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BACKGROUND AND OBJECTIVES

Geological, paleontological and geomorphologic studies show
that the Earth’s climate has always been changing since it came
into existence. The climate change itself is self-evident. Therefore
the far more serious question is how much does mankind
strengthen or weaken these changes beyond the natural fluctuation
and changes of climate.

The global rise of sea levels, the decrease of snow cover in the
northern hemisphere and the meteorological measurements clearly
show that the mean temperature of the Earth increased
significantly in the last 150 years. Further measurements clearly
prove that the greenhouse gas concentrations in the atmosphere
have also been increasing since the beginning of the industrial
revolution. Many studies show that this process contributed to the
global temperature rise. Moreover it is unquestioned that all
climate changes in the past can not be explained by the
greenhouse effect in itself, because it is only one among many
other climate forcing processes.

For example the effect of changes in solar activity on the net
radiation balance of the Earth is well known and the climatic
impact of the periodically changing orbital parameters of our
planet is also proved. Volcanic activity is another natural climate
forcing process. Moreover the upper-air ozone depletion and the
concentration of aerosols in the troposphere act in the opposite
direction to the greenhouse effect. The large heat capacity of the
oceans allows only the 50-70% of the potential warming that
could happen in relation to the increases of greenhouse gases.
Since not only the chemical composition of the atmosphere is
affected through different anthropogenic influences, the climatic
effect of land cover changes has also become an important factor
in the current climate studies.



Thus, the investigation of greenhouse gas and aerosol
concentration in itself is not enough to interpret the measured
temperature and precipitation changes in the Carpathian Basin.
Besides the modification of the hemispheric circulation system,
the effect of land cover changes also plays an important role
among the other climate forcing processes.

The aim of the present study was to restore the historical land
cover changes and to simulate the meteorological consequences of
these changes. This work tried to answer the following questions:

What did the land cover look like in Hungary at the
beginning (1900) and at the end (2000) of the 20™
century? What kind of changes has occurred during these
100 years?

How did the process of Hungarian land cover changes
take place? How reliable are the available datasets?

What kind of impact could the land cover changes have on
the air temperature and humidity regime in Hungary
during the vegetation period?

What regional characteristics of meteorological impacts of
Hungarian land cover changes can be detected?

Could the land cover changes in Hungary affect the
convective processes and through them the precipitation
distribution during the vegetation period?



METHODS

The aim of the present study was to simulate the meteorological
consequences of the land cover changes in Hungary. Two
different land cover maps for Hungary were created in vector data
format using GIS technology. The land cover map for 1900 was
reconstructed based on statistical data and two different historical
maps: the derived map of the 3" Military Mapping Survey of the
Austro-Hungarian Empire and the Synoptic Forestry Map of the
Kingdom of Hungary. The land cover map for 2000 was derived
from the CORINE land cover database.

Significant land cover changes were found in Hungary during
the 20™ century according to the examinations of these maps and
statistical databases.

The MMS5 non-hydrostatic dynamic model was used to further
evaluate the meteorological effects of these changes. The lower
boundary conditions for this mesoscale model were generated for
two selected time periods (for 1900 and 2000) based on the
reconstructed maps. The dynamic model has been run with the
same detailed meteorological conditions of selected days from
2006 and 2007, but with modified lower boundary conditions.
The set of the 26 selected initial conditions represents the whole
set of the macrosynoptic situations for Hungary.

In this way, 2x26 “forecasts” were made with 48 hours of
integration. The effects of land cover changes under different
weather situations were further weighted by the long-term (1961-
1990) mean frequency of the corresponding macrosynoptic types,
to assume the climatic effects from these stratified averages. The
detailed evaluation of the model results were made for three
different meteorological variables (temperature, dew point and
precipitation).



THESES OF THE DISSERTATION

I. The author quantified the Hungarian land cover changes for the
20" century based on the two different, reconstructed and derived
land cover maps. Derived data from these maps were also
compared to the land use statistical data of the Hungarian Central
Statistical Office. It was found that:

1.

2.

*

The area of cropland decreased from 61.0% to 56.8%
during the 20" century.

