 

Though science is still engaged with several questions to explain the past trends and with even more to project 

the future, there are some very likely statements which can be used as a basis for education of and by climate 

change. They are, at least, the following ones: 

1. Anthropogenic origin of the recent global warming is very likely (i.e. >90 %, IPCC, 2007). No better news 

occurred ever since (The Copenhagen Diagnosis, 2009). 

2. The warming should be as early as possible, but by all means before 2 K compared to the initial state to avoid 

unmanageable critical jumps. There are many opportunities for that but none of them is cheap or surely more 

effective, than the other ones. 

3. Impacts of the changes vary regionally and the adaptation needs also regional research and planning. The 

extremes do not universally become more frequent, or more rapid, but we must gradually adjust our concepts 

and thresholds. 

The above statements may change from time to time, as science evolves. Climate change means a life-long 

challenge for teachers to be well informed when contacting the students. 

1. R_1.1 Education of geography by climate change 

Last, but not least geography, as the probably closest subject to the climate change issue. Geography is not less 

complex, than biology, since it includes not only living and lifeless spheres of the earth, but also the society, as 

it is indicated by the image. On the other hand geography, as it follows from its name, first describes its 

discipline in widest complex approach, but it does not surely want to solve every detail, since single topics of 

geography often form limited, but infinitely deep individual disciplines. 

Geography is a so called chorological science (chorology: study on distribution, in ancient Greek), i.e. it 

investigates the geo-systems. Geo-systems are systems of the common space of natural and societal interactions 

among the solid (lithosphere), fluid (hydrosphere), gaseous (atmosphere) and living (biosphere) sub-systems. 

This space of interaction is called geo-sphere, geographical shell or geographical environment. The main branch 

of geography is physical geography, dealing with the natural processes and interactions of the environment. A 

key term of this branch is the landscape, sometimes bearing regional character. The other main branch is tie 

social or human geography, sometimes also called economical geography, dealing with interactions of landscape 

and society or various aspects of society with each other. As it is seen in Fig. R1.1, physical and social 

geography are not always separated. They are mainly connected by the common space filled by both of them 

and the need for holistic view and application of results from both branches for the wealth of society. 
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Figure R1.1. Main branches of physical and of social geography with their interaction. (Source: 

http://www.physicalgeography.net/fundamentals/1b.html) 

Geography studies the systems of the common space of natural and societal interactions among the solid 

(lithosphere), fluid (hydrosphere), gaseous (atmosphere) and living (biosphere) spheres. This space of 

interaction is called geo-sphere, geographical shell or geographical environment. Solid shell of the earth is rather 

popular among the pupils since one can collect its products even by their free hands. Geography embraces the 

organised co-existence of people in many aspects. Most straightforward among them are the Economical 

geography and Social Geography. Some key aspects of these fields, indicated in the table, can also be 

emphasized for themselves, also in relation with the changing climate. Examples for using the climate change 

for developing various aspects of geography are listed in Table 4. 

Table R1.1 Examples of geographical phenomena related to climate with some explanations.* 
 

Phenomenon/process Broader topic Reason for emphasis Relation to climate 

Rea-arrangement of 

population distribution. 

Migration, over-

population conflicts. 

Population Geography Requirements to sustain in 

a region, correlation of 

population and natural 

resources. 

Critical changes, e.g. 

desertification, loss of 

Himalaya glaciers. 

Transformation of the 

settlements. Over-

population in the mega-

cities. 

Settlement Geography Requirements to establish 

and to sustain a settlement. 
Cross-cutting of climate 

warming and 

overpopulation. 

Polar ecosystem reduction 

Sea-level (volume) rise 

Changes in flooding 

frequency 

Loss of drinking water in 

the Himalaya region 

Hydrology (Hydro-

geography) 
Vulnerability of sea-ice 

and mountain glaciers. 

Processes to influence the 

sea level. Climatic & other 

causes of flood. 

Warming fast at the poles. 

Expansion, melt of pack 

ice. 

More intense rains, heat-

waves. 

Shift of vegetation zones; 

extinction of species, 

expansion of other species. 

Biogeography Importance to retain the 

present biodiversity. 

Possibilities and 

Regional climate changes, 

reminding to shift of 

climate zones. 
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Expansion or reduction of 

the wet ecosystems. 
limitations of the 

vegetation to adapt. 

Spontaneous and managed 

adaptation to the climate 

changes, possible 

modification of its 

extremes. 

Occurrence of new pests. 

Agricultural Geography Possibilities & limits of 

biological adaptation. 

Effect of environment on 

the competition among the 

species. Adaptation by 

plant breeding. 

Slow changes, but changes 

in extreme events. 

Economic effect of the 

climate changes: costs of 

adaptation and mitigation. 

Economic Geography Showing the costs (and 

incomes) of selected key 

economical activities. 

Slow changes, but changes 

in extreme events. 

Changes in water, road- 

and rail connections partly 

related to primary (drying) 

and secondary (settlement 

structuring) reasons. 

Transportation Geography Factors determining water-

, road or rail connection 

(including the 

environmental conditions, 

as well). 

Consequences of climate 

change in water levels, 

their stability and on 

population. 

Lack of food and water, 

poverty, epidemic 
Social Geography Existence and 

geographical distribution 

of poverty, famine, thirst 

and epidemic. 

Slow changes, but changes 

in extreme events. 

Physical changes of the 

natural surfaces 
Geology Rock disintegration in the 

process of weathering 

(rain, ice, wind, 

temperature) 

Extreme weather 

conditions, likely more 

intense with warming. 

Soil erosion 

Slow shift of the zonal and 

non-zonal soil types 

Pedology (Soil 

Geography) 
Process and consequences 

of soil degradation. 
Intensive rains, likely 

more frequent with the 

warming. 

*The author is thankful to Dr. Ilona Pajtok-Tari for collecting this table for another study (Pajtok-Tari I. et al., 

2011) 

A pair of further disciplines of human geography is even more directly affected by climate, though they are 

influenced by other trends of population and other sources of stresses. From time to time, even the climate 

anomalies (i.e. long-term, weather extremities) can cause faster (but more recoverable) versions of the longer-

term threats. 

During one generation the sea ice area did dramatically shrink in the Northern Hemisphere. It is also a good 

point to call the pupils attention on why the Southern Hemisphere does not suffer from the same rapid changes. 

This is a fairly old pair of figures, so one may also call the pupils to find much more recent figures on the same 

topic. 

Zonality and continental differences are obvious features of our present climate. They reflect different physical 

characteristics of the solar radiation and heat capacity of various domains of the climate system. Are these 

differences markedly reflected by the patterns of past and future climate changes, too? The answers to this 

question are illustrated by seasonal changes of temperature and precipitation in Fig. R1.2 (also demonstrated and 

analysed in Chapter 4) taken from the IPCC WG-I (2007) Report. They are averaged for all available models, 

i.e. they are results of pure physics. As such, they are concentrated illustrations of several phenomena used in 

physical geography. Analysis of these changes is an impressive tool to demonstrate zonality and continentality, 

these key aspects in education of physical geography. 
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Figure R1.2. Model-mean changes of temperature (warming) and precipitation (different signs). 

These key aspects of geography are: 

1. Zonality of the changes, clearly seen both in temperature and precipitation. The strongest changes near the 

pole are characteristic features of the changes due to the ice/snow–albedo feedback changes. The belts of 

precipitation changes, due to circulation reasons, are also present in the differences of both variables and 

seasons. However, combined effects of these variables on runoff or soil moisture changes are already 

influenced by effects of non-zonal topography and soil taxonomy. 

2. Continentality is seen both in the faster changes of the temperature over the continents, and in the slower 

changes on the west coasts. In the precipitation fields, this term is seen in the summer half year of both 

hemispheres as a disturbance of the zonal structures. Another feature of continentality is that the Northern 

Hemisphere, covered by continents to larger extent, warms faster parallel to the global changes. 

2. R_1.2 Weathering: a complex effect of climate 

Weathering is the process of disintegration of rock from physical, chemical, and biological stresses. I.e. this is 

one of the processes in our Planet which can well be explained in each of the four natural sciences, physics, 

chemistry, biology and geography. Weathering is influenced by temperature and moisture (climate). 

The degree of weathering that occurs depends upon the resistance to weathering of the minerals in the rock, as 

well as the degree of the physical, chemical, and biological stresses. A rule of thumb is that minerals in rocks 

that are formed under high temperature and pressure are less resistant to weathering, while minerals formed at 

low temperature and pressure are more resistant to weathering. Weathering is usually confined to the top few 

meters of geologic material, because physical, chemical, and biological stresses generally decrease with depth. 

Weathering of rocks occurs in place, but the disintegrated weathering products can be carried by water, wind, or 

gravity to another location. 

Figure R1.3 indicates how temperature affects weathering in our present climate. 
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Figure R1.3: Influence of the interaction of temperature and rainfall on processes of physical and chemical 

weathering. As annual rainfall and temperature increase, chemical weathering dominates over physical 

weathering. On the contrary, notice that as the temperature lowers, physical weathering begins to dominate over 

chemical weathering. Image courtesy of University of Nebraska–Lincoln, 2005. http://plantandsoil.unl.edu/crop 

technology2005/soil_sci/?what=topicsD& 

informationModuleId=1124303183&topicOrder=2&max=7&min=0& 

3. R_1.3 Developing the key competences 

Modifying tasks of education, as developing the competences becomes also important, besides knowledge 

transfer. The revision of National Core Curriculum (NCC) in 2003 and 2006-2007 pointed at importance of 

developing the so called key competences, besides the topical requirements what the pupils should own as 

knowledge. The key competences became core parts of the NCC. These are outstandingly important abilities, 

which are inevitable to further learning and to successful participation in the society and world of labour. These 

competences in Hungary are based on those elaborated by the EU (ERF, 2007). 

The nine key competencies are the followings (NCC, 2007) 

1. Communication in the Mother Tongue 

2. Communication in Foreign Languages 

3. Mathematical Competence 

4. Competences in Natural Science 

5. Digital Competence 

6. Learning to learn 

7. Social and Civic Competences 

http://plantandsoil.unl.edu/crop%20technology2005/soil_sci/%20?what=topicsD&%20informationModuleId=1124303183&topicOrder=2&max=7&min=0&
http://plantandsoil.unl.edu/crop%20technology2005/soil_sci/%20?what=topicsD&%20informationModuleId=1124303183&topicOrder=2&max=7&min=0&
http://plantandsoil.unl.edu/crop%20technology2005/soil_sci/%20?what=topicsD&%20informationModuleId=1124303183&topicOrder=2&max=7&min=0&
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8. Sense of Initiative and Entrepreneurship 

9. Aesthetic and Artistic Awareness and Expression 

Table R1.2: Examples on how climate change can be used to improve the key competences 
 

Key competence (KC) Example of using climate change to develop the KC 

Communication in the Mother Tongue 
 

 
1. learn new words of climate, effects and responses 

Communication in Foreign Languages 
 

 
1. find extra motivation in understanding the CC 

disputes 

Mathematical Competence 
 

 
1. use CC as motivation to understand usefulness of 

math 

Competences in Natural Science 
 

 
1. use CC to teach and integrate Natural Sciences 

Digital Competence 
 

 
1. besides the Internet, compilations and calculations 

in CC 

Learning to learn 
 

 
1. use CC as a fast developing topic to learn for 

learning 

Social and Civic Competences 
 

 
1. weather extremes are good examples of cooperation 

Sense of Initiative and Entrepreneurship 
 

 
1. renewable- and low-carbon industry are good 

examples 

Aesthetic and Artistic Awareness and Expression 
 

 
1. nature itself provides picturesque examples in 

storms 

Table R1.2 provides a first-approach list on the possibilities to improve these competences by using the events, 

explanations and attitudes related to climate changes. In some cases the enhanced interest in weather and climate 

makes it more efficient in the circle of pupils and teachers, as well. For example, the lively discussion on the 

anthropogenic vs. natural origin on one hand, and the exciting news on extreme weather catastrophes, as well as 
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new possibilities to mine oil from below the Arctic-ocean may be worth reading in English or other languages 

even spontaneously, without classroom forcing, too. 

One must admire that there is no specific key competence for environmental awareness. Causing less harm to 

the environment and delimiting other people and enterprises to pollute environment where it would be avoidable 

requires several other key competences. They are Competences in Natural Science, Social and Civic 

Competences, Aesthetic and Artistic Awareness at least, but maybe also the Expression Sense of Initiative and 

Entrepreneurship. We may surely state that climate change is a part of reality in the World around us. This 

means its global character, vast assortment of related phenomena and the common concern of majority of people 

(and mediums) made the problem widely appreciated among the pupils. 

4. R_1.4 Refreshing the other school subjects 

The school subjects can be refreshed in several respects, even if considering just the renewable energy (Table 

R1.3), as one single aspect of the whole climate change issue. There is no space to explain the examples, but 

please pay attention to the major challenges, and try to think through in your educational environment. 

Table R1.3: Selected examples proving usefulness of the main school subjects,focused to (limited by) the 

renewable energies. 
 

Subject Example of usefulness in the subject 

Mathematics economical math, decision matrices, risks, 

 
geometry (cline of solar collectors), etc 

Physics material sciences (solar cells, wind rotors, etc.) 

 
solution of energy accumulation, etc. 

Chemistry bio-energy formation and utilisation, 

 
save the devices from corrosion, etc. 

Biology optimize for green mass (instead of e.g. grain mass) 

 
recognition of bird flies in wind energy industry, etc. 

Informatics automatic switches to alternate the energy sources 

 
information mining (competing business!), etc 

Geography spatial distribution of the energy sources, inc. biomass 

 
role of societal structure and financial ability in the 

location 

5. R_1.5 Practical aspects of climate 

The climate change subject provides good opportunity to present the related problems of the environment, 

stemmed from the same anthropogenic over-consumption of the natural resources. This last subject claims for 

integration of these moments into long-term tasks for the whole society. There are two aspects which can not be 

expressed in detail due to space limitations, but which are important connections between school and everyday 

life. They are (i) the intelligent adaptation to weather, as ever-changing risk and resource for everyone and 

everywhere; and (ii) the energy-conserving way of life in our homes, including motivations for using renewable 
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energy. Both topics are good examples on those cases when fresh knowledge of the youngsters can guide the 

elder generation. (One should note, however, that the weather extremes are not direct consequences of climate 

change.) 

5.1. R1.5.1 Weathcer extremes 

Weather extremes are often quoted as rare, or intense event, but in some other cases those of high impacts. All 

three aspects are worth mentioning in education of the youngsters. By definition, the characteristics of what is 

called ―extreme weather‖ may vary from place to place. Specific concern at the middle latitudes is caused by 

thunderstorms, tornadoes, hail, dust storms and smoke, fog and fire weather. These small-scale severe weather 

phenomena range from minutes to a few days at any location and typically cover spatial scales from hundreds of 

meters to hundreds of kilometres. These extremes are accompanied with further hydro-meteorological hazards, 

like floods, debris and mudslides, storm surges, wind, rain and other severe storms, blizzards, lightning. For 

example, mudslides disrupt electric, water and gas lines. They wash out roads and create health problems when 

flood water spills down hillsides. Power lines and fallen tree limbs can be dangerous by causing electric shock. 

Alternate heat sources used improperly can lead to injury from fire or carbon monoxide poisoning. The longer-

term, precipitation- and temperature-driven set of extremities contain drought, wild-land fires, heat-waves, 

melting of permafrost and occurrence of snow avalanches, etc. Ca. 90 % of the natural disasters are somehow 

related to weather, concerning their material harm. Only the volcanic eruptions and the earthquakes are free of 

atmospheric forcing factors. These weather damages destroy over 10 % of gross domestic product in the poorest 

countries of the world (WMO, 2006). This number is ca 2 % in the richest countries (In Hungary it is just 1 %, 

due to its favourable geographical location in this respect.). 

It is often possible to predict the probability of severe weather events quite accurately, issuing warnings, or 

closing the endangered regions, temporarily. The teachers must know the local signs of danger and respect 

warnings or prohibitions to enter the endangered areas. It is also possible to enhance rational awareness of the 

pupils against weather events to discuss the events of the recent past with them, either personally experienced or 

reported by the media. 

5.2. R1.5.2 Low-energy, low-carbon life 

Considering the extremity in global scale, we should establish that there are so called tipping points, where our 

climate may exhibit irreversible changes. Melting of the West Antarctic ice sheet, slow-dawn of the Atlantic 

thermohaline circulation and the El Nino – Southern Oscillation all may turn into a new state after 3 K of global 

warming (see in Ch. 12). 

To avoid the 3 K warming the mankind must start decreasing its greenhouse gas emission by 2020, the latest. 

This can be established by considering the so called policy-scenarios with the conclusion that the concentration 

should be stopped at 445-490 or 495-535 ppm equivalent CO2 concentrations. (This is a value when all 

greenhouse gases express the same forcing, as the CO2 in the given concentration.) Since this is a very complex 

question, majority of the mitigation requests consider 2 K for the maximum allowed warming for the future. Of 

course, the teachers can not be the key persons, who should achieve these mitigation targets. But, to know the 

main principal possibilities, such as renewable energy sources, nuclear energy (though considering its other 

environmental constraints), carbon sequestration, forest sinks etc., and to show the proper ways to support the 

reduction of last two components in the households and on the roads is our key role, in this respect. 

* * * 

In the above Sections we tried to demonstrate how meteorological facts, together with Internet-based- and 

traditional efforts to introduce climate-related knowledge and attitudes into the curricula, could increase the 

interest of present students and prospective teachers towards this set of questions as a part of the sustainable 

development. Too many and too dangerous extreme events occur, even without any climate change. It is worth 

knowing them and their harm for the teachers, and also listening to the forecasts. The alternatives to limit the 

greenhouse gas emission are also worth knowing in the school and performing in live at home. A key possibility 

of is to use renewable energy even if the fossil forms are still available. Mankind overcame the stone-age before 

running out of stones! 

Scientific background (1-5 chapters)1. Observed changes of climate 

The climate of our Planet has never been strictly constant, but the recent changes are by two orders of 

magnitude faster than the natural changes since the appearance of anthropogenic influence. The near surface air 
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temperature, which increased as much as 0.8°C in the last 100 years (Copenhagen Diagnosis, 2009). The 

temperature of the second part of 20th century on average was very likely above all 50 years in last 500 year‘s, 

and likely even in the last 1300 years. This fact and the realization of the likely reasons for the changes, plus 

rapid development of computer technology have resulted in systematic investigations of climate science. 

Near-surface temperatures are, however, generally influenced by various local disturbances (developing cities, 

vegetation), modifications in the observation technology (changes of time, instrumentation or shading devices) 

or simply relocation of the weather (climate) station. Local temperature series may therefore be often non-

homogenous which may disturb even the global reconstructions. Therefore, it is worth examining time series of 

other environmental parameters, related to climate. 

6. Atmospheric variables 

In this point we present the variation of observed climate of the world with the help of some typical graphs and 

maps. Variations of the near-surface temperature of the Earth as well as of the individual continents will be 

presented by the yearly averages of temperature in Point 2.2. Here we depict these temperature trends of the four 

seasons in the 1979-2005 time period (Fig. 1.1), as well, as the variation of temperature with the altitude (Fig. 

1.2). 

From top to down in Fig. 1.2, it is noticeable that the stratospheric temperature is decreasing. Considering that 

the increase of the greenhouse gases allows less energy to the stratosphere as before, we can already understand 

the temperature decrease. Furthermore, another reason contributes to this behaviour. It is the consequence of 

surface warming which leads to elevation of the tropopause and its lower temperature. This is the same process 

that leads to higher and cooler tropopause in summer than in winter. 

 

Figure 1.1 Linear trends of surface temperature (K/10 yr) in the 4 seasons (marked by initials of the months). 

Sign + emphasizes the areas where the trend is significant at the 95 % level. (Source: IPCC 2007: Fig. 3.10) 
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Figure 1.2 Global mean temperature of the air (in the respective order from A to D) in the stratosphere, in the 

upper troposphere, in the lower troposphere and near the surface. The two upper layers are derived from 

satellites‘ microwave sounding, the third one is a mixed series derived from satellites and radio-sounding 

measurements, while the lower level is based on the surface measurements. All anomalies are compared to the 

1979-1997 mean values. The stratosphere is getting cooler, because the energy absorbed by the increasing 

amount of greenhouse gases is missing from the energy balance of these layers. Another reason is that the 

warming raises the level of the tropopause. (Source: IPCC, 2007: Fig. 3.17) 

The temperature of the upper and lower troposphere, and also of the near-surface level shows encouraging 

synchrony. It is important because we can (unfortunately) exclude the hypothesis that the near-surface warming 

is just a result of measurement errors, or of erroneous neglecting of urban influence caused by large number of 

urban stations, since this effect would be much more localized in its vertical extent, as well. 

We deal with other climate indicators in the followings, not tackling the sea level and the snow cover here, since 

these two quantities are demonstrated also in point 1.2. Firstly, in Fig. 1.3 we may see the global mean 

precipitation of the continents, which varies asynchronously with the global mean temperature. 

 

Figure 1.3 Anomalies of precipitation of the continents in 1900-2005 in global average compared to the 1981-

2000 reference period, according to various authors' reconstructions. The solid curves are ten years‘ moving 
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averages. The main reason of the differences is that is that precipitation is distributed very patchy also in space. 

Hence, differences of the station networks may influence the results. (IPCC 2007: Fig. 3.10) 

 

Figure 1.4 Variations of the Palmer Drought Severity Index (PDSI) between 1900 and 2002 above the 

continents (upper graph). The red and orange colours indicate the drying of the upper layers of the soil, whereas 

the green and blue ones mark their becoming wetter. The global mean (lower graph) shows general drying, 

primarily due to the rise of temperature enhances the evaporation. (IPCC 2007: FAQ 3.2, Fig. 3.1) 

From these one can establish that the globally averaged precipitation did not follow the variations of global 

mean average of temperature. But, this cannot even be expected, since precipitation is developing in rather 

complex macro- and mezzo-scale atmospheric objects, which vary rather differently in the various regions 

parallel to the global warming. The ca. 1000 mm/year global mean precipitation is distributed on the Earth 

rather unevenly. At the same time, the warming pushes the water balance of the upper soil layers towards the 

relative water shortage. (Figure 1.4) 

7. 1.2 Further components of the climate system 

The global mean near-surface temperature (observed in shadow at 2 metres above the surface) shows a 0.74 K 

warming between 1906 and 2005 (Figure 1.5). Within this, in the second 50 years the pace of the warming is ca. 

its double, 0.13 K/decade. Likely, the northern hemisphere mean temperature of these 50 years is the warmest 

period over the last 1300 years. 
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Figure 1.5 Observed changes (a.) in the global average temperature, (b.) in the sea level, averaged globally 

according to the tide scales (blue), and the satellite data (red), as well, as (c.) in the area of snow cover of the 

Northern Hemisphere in the March-April period. The smoothed curves indicate the decennial averages, the 

circles show the decadal average values. All changes are compared to the 1961-1990 averages. The shaded areas 

show the uncertainty. (Source: IPCC WG-I, 2007.) 

According to the recent investigations, unambiguous warming is established also in the upper and middle layers 

of troposphere, in coherence with the near-surface tendencies. This is essential, because in the previous IPCC 

Reports (1996 and 2001) this coincidence has not been yet established. An additional statement is that the 

maximum and the minimum temperatures contribute to the rise of the diurnal mean temperature in with identical 

weights. Warming of the oceans is already detected in its upper 3 km layer, which raised the sea level by 17 

centimetres, already, together with warming of the continental ice sheets (Figure 1.5). 

The total area of the mountain glaciers and the snow cover decreased in both hemispheres. The glaciers and the 

general decrease of the ice-caps contributed to the elevation of the sea level. 

Table 1.1: The observed measures of the elevation of the sea level together with different factors that 

contributed to it. (IPCC, 2007: Decision Making Summary) 
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According to satellite observations, the annual mean expansion of the northern sea ice decreased by 2.7 

%/decade since 1978. In summer this decrease is 7.4 %/decade! The upper layers of frozen soils (permafrost) in 

the Northern Hemisphere have been warming since 1980 by almost 3 K. The area of seasonally frozen soil 

decreased by ca. 7% in the Northern hemisphere since 1900, whereas in spring this number approaches the 15%! 

From the start of the 20th Century precipitation has been growing unambiguously in Northern Europe, at the 

east coasts of the American continent, and in Asia's northern and middle regions. Climate became drier in the 

Sahel zone, and in the larger area of the Mediterranean Sea, as well, as in southern parts of Africa and Asia. The 

temporal distribution of precipitation developed unfavourably in two senses since both the duration of long dry 

(no precipitation) periods and amounts of individual heavy precipitation events have increased. 

