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Background and Objectives

In the research of hydrology and land use chargjesys arises the spatial
behaviour of problems. Both fields can look forwwess using traditional

statistical methods or analysing paper maps, baitetttended information
and the complexity of problems have required amo#malysis technique
where the technological development have enabledafiplication of GIS

methods for an efficient and intelligent managentdrepatial data.

The hydrological modeling is one of the most compkesk of GIS because
of many model parameters which are difficult toedetine. Within the
catchment area the quantitative determination abffudynamics effected
by the urbanization-induced changes, such as la®e and land cover
change in a broader sense, isa special field tefdst for hydrologists
(especially in the international literature). Thei® a novel approach
analysing landscape ecological functions, includimgpff control functions,
which gives an exact numerical result for the feteghip between land
cover and runoff. In the dissertation this functttave been examined for a
sample area with the use of GIS tools.

In the doctoral thesis the author undertook to stit@important role of GIS
in the development of territorial information-basegéthodology regarding
hydrology and land use change associated with kygical processes
presented in an own case study. The thesis hashtsdaganswer the
following questions:

« How can we use GIS tools for hydrological tasks] how does GIS help
hydrology?

« What are the typical questions that may arise éncthntext of land use and
its analysis?

* How can be supported a specific question/problemwater managers by
GIS tools, the modeling of runoff?

* What connections can be set up regarding an impoitsue of land

consolidation: between the change in cultivatiod #me change in runoff
control function ?

* How can it be modelled in a case study?

* What kind of inland and foreign experiences, rafees can be found to
answer tothis question?

The thesis aims at discovering the potential us&k& in water manage-
ment, in its conditions and methods with resped¢anal use context.



Data and M ethods

The study area, the Rovakja Creek watershed inewestungary, in Fejér
county was chosen by the author. The surface ofthlmeunding areas is
diverse,in the test site there are two small regi¢vielence Mountains,
Lovasberény-back) , which are different in morplggland land use.

The secondary data collection methods have beeah mséhe author. With
these partially spatial, partially attribute datade gathered. The database
of secondary data collection includes topograph&pnirhe terrain model
was based on the contour lines from the digital .mMée databases used for
the research are: CORINE (CLC50, CLC100), LANDSAifetlite images
(1986, 2011), DTA-50 and DEM made by the 1:10 O0@@ographic map,
AGROTOPO, soil information data from Fejér Countgv@&nment Office,
Directory of Plant and Soil Protection.

For the hydrological modelling the author used &reGIS 9.3 software,
with the add-in DEM Surface Tools, the WEAP and $AGIS software,
for the analyses of land-use changes the IDRISgalaoftware. It was
important for the author to introduce the use ekfsoftwares, because as
the publication statistics shows 90% of both Huiggamnd international
literature does not use these. In the study areaGii$ analysis of various
parameter has been carried out. These parametersther mechanical
composition of soil, slope, land cover, the avddalater amount for plants.

The author introduces the application of GIS meshfodm several aspects:

« tool for visualization: for the presentation of ults of WAREMA project
managed by the author;

« system of planning process: introducing the WEARwsoe wherewith
scenarios can be made for the future;

 analysing function: testing the runoff control ftioa.



Summary of Results

The author described the relationship between fuaraf land-use using GIS
tools, reviewed the literature of model-set and hods. During the
collective work the knowledge of relevant referentiterature was
summarized and systematized, supplemented by Hasidnal experiences
regarding the whole process of data analysis . Basethe literature the
extent of the study area was analysed. Less t@@ndf the 59 studies have
dealt with medium-sized river basins (50-99%knin hydrological modeling
rather the large catchment areas (10(% land over), in the landscape
ecological research the smaller samples (0-49 kne preferred. Based on
the literature the availability of models has baealysed. It has been noted
in this regard that 90% of the tested 61 modelstimeed in the literature
use commercial software. The author has examingdaoamall proportion
of the literature dealing with free and open sowafware applicability.

The runoff, one hydrological element, takes plac&ndscape. Therefore, a
more accurate description of the movement of wager only take place
with the inclusion oftopography and application tefrain models. The
author analysed the derivatives of elevation moftelm the perspective of
how useful they are for hydrological analysis. Tamount of runoff

depends on the slope magnitude, the length of lihyees, the degree of
curvature. With the analysis of these parametess aintributed to the
subsequent examination of runoff control function.