The urban areas increased from 2.4% to 5.7% during these
100 years.

The forest covered area in Hungary increased from 12.5%
to 21.1%.

The area of grassland and pasture decreased from 16.0%
t0 9.5%.

The wetlands lost nearly two-thirds of their original
territory; they decreased from 3.2% to 1.1 %.

The area of water bodies decreased from 2.3% to 1.9%.
Since at the beginning of the 20" century, the area of
vineyards alone was as high 2.5%; at the end of the
century the area of vineyards with the orchards together
were only 2.2%. A maximum two-thirds of this was really
vineyards.

Despite the differences between the statistical data and the
derived data from the land cover maps, it can be shown
that the different sources strengthen each other in both the
direction and order of magnitude of land cover changes in
Hungary.

The differences between the data sources are caused by
the different categorizations and surveying techniques.
The maps give more certain land cover data (because they
do not use juridical categorization) and they have
additional information about the spatial distribution of
land cover categories.



II. The author used a grid of a 30 arcsecond resolution cells to
further examine the two different land cover maps (for 1900 and
2000) and deduced the following statements about nation-wide
land cover changes:

I.

The expansion of urban areas took place generally to the
detriment of cropland. Approximately 45% of the present
urban areas were cropland at the beginning of the 20"
century, about 20% was grassland and pasture and 3-4%
vineyard.

The smallest changes occurred in the regional distribution
of cropland during that century: 90% of the present
croplands were also cropland in 1900.

The significant reforestation took place on areas of
previous cropland, grassland and pastures. (About third of
the present forests were previously cropland, 10%
grassland and pasture).

Approximately 70% of the present vineyards and orchards
replaced previous croplands; only 3% of them were
planted on deforested areas. Since the area of vineyards
significantly decreased in the 20™ century, these numbers
demonstrate the large regional distribution change in the
production area of vineyards to flatter areas due to the
mechanization of production.

Nearly one third of the present water bodies were
cropland at the beginning of the 20" century; about 6% of
them succeed previous wetlands.

Less than 30% of present wetlands were also wetland 100
years ago. Approximately half of them replaced cropland;
16% emerged in place of previous water bodies.



III. According to the simulations of the MMS35 meteorological
model the effects of Hungarian land cover changes during the 20™
century can be summarized as follows:

I.

The results show a +0.15°C warming of daily mean
temperature nation-wide, while the rate of local warming
(especially in the environs of cities) exceeded 1°C.

The effects of land cover changes produced the maximum
temperature increase in the night hours. The ground heat
flux plays the most important role in the development of
these temperature differences.

The direct impact of land cover changes on the 2m
temperature in East Hungary is twice as large as in West
Hungary.

If the green vegetation fraction was handled as a land
cover-dependent parameter during the model runs (which
is a more real approach), the results show a more intensive
temperature increase due to the land cover changes. In this
case the daily mean temperature increase was +0.21°C
nation-wide.

According to the simulations, primarily the daily values
of dew point changes were apparent due to the
evapotranspiration decrease. The greatest difference
was -0.12°C nation-wide. The dew point increased
gently in the night hours nation-wide in consequence of
the simulated decrease of dew formation. The
maximum difference was +0.06°C in the morning.

In spite of the fact that land cover changes do not have a
significant impact on total precipitation nation-wide, the
effect on precipitation distribution and intensity is
considerable in all weather situations where precipitation
occurred. In some cases there were local changes greater
than 40mm.



APPLICATION OF THE RESULTS, FUTURE IMPROVEMENT
POSSIBILITIES

Beyond further meteorological and climate simulations and
sensitivity tests, the land cover maps which were created for the
present dissertation could be the basic data for a following
investigation from numerous areas of science. They could be used
for modelling further environmental processes (such as carbon
sequestration and hydrological processes). Research could also be
done to find a connection between the Hungarian land cover
changes and economic and social processes during the 20"
century. In addition, these maps could help the large-scale
ecological research in connection with species migration and
biodiversity changes.

According to the simulations, the land cover plays an
important role in the meteorological processes and therefore it is
necessary to take the direct climatic effect of land cover change
into account in the interpretation of climate change.