The temperate latitude general air circulation has also been modified in the recent 50 years parallel to changes of 

the sea surface temperature and in the area of snow cover. Important peculiarity of the change is the 

amplification of the temperate latitude west-eastern circulation on both hemispheres. Though, it is difficult to 

judge why it occurred, since the engine of the phenomenon, the meridional temperature gradient did definitely 

weaken in this period due to the faster than average warming of the polar and sub-polar regions. 

Summing up 20th Century changes, we may establish that the mean air temperature of the northern hemisphere 

was very likely higher than any 50 year period over the last 500 years and likely warmer than any other one in 

the last at least 1300 years. 

The warming (caused by anything) could be proven beside the air temperature with the change of other 

geophysical characters. Such variables are the area of snow cover and sea ice which could be detected well only 

in the era of satellites. Fig. 1.6 shows the changes of these components of the cryosphere in the last decades. As 

it is shown in the Figure both the snow cover and the sea ice area have decreased in the last decade parallel to 

the global warming over the Northern Hemisphere. Both changes are statistically significant. 
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Figure 1.6: The extension of snow cover on the continents of Northern Hemisphere in two following satellite 

observation interval during the thawing period, between 1967 and 1987, and 1988 and 2004 respectively (a). 

The modification of snow cover represented by colour squares showing almost on every place 5-15 or 15-25% 

shortening in time. The continuous lines are 0 and 5°C mean isotherms of air temperature for total 1967-2004 

periods in March-April. The biggest area decreasing is nearly parallel with the isotherms. The next two figures 

show the extension of oceanic ice cover on the Northern (b) and Southern Hemispheres (c) between 1979 and 

2005. The dots show the yearly mean ice extension, with decadal smoothing. (IPCC 2007: Fig. 4.3, 4.8 and 4.9). 

On other hand, around Antarctica the sea ice has been increasing, despite the near-surface warming over the 

majority of the continent (Steig et al., 2009). This pattern has been attributed to intensification of the 

circumpolar westerlies, in response to changes in stratospheric ozone, letting less warm air masses into the 

centre of the island. This, in turn, leads to colder centre of Antarctica and southward shift of the Polar front. 

In Fig. 1.6, the linear trend of ice cover decreasing is 33±7 thousand km2 per decade. Its magnitude is -2.7 %, 

and it is significant. Simultaneously, the ice-cover expansion, as much as 6±9 thousand km2 per decade, is not 

significant in the Southern Hemisphere. 

Another indicator of the thermal processes is the sea level, driven mainly by the thermal expansion and the 

water balance with the continental ice. Sea ice melting does not influence the sea level, in correspondence with 

the Archimedes‘ principle on the floating objects. 

Fig. 1.7 is evidence of warming showing the sea level rise combining the tide gauges and microwave satellite 

observations. The latter observations are based on the TOPEX/Poseidon and Jason satellite altimeter 

measurements programmes. They measure the sea level heights between 66°N and 66°S in ten-day averages 

since 1993. According to the processing of the measurements, the rise of sea level is 3.1±0.7 mm per year which 

mainly happens in the Southern Hemisphere. 
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Figure 1.7: Sea level change during 1970-2010. The tide gauge data are indicated in red (Church and White 

2006) and satellite data in blue (Cazenave et al. 2009). The grey band shows the projections of the IPCC Fourth 

Assessment report for comparison. The graphs show the difference from the 1993 - June 2001 period‘s average 

in mm unit. The satellite data till 2002 are based on TOPEX/Poseidon, later on Jason satellites. (Copenhagen 

Diagnosis, 2009: Fig. 16) 

Hence, the temperature increase has already been detected in the upper 3 km layer of the oceans. The reason is 

that 80% of the radiation balance surplus is absorbed by the oceans. (This is the 0.9 Wm-2 deviation of the total 

balance in Figure 6.1) This warming together with the thawing of land ice has already caused 17 cm elevation of 

sea level (IPCC, 2007). 

According to the Copenhagen Diagnosis (2009), this increase of the sea level, its causes and the projected future 

can be summarised, as follows: The contribution of glaciers and ice-caps to global sea-level has increased from 

0.8 mm/year year in the 1990s to be 1.2 mm/year today. The adjustment of glaciers and ice caps to present 

climate alone is expected to raise sea level by ~18 cm, (i.e. by 1 cm more after three years from 2005, than the 

IPCC AR4 estimation). 

The area of the Greenland ice sheet, experiencing summer melt, has already been increasing by 30% since 1979, 

parallel to the increasing air temperatures. The net ice loss from Greenland accelerated since the mid-1990s and 

is now contributing as much as 0.7 mm/year to sea level rise due to both increased melting and accelerated ice 

flow. 

Antarctica is also losing ice mass at an increasing rate, mostly from the West Antarctic ice sheet due to 

increased ice flow. Antarctica is currently contributing to sea level rise at a rate nearly equal to Greenland. Ice-

shelves connect continental ice-sheets to the ocean. Signs of ice shelf weakening have been observed elsewhere 

than in the Antarctic Peninsula, indicating a more widespread influence of atmospheric and oceanic warming 

than previously thought. 

There is a strong influence of ocean warming on the mass balance via the melting of ice-shelves. The observed 

summer melting of Arctic sea-ice has far exceeded the worst-case projections from climate models of IPCC 

AR4. The warming associated with the atmospheric greenhouse gas levels makes it very likely that in the later 

decades the summer Arctic Ocean will become ice-free, though the timing of this remains uncertain. 

2. External forcing factors 

Changes in global climate are forced by various processes that change the flows of radiative energy within the 

system. Either the absorption of solar radiation or the trapping of long-wave radiation by atmospheric 

constituents may change. Possible reasons for change include: 

1. Change in solar irradiance or change in geometry of the Earth's orbit around the Sun. 

2. Change in fraction of energy reaching the surface vs. the top of the atmosphere. 

3. A change in the amount of outgoing (long-wave) energy at the top of the atmosphere. 

These changes may occur due to both natural and man-made factors. The activity by which man can intervene in 

the atmospheric processes is changing the global energy balance of the atmosphere and the surface. This is 

possible in several processes. 

Changes under headings 2.) and 3.), including both natural and man-made sources, may result from (i) Changes 

in the amount of long-wave radiation emitted by the surface and/or absorbed by various (the so called 

greenhouse-gases), cloudiness and H2O in the atmosphere; (ii) Changes in atmospheric transparency resulting 

from either variations in the amount of volcanic and anthropogenic aerosol in the atmosphere, or variations in 

cloudiness. 

Changes in the forcing factors in the last 250 years are presented in Fig. 2.1. The most important conclusion, 

namely that the radiation balance of the Earth has been perturbed mainly by the greenhouse gases with some 

other changes worth also studying. 

The effect of carbon-dioxide alone is approximately as strong during these centuries than the whole effect of all 

factors. This means that the warming effect of the non-CO2 greenhouse gases became fully compensated be 
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direct and indirect effects of the aerosols. The direct effect of aerosols means back-scattering of solar energy to 

the outer space. 

The indirect effect means redistribution of the existing water content of the clouds from fewer large raindrops of 

larger diameter to increased number of smaller drops. The latter version created by the so called condensation 

nuclei, i.e. water solvable aerosols. 

The greenhouse effect causes a general warming of the lower atmosphere and Earth's surface, and a 

compensating cooling of the upper stratosphere. The greenhouse gases of natural origin constitute main factors 

of the earth's climate: in the absence of water vapour, carbon dioxide and methane a climate of 33 K colder 

would dominate on our planet. 

Danger of the climate modification effect of human activity is enhanced by the fact that most of the greenhouse 

gases have very long residence time. So, even if mankind decides to stop immediately all the activities that 

enhance the atmospheric greenhouse effect posterity would experience the consequence of previous releases 

even over centuries. 

8. 2.1 Changes in the radiation balance 

Carbon dioxide, however, is not the only one of the greenhouse gases whose amount increases owing to human 

activity. Just to mention the most important ones, they are the followings: methane deriving from rice paddies, 

live-stock breeding, biomass burning and the hydrocarbon industry; nitrous oxide that originates mainly from 

fertilisation and various fossil fuel combustion, moreover the halocarbons (species of freon and halon) widely 

used in the industry. The latter artificial gases have come into focus mainly because of their capability to 

dissolve stratospheric ozone. 

 

Figure 2.1: Global mean radiative forcing (RF) estimates and uncertainty ranges in 2005 for anthropogenic 

carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and other agents or mechanisms, together with the 

typical spatial scale of the forcing and the assessed level of scientific understanding (LOSU). The net 

anthropogenic radiative forcing and its range are also shown. Volcanic aerosols contribute an additional natural 

forcing but are not included in this figure due to their episodic nature. (IPCC, 2007: Fig. 2.20) 
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The most important greenhouse gases and the data on their concentrations and lifetime are listed in Table 2.1. 

These gases generally absorb infrared radiation and thus contribute to the greenhouse effect of the atmosphere 

by reducing the amount of radiation emitted by the Earth's surface that escapes to the space. For this reason, 

such substances have come to be called 'greenhouse' gases. 

Table 2.1: Present-day concentrations and the radiative forcing of the most important greenhouse gases. The 

changes since 1998 are also shown. 

 

The observations clearly state that the atmospheric greenhouse-effect had increased since the industrial 

revolution. In accordance with what has been alleged and proven we can say that the anthropogenic greenhouse-

effect is responsible for the significant part of the observed global temperature increase at least since 1900. 

Based on reconstructed and measured data, we also know that the average temperature of the Northern 

Hemisphere slowly decreased in the last 1000 years with less certainly reconstructed and just partly understood 

long-term fluctuations (IPCC, 2007), until the beginning of 20th Century, with significant temperature increase 

afterwards. 

Beyond the greenhouse effect and natural climate forcing processes (such as solar variability, changes is solar 

orbital parameters, volcanic activity), there are also further anthropogenic influences, i.e. the effects of sulfate 

aerosols, land cover change, stratospheric ozone depletion, black- and organic carbon aerosols and jet contrails, 

etc., with their various and partly non-negligible radiative effects. A comparison of these effects during the past 

250 years is presented in the IPCC Report (IPCC, 2007) 

Recently Trenberth et al. (2009) re-considered (Fig. 2.2) their earlier radiation balance estimations (Kiehl and 

Trenberth, 1997). The earlier period was based on observations from 1985 - 1989, whereas the recent estimates 

originated from March 2000 to May 2004 period. Very few terms of the radiation balance are unchanged during 

the 15 years. In some other cases the absolute difference between the two estimates is ca. 10 Wm-2, sometimes 

over 20 % in relative terms. The majority of the changes are likely caused by the uncertainty of the estimation, 

not the climate variation of the Earth during this period. 
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Figure 2.2: The annual mean energy budget of the Earth in the Mar 2000 - May 2004 period (Wm–2). The broad 

arrows indicate the schematic flow of energy in proportion to their importance. Source: Trenberth et al (2009) 

Remark: The Figure indicates global averages, independently from the type of the surface in the illustration. 

 

Figure 2.3: Top panel: Compared are daily averaged values of the Sun‘s total irradiance from radiometers on 

different space platforms as published by the instrument teams since November 1978. Bottom panel: Sunspot 

number to illustrate the variability of solar activity for cycles 21, 22 and 23. (Source: Fröhlich, 2010) 

E.g., Fig. 2.3 indicates that even the Solar constant varied by ca. Wm-2, which is comparable to the changes in 

the radiation balance due to most external forcing factors. In the latter period, near the maximum of the 23rd 

solar cycle, the incoming radiation was higher by ca 0.5 Wm-2 than in the previous period of the estimations, 

near and after the minimum between the 21st and 22nd cycles. However the instruments of the previous period 

gave a much stronger overestimation, leading to a -1 Wm-2 decrease of the Solar constant in the latter 

estimation. 

The increasing of greenhouse effect modified the balance by 2.3 Wm-2 since the beginning of industrial 

revolution. The value is only 1% of the captured Sun originated energy but the 1/5 of the change has happened 

in the last decade. (The total energy balance remains zero at the top of the atmosphere, but it needs higher 

temperature near the surface, and above!) 

Among the important anthropogenic forcing factors, the greenhouse effect influences the backward atmospheric 

long-wave radiation to the surface. (Its present value is 333 Wm-2, see above in Figure 2.2). The aerosol content 

modifies mainly the reflected short wave radiation (79 Wm-2) and, to a smaller extent, the atmospheric long 

wave emission (239 Wm-2). 

Among the natural forcing factors, decadal oscillations of solar activity directly modulate the incoming short 

wave solar radiation (341 Wm-2), while the few bigger volcanic eruptions increase the reflected shortwave 

radiation 1-3 years. Changes of the mentioned factors will be briefly characterised in the following. The 

concentration of atmospheric carbon dioxide has grown from about 280 ppm before Industrial Revolution to 385 

ppm in 2008 (Copenhagen Diagnosis, 2009). The methane concentration has grown from 0.715 to 1.774 ppm in 

2005. Both values are much higher than any time in the last 650 thousand years! The atmospheric mass of 

similarly green house gas nitrous oxide has reached 0.319 ppm in 2005 from 0.270. 

9. 2.2 Recent results on the greenhouse gases 

The worldwide economical crisis led to -1.3% decrease in 2009‘s annual fossil-fuel CO2-emission (Fig. 2.4) 

comparing to 2008. One should note, however, that this 8.4±0.5 PgC emission is still larger by 37 % than that in 
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1990, considered as a reference in the mitigation policy calculations. The annual increase was as large as +3.2% 

in the 2000-2008 period and for 2010 a >3% increase had recently been projected. (Global Carbon Project, 

2010). The pace of the CO2-emission indicated in Fig. 2.4 was steeper than any IPCC (2007) scenario, compiled 

by Nakicenovic and Swart (2000)! 

Natural land and ocean CO2 sinks removed 57% of all CO2 emitted from human activities during the 1958-

2009, each sink in roughly equal proportion. However, there is the possibility, however, that the efficiency of 

the natural sinks is declining. According to complex model calculations, the experienced decrease in both the 

biological and oceanic sources in the recent decades broadly explains this increase. The graph of the right side 

of Fig. 2.4 shows a dramatic increase of the airborne fraction is going on with increase of this fraction from 40% 

to 45%. 

The steeper than expected increase of the emission and the increased fraction of the emitted CO2 point at the 

possibility, that the present, post-IPCC (2007) estimate of the main greenhouse gas forcing is even more rapid 

than it was assumed by the Report in 2007! This increasing forcing is already seen in the global radiation 

balance, as presented in the next Section. 

  

Figure 2.4: Trends in the fossil fuel vs. land-use forms of anthropogenic CO2–emission 1960-2009(left - Global 

Carbon Project, 2010) and the fraction of the emission remaining in the atmosphere 

(right - Global Carbon Project, 2010) 

The components of atmospheric aerosols have modified the atmospheric radiation balance in the opposite 

direction, namely decreasing the warming. The direct effect of aerosols, mainly the backscattering of solar 

radiation is about -0.5 Wm-2. Their indirect effect, through changes in cloud composition, is another -0.7 Wm-2 

since the industrial revolution. 

Further small effects, e.g. changes in land use, and increasing carbon content of snow leading to smaller 

reflectivity cause -0.1 − -0.2 Wm-2 in the radiation balance of the Planet. The Report also states that the 

influence of solar activity oscillations is +0.12 Wm-2 since 1750. This value is the half of the previous 

estimation (IPCC, 2001). 

The concentration of greenhouse gases is equally distributed over the World, because of their long residence 

time (10-200 years). Furthermore, to our present knowledge the land use changes are less important forcing 

factors of the global radiation balance. Hence, we discuss the remote sensing activities to characterise the 

influence of aerosol particles. 

10. 2.3 Observation of aerosol concentrations 

Table 2.2 summarises the most important parameters of satellite instruments which could be applied in 

determination of optical characteristics. The direct effect of aerosols can be characterised by three different 

parameters: (i) The optical thickness of aerosol, , indicates the ratio of the Sun radiation which does not 

reach the surface: Using this parameter as a negative exponent of the e ―natural number‖, we get this ratio. (ii) 

The  albedo of a given aerosol layer shows the ratio of radiation reflected back towards the space in the 

given wavelength. (This term does not consider that part of the energy which is reflected from the surface.) 

Finally, (iii) the DRE, the common effect of natural and anthropogenic aerosols, indicates the surplus of 

outgoing energy from the Earth-atmosphere system compared to the situation without aerosols, at all. 

The satellite based estimation concerning the direct effect of anthropogenic and natural aerosols on the short 

wave energy balance of the Earth-atmosphere system DRE influence is shown in Table 2.2. The different 

methods have given more or less the same value for the natural and anthropogenic direct radiation effect. The 

nine instruments using much more different approximation gave for this effect a -5.4 Wm-2 value. Comparing 

these values with the numbers of Fig. 2.2 we can express that their role is secondary beside the effect of 

cloudiness, atmospheric water content, or natural atmospheric greenhouse effect. On the other hand if we 

compare the latter effect (supposing that the natural and anthropogenic factors have got the same magnitude in 

DRE) with the magnitude of change the role of aerosol particles is not negligible either. 

http://www.globalcarbonproject.org/carbonbudget/
http://www.globalcarbonproject.org/carbonbudget/
http://www.globalcarbonproject.org/carbonbudget/
http://www.globalcarbonproject.org/carbonbudget/
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Table 2.2: Direct radiation effect by aerosols on the radiation balance of the Planet,estimated by satellite remote 

sensing (IPCC 2007: Table 2.3. abbreviated) 
 

Satellite instrument Measurement period DRE (Wm-2) 

MODIS, TOMS 2002 -6.8 

CERES, MODIS March 2000 –December 2003 -3.8 - -5.5 

MODIS November 2000 – August 2001 -5.7 ± 0.4 

CERES, MODIS August 2001 – December 2003 -5.3 ± 1.7 

POLDER November 1996 – June 1997 -5.2 

CERES, VIRS January 1998 – August 1998; 

March 2000 
-4.6 ± 1.0 

SeaWifs 1998 -5.4 

POLDER November 1996 – June 1997 -5 - -6 

ERBE July 1987 July 1987 – June 1997 -6.7 

Average (deviation) 
 

-5.4 ± (0.9) 

11. 2.4. Effects of land use 

One of the poorly reconstructed anthropogenic influences on climate is the historical land cover change. Surface 

albedo, evapotranspiration and aero-dynamical roughness of an area could be affected in consequence of land 

use changes. The surface albedo modifies the short wave radiation budget. The surface roughness length 

modifies the efficiency of vertical exchange between the surface and the atmosphere in the planetary boundary 

layer. 

Through the plant-specific rate of evapotranspiration to the potential one (the latter presumes unlimited water 

availability from the soil), the vegetation controls the partitioning of vertical turbulent heat fluxes between their 

sensible and latent forms. This proportion, in turn, influences the near-surface values of temperature and 

atmospheric humidity. 

It is well known that climate is the main factor of vegetation development through the precipitation, 

temperature, radiation and through the carbon-dioxide content. But the vegetation changes also affect the 

climate (partly, but not only, as a feedback mechanism) via albedo, heat- water- and momentum fluxes, as direct 

effects on the energy balance. Besides that an indirect effect should also be considered which is based on 

changes in the CO2 concentration caused by the vegetation changes. 

If all forests of the Earth were in their natural potential conditions, than their common area was 52-59 million 

km2. But the mankind uses substantial part of its continental surface for agricultural production and other effects 

(deforestation, urbanization, overgrazing, etc.). According to Crutzen (2002), on ca. 50 % of the continental 

areas natural surfaces are already changed by the mankind. Though this process started as early as with the 

occurrence of the stable climate conditions ca. 10000 BP, about 75 % of all forest reduction took place after the 

Industrial revolution. 

One of the most significant changes in land use is the clearing of tropical forest in order to obtain new fertile 

areas for the agriculture, e.g. in the Amazon basin (Bonan, 2004). Though pastures of the tropical belt exhibit 

higher albedo than the forests, it was still computed that some warming is the net result of the forest reduction. 



 Climate change, impacts and 

responses 
 

 21  
Created by XMLmind XSL-FO Converter. 

Further model simulation targeted the effect of land use changes on precipitation in the same region (Pielke et 

al., 1997). In the experiment there were differences in the land use parameters only with all atmospheric initial 

and boundary conditions retained unchanged. In case of natural vegetation the same weather situation could lead 

to intense convective cloudiness, but without precipitation. The same atmospheric conditions with the present 

agricultural land use could lead to intense precipitation and thunderstorm activity, as well. In the given period of 

time, the real observations supported the latter case with vast precipitation. 

In arid and semi-arid regions of our planet the agricultural land use, the overgrazing and the use of trees for 

burning is able to modify the energy-balance of the surface, the hydrological cycle and, hence, the climate 

conditions, as well. The overgrazing increases the surface albedo, which, in turn decreases the temperature and 

vertical instability, hence the less convective cloudiness may lead to decreased precipitation in the given belts. 

Hence, degradation of the landscape can even enhance the permanent drought. The more recent studies did also 

support, that large-scale changes of the land use of the Sahel-belt could lead to precipitation decrease even in the 

North-African regions (Clark et al., 2001). 

Climate forming role of vegetation can even be seen in the transition zone between the tundra and taiga 

vegetations (Bonan, 2004). Differences in the albedo of taiga and tundra ecosystems, which are strongly driven 

by the lack or the existence of snow, can be an important regulating factor even at the larger scales for the 

atmospheric circulation. The taiga warms climate in contrast with the neighbouring tundra vegetation as it was 

found in several studies (e.g. Beringer et al., 2005). 

Considering global effects of these changes, based on the land use data base by Ramankutty és Foley (1998), the 

strongest modifications took place in the last 300 years of forest degradation (mainly substituted by agricultural 

land use). In the previous 700 years (between ca. 1000 and 1700 AD) there is no significant effect of the land 

use changes in the global mean temperature. In the latter 300 years they are -0.09 °C in global mean and -0.15 

°C in the Northern Hemisphere (Shi et al., 2007). At the temperate and high latitudes this effect was as high as -

0.3 °C with no considerable changes in the tropical and Polar regions. 

Further studies supported the small decreasing effect of the land use changes on temperature, as well. But these 

studies did not consider the indirect effect through rising of the CO2 content of the atmosphere. This could, 

however, change the sign of the land use induced temperature changes from cooling to warming! 

According to the estimations, 156 GtC was emitted into the atmosphere between 1850 and 2000 due to 

deforestation (Houghton, 2003). Brovkin et al. (2004) found that the land use was responsible for 15-35 % of the 

anthropogenic CO2 –emission depending on the details of the reconstructions according to Houghton (2003). 

This means, the land use changes are among the attributed cases of the CO2- induced global warming, as well. 

As fossil fuel burning increased rather fast in the recent century, the relative contribution of the land use to the 

atmospheric CO2 uptake decreased (Betts, 2006). Between 1850 and 1900 this value fluctuated between 42 and 

68%, but in the 1990‘s this contribution was only 5-35 %. According to Matthews et al. (2004), the common 

direct and indirect effect of the land use changes could cause ca. +0.15 °C global in the 1700-2000 period. The 

global radiative effect of land cover change on climate was also estimated by Hansen et al (1998) and further 

reports were also published by the recent two IPCC Reports (2001, 2007), as well. 

12. 2.5 Greenhouse gases and other problems of air 
chemistry 

One may think that climate change and greenhouse gases are so often mentioned even in the public media that it 

may be a key to other problems of the environment, as well. But, as we can see below, this is not the case! 

Fig. 2.5 indicates the five most important problems of atmospheric chemistry. They are the acid rain, the 

summer smog (high ozone), the ozone-hole (low ozone), the enhanced aerosol concentrations and the 

greenhouse effect, together represent ca 25 different chemical formations. None of them are involved in more 

than 3 problems. This means that a reduction of them does not solve all problems at once, though it is often 

hypothesized by laypersons. 

One should tackle all these problems of the environment and their primary causes, the emission of the various 

atmospheric constituents, separately! 
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Figure 2.5: Five important problems of the atmospheric chemistry, indicating the key chemical components that 

play a key role in the selected issues. No one component influences more than 3 problems! 

3. Climate change detection and attribution 

13. 3.1 Attribution of the changes 

Changes of climate can always be traced during the earth's history. For example, paleoclimates show a series of 

quasi-periodic variations and glacial periods returning at about 100 000-year intervals throughout the 

Quaternary era. These variations have been related to changes in orbital parameters causing changes in the solar 

radiation balance of the Earth. Typical examples are the processes of repeated glaciations in the Quaternary, the 

period of the "Climatic Optimum", 5-6 thousands years ago that was warmer and more humid than climate of 

present, or the "Little Ice Age", that lasted for a few hundred years and ended about 1850. 

Historical changes have two common features: they were relatively slow and the processes were of natural 

origin in every case. In the recent century the situation has very likely been changing. Besides the natural forces, 

human activity has been added to the climate determining factors. In a few decades it can bring about changes of 

the present climate of such extent and rate that has not been experienced in the past one hundred thousand years. 

There is a broad agreement among the scientific reconstructions of mean air temperatures over the Northern 

Hemisphere. All series show similar long term trends: warming from the start of the century to around 1940, 

cooling to the mid- 1960-s and early 1970-s, and continuous warming thereafter. However, the key question of 

the issue is if really the mankind is the responsible for the experienced global warming. 

Fig. 3.1 shows us the strongest argument for this statement, at least in the last 50 years. The observed series of 

the global mean temperature are successfully simulated by the interval of 14 global climate models reproducing 

the past changes under the influence of all known anthropogenic and natural climate forcing factors. But, if 

leaving out the anthropogenic ones, i.e. allowing just natural factors, like volcanic eruptions and solar activity to 

act, this kind of simulation clearly departs from the fact. So, the warming of the recent half century could not 

happen without the anthropogenic factors. This statement can be erroneous in case of two parallel strong 

mistakes, only. The first error, in case, would be that scientist strongly overestimates the effects of greenhouse 

gases in their computations, whereas the second one is that the ―true‖ reasons of the observed warming, are not 

known, at all. Probability of these two mistakes is assessed by the IPCC WG-I, (2007) as ≤ 10 %. Until this 

unlikely combination becomes proven, the only smart decision is to get prepared to further warming, as it 

follows from the ≥ 90 % likelihood of the anthropogenic origin. 
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Figure 3.1: Comparison of observed continental- and global-scale changes in surface temperature with results 

simulated by climate models using natural and anthropogenic forcings. Decadal averages of observations are 

shown for the period 1906–2005 (black line) plotted against the centre of the decade and relative to the 

corresponding average for 1901–1950. Lines are dashed where spatial coverage is less than 50%. Blue shaded 

bands show the 5–95% range for 19 simulations from 5 climate models using only the natural forcings due to 

solar activity and volcanoes. Red shaded bands show the 5–95% range for 58 simulations by 14 climate models 

using both natural and anthropogenic factors. {IPCC, 2007: FAQ 9.2, Figure 1} 

One may think that due to the technical problems of near-surface temperature observations, already mentioned 

in Chapter 2, the trends of this value may be uncertain. In idea it is so, but a rather convincing fact is that in four 

different analysis centres, possessing historically differing sets of data from all over the world, the analysed 

trends are rather similar (Fig. 3.2). From this we can also see that the globally warmest years were 1998, 2005 

and 2010, with small differences among each other compared to the estimation error (ca. 0.03 K). 

 

Figure 3.2: Global mean temperature as reconstructed by four international data centres: NASA Goddard 

Institute for Space Studies, NOAA National Climate Data Centre, Meteorological Office Hadley Centre/Climate 

Research Unit and the Japanese Meteorological Agency. Credit: NASA Earth Observatory/Robert Simmon. 
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14. 3.2 Comparison with the last 1000 years 

The last 100 years is a smaller segment of time with very likely anthropogenic influence along its path. This 

20th century's temperature trend is antecedent to the one for the ca. 900 previous years (Fig. 3.3). This is also 

much faster with its ca. 0.7-0.8 K/century pace than the previous ca. -0.3 K/millennium cooling. (The sources of 

the reconstructions are seen on the figures at the cited source 

(http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch6s6-6.html#6-6-1). 

 

Figure 3.3: The reconstructed annual mean temperature (K) of the northern hemisphere compared to the average 

of the 1961-1990 reference period. (Source: IPCC 2007, Fig. 6.10) 

Though, we have mach less information on the external forcing factors during the whole millennium, several 

climate modellers tried to reconstruct the global mean temperature along this long period, as well (Fig. 3.4). The 

attempts are fairly successful: the long-term trend and the majority of the inter-decadal fluctuations are more or 

less caught by the simulations. 

 

Figure 3.4: Reconstructed mean temperature of the northern hemisphere (K) as compared to the 1961-1990 

period. (Source: IPCC 2007, Fig. 6.13d) 

This is important, since it means there were no unknown turns in climate of the Earth. Hence, one may hope that 

such surprises will not happen even in the future. In other reading: There is a very little chance that warming of 

the recent century was caused by natural factors. 

15. 3.3 Capability and limitations of the present 
climate models 

At present, General Circulation Models (GCMs) are the only climatic models, that are useful for regional 

considerations. GCMs develop in two directions, utilising the possibilities of the super-computers. Global 

Atmospheric GCMs (AGCMs) have nominal (grid-point distances or equivalents in terms of truncation) 

resolutions of 100 - 200 km. 

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch6s6-6.html#6-6-1
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These models represent large-scale circulation patterns and even the strong frontal structures, but do not 

represent the deep oceans. Hence, AGCMs can be used to estimate the equilibrium response, without 

considering thermal inertia and spatial redistribution of changes influenced by the oceans. Practically, these 

experiments are relevant, if efforts to limit the global greenhouse forcing factors lead to stabilisation at an 

effective CO2-concentration (e.g. twice the pre-industrial value) 

Present coupled Ocean-Atmosphere General Circulation Models (OAGCMs), in principle adequately 

responding to any external forcing scenario, have nominal resolutions of 250-300 km, only. In exchange to their 

wider possibilities to use and interpret the experiment, they confidentially project basic statistical characteristics 

just at continental scales (>2000 km). Another problem of this kind of models is the larger internal long-term 

variation which does not allow to consider the projected patterns in better than a seasonal time resolution. 

In long-term perspective, developing OAGCMs is the most promising way to reliable regional climate 

scenarios. However, spatial resolution of GCMs is constrained by the capacity of present computers. Coarsely 

resolved outputs cannot be directly used for this goal. The problem is not only the lack of information in good 

spatial resolution, but the grid-point values, themselves, are consequently distorted, due to the physical objects, 

not resolved by the models, but contributing to the spatial development of climatic, especially precipitation 

fields. 

In the recent IPCC Report (2007) Chapter 10 displays maps of changes of several climate variables. The model 

simulations are based on the mid-range (A1B) SRES scenario (NAKICENOVIC and SWART, 2000). The 

forecasted and control periods are 2080-2099 vs. 1980-1999. 

The main features of the models are listed in Table 3.1. Majority of the models are new compared to the 

previous IPCC Report. In some cases, similar models of the same institute are used with differences in the 

resolution, or in parameterization of one single process. 

Table 3.1: The mapped OAGCMs (IPCC 2007 WG-I, Ch. 8, 597-599, www.ipcc.ch). The order of information: 

host-institution, upper boundary (top), vertical and horizontal resolution in atmosphere (A) and ocean (O). 
 

AVERAGE RESPONSE = average of the max. 21 

available model responses 
GISS-AOM, 2004: NASA Goddard Institute for Space 

Studies, USA, top = 10 hPa, L12 

A: 3° x 4° O: 3° x 4° L16 

GISS-EH, 2004: NASA Goddard Institute for Space 

Studies, USA, top = 0.1 hPa, L20 

A: 4° x 5° O: 2° x 2° L16 

GISS-ER, 2004: NASA Goddard Institute for Space 

Studies, USA, top = 0.1 hPa L20 

A: 4° x 5° O: 4° x 5° L13 

GFDL-CM2.0, 2005: NOAA/Geophysical Fluid Dyn. 

Lab., USA top = 3 hPa L24, 

A: 2.0° x 2.5° O: 0.3°–1.0° x 1.0° 

GFDL-CM2.1, 2005 NOAA/Geophysical Fluid Dyn. 

Lab., USA, =GFDL-CM2.0 with semi-Lagrangian 

atmospheric transport 

CGCM3.1(T47), 2005: Canad. Centre for Clim. Mod. 

Anal., Canada, top =1 hPa, L31 

A: T47 (~2.8° x 2.8°) O: 1.9° x 1.9° L29 

CGCM3.1(T63), 2005: Canad. Centre for Clim. Mod. 

Anal., Canada, top =1 hPa, L31 

A: T63 (~1.9° x 1.9°), O: 0.9° x 1.4° L29 

MIROC3.2(hires), 2004: U.Tokyo; Nat. Ins. Env. 

Stud.; JAMSTEC,Japan top=40 km,L56 

A: T106 (~1.1° x 1.1°) O: 0.2° x 0.3° L47 

MIROC3.2(medres),2004: U.Tokyo; Nat. Ins. Env. 

Stud.; JAMSTEC,Japan top = 30 km L20 

A: T42 (~2.8°x2.8°) O: 0.5°–1.4°x1.4° L43 

UKMO-HadCM3, 1997: Hadley Centre / Meteorol. 

Office, UK top =5 hPa, L19 

A: 2.5° x 3.75° O: 1.25° x 1.25° L20 

UKMO-HadGEM1, 2004: Hadley Centre/ Meteorol. 

Office, UK top = 39.2 km, L38 

A: ~1.3° x 1.9° O: 0.3°–1.0° x 1.0° L40 

http://www.ipcc.ch/
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CCSM3, 2005: National Center for Atmosph. Res., 

USA, top = 2.2 hPa, L26 

A: T85 (1.4°x1.4°), O: 0.3°–1°x1°, L40 

CNRM-CM3, 2004: Météo-France/Centre Nat. Rech. 

Mét.. France, top=0.05 hPa L45, A: T63 (~1.9° x 1.9°) 

O: 0.5°–2° x 2° L31 

CSIRO-MK3.0, 2001: Comm. Sci. Industr. Res. Org., 

Australia, top = 4.5 hPa, L18 

A: T63 (~1.9° x 1.9°) O: 0.8° x 1.9° L31 

ECHAM5/MPI-OM, 2005: Max Planck Inst. f. 

Meteor., Germany, top=10 hPa, L31 A: T63 (~1.9° x 

1.9°), O: 1.5° x 1.5° L40 

ECHO-G, 1999 Meteor. Inst. Univ. Bonn, FRG, Met. 

Res. Inst. Korea, top=10 hPa L19 

A: T30 (~3.9°x3.9°) O: 0.5°–2.8°x2.8° L20 

FGOALS-g1.0, 2004: Nat. Key Lab. /Inst. Atmos. 

Phys., China, top = 2.2 hPa, L26 

A: T42 (~2.8° x 2.8°) O: 1.0° x 1.0° L16 

INM-CM3.0, 2004: Institute for Numerical 

Mathematics, Russia top = 10 hPa, L21 

A: 4° x 5° O: 2° x 2.5° L33 

IPSL-CM4, 2005: Institut Pierre Simon Laplace, 

France top = 4 hPa, L19 

A: 2.5° x 3.75° O: 2° x 2° L31 

MRI-CGCM2, 2003: Meteorological Res. Institute, 

Japan top = 0.4 hPa L30 

A: T42 (~2.8°x2.8°) O: 0.5°–2.0°x2.5° L23 

PCM, 1998: National Center for Atmosph. Research, 

USA top = 2.2 hPa L26 

A: T42 (~2.8°x2.8°) O:0.5°–0.7°x1.1° L40 

16. 3.4 Testing of climate reproduced by models 

The climate system, the atmosphere, the lands, the oceans, the biosphere and solid water (the cryosphere) is one 

of the most complicated non-linear systems. The spatial scales of the system start from the millimetre magnitude 

of cloud-physical processes until the length of the Equator. 

The temporal scales of the system vary between the few minutes‘ long micro turbulence to the many hundred 

year long ocean circulation. No model is able to take everything into consideration. Besides the lack of 

computer capacity, we have to consider the lack of knowledge derived form the limitations of the observation 

network. 

For this reason, testing climate models is very important. The simpler part of testing is to check whether the 

fields in the models, simulated with present external circumstances, fit reality. A positive example of this 

validation is shown in Fig. 3.5. It demonstrates that the water content of atmosphere and its changes was 

estimated relatively well by the model and was fitted to the reality via sea surface temperature as lower 

boundary condition. We can state that the dynamical processes of the atmosphere can handle the atmospheric 

water content. 

It is also worth mentioning, that the increasing trend of water content during this two decades, with global 

warming behind, points at the positive inter-relatedness of temperature and water content at global scales: 

Warming climate initiates increased water vapour content, leading to further warming, as is also mentioned in 

the next Section. 
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Figure 3.5: The anomaly of vertically integrated water vapour content above the ocean, expressed in percent of 

1987-2000 period average. The values are simulated by the general circulation model of Geophysical Fluid 

Laboratory, Princeton and observed by the SSM/I satellite. The model was driven by observed sea-surface 

temperature, as lower boundary condition, otherwise by external climate forcing. The model well reproduces the 

slow increase of water vapour content in connection with warming, and the inter-annual fluctuation in relation to 

the El Nino/La Nina oscillation (IPCC 2007: Fig. 9.17). 

17. 3.5 Testing climate model sensitivity 

The final aim of climate modelling is to project the future climate in response to reasonable changes in the 

external forcing factors. These external factors and their uncertainty are influenced by many circumstances. 

Among others, they are the world population, the structure of energy industry, development difference between 

the regions, etc. 

The other uncertainty factor is how correctly we simulate the sensitivity of climate system, namely the expected 

temperature in response to given changes of the external factors. We are not really able to estimate the first 

uncertainty source, due to its complexity, but we can validate the climate sensitivity simulations through testing 

certain particular processes. These particular processes are the climate feedback mechanisms, including 

variables and processes, that change due to climate changes, but which re-direct the measure of climate change, 

as well. 

If we compare the uncertainty originated from different emission scenarios, on one hand, and from sensitivity 

differences of the models, on the other hand, we have to assess both uncertainty sources to be similar. Hence, 

decreasing the difference of climate models, reflecting better knowledge of the real sensitivity, would be equally 

useful from the point of view of the prediction as reduction of the uncertainty of future emissions. It makes quite 

a difference if we reach 1.1°C or the 6.4°C end of the overall uncertainty interval. Or, if speaking about a rapid 

emission scenario, with uncertainty just from the model physics, than 1.6°C, or 4.4°C, as in the popular case of 

A1B scenario. The assumptions projected numbers and primary sources of the so called SRES scenarios can be 

seen in several pages of the IPCC AR4 Report (2007). 

Above it was shown that the sensitivity of climate models differs form each other. It is an important scientific 

task to further test simulated feedbacks in the models, and absolute (comparison with some kind independent 

reference value) and relative (comparison of different models) study in which the satellite observation will have 

important role. The most frequently referred to figure of the IPCC (2007) Report shows how the mean Earth‘s 

temperature can change according to the possible scenarios and climate sensitivity values. 

In Figure 3.6 two tests of such a feedback are shown. The long-wave radiation emitted from the surface is 

influenced only by water vapour content of atmosphere under clear sky. The more water vapour is in the 

atmosphere, the bigger part of the surface long-wave radiation can be absorbed. 



 Climate change, impacts and 

responses 
 

 28  
Created by XMLmind XSL-FO Converter. 

 

 

Figure 3.6: Model estimation of most important elements of (cloudless) long wave (a) (Allan et al., 2004: Fig. 2) 

and shortwave balance (b) (IPCC, 2007: Fig. 8.16). In first Figure, the HadAM3 climate model of British 

Hadley Centre, calculated for tropical area, under clear sky, shows that the long-wave component decreases too 

fast with increasing water vapour content of upper stratosphere. It means that the model simulates a bigger value 

for the irradiance than it was measured by ERBS and HIRS satellites. This error means too strong negative 

feedback in the model. We can also see how the short-wave balance depends on surface albedo in case of 17 

different models in the lower part of the Figure. The vertical axis shows the albedo decrease depending on unit 

global warming as one difference between 20th and 22nd Century simulated climates. The horizontal axis shows 

the ratio of satellite observed April-May albedo and temperature values for the Northern Hemisphere. The 

seasonal albedo sensitivity is estimated using data fields of ISCCP cloud climatology and ERA-40 atmosphere 

analysis projects. The models produce large deviations from this value, and in majority they exhibit weaker 

feedback than the empirical estimation. Both errors lead to smaller climate sensitivity than in reality. 

It means that a smaller part of the energy could leave into the space. The water vapour is a greenhouse gas itself 

causing more than the a half of the natural greenhouse effect. But, since water vapour content of the atmosphere 

is changing mainly due to internal processes of the climate system, from environmental point of view we do not 

consider it as a greenhouse gas. 

The upper part of Fig. 3.6 demonstrates that the mentioned model overestimates the influence of water vapour 

on the irradiance. It means that the model simulates the most important stabilising negative feedback of the 

climate system to be weaker than in the reality. Contrary to this, the positive feedback has got the biggest 

influence on short wave balance connected with the changes of snow and ice cover. The stronger the warming 

is, the larger area of the elements of cryosphere will thaw, and the albedo of a large area will be darker instead 

of snow and ice with high reflectivity. Since the snow-free surface is able to absorb more energy and use it for 

warming of the atmosphere, it will amplify the warming as well. 

4. Global climate projections 

18. 4.1 Projection of the global mean warming 
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The atmosphere and parts of the natural environment directly connected with the atmosphere (oceans, soil of the 

continents, vegetation as well as snow- and ice-covers) constitute the climatic system together. Consequences of 

the increase of greenhouse gases amount, in other words, the climate sensitivity can be estimated with 

approximate accuracy only, because of the complex nature of the feedback mechanisms in the system, which 

strengthen or weaken the initial interference‘s. Therefore, uncertainties of the global projections are separated 

into external and internal ones, where climate system bears the internal uncertainties. 

The IPCC Reports, following each other every 5-6 years, always counted with unequivocal increase of the 

greenhouse gas concentrations. However, their key Figure did somewhat differ among each other over the last 

three Reports (Table 4.1), though the key numbers of the expected warming were rather among the different 

reports. 

Table 4.1: Key numbers of the Second Third and Fourth IPCC Assessment Reports (IPCC, 1996, 2001 and 

2007) projected for 2100. (Compilation by Mika, J.) 
 

Global values and changes IPCC, 2007 IPCC, 2001 IPCC, 1996 

CO2 emission (GtC/yr) as in TAR*   

CO2 concentration (ppmv) as in TAR*   

Change of radiation 

balance (Wm-2) 
2 – 8,5   

Global mean warming 

(oC) 
1,1 – 6,4 1,4 – 5,8  

Sea-level rise (cm) 18 – 59   

* TAR – the Third Assessment Report (2001). 

These numbers differ for two groups of reasons. The first group is the applied emission scenarios in the 

subsequent Reports, generally using very wide possibilities between the fastest and the slowest developments of 

emission rates. These extreme scenarios were fluctuating among the various reports. 

The second factor is the sensitivity of the climate system to the changes in the external forcing factors. This is 

generally computed as the equilibrium response of the global mean temperature to the doubling of carbon-

dioxide concentration. This value has not been changing too much as it is always between 1.5 and 4.5 K in their 

extremes and around 3 K in the middle, i.e. most often occurring value. 

Based on the success of past simulations, the climate models are also used to project the future climate (Fig. 

4.1). The expected global mean temperature depends on the emission scenarios driven by the trends of 

population, energy resources, economic growth, equity of the regions, etc. According to these computations 

(IPCC WG-I, 2007: Fig. 10.4 and 10.29), 1.1–6.4 K warming is expected until 2100 compared to 1980-1999. 

Even if the atmospheric composition remained constant, the temperature would increase by ca. 0.5 K due to 

oceanic thermal inertia. External uncertainties are originated by the world economy. The series of figures, 

including CO2 -emission, concentration alternatives, primary effects on the radiation balance of the Earth and 

also effects the changes on global temperatures in case of mean and also of extreme combinations of uncertainty 

limits. 

If putting all uncertainties together, the possible range of global temperature change can be less than 1 K but 

also 4.5 K by the end of the next century, compared to the year 1990. The average change would be 2 K which 

is slightly lower than the previous estimates, but still a rather unpleasant perspective, if considering the broad 

spectrum of challenges to adaptation. 
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Figure 4.1: Projections of the global average temperature. The solid lanes of the Figure show the establishment 

of the global surface average temperature. Lane before 2000 are the observed values with their uncertainty, also 

forming the reference period in 1980–1999. In the inner Figure, A2, A1B and B1 shows the future according to 

the scenarios. The columns to the right from this display indicate the uncertainty of the model estimates, i.e. 

deviation from the mean by +60 % and -40 %. (IPCC, 2007: Fig. SPM 5) 

The most direct effect of the global temperature increase is the elevation of the sea level. In connection with the 

above global scenarios, its expected changes are presented in Fig. 4.2, together with the observed sea level rise 

since the beginning of the 20th Century. The reasons of the sea level rise are: (i.) Thermal expansion of ocean 

waters. (ii.) Melting of smaller glaciers and ice caps. (iii.) Changes of melting and accumulation of the ice sheets 

of Greenland and Antarctica, but they tend to counterbalance each other. 

Danger of the sea level rise (Fig. 4.2) is enhanced by the fact that it will probably not be stopped by the 

hopefully successful stabilisation of the air temperature. Hence, temperature increase has already been detected 

in the upper 3 km layer of the oceans. The reason is that 80% of the radiation balance surplus is absorbed by the 

oceans. This warming together with the thawing of land ice has already caused 17 cm elevation of the sea level 

(IPCC, 2007). 

 

Figure 4.2: Observed sea level changes in the distant and recent past, together with projected changes due to the 

global warming, considering the (i.) and (ii.) reasons, as listed above. 

19. 4.2 Patterns of climate change 
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Zonal and continental differences are obvious features of our present climate. Are these differences markedly 

reflected by the patterns of past and future climate changes, too? The answers to this question are illustrated by 

seasonal changes of temperature and precipitation in Fig. 4.3, taken from the IPCC WG-I (2007) Report. They 

following patterns are averaged for all (21) available global climate models, i.e. they are results of pure physics. 

As such, they are concentrated illustrations of several phenomena used in physical geography. Analysis of these 

changes is an impressive tool to demonstrate zonality and continentality, these key aspects in education of 

physical geography. These key aspects of geography are: 

Zonality of the changes is clearly seen both in temperature and precipitation. The strongest changes near the 

pole are characteristic features of the changes due to the ice/snow–albedo feedback changes. The belts of 

precipitation changes, due to circulation reasons, are also present in the differences of both variables and 

seasons. (However, combined effects of these variables on runoff or soil moisture changes are already 

influenced by effects of non-zonal topography and soil taxonomy. This will be seen soon in Fig. 4.4 in the next 

pages.) 

Continentality is seen both in the faster changes of the temperature over the continents, and in the slower 

changes on the west coasts. In the precipitation fields, this term is seen in the summer half year of both 

hemispheres as a disturbance of the zonal structures. Another feature of continentality is that the Northern 

Hemisphere, covered by continents to larger extent, warms faster parallel to the global changes. 
 

  

Figure 4.3: Model-mean changes of temperature (warming) and precipitation (different signs). 

Specifically, for Europe the strongest warming is expected in North-East Europe in winter and in the wide 

Mediterranean in summer. The latter peak is likely connected with the extra heat gained from the decreasing 

cloudiness (vs. with Fig. 4.4). Precipitation has a clear zero-line with a surplus in the northern and decrease in 

the southern part of the continent. The line is rather southward in winter parallel to precipitation increase in most 

of the continent. In summer, however, the zero-line is situated more northward with a slight dominance of areas 

with decreasing precipitation over Europe. 

In Fig. 4.4 the average changes in cloudiness, sea-level pressure, runoff and soil-moisture content are presented. 

Except the pressure changes, all values are annual averages. In various 2-2 models there were no results 

published in the given source. The increase of the sea-level pressure in winter implies weaker wind from the 

large-scale circulation and less intense convective activity, but in summer the tendencies are the opposite. In a 

wide sub-set of the models, the decrease of runoff indicates lower amount of water energy. A few percent of 

decrease is projected also in the soil moisture. The large characteristic sizes of the changes with identical signs 

are due to coarse resolution of the models and the averaging. 
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Changes in cloudiness (%) 

 

Changes in sea-level pressure (hPa) 

 

Changes in runoff (kgm-2s-1) 

 

 

Changes in soil moisture (%) 

Figure 4.4: Averages of the projected 

changes in the selected indicators derived 

from the 19-19 available results. In a part 

of the Figures area of significant changes 

are marked by points (source: IPCC WG-

I, 2007: Chapter 10, Supplement) 

The projected changes in cloudiness exhibit rather simple structure: With the exclusion of a few smaller low-

latitude areas, the cloudiness is decreasing between the ca. 60th latitudes of both Hemispheres with increasing 

cloudiness in the rest of the Globe. The decreasing cloudiness at the low and temperate latitudes mainly 

contributes to the greenhouse warming since majority of these sectors are of positive radiation balance. 

In these sectors the lower cloudiness supports the short-wave radiation income to larger extent than the also 

increased outgoing long-wave radiation. At the polar latitudes the more cloudiness also contributes to the 

warming allowing smaller part of the energy in the long-wave part of the spectrum than the blocked the short-

wave component. 

Patterns of changes in the sea-level pressure do not show so simple structure. As expected from the law of mass 

conservation, there is a territorial balance between increasing and decreasing sectors of sea-level pressure. For 
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majority of Europe significant increase of the pressure indicate more frequent anticyclones in winter. At the 

same time, in summer the pressure is decreasing over almost the whole continent. 