Further improvements of the adapted land-surface model are
needed to improve the quality of hazardous weather events
forecasts by the Hungarian nowcasting system and to reduce the
uncertainties in investigations on the effects of land cover
changes:

e Among the different land-surface parameters the model is
very sensitive to the values of the green vegetation fraction.
In the scientific literature there are some values of this
parameter that do not correspond to reality (e.g. cropland
and forest). The currently applied values of this parameter
should be verified by measurements.

¢ The mean annual cycle of the most important land-surface
parameters (such as green vegetation fraction, albedo and
emissivity) for Hungary should be defined via
measurements for all land cover categories because the
vegetation varies significantly during the year. In his way,
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this effect could also be taken into account during the
simulations. In addition, the annual deviations from the
average should be also quantified for these parameters to get
information about the uncertainty and variety of the applied
annual cycle.

It should be worthy of consideration to add groundwater
dependent and independent forest categories to the model.
The rate of the evapotranspiration could be significantly
influenced, when the forests reach the groundwater over
large areas. This could be important in the Carpathian Basin
because the dry periods can not limit the transpiration of
forests significantly in such regions. Thus it could be
valuable to calculate this effect within the model processes.

10



PUBLICATIONS

Book chapter

A. Driiszler, K. Csirmaz, P. Vig, and J. Mika 2010: Effects of
documented land use changes on temperature and humidity regime in

Hungary; In: S. P. Saikia (ed.): Climate Change, International Book
Distributors, ISBN: 81-7089-370-4

Reviewed scientific articles

A. Driiszler, P. Vig and K. Csirmaz, 2011: Effects of Historical
Land Cover Changes on the Precipitation Distribution in Hungary;
Riscuri Si Catastrofe (Risks and Disasters), ISSN: 15845273; 1/2011
(accepted)

A. Driiszler, P. Vig and K. Csirmaz, 2011: Impacts of Hungarian
Land Cover Changes on the Regional Climate during the 20"
Century; XXV" Conference of the Danubian Countries, Budapest,
Hungary, 16-17 June 2011 (accepted)

A. Driiszler, 2011: Effects of documented land use change on
climate in Hungary; Workshop in Landscape History, Sopron,
Hungary, 22 April 2010 (in print)

Non-reviewed scientific articles

Driiszler A. és Vig P., 2011: A XX. szédzadi felszinboritds-védltozas
Magyarorszagon térképes, valamint statisztikai adatok alapjén;
Természet-, miiszaki- és gazdasdgtudomdnyok alkalmazdsa 10.
nemzetkdzi konferencia, Szombathely, 2011. m4jus 21.

Driiszler A., Vig P. é Csirmaz K., 2011: A XX. szdzadi
felszinborit4s-valtozas becsiilt meteorolégiai hatdsai
Magyarorszagon; Természet-, miiszaki- és gazdasdgtudomdnyok
alkalmazdsa 10. nemzetkozi konferencia, Szombathely, 2011. méjus
21.

11



Maityés Cs., Fihrer E., Berki 1., Cséka Gy., Driiszler A., Lakatos F.,
Moricz N., Rasztovits E., Somogyi Z., Veperdi G., Vig P. és Galos
B., 2010: Erd6k a szdrazsagi hatdron; Klima 21 fiizetek, 61. szdm

Driiszler A., Vig P. és Csirmaz K 2009: A XX. szdzadi
foldhaszndlat-véltozds és becsiilt éghajlati hatdsai Magyarorszagon;
In: Lakatos F. és Kui B. (szerk.) 2009: Nyugat-magyarorszdgi
Egyetem, Erdomérnoki Kar: Kari Tudomdnyos Konferencia
Kiadvdny. NymE Kiad6 Sopron. 340 p.

Driiszler A., Csirmaz K. és Mika J 2006: A foldhasznalat
dokumentélt magyarorszagi véltozdsainak hatdsa az éghajlatra az
MMS5 finomfelbontdsi modell alapjan; 3. Magyar Foldrajzi
Konferencia, 2006. szeptember 6-7.