Patterns of changes in runoff are also patchy. Decrease of runoff is projected at the lower temperate latitudes 

with definite continentality, expressed in decrease in the western and increase in the eastern parts of both 

Eurasia and Northern America. This feature is hardly explainable with hydrological causes since the zonal 

differences are the opposite to the availability of moisture sources! Particularly in Europe a clear zonal structure 

with increase in the northern and decrease in the southern parts of the continent is also distinguishable. 

Patterns of soil moisture changes are more or less of zonal structure with some tilt towards the lower latitudes in 

the middle of the continents. In Europe this means decrease of the soil moisture in majority of the area including 

Central Europe, as well. 

The large characteristic sizes of the changes with identical signs in both hydrological patterns may be partly 

caused by the coarse resolution of the models and the averaging among the individual model outputs, as well. 

20. 4.3 Reality of a jump-like glacial climate 

A few years ago the fear from a new ice-age was common following the famous Pentagon Report (Schwartz and 

Randall, 2003) and the fiction movie „The day after tomorrow‖ in 2004. But, even if the oceanic conveyor belt 

(Fig. 4.5) switched off totally, the consequence would not be a strong cooling, with significant glaciations, but 

an extremely contrasted temperature distribution between the continents and the ocean of the Northern Atlantic 

region (Wood et al., 2003). Hence, no scientific reason exists for considering a new ice age in connection with 

enhanced greenhouse effects. 

 

Figure 4.5: Scheme of the oceanic conveyor belt (Broecker, 1987), kept in motion by the differences in water 

density driven by the meridional temperature- and salinity differences among the various latitudes. Its most 

vulnerable branch is the North-Atlantic Ocean. 

The contemporary balance of the two gradient is rather vulnerable, since the temperature driven north-south 

force and the salinity-driven south-north force (both directions are understood for the Northern Hemisphere) are 

fairly similar to each other. At present the temperature difference is stronger than the salinity difference 

(expressed in density gradients), but the temperature gradient is decreasing by the warming, since the changes 

are stronger in the polar regions than in the subtropical ones, whereas the salinity gradient is increasing due to 

rich freshwater input at the higher latitudes in connection with stronger runoff from the rivers and the rapid 

melting of the continental glaciers. If the two forces were balanced the conveyor stopped with its all climate 

consequences, including diminishing of the Golf-stream that keeps Europe much warmer than it would follow 

just from the radiation balance. 

 

Figure 4.6: Observed decrease of salinity (in weight %o) in three regions of the Northern Atlantics (Source: 

National Academy, 2002.) 
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Figure 4.7: Distribution of simulated air temperature changes near the surface in 2049 presuming the stop of the 

oceanic conveyor belt, caused by a fast increase of the greenhouse gas concentrations as computed by a coupled 

ocean-atmosphere general circulation model of the Hadley (Wood et al., 2003) 

There is no direct evidence for slowing down of the conveyor, but one component of the process, the decrease of 

salinity is an observed fact in several parts of the Northern Atlantics (Fig. 4.6). 

On the other hand, however, as it is seen in Fig. 4.7, even the stop of the conveyor belt could not lead to an Ice-

age climate, though the 10-15 K colder part of the Atlantic ocean would totally change the temperate latitude 

circulation. So it would be better to avoid such fast and strong changes in the greenhouse gas concentrations! 

5. Projected changes in Europe and Hungary 

21. 5.1 Projections for Europe by GCMs 

Despite the recent significant improvement in regional climate modelling (Christensen et al., 2007), regional 

impacts of the ongoing and projected global climate change are more difficult to estimate than the global effects. 

Current global climate models still do not incorporate important scales of physical processes that are significant 

in formulating regional and local climate. Another problem of the impact community is the lack of comparison 

between regional scenarios issued in different periods, with different assumptions and methodologies. 

The large characteristic sizes of the changes with identical signs in both hydrological patterns may 

be partly caused by the coarse resolution of the models and the averaging among the individual model outputs, 

as well. 
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Figure 5.1: Model average changes of temperature and precipitation in Europe from the GCMs. Note the 

seasonal differences in the distribution of the changes. (IPCC, 2007, from Fig. 11.5) 

Next, in Figure 5.1 one can find the average modelled changes of temperature and precipitation for Europe in 

the extreme seasons, winter and summer. The warming has different patterns in winter and in summer with more 

similarity to the first one in annual mean. Strongest warming is expected in North-East Europe in winter and in 

the wide Mediterranean in summer. The latter peak is likely connected with the extra heat gained from the 

decreasing cloudiness (vs. with Fig. 4.4 in Chapter 4). For Hungary the annual mean warming is over 3 K which 

is slightly higher than the global mean change of temperature. The change in winter is similar to the annual one 

but in summer the expected warming is close to the 4 K. 

Precipitation has a clear zero-line with a surplus in the northern and decrease in the southern part of the 

continent. The line is rather southward in winter parallel to precipitation increase in most of Europe. In summer, 

however, the zero-line is situated more northward with a slight dominance of areas with decreasing precipitation 

over Europe. The position of this line in the annual mean precipitation is closer to the winter position than to the 

summer one. For Hungary, the annual men precipitation change is close to zero according to the model mean. 

More problematic is the intra-annual distribution with increase of the input side of water balance in winter but 

strong decrease in summer. 

22. 5.2. Inter-model variability of pressure changes: 
uncertainty for mezo-scale models 

In Chapter 4.2 we presented the average changes, but the individual model responses may also show differences. 

Hence, (i) no single GCM output can be applied for adaptation-related consequences, and (ii) the embedded 

regional climate models aimed to overcome the differences between the GCM-resolution and the significant 

scales, are strongly influenced by the boundary conditions. This is demonstrated in Figure 5.2, where the air 

pressure changes are presented in two almost identical models. The differences are considerable even in the sign 

of the patterns. This means, that though coupling the GCMs with regional models (Christensen et al., 2007; 

Halenka and Jacob, 2008) really promise better results, we should not forget about this uncertainty of the 

mainframe GCMs. 
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MIROC3.2 (hires) 

 

MIROC3.2 (medres) 

Figure 5.2: Comparison of pressure changes fields in a pair of almost identical models, differing only in 

horizontal and vertical resolution. The upper graphs are winter, the lower ones are summer. The results diverge 

in the East-Central European sector. 

This role is clearly demonstrated in Fig. 5.3, where two different mainframe models (Hadley Centre of the 

British MetOffice and Max Planck Institute for Meteorology) led to different responses in the same regional 

model. The projected changes in the precipitation are more expressed in the upper combination of the models 

than in the lower one. The zero line is also shifted towards the North in the first combination. Effect of these 

differences is stronger decrease for the Carpathian region by the first line of the Figure. The same difference 

between the two model-combinations is also valid for the scalar changes of the wind-speed, as well. 
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Figure 5.3: Simulated changes in annual mean sea-level pressure (ΔSLP), precipitation (ΔPrec) and the near-

surface wind speed (ΔWind) for 2071-2100 compared to 1961-1990, according to the A2 emission scenario. The 

results are obtained by regional atmosphere-ocean model of the Rossby Centre, Stockholm in both cases. In the 

upper cases the boundary conditions were provided by the ECHAM4/OPYC3 mainframe model. In the lower 

cases, this role was performed by the HadAM3H model. The corresponding changes considerably differ from 

each other. (Fig. 11.6 of the IPCC, 2007) 

23. 5.3 Results of regional climate modelling 

Nowadays the regional features of climate change are mainly based on finer resolution models imbedded into 

the mainframe GCMs, providing the boundary conditions for the partial derivatives of the fine-mash 

computations. However, diversity of these results sometimes even in signs, e.g. for precipitation is several 

seasons (van der Linden, P. and J.F.B. Mitchell, 2009, see on the next page, as well) is a challenge to solve 

before finally neglecting the other sources of information applied in the impact and adaptation studies. 

One reason of the diversity of regional model results may be the difference between boundary conditions taken 

from the mainframe models. This problem is presented by Fig. 5.3 above, where two different mainframe 

models led to different responses in the same regional model, even in the sign of precipitation change in many 

sectors of Europe. 

Table 5.1 indicates how the ENSEMBLES Project wanted to limit the effects of the boundary conditions and the 

variety of the results among the regional models. But, since far not all combinations of GCM + RCM can be 

performed for several (not only practical) reasons, one can calculate that the average number with which a 

regional model is combined is only 1.7! 

Table 5.1: ENSEMBLES regional climate model experiments with 25 km horizontal resolution. The lines 

indicate the 15 regional models and the columns represent the 8 global mainframe GCMs, applied in the Project. 

These 25 combinations from the 120 ideally possible combinations mean a rather low proportion. 

 

Besides that, the regional models differ fairly much among each other even among the regional models (Fig. 

5.4). One should note the wide uncertainty among the predictions. For the temperature this uncertainty involves 

just the measure of the warming between tolerable to dangerous degrees in many regions of Europe. For 

precipitation, however, even the sign of the change is questionable comparing the two deciles. 

Hence, even the fast development and dissemination of the coupled global and regional models could not really 

decrease the quantitative uncertainty. Hence, no single GCM output can be applied for adaptation-related 

consequences, and the embedded regional climate models aimed to overcome the insufficiency of the GCM-

resolution are strongly influenced by the boundary conditions. 
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Figure 5.4: The 10 % and 90 % deciles of the distribution derived from the forecasts for 2080-2099 comparing 

to 1961-1990, summarized in Table 1. The 25 results were fitted by a distribution function in the indicated 

rectangles (much larger than the resolution of the regional models. The first columns always show the 

temperature changes (K), the second columns indicate the precipitation changes (%). The upper two pairs of 

Figures indicate the changes in winter (DJF) whereas the third and fourth pairs correspond to the summer 

changes (JJA). 

24. 5.4 Empirical comparison of regional vs. global 
changes 

Water resources of Hungary are dominated by transit flow coming from the neighbouring mountainous regions. 

The region is very sensitive to floods of the streams arriving to the territory. This corresponds also to long-term 

changes considered to be related to global climate changes. 

At present no broadly acknowledged approach to downscale the global (hemispherical) changes exist. Besides 

the more complicated methods of downscaling based on diurnal circulation patterns, more simple regression 

estimations between local and hemispherical variables were also recommended (Mika, 1988). This latter 

method, however, requires time series of 100 years, or so. For large watershed regions, especially with 

mountainous influence such long series exist just in a minority of stations. Hence, a new approach to scenario 

construction is introduced and illustrated in the present study. 

Past partial regression coefficients between observed values of a given local variable, Y, and the global or 

hemispherical mean temperature, X, may be considered as good tool to downscale the future climate changes 

projected by the general circulation models. 

A possible way to estimate the b regression coefficient of a linear connection, Y = Yo + bX, is the method of 

instrumental variables, first applied by Groisman and his colleagues (Vinnikov, 1986) in climatology. The 

criteria for an instrumental variable are: 

- non-zero correlation with observed values of the independent variable, 

- no correlation with the errors of the independent variable, 

- no correlation with the residuals of regression in the dependent variable. 

In case of an instrumental variable, Z, the linear regression coefficient should be estimated as the proportion of 

appropriate covariance values: 

Cov (Y,Z) 

 

Cov (X,Z) 

For independent variable, X, we select the hemispheric mean temperature (Jones, 1994 and updated: 

http://cdiac.esd.ornl.gov/trends/temp/jonescru/jones.html, with reference to Jones et al., 2000.). The 

instrumental variable is the sequence of years from the 25 years warming-up period, 1974-1998, exhibiting high 

(r = 0.825) correlation and strong (+0.261 K/10 years) warming trend with the sequence of time. 

The applied method yields an undistorted point-wise estimation of the regression coefficient, but it is rather 

difficult to establish significance criteria for these estimations, which is a disadvantage compared to the 

regression estimations that require longer time series. 

http://cdiac.esd.ornl.gov/trends/temp/jonescru/jones.html
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The present approach, developed due to the lack of very long series, is a combination of that applied by 

Groisman, Vinnikov and their co-workers (overview by Vinnikov, 1986) and that suggested by van Loon and 

Williams (1976). 

The local database for further analysis consists of monthly precipitation values from hydrological and 

meteorological stations, participating in the international data exchange for the basic period, 1974-1998, with 

complete, or nearly complete in the Upper Danube Watershed. Missing data were substituted by considering 

spatial correlation. The area covers corresponding parts of 6 countries, i.e. Germany, Austria, Czech Republic, 

Slovakia, Hungary and Romania. (Locations of the 76 analysed stations are mapped together with the results.) 

Results of the investigation suggest that the reaction of the regional precipitation is not unequivocal even in its 

sign along the upper Danube basin (Fig. 5.5). On the other hand, in the investigated middle sector of the river 

(i.e. in Romania and in the central and eastern part of Hungary) the annual mean precipitation exhibited clearly 

negative regression to the hemispherical temperature. This latter consequence is in good coincidence with other 

statistical approaches (Mika, 1988), applied at much longer series. For an expected 0.5 K warming the local 

order of changes (in either direction) are mainly percents, or tens of percents of the total amount. Spatial 

distribution of the coefficient is presented on maps in annual semi-annual and seasonal resolutions. 

Response of the regional precipitation is not unequivocal in its sign along the upper-Danube region. Both in the 

summer and in the winter half-years, territory of Hungary is characterised by slightly negative changes, with 

expect of its most northern areas. To the East of the country, in the Carpathians, the signs are unequivocally 

negative, whereas in the Alpine mountains they are positive. For an expected 0.5 K global warming the order of 

local changes, in either direction are a few tens of percents of the total amount. 

The computed regression coefficients exhibit clear unequivocal dependence on altitude just in the Hungarian 

Great Plain - Transylvania – Partium. The altitude above the sea level further contributes to the drying tendency 

of this region demonstrated parallel to the warming. In the region which envelops the Eastern regions of the 

Alpine Mountains, Slovakian massive of the Carpathians and Transdanubia the elevation further increases the 

positive regression coefficients in winter and in the winter half-year. In the western part of the Alpine 

Mountains the elevation influences the regression coefficients only in spring. Preliminary conclusion from the 

results is that the regression between local precipitation and hemispherical temperature is determined by more 

than one factor as it is experienced in case of the climate mean precipitation values themselves. 

Winter half-year 

S 

ummer half-year 
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Figure 5.5: Relative change of precipitation (% of the 25 years‘ average) in the Upper-Danube watershed 

(compare to Figure 1), related for 0.5 K hemispherical warming in the winter half-year (upper part) and in the 

summer half-year (lower part). Yellow circles indicate the 76 stations where the regression coefficient between 

the local precipitation and the hemispherical mean temperature was established. 

25. 5.5 Effects of land use in Hungary (after Drüszler 
et al., 2010) 

Potential effects of land use changes on the surface albedo and evapotranspiration are considerable, as it is 

surveyed in the Introduction. The land use changes were also significant in Hungary in the second half of the 

20th century, according to the database of the Hungarian Central Statistical Office. Climatic effects of these land 

cover changes are further evaluated using the MM5 non-hydrostatic dynamical model. The key parameters (i.e. 

albedo and moisture availability) of the model-surface were improved corresponding to the systematic and 

expedition measurements preliminarily performed in Hungary. The lower boundary conditions were generated 

for three selected years, i.e. 1959, 1979 and 1999. 

The dynamical model was run with the same meteorological conditions from the selected days from 2005, 

representing the whole set of the macro-synoptic situations for Hungary, but with modified lower boundary 

conditions. In this way 3x13 forecasts were performed for 60 hours, each. The simulated fields, representing the 

corresponding shifts in the land use, were then compared with each other. According to the first available 

comparisons, climatic effects of the land use changes during the surveyed 40 years are not negligible. In 

average, they caused +0.2 K maximum temperature rising and almost 1 % decrease in the relative humidity over 

the vegetation period. In the selected vertically unstable case the land cover differences could perturb even the 

precipitation fields significantly. 

These data were later converted in the MM5 mezo-scale model to analyze climatic and meteorological effects of 

Hungarian land cover changes. The land surface parameters of the models were improved corresponding to the 

archive of systematic and expedition measurements in Hungary, which were integrated by David (1985) for the 

surface albedo and by Posza and Stollar (1983) for the plant constants driving the real evapotranspiration. As an 

example for these differences, integrated albedo values are demonstrated in Fig. 5.6. 

 

Figure 5.6: Albedo of selected important vegetation types in percentage of the incoming radiation. (In our 

computations the albedo values were set every tenth day.) 
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Figure 5.7: The increase of the maximum temperature due to the land use changes in Hungary between 1959 and 

1999. (Drüszler Á. et al., 2010) 

The dependence of temperature changes on solar radiation is also observable on the monthly scale, not only in 

the diurnal cycle (Fig. 5.7). It is obvious that the effect of land use change on the maximum temperature is 

dependent on the duration of the daytime. From April to June the days are longer therefore the warming effect 

increases too. In June and July the warming effect of land use change is almost the same, but from August it 

starts decreasing. 

From the above computations it becomes clear that the documented changes in land use in Hungary could not 

modify the climate of the country as strongly as the other global reasons, especially the greenhouse gases. 

6. Weather and climate extremes 

Meteorological extremes are events that are rare within its statistical reference distribution at a particular place. 

Definitions of ―rare‖ vary, but an extreme weather event would normally be as rare as or rarer than the 10th or 

90th percentile. By definition, the characteristics of what is called ―extreme weather‖ may vary from place to 

place. An ―extreme climate event‖ is an average of a number of weather events over a certain period of time, an 

average which is itself extreme (e.g., rainfall over a season). The longer-term, precipitation- and temperature-

driven set of extremities contain drought, wildland fires, heat-waves, temperature extremes, melting of 

permafrost and occurrence of snow avalanches, etc. 

Specific concern at the middle latitudes are caused by thunderstorms, tornadoes, hail, dust storms and smoke, 

fog and fire weather. These small-scale severe weather phenomena, that are sparse in space and time, may have 

important impacts on societies, such as loss of life and property damage. Their temporal scales range from 

minutes to a few days at any location and typically cover spatial scales from hundreds of meters to hundreds of 

kilometres. These extremes are accompanied with further hydro-meteorological hazards, like floods, debris and 

mudslides, storm surges, wind, rain and other severe storms, blizzards, lightning. For example, mudslides 

disrupt electric, water, sewer and gas lines. They wash out roads and create health problems when sewage or 

flood water spills down hillsides, often contaminating drinking water. Power lines and fallen tree limbs can be 

dangerous and can cause electric shock. Alternate heat sources used improperly can lead to death or illness from 

fire or carbon monoxide poisoning. 

Extreme events are often the consequence of a combination of factors that may not individually be extreme in 

and of themselves. Complex extreme events are often preconditioned by a pre-existing, non-extreme condition, 

such as the flooding that may result when there is precipitation on frozen ground. In addition, non-climatic 

factors often play a role in complex extreme events, such as air quality extremes that result from a combination 

of high temperatures, high emissions of smog precursors, and a stagnant circulation. Very often there is a 

possibility to predict quite accurately the probability of severe weather events and issue warnings, or even close 

the endangered region temporarily. But, tourists often do not speak the language of the country in which they 

are spending vacation. They do not know the local signs of danger and some of them do not respect warnings 

and prohibitions to enter the endangered areas. 
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The impact areas of extreme meteorological events cover wide ranges. Nearly all sectors of the economy are 

facing such impacts, including the energy sector. The disadvantageous impacts of extreme meteorological 

events include: floods, excess inland water inundations, droughts, rainstorms, hails, heat waves, increasing UV 

radiation, early and late frosts, snow jams, wind storms, forest and bush fires, appearance of new pathogens and 

pests. 

26. 6.1 Damages from the extreme meteorological 
events 

As it is seen in Fig. 6.1, weather extremes play a sorrowful important role among the natural disasters in global 

and in European comparison, especially concerning the economical losses. 

a.) 

  

b.) 
 

  

 

Figure 6.1: Percentage distribution of economical loss (left) and number of fatalities (right) caused by natural 

disasters. a.) Global mean in 1950-2005 (Hoeppe, 2006); b.) Europe-mean (EU+5 other countries) 1980-2009 

(European Environmental Agency, 2010) 

There is little doubt that society as a whole has become more sensitive to extreme weather, since population and 

infrastructure continues to grow in areas that are vulnerable to the weather and climate extremes. 
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Though, single extreme events cannot be simply and directly attributed to anthropogenic climate change, 

meteorological extremes and climate change are sometimes bounded, whereas in other cases their complicated 

relations are completely denied. The aim of the present paper is to survey the recent literature on empirical 

research on possible tendencies of extremes and their relatedness to the ingoing global temperature changes. For 

the global and regional climate model results we refer to the paper by Rummukainen (2011). 

The term ―meteorological extreme‖ is often used in different and, sometimes, undefined sense. Some definitions 

are based on calculated extreme indices (e.g., droughts) or coincide with the direct definition of the phenomenon 

(e.g., hailstorms). According to these definitions, the extremes are rare or intense events, sometimes defining 

them by their high environmental impacts. To be general, these definitions often mention their long-lasting 

feature, or a long averaging time to include e.g. monthly or seasonal statistical extremes. 

The IPCC WG-I (2007) Glossary writes ―An extreme weather event is an event that is rare at a particular place 

and time of year. Definitions of rare vary, but an extreme weather event would normally be as rare as or rarer 

than the 10th or 90th percentile of the observed probability density function.‖ Later, it also states ―When a 

pattern of extreme weather persists for some time, such as a season, it may be classed as an extreme climate 

event, especially if it yields an average or total that is itself extreme (e.g., drought or heavy rainfall over a 

season).‖ 

To my view, this compilation is a limitation compared to of the way how the term ―climate extreme‖ is most 

often used. The difference is that monthly or seasonal temperature anomalies can well be beyond the above 

rarity limit, even if they do not cover any day with a weather extreme. Furthermore, monthly or seasonal excess 

water may well be combined by moderate but repeated diurnal precipitation amounts, as well. 

We may naturally define extreme events as follows: Meteorological extremes are the rare and high impact 

events. Both criteria are needed to avoid e.g. the permanent drought in Sahara (which is not rare) or the 

miraculous optical events (which have no impact) to be considered. High impact if the meteorological extremes 

are caused either by their intensity or by their long duration of the event. Hence, weather extremes are those rare 

events which are of high impact mainly due to the intensity of one or more observed atmospheric variable. 

Contrary to this, climate extremes are those rare events or periods of time causing high impact due to similarity 

of one or more observed atmospheric variable. 

27. 6.2. Extremes of present climate 

27.1. 6.2.1 Weather extremes 

By the above definition, weather extreme is an event or a value of a thermodynamic variable at the surface, 

which is rare and which is of significant potential impact. 

Hence, characteristics of what is called extreme weather may vary from place to place in an absolute sense. The 

professional surface-based observations of the Global Observing System provide weather measurements, 

including air temperature, wind speed, wind direction, precipitation, cloud cover, humidity, sunshine hours and 

visibility, etc. taken regularly over the Globe. Firstly, we list the extreme weather events following the so called 

synoptic codes, which indicate the events worth observing, forwarding to the prediction centers and archiving. 

Operationally observed phenomena In the observation codes the significant events, i.e. candidates for extreme 

events, depending on their frequency and impact, are as follows 

(http://www.srh.noaa.gov/jetstream/synoptic/ww_symbols.htm): Haze, mist, fog, dust whirl, sand whirl, dust-

storm, sandstorm, freezing rain, ice fog, ice needles, ice sleet. drifting snow, blowing snow, depositing rime ice, 

rain shower, snow shower, shower of hail, thunderstorm (observed lighting and thunder), squall lines, funnel 

cloud, tornado. 

Majority of these events is rare and of significant impact at most places of the world. This may depend on 

severity of the event, which is in some cases well classified. Considering the low frequency but negative effects 

of icing, this event is a meteorological extreme in most regions in the world. 

Another group of extremes is the appearance of continuous thermodynamic state indicators above or below a 

certain frequency and/or impact threshold, e.g. temperature below zero, or rainfall above 20 mm. These 

extremities are comprehended in the next sub-section. 

http://www.srh.noaa.gov/jetstream/synoptic/ww_symbols.htm
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Environmental extremes caused or at least supported by meteorological extremes, such as avalanches, forest 

fires or strong coastal waves, are not considered in our study. They are influenced by several non-

meteorological parameters, as well. Consequently, their tendencies, if any, are therefore influenced by non-

climatic processes. Despite our present scope of writing about clearly meteorological extremes, the operational 

warning practice tries to provide information even for these mixed events, besides the classical weather 

extremes. 

A warning service with the included extremities operating in Europe is presented in Fig. 6.2. 

 

Figure 6.2: Extreme events in Europe included into the „Meteoalarm‖ operational warning system, as well, as 

the warning categories severity of are indicated by the colors. 

(http://www.eumetnet.eu/) 

Classification of the weather extremes. The weather extremities are generally recommended to classify into 

three main groups: 

1. Temperature related weather extremes (hot or cold, often expressed in physical terms. e.g. above 25 oC for 

diurnal mean temperature) 

2. Precipitation related weather extremes (rain, hail or snow) 

3. Wind-related extremes (including thunderstorm activities except precipitation) 



 Climate change, impacts and 

responses 
 

 45  
Created by XMLmind XSL-FO Converter. 

The extreme events of the above groups have different effects on the energy industry. E.g. temperature extremes 

increase the energy demand for heating and cooling; precipitation and wind extremes are critical for the 

electricity transporting wires, etc. 

In most cases, these extremes appear under the effect of an intense circulation object. 

27.2. 6.2.2 Significant circulation objects 

Time and space scales Atmospheric objects exhibit fairly arranged space and time scales. Either drawing the 

meteorological extremes in the space (x-axis) and time (y-axis) system of coordinates (Fig. 6.3a), or doing the 

same with the atmospheric objects (Fig. 6.3b), we observe a diagonal distribution of the objects of both 

drawings. This means, small scale objects are generally short lived, whereas large-scale objects spend more time 

in the atmosphere. 

On the other hand it also means that there are no fast developing extremes which cover large areas and also we 

do not experience long-term individual extremes or objects which threaten just small areas. Fig 6.3a provides a 

comprehensive list of meteorological extremes, whereas Fig 6.3b is a brief summary of the atmospheric objects 

leading to the various meteorological extremes. 

  

Figure 6.3: Characteristic space (horizontal) and time (vertical) scales of a.) weather and climate extremes and 

b.) atmospheric objects. Sources: a.) WMO (2006), b.) Oke, 1979. 

Weather extremes are immediately caused by specific weather objects. In developing climate extremes 

circulation processes also play well recognized role. In the following we briefly survey these objects from the 

largest scale blocking anticyclones to the smallest scale convective systems. Besides these individual objects, 

there are even longer-time patterns of the circulation, like the El-Nino - Southern Oscillation or North Atlantic 

Oscillation, which are not individual circulation objects themselves, but which support specific objects to 

develop. 

For example, unusually warm water surfaces in case of an El-Nino event support developing low-pressure 

systems above the ocean, and, via complex dynamical processes, higher pressure systems above the continent,. 

Though long-term climate extremes can statistically be correlated with these objects, we do not characterize 

these planetary-scale derived indices below. 

We also do not describe in detail since this is an object of the upper troposphere in its narrow meaning, 

modifying the flight time of the air-plains at the given altitudes, but not having direct consequence near the 

surface. 

Anticyclones generally bear pleasant sunny weather, with no strong air motions, but long residence time above a 

given land area may lead to drying or even drought of the area. The larger the anticyclones are in their 

horizontal dimensions, the longer their life-time and slower their transition are. The so called blocking 

anticyclones of the temperate latitudes may remain for several weeks practically in the same position. Having 

several such objects in a vegetation season may already cause drought. 
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Temperate latitude cyclones, as large-sale objects, already bear threats of heavy precipitation and strong 

gradient winds. Warm fronts of temperate latitude cyclones are responsible for low-intensity, but several days‘ 

long precipitation. Cold fronts of the cyclones may yield large amount and large intensity precipitation. 

Convective activity in and around the cold front, caused by upward motion of relatively warm air masses, may 

enhance the gradient wind sometimes causing extremely strong wind. 

Convection is a key to extreme weather events. Starting from small cumulus clouds, possibly developing into 

single-cell local thunderstorms, they are still not subjects of extremes events. Multi-cell thunderstorms, causing 

heavy rain, sometimes hail and stormy wind are already extremity-bearing atmospheric objects. Single-cell 

thunderstorms sometimes develop into super-cells, accompanied with devastating wind and hail, heavy rain and 

often even with tornado. Not so dangerous, but more complicated are the so called mezoscale convective 

complexes (MCC), often bearing thunderstorm lines, squall lines, characterized by stormy wind, hail and 

intensive rain. The most devastating objects of convective origin are the hurricanes (tropical cyclones, 

typhoons). Their 3-500 km characteristic diameter develops after a large number of coincidental conditions 

leading to accumulation of very high amounts of available potential energy turning into kinetic energy. In a 

tropical cyclone, extremely strong winds, intensive rain and hail, with several meters high waves at the shores 

cause infinite harm. 

27.3. 6.2.3 Climate extremes 

Climate extreme is a longer-term mean or frequency of variables or events, even if the latter are not weather 

extremes, which are rare at the given site in the given time of the year, and which are of potentially high impact. 

The climate extremes may be time averages or frequencies of events above a given threshold of a single 

meteorological variable. These indices are presented below. Those extremes which occur in the multi-

dimensional phase-space, but which are mostly transformed into univariate indices, are illustrated afterwards. 

Univariate indices. Typical indices include the number or fraction of cold/warm days/nights etc. above the 10th 

percentile, generally defined with respect to a preselected reference period. Other definitions e.g., the number of 

days above specific temperature or precipitation thresholds, or those related to the length or persistence of 

climate extremes. 

Table 6.1: Selected examples from the 40 univariate climate indices used in ECA&D. (see http:// 

eca.knmi.nl/indicesextremes for details, van Engelen, et al., 2008). 
 

Index Climate Index Description 

TG, TN and TX Mean of daily mean, maximum and 

minimum temperature (°C) 
(For further use in the indices) 

ETR Intra-period extreme temperature 

range (°C) 
Difference: max(TX)- -min(TN) 

GD4 Growing degree days (°C) Sum of TG > 4°C 

GSL Growing season length (days) Count of days between first span of 

min. 6 days TG > 5°C and first span 

in second half of the year of 6 days 

TG < 5°C 

CFD Consecutive frost days (days) Maximum number of consecutive 

days TN < 0° C 

HD17 Heating degree days (°C) Sum of 17°C - TG 

ID Ice days Number of days TX < 0°C 

CSFI Cold spell days (days) Number of days in intervals of at 
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least 6 days with TG < 10percentile 

calculated for each calendar day (on 

basis of 1961-90) using running 5 

day window 

WSDI Warm spell days (days) Number of days in intervals of at 

least 6 days with TX > 10percentile 

calculated for each calendar day (on 

basis of 1961-90) using running 5 

day window 

TN10p Cold nights(days) Percentage or number of days TN < 

10percentile calculated for each 

calendar day (on basis of 1961-90) 

using running 5 day window 

TG90p Warm days (days) Percentage or number of days TG > 

90percentile calculated for each 

calendar day (on basis of 1961- 90) 

using running 5 day window 

RR Precipitation sum (mm) 
 

RR1 Wet days (days) Number of days RR ≥ 1 mm 

SDII Simple daily intensity index 

(mm/wet day) 
Quotient of amount on days RR ≥ 

1mm and number of days RR ≥ 1mm 

CDD Consecutive dry days (days) Maximum number of consecutive 

dry days (RR < 1mm) 

R20mm Very heavy precipitation days 

(days) 
Number of days RR ≥ 20mm 

RX1day Highest 1-day precipitation (mm) Maximum RR sum for 1 day interval 

R95p Very wet days (days) Number of days RR > 95percentile 

calculated for wet days (on basis of 

1961-90) 

R95pTOT Precipitation fraction due to very 

wet days (%) 
Quotient of amount on R95percentile 

days and total amount 

In 1998, a joint WMO-CCl/CLIVAR Working Group formed on climate change detection. One of its task 

groups aimed to identify the climate extreme indices and completed a climate extreme analysis over the world 

where appropriate data was available. Extreme climate analyses have been accomplished on global and 

European scales using these compiled datasets. A selection of these indices is given in Tab. 6.1 already from a 

more recent source using 40 indices (van Engelen et al., 2008). 

Multivariate extremities, transformed into univariate indices. Extremity of weather or climate, as well as the 

effect of them are often more complex than rarity or severity of one single meteorological variable. The use 

more variables, however, does not allow to establish a linear sequence of the extremities. Hence, most often the 

multivariate extremities are arranged into a single index. 

For example, the thermal comfort index is calculated by means of the physiologically equivalent temperature, 

PET, based at the human energy balance (Matzarakis et al., 1999). For calculating this weather extreme four 

meteorological parameters (air temperature, relative humidity, wind speed and cloudiness) as well as some 

assumed physiological parameters (age, genus, bodyweight and height, average clothing and working) are used. 



 Climate change, impacts and 

responses 
 

 48  
Created by XMLmind XSL-FO Converter. 

Our second example on multivariate indices is related to a climate extreme, drought, which is possibly the most 

slowly developing one. There are many conceptual definitions of drought in the scientific literature. Recently, 

Dunkel (2009) collected a few of them focusing on the more practical indices from data accessibility point of 

view. A very commonly used and accepted index is the Palmer Drought Severity Index (Alley, 1984), which 

considers monthly precipitation, evapotranspiration, and soil moisture conditions. 

28. 6.3 Spatial distribution of weather and climate 
extremes 

Average climatic frequency of several weather extremes is displayed in frequency maps e.g. by Burt (2007). 

These maps indicate that majority of extremes belong to more than one climate belt. Fig. 6.4a also supports this 

fact, representing the strongest meteorological extremes of the recent 2001-2010 decade. Except the tropical 

cyclones, the other four types of extremities belong to various latitudes. Both hot and cold long-term 

temperature extremes and positive or negative anomalies of water balance exhibit fairly wide spatial coverage. 

Another experience from this Figure is, that putting all kinds of extremities together, practically all continents 

experienced one or the other types of serious extremes. 

Similar experience is reflected in Fig 6.4b built for a small area of Hungary with the absolute extremes since the 

beginning of observations. This 93,000 sq. km continental area with just little vertical elevation differences is 

also covered rather equally by one or the other kinds of absolute maxima or minima. 

a.) 

 

b) 
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Figure 6.4: a.) Distribution of various extreme events over the world in 2001-2010 (WMO, 2011); b.) Absolute 

record values in Hungary with its 93,000 sq. km area since the beginning of the observations until April 2011 

(courtesy map by Mr. Á. Németh). Both maps, characterizing different space scales, indicate that, considering 

all kinds of extremities, one, or the other one of them may occur practically everywhere. 

7. Projection of weather extremes 

29. 7.1 Expectations on changes in the extremes 

It is one of the most general climate related stereotypes that global warming leads to increasing frequency and 

intensity of the meteorological extremes. Let us see what statistical and physical considerations make us 

expecting that a warmer climate bears more meteorological extremes than the present one. Next, we refer to 

some further difficulties which hamper the unequivocal establishing of up- or downward trends in the 

extremities. 

29.1. 7.1.1 Statistical considerations 

Frequency or intensity of an extreme event can generally be enhanced under climate changes for two reasons. 

When the whole distribution is shifted, with no change in the variance, the extremes of this direction become 

more frequent, but those at the other end of the distribution become less frequent. In the second case, when 

variance of the distribution changes with no shift in the mean, frequency of extremes on both sides changes in 

the same way. Of course in a real change, parallel occurrence of the two causes is the most likely situation. 

Three types of metrics have been considered to quantify the possible trends in the extremes. One approach is to 

count the number of record-breaking events in a given year. However, it may well happen, that hot extremes are 

setting new records, while cold extremes become less frequent than before. In such a case, counting the records 

would probably not indicate any significant trend, though frequency of the opposing extremes changed a lot. 

Besides counting the single events, also the area or fraction of a given territorial unit can be characterized and 

summarized where absolute records or falling into a given rare probability category (e.g. lower or upper 10 %) 

of the site-specific reference distribution. Trends of these areas or fractions may also be established. 

A third approach arises from the fact that extremes often have harmful economic consequences. The global costs 

of extreme weather events are already high and rising. It may therefore be possible to measure the integrated 

economic effects of extremes by the insurance payout as a function of time. However, besides the inflation, this 

measuring tool would also be influenced by changes in vulnerability of the constructions, e.g. for their aging, 

and also by their changing exposure in connection with the number of users of the pieces of real estate. 
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29.2. 7.1.2 Physical considerations 

There are also some physical considerations supporting the hypothesis of increasing extremities parallel to 

global warming, whereas some others definitely question that. The most frequent argument for the possibility of 

more intense extremes is the observed increasing energy content of the climate system, including the 

atmosphere, too (IPCC WG-I, 2007, Fig. 7.1). Having slightly more thermodynamic energy in the whole 

system, this energy may easier be concentrated in a given atmospheric object and region. 

 

Figure 7.1: Energy content changes in different components of the Earth system for two periods (1961–2003 and 

1993–2003). Blue bars are for 1961 to 2003, brown bars for 1993 to 2003. (IPCC, 2007: Fig. 5.4) 

Another reasonable assumption is that in a warmer world, water vapour content of the air column is higher (Fig. 

7.2), hence more latent heat may develop, and turn into heating or formation of kinetic energy of an extreme 

holding atmospheric object, especially the convective ones. A third fact is that in a warmer world the average 

lapse rate is higher, which in turn also support the formation of convective systems. 

There are also considerations which definitely counteract the expected intensification of the extremes. For 

example, the experience that the high-latitudes and the continents warm faster than the temperate of lower 

latitudes and the oceans leads to the conclusion that the horizontal temperature- and, hence, pressure gradients 

generally become weaker in the process of global warming-up. 
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Figure 7.2: (a) Linear trends in precipitable water (total column water vapour) over the period 1988 to 2004 (% 

per decade) and (b) the monthly time series of anomalies, relative to the period shown, over the global ocean 

with linear trend. {IPCC WG-I, 2007: Figures 3.20 and upper Figure of 3.21} 

30. 7.2 Data quality, free oscillation and conceptual 
problems 

Establishing trends in extremities is difficult due to at least three problems presented below. They are the 

uneven quality of observations (data problems), the existence of long term free oscillations which make it 

difficult to detect the appearance of extreme events (free oscillation problem), and the conceptual problem 

which means that scientists often search trends in function of time, sometimes mixing global warming-up, 

stagnating and cooling-down periods. 

30.1. 7.2.1 The data problem 

Near-surface temperatures are, generally influenced by various local disturbances (developing cities, 

vegetation), modifications in the observation technology (changes of time, instrumentation or shading devices) 

or simply relocation of the weather (climate) station. Local temperature series may therefore be often non-

homogenous which may disturb the trend analysis of frequency or intensity the extreme events. 

Fig 7.3 shows an example how mathematical homogenization may change the consequence of the analysis 

performed without homogenization. The original raw data did not exhibit any trend in the frequency of 

exceeding the 90 % temperature threshold, but after performing the homogenisation the trend became obvious. 

dtgnr90 (number of warm days) ORIGINAL DATA 
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dtgnr90 (number of warm days) HOMOGENIZED DATA 

 

Figure 7.3: Effect of homogenization on a given extreme index: Number of days higher than the 90% frequency 

– any month for 1900-2004 in Hungary (Lakatos M., 2007). The homogenization was performed by the so 

called MASH methodology (Szentimrey T., 1999). 

In some other cases, e.g. for the tropical cyclone records, the completeness of observations is rather 

heterogeneous due to changing observing technology and reporting protocols. In addition, it has been difficult to 

provide a precise definition of several extremes (Stephenson et al., 2008). For example, it has been difficult to 

define a globally universal critical threshold for defining a heat wave. 

30.2. 7.2.2 The free oscillations problem 

Climate of many regions fluctuate randomly and these fluctuations sometimes exhibit relatively long, but 

irregular cycles. Fig. 7.4 presents such fluctuations at the high latitudes of Northern Hemisphere. The three 

periods, counting 12, 7 and 6 years of duration, indicated strongly different distributions of temperature 

anomalies. Very likely, these different periods are characterized also by different occurrences of e.g. 

temperature extremes. These natural fluctuations make it very difficult to detect the changes in extremities and 

especially to attribute them to the global tendencies. 

 

Figure 7.4: Arctic temperature anomaly patterns as examples of strong inter-annual variability within the 

unequivocal long-term warming period. This internal fluctuation may overwrite any tendencies of extremes 

possibly developing from the global warming. d J.E. Overland, data from Climate composites by NOAA/ESRL 

Physical Sciences Division, Boulder, CO. http://www.cdc.noaa.gov/cgi-bin/Composites/ printpage.pl [Accessed 

6 April 2007] 

30.3. 7.2.3 Conceptual problems 

A third problem, which makes the empirical trend analyses of extreme events (and any other climate indicators) 

difficult and seemingly controversial, is the mechanistic computation of statistical trends for the longest 

available period of time. Very often, these periods join globally or, which may be even more important, 
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hemispherical warming periods, together with no change or even cooling ones. One may assume that a given 

behaviour of the extremities in a warming period should not be the same as in a stagnating or cooling period. 

Hence the trend estimation should consider monotonous warming or cooling periods, because otherwise the 

different global tendencies may lead to different trends in local extreme events and the final result could be non-

significant even if in the individual periods they are unequivocal. 

31. 7.3 What is seen from the data? 

The IPCC (2007: TS. Table 4, see Table 7.1) displayed a table on the major extreme events, indicating the 20th 

century tendencies, likelihood of human contribution in the observed trend and likelihood of the future trends. 

More recently a comprehensive review of observed changes in extreme events was undertaken by the IPCC 

SREX report (Nicholls et al., 2011). 

Table 7.1: Recent trends, assessment of human influence on them, and projections of extreme weather events for 

which there is an observed 20th century trend. (IPCC, 2007: Tab. SPM-2) 

 

In this sub-Chapter we sum up the developments since the recent IPCC Report. First we present them for 

temperature extremes, followed by precipitation and wind extremes, supplied by those for the tropical and extra-

tropical circulation objects. Everywhere only the clearly empirical analyses are considered. 

Very likely, that parallel to the global warming, the hot extremes, the heat-waves and heavy rainfalls became 

more frequent (Table 7.1). Trajectories of the extra-tropical cyclones will be shifted towards the poles according 

to the forecasts, with the corresponding changes of the wind-, precipitation- and temperature patterns, following 

the various trends of the patterns in the recent half century. At the same time, there is not enough evidence to 

assess if there were trends in such small-scale phenomena, like the tornado, the hail, the lightning and the dust 

storm. 

In case of slowly changing systems, the problems are first caused not by the shift of the averages, but by 

modification of the extremes. Though exact meaning of the extremes changes with the shift of the statistical 

distribution, but the practice always can relate them only to the previous distributions and averages, followed by 

the planning and operation for the previous decades (of another climate). Society adapts to the new climate just 

with a few decades of delay. 
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It is often possible to predict the probability of severe weather events quite accurately, issuing warnings, or 

closing the endangered regions, temporarily. The teachers must know the local signs of danger and respect 

warnings or prohibitions to enter the endangered areas. 

As it is seen in Table 7.1 there are several extremities frequency, or severity of which definitely changes with 

the global warming. In many cases these changes are simple consequences of the shifts in statistical distribution 

yielding strong increase in the extremes falling to the direction of the shift. E.g. frequency of the warm extremes 

increases against the past threshold of the extremity. 

The only paradox change is the parallel increase of case-by-case precipitation leading to increased frequency of 

heavy rainfall together with more frequent and severe droughts resulted from the increased frequency of dry (no 

precipitation) days. In some other cases little can be told on the empirical trends from the recent several decades. 

The statement ―more likely than not‖ means only 2/3 of certainty, which is rather low confidence, compared to 

the common significance thresholds, 90 or 95, sometimes 99%. 

The last two lines of Table 7.1 are connected to intensification of the tropical and temperate latitude cyclones. 

More exactly this is not a generally enhanced intensity but a change of the distribution: Frequency of the most 

intensive object may increase whereas no need for increase in frequency of moderate- or law-intensity objects is 

to be considered. 

31.1. 7.3.1 Temperature extremes 

Fewer cold days and nights, as well, as more frequent hot days and nights were detected over most land areas by 

the IPCC WGI (2007). Both statements were assessed very likely (over 90 % of probability) concerning its 20th 

century trends (since 1960s, mainly) and likely (over 2/3 of probability) for existing anthropogenic component 

in it. The warm spells and heat waves their frequency were assessed as likely increasing, whereas the 

anthropogenic component in it was just „more likely than not‖ (>50 %). 

Empirical analyses performed since the IPCC WGI (2007) mainly support the conclusions that since ca. 1960 

that there has been a decrease in frost days and in the number of extremely cold days and nights (Della-Marta et 

al., 2007). On the other hand, a clear increase can be established in the number of warm days and nights 

practically everywhere on the Earth. Alexander et al. (2006) found that over 70% of the global land area 

sampled showed a significant decrease in the annual occurrence of cold nights and a significant increase in the 

annual occurrence of warm nights. 
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Figure 7.5: Observed changes (days/10 years) in duration of warm spells in summer and in frequency of frost 

days (Tmax <0 oC) in winter in the monotonously warming 1976-2006 time period in Europe. (EEA, 2008, Map 

5.6) The warm spells demonstrate increasing everywhere on the continent, but frequency of frost days show 

decreasing in minor area of the continent. 

Some regions have experienced very strong changes in occurrence of warm and cold nights, e.g. Central Europe 

(Bartholy and Pongracz, 2007) establish increases in extremely warm days and nights and a reduction in very 

cold days and nights, though another analysis, published by the ENSEMBLES Project (EEA, 2008), presented a 

more spotty picture concerning the frost days (Fig. 7.5). 

31.2. 7.3.2 Precipitation extremes 

The frequency of heavy rainfall and proportion of such events in the precipitation totals, is likely, stated the 

IPCC WGI (2007). Many studies conducted since then continue to support these conclusions. Having collected 

the references, it became clear that regional analyses on changes in precipitation extremes are more numerous 

than those for temperature or wind extremes. But, since this variable is not of central importance for the energy 

industry, we do not provide a very detailed regional analysis, but try to expose the overall conclusions. 

Recent studies for European countries indicate general increases in the intensity and frequency of extreme 

precipitation during the last four decades, though some inconsistencies occur between the regions. For example, 

winter extreme precipitation has increased in Central-Western Europe and European Russia (Zolina et al., 2008), 

but the trend in summer precipitation has been weak or not spatially coherent in some other regions, especially 

in Southern Europe and the Mediterranean, where there is low confidence in the trends. An example of 

patchiness of the observed trends in proportion of heavy rainfall within the annual precipitation totals is 

presented in Fig. 7.6. These positive and negative trends are rather balanced in Europe in the particular period of 

time (1961-2006). 

Recent studies on extreme precipitation in Africa found no significant trends (e.g. Aguilar et al., 2009;). A wide 

analysis of the Asia-Pacific countries for 1955–2007 did not observe systematic trends in the frequency and 

duration of extreme precipitation events (Choi et al., 2009), whereas other studies reported significant trends in 

the Asia-Pacific region and during monsoon seasons over the Indian subcontinent (Pattanaik and Rajeevan, 

2010). So, direction of the changes in extreme precipitation of Asia is far not unequivocal. 

 

Figure 7.6: Changes in the contribution of heavy rainfall to total precipitation (1961-2006) (EEA, 2008) 

31.3. 7.3.3 Wind extremes 
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The conclusions by the IPCC WGI (2007) that there is insufficient evidence to determine whether global trends 

exist in extreme winds or hail remain unfortunately valid. Studies of trends in wind speed and direction are often 

hampered by length of record, the influence of changing characteristics of instr umentation, station location, and 

surrounding land use (Pryor et al., 2007). So, studies of longer term changes in winds are often inferred from 

proxies such as pressure tendencies (Matulla et al., 2008). Recent studies that have examined trends in wind 

extremes from observations tend to point to declining trends in extremes in mid-latitudes and increasing trends 

in high latitudes. Other recent studies have compared the trends from observations with reanalysis data and 

reported differing or even opposite trends in the reanalysis products. The accuracy of trends extracted from 

reanalysis products however remains a source of debate since data assimilation methods can induce artificial 

trends. 

 

 

 

Figure 7.7: Trend sin US continental tornadoes with and without correction for perfection of observation 

changing in time (Easterling, D. R., 2009: IPCC WG-2 Scoping Meeting, 2009 http://www.ipcc-

wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html, downloaded: 2009. November) 

These differing conclusions from the study of small scale severe weather events indicate that there is still 

insufficient evidence to determine whether robust global trends exist in these phenomena. This statement is also 

demonstrated in Fig. 7.7, concerning the tornadoes in the USA. The Figure demonstrates that under-skilled 

observation technology at the beginning of the period led to false increasing trend in frequency of tornadoes. 

Having this bias corrected no trend remained in the series. 

http://www.ipcc-wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html
http://www.ipcc-wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html
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31.4. 7.3.4 Tropical cyclones 

According to the IPCC WGI (2007), increase of the intense tropical cyclone activity is likely with, again, ―more 

likely than not‖ assessment of the anthropogenic contribution to it. The Report concluded that it was likely that a 

trend had occurred in intense tropical cyclone activity since 1970 in some regions. 