Conference abstracts and posters

E. Konkoly-Gyuré, Cs. Mityds, G. Kiraly, P. Baldzs, and A.
Driiszler, 2011: Drivers and effects of long-term land use changes
on climate, environment and socioeconomy in Central Europe;
Research Abstracts Vol. 13, EGU2011-13934, EGU General
Assembly 2011

A. Driiszler, P. Vig and K. Csirmaz. 2010: Climatic and
meteorological effects of land use changes in Hungary during the
20th century; Geophysical Research Abstracts Vol. 12, EGU2010-
11945, EGU General Assembly 2010

Borbala Galos, 1. Berki, A. Driiszler, D. Jacob, and Cs. Métyés
2010: Climatic role of temperate forests at the forest/steppe limit;
Geophysical Research Abstracts Vol. 12, EGU2010-732-1, 2010;
EGU General Assembly 2010

12



A. Driiszler, K. Csirmaz and P. Vig 2009: Climatic and
meteorological effects of documented land use changes in Hungary
simulated by the MMS5 high-resolution model; Innaguration and
First consultativ workshop of the NEESPI Regional Focus Research
Center for Non-boreal Eastern Europe

A. Driiszler, K. Csirmaz and J. Mika 2007; Effects of documented
land use changes on climate in Hungary simulated by the MMS5 high-
resolution model; Geophysical Research Abstracts, Vol. 9, 10407,
2007; EGU General Assembly 2007

Driiszler A., Csirmaz K. és Mika J. 2006: A felszinhasznalat
dokumentélt magyarorszagi véltozdsainak hatdsa az éghajlatra az
MMS finom felbontdsi modell alapjan; HUNGEO, 2006 aug. 21-23.

Educational publication

Driiszler, A., Csirmaz, K., Vig P. és Mika, J. 2009: A foldhasznalat
véltozdsainak hatdsa az éghajlatra és az iddjdrasra; Természet Vildga
140: 521-523.

Oral presentations in English

A. Driiszler, 2011: Effects of documented land use change on
climate in Hungary; Workshop in Landscape History, Sopron,
Hungary, 22 April 2010

A. Driiszler 2010: Can we protect climate with forests?; Climate
Change Impacts on Forest Management in Eastern Europe and
Central Asia; Sopron, Hungary, 14-16 April 2010

Oral presentations in Hungarian
Driiszler A. és Vig P., 2011: A XX. szédzadi felszinboritds-védltozas
Magyarorszagon térképes, valamint statisztikai adatok alapjén;

Természet-, miiszaki- és gazdasdgtudomdnyok alkalmazdsa 10.
nemzetkdzi konferencia, Szombathely, 2011. m4jus 21.

13



Driiszler A., Vig P. é Csirmaz K., 2011: A XX. szdzadi
felszinboritas-véltozas becsiilt meteoroldgiai hatasai
Magyarorszagon; Természet-, miiszaki- és gazdasdgtudomdnyok
alkalmazdsa 10. nemzetkozi konferencia, Szombathely, 2011. m4jus
21.

Driiszler A., 2011: A foldhaszndlat valtozasainak hatdsa az
éghajlatra; Soproni TIT, Csapody Istvan Természettudomdnyi
Szabadegyetem, Sopron, 2011. februar 1.

Driiszler A., Csirmaz K., Vig P. és Mika, J. 2009: A foldhaszndlat
véltozdsainak hatdsa az éghajlatra; Mozaikok az éghajlatkutatdshoz,
MTA VEAB tudoményos eldaddssorozata; Sopron, MTA GGKI,
2009. november 27.

Driiszler A., Vig P. és Csirmaz K 2009: A XX. szdzadi
foldhaszndlat-véltozads és becsiilt éghajlati hatdsai Magyarorszagon;
Nyugat-magyarorszdgi  Egyetem,  Erdomérnoki  Kar:  Kari
Tudomdnyos Konferencia; Sopron, 2009. oktéber 12.

Driiszler A., 2009: A 20. szdzadi felszinboritds-véltozds becsiilt

meteorolégiai, éghajlati hatdsai Magyarorszagon; 2009. Evi Erdd-
klima Konferencia, Nagyatad, 2009. oktéber 8-10.

14