Since then, regional trends in tropical cyclone frequency have been identified in the North Atlantic, but the 

fidelity of these trends is debated. Methods for estimating the impact of the lack of perfect observations in the 

earlier decades of the North Atlantic tropical cyclone record led to incoherent conclusions. Regional trends have 

not been detected in other oceans (Kubota and Chan, 2009). It remains uncertain, whether, or not the reported 

long-term increases of tropical cyclone frequency are well established, after accounting for past changes in 

observing capabilities (Knutson et al., 2010). Time series of power dissipation, an aggregate compound of 

tropical cyclone frequency, duration, and intensity that measures total energy consumption by tropical cyclones, 

show upward trends in the North Atlantic and weaker upward trends in the western North Pacific over the past 

25 years (Emanuel, 2007), but interpretation of longer-term trends is constrained by data quality concerns. 

8. Drought and the climate change 

Sometimes it is stated that the most dangerous consequence of the global warming is not the change in the 

averages but the overall increase of extreme events. However, the IPCC (1996a) Report, our main source in this 

Chapter, states that: ― There are inadequate data to determine whether consistent global changes in climate 

variability or weather extremes have occurred over the 20th century. On regional scales there is clear evidence 

of changes in some extremes and climate variability indicators ... Some of these changes have been toward 

greater variability; some have been toward lower variability.‖ 

Frequency or intensity of an extreme event can generally be enhanced under climate changes in two causes. 

Either the whole distribution is shifted, with no change in the variance, when the extremes of this direction 

become much more frequent, but those from the other side become less frequent. In the case if the variance of 

the distribution changes with no shift in the mean, when frequency of extremes on both sides changes in the 

same direction. Of course in a real change, parallel occurrence of the two versions is the most likely. 

Fig. 8.1 indicates a subjective but rather global picture on what extreme events are considered to be common in 

different areas of the world concerning agricultural famages. 
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Figure 8.1: Percentage of countries reporting agricultural impacts from the listed extreme events (Shivakumar 

M.V.K., Motha R. P. and Das H.P., (eds.) 2005: Natural Disasters and Extreme Events in Agriculture, Springer) 

32. 8.1 Definitions of drought 

Among the extreme meteorological events, droughts are possibly the most slowly developing ones, that often 

have the longest duration, and at the moment the least predictability among all atmospheric hazards. Due to 

these characteristics, particularly their temporal character, droughts cannot be compared with other weather and 

climate extremes such as floods, winter storms, frost etc. which contribute to the weather affected annual loss, 

also significantly. The major hydrologic hazards (e.g. flood and drought) are consequences of precipitation 

extremes. While floods may have mostly local economic impacts, drought's impacts usually influence large 

regions and almost the entire economy. There are many conceptual definitions of drought in the scientific 

literature. 

Meteorological drought is often identified with atmospheric drought and defined simply with below mean 

precipitation amounts, sometimes combined with other parameters e. g. air temperature, humidity and wind 

velocity. As a matter of fact, the general term drought is not identical to precipitation deficit, but rather it is 

usually the consequence of below normal precipitation. Drought is by definition a regionally extensive 

deficiency in precipitation. Briefly, all other definitions of drought are related to the effect or impact of below 

normal precipitation on agricultural, water resources, social and economic activities. More precisely, 

atmospheric drought is a state of the atmosphere (not an instantaneous but an integrated state for a longer period 

of time) that results in less than average (for that period) precipitation amounts and/or below normal 

atmospheric humidity. 

Agricultural drought occurs when the available soil moisture is inadequate to meet the evaporative demand. It 

can also occur, if meteorological anomalies take place during the plant specific time period (vulnerable stages of 

plant development) with regard to the water availability. In addition to lack of precipitation, other contributing 

factors may increase drought severity such as low humidity temperature and winds. Drought results in 

considerable crop yield losses (e.g. more than 10 % of the average yield). Hydrological drought occurs when 

river flows or stored water in lakes, groundwater, reservoirs and aquifers fall below some critical levels resulting 

from a long-term deficiency of moisture. 

33. 8.2 The Palmer Drought Severity Index 

33.1. 8.2.1 Principle and computation of PDSI 

Drought is considered as an anomaly characterised by a prolonged and abnormal water deficiency. In the present 

study the Palmer Drought Severity Index (PDSI) is used (Palmer, 1965; Alley, 1984; Karl, 1986) to detect the 

onset of droughts and assess their severity. In some cases, moisture anomaly index Z, proportional to monthly 

rate of PDSI, is also used. PDSI is referred as an index of meteorological drought, but the procedure considers 

precipitation, evapotranspiration, and soil moisture conditions, which are determinants of hydrological drought 

and of agricultural drought. PDSI is standardised for different regions and time periods, a necessary requirement 

for the spatially extended assessment of droughts. Basic concepts and steps for computing the PDSI are 

presented here. The whole procedure is described by Palmer (1965). 

Step 1: Hydrological Accounting. The computation of the PDSI begins with a climatic water balance using long 

series of monthly precipitation and temperature records. An empirical procedure is used to account for soil 

moisture storage by dividing the soil into two arbitrary layers. The upper layer is assumed to contain 25 mm of 

available moisture at field capacity. The loss from the underlying layer depends on the initial moisture content 

as well as on the computed potential evapotranspiration (PE) and the available water capacity (AWC) of the soil 

system. In the present calculations of PDSI, AWC values of 170 - 220 mm are used for the different soil types. 

Runoff is assumed to occur, if and only if, both layers reach their combined moisture capacity, AWC. In 

addition to PE, three more potential terms are used and they are defined as follows: Potential Recharge (PR) is 

the amount of moisture required to bring the soil to its water holding capacity. Potential Loss (PL) is the amount 

of moisture that could be lost from the soil by evapotranspiration during a zero precipitation period. The 

Potential Run-off (PRO) is defined as the difference between the potential precipitation and the potential 

recharge. 
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Step 2: Climatic Coefficients. This is accomplished by simulating the water balance for the period of available 

weather records. Monthly coefficients are computed as proportions between climatic averages of actual vs. 

potential values of evaporation, recharge, runoff and loss, respectively. 

for the Climatically Appropriate For Existing Conditions (CAFEC), i. e. "normal" weather during each 

individual month. 

Step 4: Moisture Anomaly Index. Difference between the actual and CAFEC precipitation is an indicator of 

water deficiency or surplus for that month at the area under study, expressed as D=P-

converted into indices of moisture anomaly as Z = K(j)D, where K(j) is a weighting factor for the month j which 

takes into account also the spatial variability of the departures (D). 

Step 5: Drought Severity. In the final step the Z-index time series are analysed to develop criteria for the 

beginning and ending of drought periods and a formula for determining drought severity. The following 

empirical expression for drought severity is used: 

X j= 0.897X j-1+ Zj/3 (1) 

where Zj the moisture anomaly index and Xj is the value of PDSI for j-th month. Classes of weather using PDSI 

is given by Palmer (1965) as a gradation from <-4 (extreme drought) to > +4 (extreme wet). 

33.2. 8.2.2 Correlation of PDSI with soil moisture estimations 

PDSI is compared to results of the estimated soil moisture content of the upper 1 meter layer (Dunkel, 1994). 

The basis of its calculation is the water balance equation. In general, the form of the water balance, including 

 

 

where P stands for precipitation, ET for evapotranspiration, R for runoff. Under certain circumstances a part of 

the excess water infiltrates to the deeper soil layers. Infiltration is not easily determined, so for practical 

purposes it is better to consider a column which extends from the surface to a depth where significant vertical 

exchanges are already absent. 

The greater part of the Hungary is flat and mostly during the vegetation period the percent of the runoff is very 

small. So the runoff was taken to be equal to zero and its value for the whole time series was neglected. The 

same was done with the infiltration, too. The computations consider only the upper one meter layer soil moisture 

content. After the simplifications, the soil moisture content (SMC) of the i-th month will be expressed as a 

function of the previous soil water content (the time step is one month): 

SMCi = SMCi-1 + P - ET (3) 

The total amount of water, that can be stored in a soil column, is the field capacity (FC). The certain part of the 

field capacity is not available by plants. This part of the field capacity called wilting point (WP).The value of the 

field capacity depends on the type of soil. 

For the calculation of evapotranspiration the Budyko-Posza method was used. If the calculated soil moisture 

content on the next time unit exceeds the filed capacity, its value is taken to be equal to field capacity. The 

maximum value of available water content of the examined soil layer (AWC) can be expressed as AWC = FC - 

WP. Evapotranspiration is expressed as a simple linear function of the potential evapotranspiration: ET = 

k.w.PE, where k is the plant constant, and w is an empirical variable depends on the soil moisture content. If 

(SMC-WP)/(FC-WP) is higher than 50 %, than evapotranspiration is taken to be potential, (w=1), otherwise w is 

equal to this proportion. The k plant constant is deter-mined from several years' field experiments using 

Thornthwaite type compensation lysimeter. Using lysimeter measurements performed at the Agrometeorological 

Observatories for 19 species, pentad means of plant constants were computed. 

The linear correlation coefficients between PDSI and SMC are rather high and significant for each analysed 

station and month (Table 8.1). The same concerns the rank correlation that considers non-linearity of the indices 

and in most cases exhibit even higher values. This means, that PDSI indicates the soil moisture conditions in the 

growing season. 
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Table 8.1 Correlation and Spearman's rank correlation between PDSI and SMC 
 

 
Sopron 

April 

Sopron 

June 

Sopron 

August 

Pécs 

April 

Pécs 

June 

Pécs 

August 

Nyíregyh. 

April 
Nyíregyh. 

June 

Nyíregyh. 

August 

Correlatio

n 
.68 .65 .72 .72 .79 .79 .75 .79 .79 

Rank 

correl. 
.76 .68 .74 .70 .84 .84 .74 .84 .84 

33.3. 8.3 Can the drought be a consequence of greenhouse 
warming? 

The immediate meteorological causes of drought involve a number of factors. A stable high-pressure air-mass 

with descending air and low humidity is relatively free of clouds. If this air mass stagnates or moves slowly 

across an area because of atmospheric circulation patterns, the region over which it lingers will receive 

substantial sunshine and generally dry air with little or no rain. Once established, this condition has a tendency 

to persist, resulting in drought. Although drought is a phenomenon of shorter time scales, the frequency of 

drought can vary on decadal or longer scales, especially at low latitudes. 

There is some support for the hypothesis that this drought may be related to a greenhouse effect. Results from 

computer models of the climate system differ considerably, but generally indicate that in a carbon dioxide-

enriched atmosphere, soil moisture and rainfall would decrease in summer in mid-continental areas. Warmer 

atmospheric temperatures melt northern snow fields earlier, whereas evaporation reduces soil moisture sooner, 

etc. 

The drought seems to fit this scenario. But the same models anticipate increased soil moisture over northern 

hemisphere mid-continents in winter under a greenhouse climate, and observations over the last few winters 

show a mix of above and below normal amounts or precipitation and considerable year-to-year variability: not 

so clear an argument for a greenhouse warming. 

Analyses of data on past climates show that both drought and considerable climate variability existed when 

carbon dioxide concentrations were relatively much lower than at present. Consequently, the evidence for the 

present droughts being a result of the greenhouse effects from increased atmospheric carbon dioxide remains 

ambiguous. 

 

Figure 8.2: Change of the annual precipitation (%) in Hungary for 1951-2004 period. Exponential trend 

estimation is applied, the results are relating to the 54-year long interval. 
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Fig. 8.3: Annual maxima (left) and minima (right) of PDSI values at station Debrecen, 1901-2005. 

The less the PDSI the more severe the drought event occurs. 

Hungary is situated in the Carpathian basin, surrounded by mountains but open to south. This geographical 

endowment can also contribute to the fact that precipitation tendencies in Hungary are similar to the ones in the 

Mediterranean region. In addition, the largest decrease of precipitation can be found in the more humid areas 

(Fig. 8.2). Therefore, almost the whole territory of the country is suffered by water scarcity, most of them by 

frequent drought events. 

Monthly precipitation can reach 200 mm almost in any month and region, but months without a drop of 

precipitation may also occur in any season. Sometimes flood and drought is experienced in the same region and 

the same year. The annual and seasonal precipitation amounts are decreasing, with one exception. The summer 

precipitation totals have no definite trend, themselves, but the water management situation is still facing to 

worse situations, as precipitation occurs in smaller number of cases, but with higher intensity of them. Besides 

this inconvenient dosage of precipitation, positive temperature trends sharpen the trouble, too. 

The average situation is well characterized by the temporal evolution of annual minima and maxima of the 

Palmer Drought Severity Indices (PDSI) in Debrecen (Fig. 8.3). Both the annual maxima and minima have 

decreasing tendency showing larger and larger chance of droughts. Debrecen is situated in the NE region of 

Hungary. From among the three typical climate that influences Hungary (oceanic, Mediterranean and 

continental), climate of Debrecen is mainly governed by the latter one. 

III. Impacts and mitigation of climate change, global survey on the impacts 

Most of the living world characteristics, as well as many features of the social and economic life - including 

agricultural production or utilisation of energy - have been developed basically in alignment with the specific 

meteorological conditions, with climate of the environment. Changes in climate may, therefore, lead to 

difficulties in various fields. 

The effects on oceanic and coastal areas pointed out that the consequences of sea-level rise generally outweigh 

the direct temperature effects of climatic change in these regions. The effects of sea-level rise include: erosion 

of beaches and coastal margins; land-use changes; pressure on natural wetlands; changes in frequency and 

severity of flooding; damage to port facilities and coastal structures; and damage to water management systems. 

In the mid-latitude regions, the effects of climatic change on agriculture, water resources and soils were 

considered but it was concluded that the main effect would be on relatively unmanaged ecosystems. The upper 

bound climatic change scenario was estimated to have major effects, including forest dieback, beginning around 

the year 2000, while in the lower bound scenario such effects were not found to occur before 2100. 

It was felt that climatic changes would probably worsen the current critical problems of the semi-arid tropics 

and that the major effects could be expected on: food availability; water availability; fuel-wood availability; 

human settlement; and unmanaged ecosystems. The major effects of climatic changes on the humid tropical 

regions would result from rising water levels along coasts and rivers and the changing spatial and temporal 
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distribution of temperature and precipitation. Thus, the most vulnerable regions of the humid tropics would be 

the coastal and riverine regions and the upland regions of infertile soils. 

For the high latitude regions the following effects were considered to be the most important: changes of the pack 

ice conditions; increased cloudiness and precipitation; and a slow disappearance of the permafrost. These 

changes would affect such factors as marine transportation, energy development, marine fisheries, agriculture, 

human settlement, northern ecosystems, and security issues. 

34. 9.1 Impacts of global warming in the different 
climatic belts 

The effects on oceanic and coastal areas pointed out that the consequences of sea-level rise will generally 

outweigh the direct temperature effects of climatic change in these regions. The effects of sea-level rise would 

include: erosion of beaches and coastal margins; land-use changes; pressure on natural wetlands; changes of the 

frequency and severity of flooding; damage to port facilities and coastal structures; and damage to water 

management systems. 

In the mid-latitude regions, the effects of climatic change on agriculture, water resources and soils were 

considered but it was concluded that the main effect would be on relatively unmanaged ecosystems. The upper 

bound climatic change scenario was estimated to have major effects, including forest dieback, beginning around 

the year 2000, while in the lower bound scenario such effects were not found to occur before 2100. 

For example, the effects of climate change can be followed in the development of soils observed first of all in 

the Great Hungarian Plain (mostly in the Danube-Tisza inter-fluvial region, belonging to the most continental 

and arid regions of the country), as a consequence of 2 to 4 m drops of the annual mean groundwater level. A 

most serious aspect of the aridification trend is this extremely reduced infiltration of water into the soils and 

recharge of groundwater. 

It was felt that climatic changes would probably worsen the current critical problems of the semi-arid tropics 

and that the major effects could be expected on: food availability; water availability; fuel-wood availability; 

human settlement; and unmanaged ecosystems. The major effects of climatic changes on the humid tropical 

regions would result from rising water levels along coasts and rivers and the changing spatial and temporal 

distribution of temperature and precipitation. Thus, the most vulnerable regions of the humid tropics would be 

the coastal and riverine regions and the upland regions of infertile soils. 

For the high latitude regions the following effects were considered to be the most important: changes of the pack 

ice conditions; increased cloudiness and precipitation; and a slow disappearance of the permafrost. These 

changes would affect such factors as marine transportation, energy development, marine fisheries, agriculture, 

human settlement, northern ecosystems, and security issues. 

Fig. 9.1 presents a general overview of the most sensitive sectors of the environment and economy concerning 

effects of the global warming. There are vast areas and sectors everywhere indicated to be endangered by the 

changes. 
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Fig. 9.1: Significant impacts of climate change that will likely occur across the globe in the 21st century. 

(Sigma-XI, 2007) 

One could thing that for the present cold poles of the continents the general warming can only be advantageous. 

But, as it is seen in Fig. 9.2 this is not the case. The permafrost areas which hold huge building in the common 

belief that they remain solid are threatened by collapse of the existing structures as the permafrost becomes 

melting. From the beginning of the 20th century to 2005 the area of permafrost decreased by 3 million square 

kilometres, which is 7 % of the initial area. 

 

Figure 9.2: Melting the permafrost areas. Left figure: the schematic function of the weight holding capacity of 

the soil in connection with the soil temperature. It is seen that even in moderately frozen conditions the soil can 

keep much less weight on its surface than in strongly frozen conditions. Right figure: the global trend of 

melting. 

Climate change leads to a sequence of side-effects, some of which compromise the quality of air, water, and 

soil. Increasing air temperatures lead, e.g., to higher metabolic rates in soils with resulting emissions and 

changing water chemistry. Other sources will release more volatile components, etc. As a result, precursor 

concentrations increase in the atmosphere, and water quality experiences serious changes due to an altered soil 

hydrology and chemical interactions. 

A more comprehensive compilation is presented in Table 9.1, adapted still from the Third IPCC Report (2001), 

listing several effects of the already observed tendencies of regional changes, mainly supported by climate 

model simulations, as well. 

Table 9.1: Examples of possible impacts of climate change due to changes in extreme weather and climate 

events, based on projections to the mid- to late 21st century. These do not take into account any changes or 

developments in adaptive capacity. The likelihood estimates in column 2 relate to the phenomena listed in 

column 1. (IPCC, 2001 Synthesis Report Table SPM.3.) 
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Notes: 

a) See WGI Table 3.7 for further details regarding definitions. 

b) Warming of the most extreme days and nights each year. 

c) Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the 

highest 1% of hourly values of observed sea level at a station for a given reference period. 

d) In all scenarios, the projected global average sea level at 2100 is higher than in the reference period 

{WGI10.6}. The effect of changes in regional weather systems on sea level extremes has not been assessed. 

Various levels of the warming mean different degrees of danger, as it is presented in Fig. 9.3. 
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Figure 9.3: Illustrative examples of global impacts projected for climate changes (and sea level and atmospheric 

carbon dioxide where relevant) associated with different amounts of increase in global average surface 

temperature in the 21st century. The black lines link impacts, dotted arrows indicate impacts continuing with 

increasing temperature. Entries are placed so that the left-hand side of the text indicates the approximate onset 

of a given impact. Quantitative entries for water stress and flooding represent the additional impacts of climate 

change relative to the conditions projected across the range of Special Report on Emissions Scenarios (SRES) 

scenarios A1FI, A2, B1 and B2. Adaptation to climate change is not included in these estimations. All entries 

are from published studies recorded in the chapters of the Assessment. Sources are given in the right-hand 

column of the Table. Confidence levels for all statements are high. IPCC (2007: Figure SPM.2.) 

35. 9.2 Vulnerability and adapting capacity of the 
various sectors 

Aquatic Resources Adaptation of aquatic resources is based on an integrated approach, including flood and 

drought hazards, snow cover patterns, changes of surface- and ground-water quality, soil erosion risks, its 

impact on material fluxes in catchments, consequences of climate change impact on drinking water supply, and 

changes in habitats of near natural aquatic ecosystems. Special attention shall be given to future water resource 

management, especially reservoir and groundwater management. A data set of the response analysis from the 

sub-target areas shall be developed as an analytical basis for adaptation strategies. 

Mountains constitute those areas of the river basins where most of the discharge is being generated – due to 

relatively high precipitation and low evapotranspiration. Snow cover is an important buffer to store water during 

winter and to recharge reservoirs in spring. This water will be released during late spring and summer, when 

discharge decreases because of water use by vegetation. The most important water reservoirs are located in 

mountainous areas. This water generally is of relatively good quality; stabilizes and improves the downstream 

water quality. The hydrological balance of mountains is currently changing (increasing temperature leads to 
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modifications in snow cover and in circulation patterns that result in precipitation and luv/lee exposition 

alterations). 

The anticipated major changes in the water sector relate to increases in extreme events, particularly floods with 

major impacts in mountainous areas, and to increasing dry spells in the vegetation period that may less affect the 

mountains but rather the surrounding lowlands. This encompasses the calculation of damage functions for 

mountain floods and for drought events. Climate and land-use change-related assessment of uncertainties and 

economic losses, connected to changes in operational rules, the hydrological safety of dams and hydrological 

risks downstream from dams, including the risk aware adaptation in dam design, operation and management are 

still challenges for science. 

A large number of the existing reservoirs in Europe were built under conditions that differ from those to be 

faced in the near future. These differences relate to engineering, social, economic, land-use, and climatic 

conditions. Having to adapt operational regulations is therefore highly probable. In consequence, large 

uncertainties could affect risk situations and policies for mitigation of climate change impact-induced changes in 

areas with existing reservoir systems. Drought and flood frequency regimes in the reservoirs and their 

downstream areas are a large source of uncertainty. The social perception of related risks and in areas where 

new dams may have to be built will be forced to change. 

To cope with increasing floods, additional adaptation measures for reservoir management have been discussed 

and partially implemented. These relate to non-technical and land-use management-related measures. 

Adaptation measures shall be proposed that reduce risks and uncertainties. A unified approach is aimed for that 

combines the reservoir management-related risk assessment with climate change and land-use. 

 Agriculture Weather and climatic conditions are the most important production factors for agriculture. Farmers 

within any agro-ecosystem try to adapt to these conditions. Farm technologies play a major role in this process 

in both the short and the long term. Technologies are optimised for different purposes such as maximising food 

production or profit. There is an urgent need for such aims to safeguard the sustainability of food production on 

the local level. This can only be based on stable agro-ecosystems and be enhanced to other ecosystem services 

(e.g., water retention, recreation potential). Even though agriculture in Central Europe is not considered being 

highly vulnerable in general (IPCC 2007), the impact and the increased frequency of extreme events can 

seriously affect individual farming units. Many of the envisioned negative impacts on agricultural production 

are still avoidable or can be significantly reduced by applying appropriate adaptation measures at an early stage.  

Unfortunately, climate impact and adaptation sciences have advanced independent of their real applications, 

often lacking feedback from decision makers on the regional level. Besides, researcher and agriculture-oriented 

institutions are typically separated at the highest levels of national and regional governments. While experts and 

researchers might have established significant know-how and produced relevant results or knowledge in 

climate-impacts and adaptation studies; the economical analysis to back up these results is missing. At the same 

time, experts often do not sufficiently regionalize or ―downscale‖ estimates because of lacking feedback from 

the ―stakeholders‖ or even insufficient knowledge on regional conditions. Furthermore, climate effects on crops 

cannot be analyzed from national and regional agricultural frameworks. 

Agriculture plays a major role in major continental area. Related strains include purely economic adaptation 

pressures, e.g., related to migration, major re-organization in the transition economies, and increasingly climate 

change-related pressures. The latter is specifically triggered by increasing drought frequencies and intensities, 

the occurrence of severe storms, and of unusual outbreaks of pests and diseases. Changes in the developmental 

cycle, seasonal shifts, and low soil moisture recharge during winter constitute a formidable problem. Multiple 

risk factors shall be investigated in parallel (e.g., climate extremes in combination with infestation pressure etc.). 

While growth conditions for annual crops on higher altitudes might benefit from anticipated climate change 

conditions, very little is known about the impact on perennial cropping systems (namely grasslands and fruit 

trees). Perennial cultures have an inherently lower adaptive capacity and are thus more vulnerable. The present 

EU agricultural policy is focused on the sustainability of rural landscapes rather than maintaining or increasing 

agricultural production – with an obvious exception: the anticipated prominent role of biomass as one of the 

future sources of renewable energy. Such a production is only possible under a reasonably high productivity per 

area unit. An additional pressure, particularly in the mountainous areas, relates to increasing extreme 

precipitation events and soil erosion and to changes in phenology and field workability (e.g., due to high or low 

soil moisture or rain days during harvest). 
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Severe climatic and economic vulnerability at the local level is currently masked by most studies that suggest 

relatively moderate impacts of climate change on the overall agro-ecological conditions. This needs to be 

addressed (IPCC 2007). While most agricultural systems are typically perceived as having high adaptive 

capacities, this varies with region, crop (e.g., cereals vs. permanent cultures) as well as cropping system. 

Natural ecosystems: forests Changes in climatic conditions are expected to result in responses at all levels – 

from biomes through communities and species to individuals. Significant changes and shifts of the potential 

distribution ranges of species, leading to changes of forest structure and composition, are anticipated for many 

areas. Climate change will also affect biomass productivity and increase disturbance frequency and intensity in 

forest stands. On the other hand, forests (and the wood chain) influence a large part of the anthropogenic forcing 

factors (carbon, methane, nitrogen cycles, albedo, atmospheric solid particles, biomass burning, etc.) either 

directly or indirectly (Matyas 2004). 

A 1°C change in annual average temperature can affect the growth rate and regeneration capacity of trees. Slow 

growing species are more vulnerable than fast-growing ones, and stands under extreme conditions of water 

availability are particularly susceptible. This is why the vulnerability of forests in eastern-central Europe is 

higher than in the western and northern part of the continent. The occurrence of climate extremes significantly 

reduces both the amount of gross domestic product generated in forestry and its profitability– in stark contrast to 

anticipated growth of production and consumption. 

Adaptation options in forestry are subject to the long-term nature of the industry. Options include planting 

drought-resistant species and changing species composition and harvesting practises. This policy is an ongoing 

adaptation process to improve forest species diversity (potentially natural vegetation) and make forest more 

resilient (to reduce calamities as in the 1970‘s and 1980‘s). It is almost restricted to state-owned forests, 

however, and subsidies for private owners are limited. 

36. 9.3 Geographical Analogy – Links to Some 
Hungarian Scenarios 

The present climate of several areas in the two countries corresponds in its broad outlines to the image one may 

assume for the territory of Hungary on the basis of certain statistical relationships and large-space model 

estimates in some future phases of global warming. Not giving the details of the methodology of domestic 

calculations, and the results of scenarios, we present the expected changes of temperature and rainfall on the 

basis of our earlier writings (Mika, 1993, 1996, 2001) in Table 1, and also illustrate them on a map in Figure 

9.4. 

The bottom line of the Table lists territories that are analogous with the climate, where nowadays the climate is 

like the one expected in Hungary as a result of 0.5 to 4 oC of global warming. 

Table 9.2: Scenarios for Hungary based still on empirical analyses od data and coarsely resolved global climate 

models (Mika J., 2001) 
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Even though geographic analogies produce tangible opportunities for linking the Balkan region and our country, 

moreover, even for the future adaptation of experiences in cultivation, way of life, etc., this possibility should be 

handled with caution for two reasons. One is that the methodology of the Hungarian climatic scenarios is not 

fully developed, primarily because of the limitations of direct physical modelling. Practical procedures based on 

the above rough-dissolution climatic models and on projecting into the future diagnostic relationships valid in 

the past, even though they yield consonant results, can be regarded as first approximations for lack of adequate 

explanation of dynamics. The other reason of the necessary caution is that there can be differences in many 

details between the present climate of the Balkans and the future one in Hungary even if two conditions of the 

analogy, namely the temperature of the extreme seasons and the realisation of the annual quantity of rainfall are 

met. Obviously nothing guarantees that there may be a climate presently anywhere on Earth that could be 

expected in the various regions of the future Hungary. 

In summary the geographic position of the two countries under survey differs only slightly from that of 

Hungary. As a result the annual course of the climate of the three capital cities located on flatland is similar. But 

the mountain ranges of the two other countries articulate into segments the territorial distribution of temperature 

and precipitation. 

In addition to indicating it we have devoted particular attention also to how the climate of the two countries may 

change in case global warming continues. Despite a broad belt of uncertainty it is probable that the summer 

precipitation of the region would fall while warming would be faster than the average of the Earth, but the 

winter sign of this change is not unambiguous. Linking the present climate of the two countries to Hungarian 

scenarios we have risked the methodological possibility by which we looked for analogous regions from the 

present climate of the two countries for our future climate to the environmental and economic impact studies. 
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Figure 9.4: Analogous regions corresponding to the climate expected in Hungary. (Graphics: Németh Á.) 

37. 9.4 Impacts on natural vegetation: Renaissance of 
an old diagram 

Finally, the need for adaptation is illustrated in the well known Whittaker diagram describing the main 

ecosystems in the temperature-precipitation system of coordinates (Figure 9.5). What can living organisms do 

during climate change? Three things basically: to tolerate the changes, to leave the place (very slowly by the 

plants) and to die. 

When climate of a given location reaches the margin of the separate types of vegetation the plants find 

themselves in marginal position. There are the most endangered species and the most culminant tasks for 

planned adaptation. 
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Figure9.5: Whittaker-diagram of the present vegetation-cover in terms of the annual mean temperature and 

precipitation. (Source: http://web.rollins.edu/~jsiry/Syllabus_Nature-along-Coast.htm) 

10. Increasing preparedness to climate change in Hungary 

38. 10.1 Concentrated efforts on climate impacts in 
Hungary 

In 2003 the Hungarian Government and the Hungarian Academy of Sciences launched a joint research project 

entitled ―Global climate change, its impacts in Hungary and responses‖. The acronym of this project 

―VAHAVA‖ comes from the abbreviation of the Hungarian key words ‖Change-Impact-Response‖ (VÁltozás – 

HAtások – VÁlaszadás). 

Since the National Environmental Program of Hungary was already dealing with the national tasks of 

controlling the emissions of greenhouse gases, consequently, the VAHAVA project focused primarily on the 

tasks of vulnerability and adaptation in relation to the anticipated impacts of the climate change. 

The VAHAVA project formulated two strategic objectives: (1) To get the Hungarian people and economy 

prepared to face the occurrence of the likely increased extreme weather and hydro-meteorological events, and to 

bear warmer and drier time periods and their expectable impacts; (2) To develop the organizational, technical, 

infrastructural and financial conditions that will be needed for a timely response of the society to these harmful 

impacts. 

The major methodological feature of the VAHAVA project was the synthesis of large systems. This means that 

no basically new research programs were launched, but the knowledge, data and experiences gained in the past 

decades were summarized and synthesized, creating in this way new intellectual products. For this reasons, 

representatives of various scientific disciplines have been invited to take part in this complex project. 

38.1. 10.1.1. Climate and extremes in Hungary 

The climate of Hungary is being affected by impacts arriving from three directions: Continental effects arrive 

from the East, Atlantic from the West and Mediterranean from the South. Owing to these the meteorological 

events of various years and seasons are highly variable (see e.g. in Gyuro et al., 2007). The country-wide 

average temperature follows global changes, but indicates somewhat higher warming than the global rate. These 

changes occur mostly in the months of the summer half year. The disadvantageous impacts of extreme 
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meteorological events include: floods, excess inland water inundations, droughts, rainstorms, hails, heat waves, 

increasing UV radiation, early and late frosts, snow jams, wind storms, forest and bush fires, appearance of new 

pathogens and pests. 

The more serious impacts of increased extremes due to the climate change are also affected by human activities 

(e.g. the inappropriate land uses and the lack of maintenance of flood levees in flood-prone areas, etc.). 

Concerning these expected general changes of the climatic conditions in our country, the working hypotheses of 

the project were as follows: 

1. The warming will be stronger in the Carpathian Basin than the global average; 

2. We may expect the decreasing of annual average precipitation; 

3. The number and intensity of extreme meteorological events will be increasing. 

38.2. 10.1.2 Basic results and recommendations of the VAHAVA 
project 

The activities of this project allowed the formulation of a large number of measures and regulatory 

considerations. A selection of these findings and recommendations is as follows: 

1. Putting the precautionary principle into the focus, the Project concentrated its activities on the increasing of 

general awareness of all interested stakeholders on the climate change hazard, its impacts and the necessary 

response measures. 

2. The different members of the society, the elements of the natural environment, the landscape and the 

different sectors of the national economy are all reacting differently to the changes of the climate, their 

vulnerability and resilience are also different. 

3. An extremely important result of the Project was that we were successful in drawing the attention of the 

public, the society to the change of the climate and to the need of increasing the preparedness to this change. 

4. The Project also underlined in its proposals that there is an urgent need for raising climate-awareness, in 

which education, training, giving of professional advises and popular-scientific publications should play 

equally important roles. 

5. A wide range of professionals got acquainted with new terms (climate-policy, mitigation, adaptation), and 

got new knowledge on general features of climate and weather. 

6. The responses to impacts and the solutions can be achieved in sequential manner, taking the 

interdependencies of mitigation and adaptation also into consideration: 

7. A major proposal of the Project is that a ―Preventive Climate -Strategy for Public-health Protection‖ should 

be developed, adopted and implemented. 

8. In a critical situation the availability of food, drinking water, medicine and other reserves is always 

deterministically important for the endurance of the situation and for the mitigation of the losses of the 

people. 

9. In mitigation and adaptation the proposals of the project attribute special importance to the role of forests, 

and of vegetation cover in general, with special regard to their absorption and storage of CO2, and 

considering several other advantages. 

10. An ever increasing stress is the decreasing of freshwater resources and the deterioration of the quality 

of the existing ones, along with the rising prices of water. In the field of water, the proposals of the project 

are focused at three key issues: 

11. Proposals related to the field of energy production and consumption, which play deterministic role in 

among the causes of global warning, are concentrated on the issue of mitigation. The proposed strategies 

include the improving of the efficiency of power generation and of its utilization, with special regard to 

energy-saving technologies, to the decreasing of power-dependency, the reduction of costs, the increasing of 

interests of all stakeholders, the expansion of alternative power resources. 
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12. A special response package was created for transportation, aimed at the reduction of the emissions of 

harmful substances. 

13. Proposals related to the sparing use of energy and the protection of human health concern the strategies 

for the adaptation to climate changes in the field of the construction and building industries and in the 

development of settlements. 

14. Upgrading of the national systems of Catastrophe Prevention and of insurance was underlined in 

among the proposals dealing with safety. 

38.3. 10.1.3 The National Climate Change Strategy 

After the publication of the proposals of the Project the Hungarian Government has adopted a decision on 

preparation of a National Climate Change Strategy (NCCS). Its elaboration was coordinated by the Ministry of 

Environment and Water and it take into account the results and recommendations of the VAHAVA project. 

The Parliament adopted the National Climate Change Strategy on March 17 of 2008 with unequivocal decision. 

The Resolution was compiled in order to determine objectives, instruments, priorities, so particularly tasks 

connected to the Hungarian researches on climate change, the processes causing thereof and impacts, to the 

reduction of domestic greenhouse gas emissions and to the adaptation to domestic impacts of climate change as 

well as to the preparation for the domestic impacts and instruments for complying with these objectives. 

The NCCS outlines the effects of climate change in the following directions based on previous scientific 

researches mainly based on the synthesized by the VAHAVA Project: 

1. nature conservation; 

2. human environment, human health issues; 

3. water management; 

4. agriculture: plant production, animal husbandry, forests; 

5. regional development, development of the settlements and the built-up environment. 

Besides that, the NCCS requests to widen this scope of adaptation in the process off its fulfillment to other 

sectors, including the tourism, the security policy and urban planning. 

The Climate Strategy is elaborated for the period of 2008-2025 in accordance with the international 

commitments. The Government shall review the Climate Strategy in two years after its adoption, and then in 

every five years. 

38.4. 10.1.4 Follow-up activities related to impact research 

The VAHAVA Project had a follow-up within the framework of a national research project entitled ―Preparation 

fro climate change: environment – risk – society‖ (Harnos, 2008). The range of the research areas were very 

branching out. Here we limit ourselves to some aspects of the environment and the agriculture. The climate 

change expectations were based already on detailed elaboration of the Prudence Project (c) for Hungary and for 

the related areas (e.g. watersheds). 

Climate change as input variables for the impact and adaptation studies were investigated from two aspects, i.e. 

(i.) as a continuous linear and slow change of mean temperature and precipitation and (ii.) as a non-linear 

change with more frequent and serious anomalies. 

Considering the first (slow) type of change we expect the following changes in crop production and, indirectly, 

in food production: 

1. The crop development is accelerated by the higher temperature assuming no nutrient and water stress. Much 

higher temperature tan optimal, however, van danger the crop growing and survive. 

2. High temperature increases evapotranspiration which can rapidly dry up the soil. 
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3. Increasing CO2 concentration has a positive effect to the biomass accumulation. 

4. Water use in agriculture is expected to be more expensive and strictly limited because of increasing private 

and industrial water use under warm temperature conditions. 

5. Soil productivity is also expected to be changes because organic matter brakes down more intensively at high 

temperature. 

6. Warming up has a positive effect on the reproduction and winter mortality rate of pests which makes the 

invasion easier. Thus, the protection against pests becomes more expensive. 

7. Depending on climate change, land use can also alter significantly. According to the assessments, ecological 

zones can be shifted to north at a rate of 150-250 km with the global warming of 1 oC. For Hungary it means 

that a temperature increase of 2 K can involve great changes in climate conditions which demand totally 

different land use. 

Considering the second (changeable) type of change we can establish that anomalies make the production 

uncertain, extreme events can cause catastrophes which have serious social and economic effects. But, since the 

global and the moderately resolved regional models could not provide certain details of the changes in 

frequency and peak intensity of these extremes, no specific conclusion could have been delivered. 

39. 10.2 Impact in Hungary – selected aspects 

In respect to the uncertainties of the above analysis, a different approach to supply the impact studies with 

detailed climate scenario is also presented. This approach requires a methodology to transform regional climate 

scenarios of e.g. seasonal resolution into daily statistical series, i.e. weather. Generation of these, future weather 

series requires two steps. At first, besides the regional climate scenarios, which generally mean changes in the 

averages, only, one must derive changes of the second and even higher statistical moments. The second step is 

the application of a weather generator to simulate daily series of local weather elements with the necessary 

(modified) statistical properties. Recently, there is no broadly accepted approach to the 'downscaling in time' 

problem. 

Table 10.1 represents that the heuristic approaches of the first above step may lead to rather different results 

even in case of identical ‗downscaling in space‘ steps. Three approaches to estimate annual discharge are 

collected with application of analogy in space (one case) and analogy in time (two different cases) for the first 

step of the ‗downscaling in time‘. The previous approach means that a pair of sites are selected where present 

seasonal climate is similar to that which is expected in the other member of a given pair after a given change in 

the global temperature, and the estimated local change according to the ‗downscaling in space‘ operation. The 

second line in Table 10.1 means an approximate correspondence of present climate in Szeged to future climate 

of Miskolc after 0.5 K global warming. 

Table 10.1: Selected results of impacts on surface hydrology based on climate change scenarios for Hungary 
 

SURFACE 

HYDROLOGY 
GLOBAL 

CHANGE 
CHANGE IN 

IMPACT 

VARIABLE 

REFE-RENCE IMPACT- 

STUDY 

METHOD 

DOWNSC. IN 

SPACE (TIME) 

Annual 

discharge (17 

small rivers - 

brooks) 

+ 0.3 K - - 21% 

average: -15% 

Nováky, 2000 Empir. impact 

function 
method slices 

Mika 2000, (--) 

Spring water 

surplus 

(18 meteorol. 

station) 

the same - - 14% 

average: -9 % 

the same the same the same 
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Available 

surface water 

storage 

the same Duna watersh.: -

8% 

Tisza watersh.: -

30% 

Simonffy 2000 Water balance 

model 
method slices 

(empir. relations) 

Available sub-

surface water 

storage 

the same Duna watersh.: 

(+) 

Tisza watersh.: -

25% 

the same the same the same 

Area with 

available water 

for irrigation 

the same Duna watersh.: -

8% 

Tisza watersh.: -

50% 

the same the same the same 

Annual 

discharge 

(Zagyva 

watershed) 

+ 0.4 K - 15 – 22 % Nováky, 1991 Empirical 

formulae 
method slices 

(30-30 yrs) 

Water dam: 

amount without 

limitation 

+ 0.5 K - 2 - 3 % Szilágyi, 1989 Statistical model method slices 

(generated) 

Water dam: 

duration without 

limitation 

the same - 4 - 5 % the same the same the same 

Annual 

discharge (river 

Sajó, 1 gauge) 

the same - 9 % Bálint et al., 

1996 
Conceptual 

model 
method slices 

(geo-an.,R91) 

Annual 

discharge (17 

small rivers - 

brooks) 

the same - - 34% 

average: -26% 

Nováky, 2000 Empir. impact 

function 
method slices 

Mika 2000, (--) 

Spring water 

surplus 

(18 meteorol. 

station) 

the same - - 25% 

average: - 16% 

the same the same the same 

Annual 

discharge (17 

small rivers - 

brooks) 

+ 0.7 K - -44% 

average: - 34% 

the same the same the same 

Spring water 

surplus 

(18 meteorol. 

station) 

the same -13% 

average: - 7 % 

the same the same the same 
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Available 

surface water 

storage 

the same Duna watersh.:- 

20% 

Tisza watersh.:- 

60% 

Simonffy 2000 Water balance 

model 
method slices 

(empir. relations) 

Available sub-

surface water 

storage 

the same Duna watersh. ca. 

0 

Tisza watersh.:- 

80% 

the same the same the same 

Area with 

available water 

for irrigation 

the same Duna watersh.:- 

11% 

Tisza watersh.:- 

74 % 

the same the same the same 

Annual 

discharge 

(Zagyva 

watershed) 

+ 0.8 K - 57 - 59 % Nováky, 1991 Empirical 

formulae 
method slices 

(5 yrs: time an.) 

R91 and D96: weather generators: Racskó et al., 1991 and Domonkos, 1996 

Downscaling in time‘ is based on time analogies means selection of two time periods at the same site. Average 

of the warmer period corresponds to a future climate, and the cooler (generally wetter) period is accepted as a 

baseline (present) climate. 

Table 10.2: Results of impacts on plant covered soil hydrology based on climate change scenarios in Hungary. 
 

SUBSURFACE 

HYDROLOGY 
GLOBAL 

CHANGE 
CHANGE IN 

IMPACT 

VARIABLE 

REFE-RENCE IMPACT- 

STUDY 

METHOD 

DOWNSC. IN 

SPACE (TIME) 

Soil moisture in 

4-year rotation: 

annual/August 

+ 0.5 K - 20 % / 

/- 20 % 

Huszár et al., 

1996 
Soil-vegetation 

model 
Method slices 

(geo-an.;gen.) 

Same in maize 

mono-culture: 

annual/August 

the same -18 % / 

/- 19 % 

the same the same the same 

Annual 

transpiration by 

plants (4-year 

rotation) 

the same 4yr rotat.:- 6% 

maize mono: -6% 

Huszár et al., 

1999 
Soil-vegetation 

model 
Method slices 

(geo-an.;gen.) 

Maize water 

consumption 

veg. period (4-

year rotation) 

the same 4yr rotation:- 10 

% 

maize mono:-

10% 

the same the same the same 

Number of 

water-stress 

the same maize: + 37 % the same the same the same 
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days (4-year 

rotation) wint. wheat: + 9 

% 

rape-seed: +75% 

Number of 

water-stress 

days (maize 

mono-cult.) 

the same + 50 % the same the same the same 

Soil moisture in 

4-year rotation: 

annual/August 

+ 0.7 K - 6 % / 

/- 67 % 

Huszár et al., 

1996 
Soil-vegetation 

model 
method slices 

(geo-an.;gen.) 

Risk of drought 

stress: wheat 
+0.75 K absolute:-5 % 

relative: -30 % 

Kovács - 

Dunkel,98 
plant develop-

ment model 
method slices 

(time an.;R91) 

Risk of drought 

stress: maize 
the same absolute:20% 

relative:+130% 

the same the same the same 

De-nitrification 

in avg. beneath 

maize 

the same - 19 % the same the same the same 

Infiltration 

beneath the 

maize root depth 

the same average: - 44 % 

frequency:-35 % 

the same the same the same 

Infiltration of 

nitrate in soil, 

beneath maize 

the same average: - 48 % 

frequency: - 35 % 

the same the same the same 

Relative soil 

moisture, maize: 

annual/August 

+ 2 K 

(1.5xCO2) 

- 3 -5 / -5 -7% 

+ direct CO2: 

+1 - 2 / + 6% 

Nováky et al., 

1996 
Vegetation-soil 

model 
GCM, M'93a 

(D'96: down in 

time+gener.) 

Relative soil 

moisture, potato: 

annual/August 

the same - 3 -7 / -5 -7% 

+ direct CO2: 

-1,+2 /+ 6-7 % 

the same the same the same 

Irrigation water 

need maize: 

(annual total) 

the same - 0, + 2 % 

+CO2:-25-29% 

the same the same the same 

Irrigation water 

need potato: 

(annual total) 

the same + 23 - 32 % 

+ CO2:-2-12% 

the same the same the same 

Relative soil 

moisture, maize: 

annual/August 

+ 4 K 

(2xCO2) 

+ 2 / -5 -14 % 

+ direct CO2: 

the same the same the same 
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12-15/15-20% 

Relative soil 

moisture, potato: 

annual/August 

the same 0,+1/ -5 - 13% 

+ direct CO2: 

11-13/16-21% 

the same the same the same 

Irrigation water 

need maize: 

(annual total) 

the same + 11 % 

+CO2:-45-48% 

the same the same the same 

Irrigation water 

need potato: 

(annual total) 

the same + 53 - 68 % 

+CO2:-13-28% 

the same the same the same 

Table 10.3: Results of impacts on vegetation based on climate change scenarios in Hungary. 
 

VEGETATION 

ECOLOGY 
GLOBAL 

CHANGE 
CHANGE IN 

IMPACT 

VARIABLE 

REFE-RENCE IMPACT- 

STUDY 

METHOD 

DOWNSC. IN 

SPACE (TIME) 

Number of 

sandy grass 

species 

+ 0.3 K - 40 % Kovács-Láng 

et., al, 1998 
Spatial 

comparison 
method slices 

(--) 

Coverage of 

surface by sandy 

grass 

the same - 50 % the same the same the same 

Proportion of 

ephemeral grass 

species 

the same From 16 % 

To 42 % 

the same the same the same 

Continental vs. 

W-Eu species 

proportion 

the same From 1.2 

To 1.9 

the same the same the same 

Wheat yield the same -5 % 

+CO2 :+5 % 

Kovács - 

Dunkel, ‗98 
plant 

development 

model 

method slices 

(time an. 20 yr) 

Maize 

vegetation 

period duration 

the same - 5 % the same the same the same 

Maize yield the same - 15 % 

+CO2 : - 10 % 

the same the same the same 

Grass (Festuca 

Stipa) biomass 
+ 0.5 K - 8 - 10 % 

(pcp. only) 

Kroel-Dulay et 

al.., 1998 
plant develop-

ment model 
method slices 

(evenly distribut.) 

Frequency of + 0.5 K + 50 - 60 % Bussay, 1995 2 forest fire method slices 
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forest fires indices 
(--) 

High forest-fire 

risk situation 

frequency 

the same + 100 % Bussay- 

Bihari,1998 
1 forest fire index method slices (--) 

Vegetation 

period duration 

(5,10,15 oC 

thresholds) 

the same 5-10 oC:+3-4% 

15 oC: + 5-9% 

Mika, 1992b Climatic 

calculation 
method slices 

(--) 

Maize yield 

(wheat-maize 

rotations 1-1, 2-

2 yr) 

the same 1-1 yr rot.:+ 49-

55% 

2-2 yr rot.:+ 37 - 

51% 

Erdõs-Mika, 

1993 
Spatial 

comparison 
method slices 

(--) 

Maize yield 

(maize only 

monoculture) 

the same + 14 - 45 % the same the same the same 

Potato yield 

(Counties and 

avg.) 

the same -15 - 21 % 

average: -19 % 

Bussay, 1995 plant 

development 

model 

method slices 

(--) 

Wheat yield +0.75 K -10 % 

+CO2:+ 25 % 

Kovács - 

Dunkel,‘98 
plant 

development 

model 

method slices 

(time an.5 yr) 

Maize 

vegetation 

period duration 

the same - 10 % the same the same the same 

Maize yield the same - 25 % 

+CO2 : - 5 % 

the same the same the same 

Maize 

vegetation 

period duration 

+ 1 K -19 - 30 % 

average: -26 % 

Bussay, 1995 plant 

development 

model 

GCM, M'93a 

(--.) 

Grass (Festuca, 

Stipa) biomass 
+ 2 K + 6 - 8 % 

(temp. only) 

Kroel-Dulay et 

al., 1998 
plant develop-

ment model 
GCM, M'93a 

(evenly distrib.) 

High forest-fire 

risk situation 

frequency 

+ 2 K + 100 - 200 % Bussay- 

Bihari,1998 
3 forest fire 

indices 
GCM, M'93a 

(D'96: d.i.t.+gen.) 

Vegetation 

period duration 
the same maize - 5 - 7 % 

potato + 4 - 8 % 

Nováky et al., 

1996 
Vegetation-soil 

model 
GCM, M'93a 

(D'96: d.i.t.+gen.) 

High forest-fire 

risk situation 

frequency 

+ 4 K + 200 - 300 % Bussay- 

Bihari,'98 
3 forest fire 

indices 
GCM, M'93a 

(D'96: d.it..+gen.) 
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Maize 

vegetation 

period duration 

the same maize - 7 - 11 % 

potato + 8 - 10% 

Nováky et al., 

1996 
Vegetation-soil 

model 
GCM, M'93a 

(D'96: d.i.t.+gen.) 

40. Wheat yield 

R91 and D96: weather generators: Racskó et al., 1991 and Domonkos, 1996; d.i.t=downscaling in time 

11. Climate as a risk factor for tourism 

Weather and climate, together with natural resources such as geographical location, orography and landscape 

play a vital role in tourism and recreation. Because outdoor recreation is very sensitive to weather, weather and 

climate, although amongst the most important features attracting tourists, are also limiting factors. Health 

tourism is even more sensitive to climate conditions, especially to thermal conditions and health tourism 

operators should pay particular attention to thermal conditions to avoid adverse consequences for visitors to 

health resorts. 

Unfortunately, the role of climate in determining the suitability of a region for recreational or health tourism is 

often assumed to be self-evident and therefore to require no elaboration. Misleading or selective climate 

information may give the tourist a false impression of their destination. However, climate-related information is 

often very poor and barely helps tourists in planning and scheduling their holidays or in the promotion of a 

tourist destination in publicity campaigns. 

Though some recent publications provide overviews of the climate issue in relation to tourism and leisure, the 

effects of climate change on tourist flows and recreation patterns, these views are still far from finally 

established. The issue is rather complex since mountain tourism, lakes, streams, forest ecosystems, coastal and 

marine environment, savannah regions, urban areas, biodiversity, disease and biosecurity all comprehend series 

of mutually interacting effects of climate variations and weather extremes. In the followings we also try to give 

an overview mainly focusing on the weather and climate extremes as risk factors for tourism. 

41. 11.1 Weather relatedness of the tourism business 

The famous cities are attracting many tourists. For this urban tourism the highest risk is the heat island effect 

that enhances the sometimes otherways high temperatures during the day and even until late evenings. In the big 

cities is already of the same magnitude as the expected climate change in the next hundred years. Cities in 

tropics and middle latitudes are likely to become more unpleasant for tourists during the hottest months. In 

middle latitudes heat waves will become more intensive and more frequent. Severe heat stress can result in 

deterioration in health including heat illness. Direct health effects would include increases in heat-related 

mortality and illness resulting from an anticipated increase in heat waves, although offset to some degree in 

temperate regions by reductions in winter mortality. 

Fig. 11.1: Annual course in monthly 

number of days with precipitation ≥ 20 mm in Budapest 
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Selection of season for visiting the towns is also season-dependent due to the duration of the daylight and 

sunshine for sightseeing and taking pictures. There are also several humidity factors which exhibit parallel 

annual cycles, but which are not always considered by the visitors (or considered erroneously, based on their 

home-based climate experience). Figs. 11.1 and 11.2 present such variables for capital cities of Hungary. The 

first one is the probability of precipitation ≥ 20 mm in 24 hours and the second one is the average number of 

days with 

Fig. 11.2: Annual course in number of 

days with relative humidity ≥ 80% at 12 UTC in Budapest 

Rural tourism, particularly in the mountainous areas, has traditionally been popular among free-time spenders of 

the world. In summer for hiking and other recreation activities, including spas and in winter mainly based on 

winter sports. Since many locations lie on lower altitudes, their vulnerability to warmer winter and less snow 

cover is considerably higher. 

Mountain environment is very sensitive to weather. For many alpine areas winter tourism is the most important 

income source, snow-reliability is one of the essential elements of touristic offer. As the temperature increases 

in the mountains, this also causes problems to ski slopes on glaciers in winter and summer skiing. Rising 

temperatures also cause melting of permafrost, consequently mountain areas are vulnerable to landslides, 

infrastructure becomes instable and hiking and climbing are more dangerous due to increasing rockfall, putting 

under risk even the summer activities in mountain area (hiking, trekking, biking). 

Islands, coasts and beaches are the pleasant sites for beach tourism. Different impacts on this environment tend 

to be the most threatening. The rise in sea level will cause coast and beach erosion, inundation of flood plains, 

destruction of coastal ecosystems, water-table rising, aquifer salinisation and submersion coastal plains. Since 

the coastal zones have often fertile soils, and are in favour for housing near the sea (ports, fisheries), the 

pressure on the yet undisturbed coastal zone is great. 

There are many coastal activities laying their own claims to the coastal zone. Main activities are transport, 

aquaculture fishery, agriculture, forestry, human settlement, mining, recreation and tourism. Some major 

problems encountered in coastal development are the deterioration of coastal resources by destruction, over-

exploitation and un-economical use; development activities along the coast, which create adverse affects on 

coastal resources; upland development activities having negative impact upon the downstream coastal areas and, 

finally, sea level rise and land fall resulting in inundation of coastal lowlands. 

Health tourism is the sum of all the relationships and phenomena resulting from a change of location and 

residence by people in order to promote, stabilize and restore their physical or mental well-being, using health 

services (Kaspar, 1996). One can divide it into two forms: medical tourism and wellness tourism. The hearts of 

the medical tourism are the healing and rehabilitation. The therapy is the most important among the medical and 

tourist services which based on natural medicinal factors (thermal water, cave, medical mud, and microclimate), 

and the general tourist services complement it only. The subalpine bioclimate, for example, plays an important 

part inhealing and prevention of different respiratory and thyroid disease, cardiac and circulatory disease, 

anaemia or exhaustion at our climatic health resorts (Németh, 2008). Weather and climate have a considerable 

influence on asthma, hay fever and other respiratory disorders caused by various allergens, pollens and 

pollutants, so spending a holiday in places with healthy climate could result in enhanced work efficiency and 

help to prevent illnesses. 
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Finally let us briefly specify some sport activities, from the risk point of view, that are parts of various touristic 

activities tackled above. Need for meteorological data of some of them goes beyond information provided on 

regular basis in the frame of weather forecasts. Extreme sports require even better meteorological support. Some 

tourists may expose themselves to risk (surfing, waterskiing, winter sports, hanggliding, etc.) which make them 

particularly vulnerable. No tourist season is complete without the sad news of accidents befalling tourists 

engaged in some particular form of sporting or mountaineering activity and who are surprised by a sudden onset 

disaster or simply an adverse change in weather conditions. Let us list the weather effects on sporting 

individuals through one frequent way of free-time sport. 

This is the distance running in which the individuals are mostly subject to the ambient environment. In case of 

bad weather conditions as high temperature, low atmospheric pressure, high humidity or strong wind, heavy 

rain, etc., many runners would even find it difficult to perform the planned number of kilometres. The higher the 

temperature is, the more physical strength will be consumed. In a hot environment, the energy supply of the 

human‘s anaerobic metabolism will increase relatively. In addition, sunshine is also an important factor, since 

the sunlight will increase the athletes‘ body temperature, and more importantly the solar infrared radiation will 

reduce one‘s capacity to dissipate body heat. Cloud amount reflects how much the sunlight, so cloudy day is 

most favourable for long distance running. 

The impact of precipitation on it is the two sides of a coin. On one hand, heavy rain will affect the performance. 

On the other hand, a slight rain is most advantageous for keeping the runner fresh. Although the athletes will 

feel uncomfortable if their clothes get wet, the rainwater on body surface will lead to faster sweat evaporation 

and body heat dissipation, which is favourable for performing longer distance or doing it in shorter time period. 

42. 11.2 Climate change and tourism 

IPCC WG-I (2007), the FAQ. 3.3 states: ―Since 1950, the number of heat waves has increased and widespread 

increases have occurred in the numbers of warm nights. The extent of regions affected by droughts has also 

increased as precipitation over land has marginally decreased while evaporation has increased due to warmer 

conditions. Generally, numbers of heavy daily precipitation events that lead to flooding have increased, but not 

everywhere. In the extra-tropics, variations in tracks and intensity of storms reflect variations in major features 

of the atmospheric circulation, such as the North Atlantic Oscillation.‖ 

In more details one can further read the following ―inconvenient‖ statements related to the Central European 

region in the appropriate pages of IPCC WG-II (2007): Central and eastern Europe: more temperature extremes, 

less summer precipitation, more river floods in winter, higher water temperature, higher crop yield variability, 

increased forest fire danger. Mountain areas: high temperature increase, less glacier mass, less mountain 

permafrost, upwards shift of plants and animals, less ski tourism in winter, higher soil erosion risk, high risk of 

species extinction. Mediterranean region: decrease in annual precipitation, decrease in annual river flow, more 

forest fires, lower crop yields, increasing water demand for agriculture, less energy by hydropower, more 

fatalities by heat waves, more vector-borne diseases, less summer tourism, higher risk of biodiversity loss. 

None of these changes are advantageous, but all of them are somehow related to tourism, since climate is a 

principal resource for tourism. It co-determines the suitability of locations for a wide range of tourist activities, 

is a principal driver of global seasonality in tourism demand, and has an important influence on operating costs, 

such as heating-cooling, snowmaking, irrigation, food and water supply, and insurance costs (Simpson et al, 

2008). Studies indicate that a shift of attractive climatic conditions for tourism towards higher latitudes and 

altitudes is very likely. Uncertainties related to tourist climate preference and destination loyalty require 

attention if the implications for the geographic and seasonal redistribution of visitor flows are to be projected 

(UNWTO-UNEP-WMO 2008). 

During the last few years, many parts of the world have suffered major heat waves, floods, droughts, soil 

moisture deficits, fires and extreme weather events leading to significant economic losses and even loss of life. 

Climate change could further exacerbate the frequency and magnitude of droughts in some places. Indirect 

effects of the global warming would include extensions of the range and season for vector organisms (e.g., 

mosquito, etc.), often increasing the likelihood of transmission of vector-borne infectious diseases (e.g., 

encephalitis). Some increases in non-vector-borne infectious diseases such as salmonellosis and other food- and 

water-related infections could also occur, because of climatic impacts on water distribution and temperature, and 

on micro-organism proliferation. 
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Sea-level rise is projected to have negative impacts on human settlements, tourism, freshwater supplies, 

fisheries, infrastructure, agricultural lands and wetlands, causing loss of land, economic losses. Changes in water 

availability, biodiversity loss, reduced landscape aesthetic, altered agricultural production (e.g., food and wine 

tourism), increased natural hazards, coastal erosion and inundation, damage to infrastructure and the increasing 

incidence of vector-borne diseases will all impact tourism to varying degrees (UNWTO-UNEP-WMO 2008). 

It can be expected that climate change will have some effect on desire and necessity of people to travel to places 

with different climate; mobility, this concerning available transport means, transport safety and convenience; 

safety; weather extremes are expected to become more frequent and intense; appeal of tourist destinations; some 

new destinations may appear, and some traditional destinations may lose their present appeal, or could even 

disappear; frequency of weather conditions suitable for different sports at selected tourist destinations. 

Finally let us mention a group of people who are not tourists, per se, but who are also affected by climate and 

weather. They are the people who can afford to leave home for several weeks or months tend to escape the stress 

of hot summers or cold winters at their permanent residence. Winter in polluted cities is unpleasant and 

unhealthy; hot summer weather with high ozone levels in dense urbanized areas is as well unpleasant and 

unhealthy. As the number of people being able to temporarily move to milder and healthier climate is constantly 

increasing, the number of seasonal migrants is expected to grow in the future. 

43. 11.3 Bioclimatic indices of the thermal 
environment (after Németh Á., 2008) 

The thermal comfort index is calculated by means of the physiologically equivalent temperature PET as the 

physiologically significant assessment of the thermal environment based at the human energy balance 

(Matzarakis and Mayer, 1997). For calculating PET the RayMan model can be used, using four meteorological 

parameters (air temperature, relative humidity, wind speed and cloudiness) as well as some assumed 

physiological parameters (age, genus, bodyweight and height, average clothing and working). According to the 

experience, an average weighted and dressed male person feels optimal in the 18-23 oC PET range. At the same 

time, any value above 35 oC is already reported as unpleasantly too hot. 

In Fig. 11.3 we demonstrate the average annual and diurnal course of this variable in Budapest. In order to 

identify the changes during the day, the index for observed climate has been calculated for observation terms 7 

a.m., 2 p.m. and 9 p.m. local time. 

These climate normal-based diagrams do not properly indicate the danger of temperature extremes especially in 

the summer period. Hence, we also demonstrate the probability of PET>35 oC (Fig. 11.4). This value is already 

significant from health point of view in case of touristic leisure. Besides that, in Table 2 one can also find the 

probabilities of overshooting the even more dangerous threshold PET>41 oC. For convenience, these numbers 

are expressed in the unit of occurrence per month. 

B 

udapest 
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Fig. 11.3: Average annual and diurnal cycle of PET in Budapest (1961-1990). 

 

Fig. 11.4: Probability of occurrence of PET >35°C in ten-day periods during the year at 2 PM. 

The columns clearly indicate the marked spatial difference and the intra-seasonal differences. 

The same PET index can also be used to detect climate changes in a given site. For demonstration of this 

possibility, the PET values were computed from the 12 UTC data series (for selected hours) of the Kékestető 

synoptic station. In its previous position before 1966 the station was just about 990 m above the sea-level. 

Hence, the trends are computed after this time, only. According the data series the number of heat-stressed days 

(when the PET > 29°C) increased whilst the number of cold-stressed days (PET < 0°C) decreased in the 

examined period (Fig. 11.5). 

Another comparison can be seen in Fig. 11.6. The summer-mean PET values exhibit definitely stronger changes 

in the capital city (Budapest Pestszentlőrinc, in the suburban zone) than at the south-eastern beach of the Lake 

Balaton (Siófok, near the lake). 

 

 

Fig. 11.5: Variation of number of heat-stressed days (left) and cold-stressed days (right). 
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The linear trend is calculated for 1967-2007. 

The decadal increase of this heat-balance indicator was almost 1 oC/10 years in Budapest during the 46 years, 

whereas the same thrend was just ca. the half of this value near the Lake Balaton. The difference might be 

explained by changes in both the temperature (damping effect of the Lake) and also in the cloudiness and 

humidity factors of the PET. 

 

Fig. 11.6: Summer mean PET values with their differing linear trends in 1961–2006. The changes are stronger 

in Budapest (outskirts) than in Siófok, near the Lake Balaton. 

44. 11.4 Adaptation of tourism to the weather and 
climate extremes 

The application of disaster preparedness to tourism will involve a number of measures. Tour operators and the 

tourists should be involved in the process of dissemination of warnings, in the response to the warnings and any 

evacuation process. 

Adaptation strategies include technical measures, sometimes with preliminary research efforts, such as 

snowmaking, slope contouring, rainwater collection and water recycling, reservoirs, water conservation plans, 

desalination plants at the shores, or introduction of new site locations (e.g. north facing slopes, higher elevations 

for ski areas, high snow fall areas). Another group of measures is the adapting regulations, such as fee structures 

for water consumption, compulsory prediction in case of risk of avalanche or enhanced UV radiation, advanced 

building design and prescription of given (e.g. fire-resistant) material standards for insurance, convention- or 

event insurance for the case of danger, insurance premiums or, simply, restriction of high-risk business 

operations, etc. 

Development of an early warning system should be specific to the vulnerable groups. Tourists can be 

particularly vulnerable, because in case of a general warning in a region, they are unlikely to know what specific 

actions to take and may be difficult to inform because of the language barriers. 

45. 11.5 Consequences of a global warming on sea 
level 

As tourism is very often targets areas which are on the sea-shore, the problem indicated in the title is treated in 

this Chapter. 

The most direct effect of the global temperature increase is the elevation of the sea level. In connection with the 

above global scenarios, the range of its changes by the end of the next century is also very wide, between 

somewhat more than 10 cm to just by few less than 100 cm. 
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Reality of such projections can be demonstrated also by the recent trends of the observed sea level in some ports 

over the world all exhibiting increasing trends of 8-31 cm/century, with its mean value of 17 cm/century since 

1905. 

Danger of the sea level rise is enhanced by the fact that it will not be stopped by the hopefully successful 

stabilisation of the air temperature. If stabilisation was performed e.g. by 2050, or 2200, the sea level would 

continously rise for further centuries, due to the further progress of the warming and thermal expansion in the 

deeper layers of the ocean. 

12. Mitigation of climate change 

Climate, one of the components of our natural environment with great probability faces changes unprecedented 

in the history of mankind as the consequence of human activity. Assuming the increase of the emissions of these 

gases at an unchanged rate, the risk of climate change accompanied by the regular increase of mean ground 

surface temperature becomes greater and greater. Rise of sea-level in the warmer climate, alteration of the 

extension of polar ice covers, displacement of the climate zones, as well as more adverse precipitation supply, 

that may occur in many regions of the Earth are warning that the present day generation should take steps to 

avoid the risk of climate change or to mitigate it, at least. 

Options for reducing the CO2 emissions include: a reduction of fossil fuel use through increased end-use energy 

efficiency; replacement of fossil fuel combustion with alternative energy sources; a reversal of the current 

deforestation trend; a shift of the fossil fuel mix from high- to low-CO2 emitting fuels; and disposal of CO2 in 

the deep ocean. 

Since the Framework Convention on Climate Change (UN-FCCC, 1992), the limitation strategies are 

scientifically established and politically encouraged even in countries with less economical potential. Besides 

this positive tendency, however, one has to realise, that in several small countries, even with solid scientific 

potential, the adaptation receives lower priority. This is dangerous, because even the most successful efforts to 

limit the greenhouse effect can promise a decrease of the global warming trend to a sustainable value of about 

0.1 K/decade. 

46. 12.1 The minimum goal: to avoid jump-like climate 
changes 

Considering the extremity in global scale, we should establish that there are so called tipping points (Lenton, et 

al., 2008), where our climate may exhibit irreversible changes (Table 12.1) Melting of the West Antarctic ice 

sheet, slow-dawn of the Atlantic thermohaline circulation and the El Nino – Southern Oscillation may turn into 

a new state after 3 K of global warming. The Greenland ice-sheet starts melting after 1-2 K, the Arctic summer 

ice melts already. Two examples of the endangered polar media are given next in Fig. 12.1. 

To avoid the 3 K warming the mankind must start decreasing its greenhouse gas emission by 2020, the latest. 

This can be established by considering the so called policy-scenarios with the conclusion that the concentration 

should be stopped at 445-490 or 495-535 ppm equivalent CO2 concentrations. (This is a value when all 

greenhouse gases express the same forcing, as the CO2 in the given concentration.) Since this is a very complex 

question, majority of the mitigation requests consider 2 K for the maximum allowed warming for the future. 

Table 12.1 Selected tipping-points of climate that should be avoided by sharp reduction of greenhouse gas 

emission from ca. 2020, to avoid the last three jumps (Lenton, et al., 2008) 
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Fig. 12.1 Two illustrations of possible global climate disasters. The position of the vulnerable West-Antarctic 

self-ice (left) and the melting of the Greenland ice-sheet. (Not to be misinterpreted: the red area and the graph 

indicates the areas which melted for at least one day of the year. (These areas are freezing again during winter). 

Emission of carbon dioxide is a product of four general components, each of them concentrating several 

scientific and technological challenges. They are the number of people on the Earth (Pop); the average well 

being of humans (GDP/capita); the mean energy required to create one USD (TPES/GDP) and the mean CO2 

emission required to produce a unit amount of energy (CO2/TPES): 

CO2 = Pop x (GDP/capita) x (TPES/GDP) x (CO2/TPES) 

 

Figure 12.2: Relative intensity of energy use and CO2 emissions, 1970-2004. (IPCC, WG-III, 2007: Fig. 1.5) 

We all know that renewable energy is the most efficient way to reduce this last factor. But, as it is seen in Fig. 

12.2, it is inevitably necessary to enhance in the future, since the product of the first two components are 

increasing much faster than the already ongoing decrease of the third and fourth components. Though, it is also 

interesting, that the latter two components started to decrease far before climate, or even environmental 

awareness, just in consequence of the technological development. Though, it is also interesting, that the latter 

two components started to decrease far before climate, or even environmental awareness, just in consequence of 

the technological development. On the other hand, no turning points of the increasing environmental concern 

can be clearly seen on these curves, either. 

47. 12.2 Possibilities of mitigation 

Finally, Figure 12.3 indicates the relative importance of the possible tools to decrease greenhouse gas emission. 

From above downward, they are renewable energy sources, nuclear energy, carbon sequestration, forest sinks 

and non-carbon dioxide greenhouse gases. As we can see, no single solution exists, i.e. all tools are needed to 

achieve the stabilization! 
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In shorter range, until 2030, energy conservation and efficiency is the strongest potential component of the 

mitigation, together with the various possibilities of reducing the non-CO2 greenhouse gases. Renewable energy 

sources take the third place in the comparison. The fossil fuel switch mean larger proportion of using natural gas 

than coal in the future since natural gas, and to smaller extent the oil produces less carbon-dioxide emission by 

providing the same amount of energy than coal. This is allowed by unification of hydrogen to oxygen, providing 

a part of the energy but not increasing the CO2 content. 

For the longer term by 2100 the importance of non-CO2 GHG reduction and fossil fuel switch is decreasing 

with parallel forwarding of the renewables and the CCS technologies (i.e. CO2-sequestration into the 

lithosphere). The relatively minor role of strengthening the forest sinks and application nuclear energy reflects 

parallel environmental considerations, too. 

 

Figure 12.3: Cumulative emissions reductions for alternative mitigation measures for 2000 to 2030 (left-hand 

panel) and for 2000-2100 (right-hand panel). The Figure shows illustrative scenarios from four different 

economical models aiming at the stabilization at 490-540 ppm CO2-eq and levels of 650 ppm CO2-eq, 

respectively. Dark bars denote reductions for a target of 650 ppm CO2-eq and light bars the additional 

reductions to achieve 490-540 ppm CO2-eq. CCS includes carbon capture and storage from biomass. Forest 

sinks include reducing emissions from deforestation. (IPCC WG-III, 2007: Fig 3.23) 

Options for reducing the CO2 emissions include: a reduction of fossil fuel use through increased end-use energy 

efficiency; replacement of fossil fuel combustion with alternative energy sources; a reversal of the current 

deforestation trend; a shift of the fossil fuel mix from high- to low-CO2 emitting fuels; and disposal of CO2 in 

the deep ocean. 

Since the initiation of the Framework Convention on Climate Change (1992), the limitation strategies are 

scientifically established and politically encouraged even in countries with less economical potential. Besides 

this positive tendency, however, one has to realise, that in several small countries, even with solid scientific 

potential, the adaptation receives much lower priority. This is dangerous, because even the most successful 

efforts to limit the greenhouse effect can promise a decrease of the global warming trend to a sustainable value 

of about 0.1 K/decade, which in the best case can be achieved a few decades after the successful limitation of 

greenhouse-gas emissions. This means, that there is no reason to neglect the adaptation branch of the response 

options. 

Risk of climate change is a global problem, which concerns mankind as a whole, although to different extent in 

the various regions. The human activities producing in all probability climate change also differ in their 

character and measure from country to country, consequently responsibility of the individual countries is not the 

same. The above mentioned natural processes, the environmental and economic effects do not "know", however, 

boundaries between countries. 

On the other hand, however strict difference should be made between the countries both in connection with the 

responsibility for the present situation and also in the relation of possibilities to recover it. For the rapidly 

increasing consumption of energy (Fig. 12.4: Figure 35), the most responsible group of countries is the 
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developed countries and also the countries with economies in transition (Fig. 12.4: Figure 36) exhibiting the 

largest per capita carbon emission. 

There is, however, a general difference between these two groups, which in practice does not allow the two 

groups to equally contribute to the mitigation of the changes. This is the energy efficiency and, in connection 

with it, the limited available sources in the countries with economies in transition. The developing countries are 

far less responsible to the greenhouse gas pollution, but the relative weight of these countries is predicted to rise, 

whereas their capability to participate in the deliberate mitigation is rather low. The danger is that these 

countries follow the same energy-consuming way of development that was characteristic to the two other groups 

several decades before. Responsibility of the developed countries (and, hopefully after some time, of the 

countries with economies in transition) includes also the financial, technological and methodological assistance 

to the developing countries to find different trajectory. 

Stabilisation of the CO2 -concentration requires more than stabilisation of the emission (Fig. 12.4: Figure 37). 

Even if we allow almost four times the preindustrial concentration (1000 ppm), the emission should decrease 

about the half of the present value. On the other hand, the sooner the mankind can decrease the global carbon 

emission, the lower the stabilised concentration will be. There is a particular possibility of carbon reduction, the 

nuclear energy which worth some more attention. As one can see it in Fig. 12.4: Figure 38, this alternative is 

generally not accepted by the societies, as the number of new nuclear plants has been steeply decreased, 

especially after the Chernobyl accident (1986). 
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Fig. 12.4: Several aspects of mitigation. See the legends related to each component for the details. (IPCC, 1996) 
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