One of the crucial component of land use modelinthée spatial extension
of measurement results. This geographical probkestill not solved. The
theoretical problem is that the point objects aigcréte in mathematical
sense, the geographical phenomena, however, isngoos in space and
time. At the GIS implementation of land use anddlaarangements one
problem is the management. of data varying in spacktime The solution
for this is a task for the future.

GIS with several tools assists a number of landscapology related
hydrological modeling approaches: data process&ygtems thinking,

analysis and visualization. In the case studiey tieve been shown. The
example given to spatial analysis, using WEAP sarfewfacilitates the
decision-makers, primarily due to the creationagfrgrios. The WAREMA
project giving specific examples for complex anelyand visual display
information demonstrated well the use of numeroesstof GIS, and its role
in visualization. The application of elevation misddor hydrological

modeling is an accepted method. However, it caa basis for landscape
ecological analyses because of numerous functioBy. the analysis of
elevation models such information can be gainde, the steep of slopes,



length, shape, which affect the work of the surfacgter drainage, and
nevertheless the broader issues of soil conservatie also touched. The
results are summarized in table confirming theeaximess of my statements.

Name of | Name of Modul Adaptation Parameters

Software

ArcGIS Spatial Analyst,| slope, DDM slope

. DEM Surface Tools

licenced
Spatial Analyst, aspect
DEM Surface Tools
Spatial Analyst runoff direction
Spatial Analyst, curvature
DEM Surface Tools

SAGA GIS slope, DDM slope

free aspect

runoff direction

curvature

length of slope

erosion LS value
soil moisture
value

simulation C-cycle
TOPMODEL

kinematic wave

IHACRES

In a medium-sized catchment the change of the fumowitrol function have
been tested by the author in 1980-2011. For thdysinadatabases and
satellite images have been used in GIS programe fTimoff control
function is used in the literature in field of geoelogical mapping. The
author has developed evaluation categories whiemat included in either
the foreign or the Hungarian literature. For theleation four different
overlays have been examined, they concerned sodracteristics
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(mechanical properties, available water amountplants), the terrain and
the land use. Land use changes was analysed by saiallite images and
CORINE database. During the analysis raster modsl wged, so data have
been produced for all points of the catchment.

It was found that the effect of land use on surfaseff can occur in two

ways: the way of land use and the ratio of landsudée hydrological

balance of the catchment with various branchesuwifihg is determined by
the individual cultivation proportions. The runaféntrol function together
with soil erosion tends to examine the agro-ecallgbotential. Agricultural

and urban areas have a higher rate of runoff, tieamly natural areas. This
also means that the runoff control function of théso fields occurs to a
lesser extent. In the case study it was demondtraye the author: the
wooded/forest areas have the largest rate of ruagfflation.



Theses of the Dissertation
The following new or novel results were determined:

(1)The author have analyzed and evaluated basabas¢s related to the
environmental management and water management vghiehused in the
GIS applications. The most important developmenis applications have
been collected that are essential for the use plieapresearch topics. The
author also evaluated the largest digital databa#sish should be used and
in which scale, in spatial planning and delimitatiGssues. For these
databases metadata descriptions were prepared droesearch point of
view, which is important to facilitate the transpacy and availability of the
data.

Publication(s) to thesis:

Horoszné Gulyas M.Katona J. (2011): Térinformatika a hidrolégia és
foldhasznalat tertletén. Tudomanyos Doktorandusmfétencia, Sopron,
pp. 115-118, ISBN 978-963-334-013-4

(2)The author analyzed the relationship betweed lase and water mana-
gement, adapted to the runoff control function bé tRovakja Creek

catchment. It is included in the fourth and fifthapter. The author has
found that between 1980 and 2011 the value of furmitrol function has

changed,reached a higher-value , which has begneatito the evolution of

discharges. It was found that the increase in foeeea caused these
changes.

Publication(s) to thesis:

Horoszné Gulyas M. (2012): Lefolyas-szabalyozéalavedelem tikrében,
GISOPEN2012, Székesfehérvar, 2012.03.12-14.

(3)With catchment level analysis the author creatediew opportunity

within the landscape ecological studies. Betweeallssized (up to 10-50

km?) and large area (at least 100 to 200°)knesearch the medium-scale
analysis is a novel approach. Studies with differspales have been
analyzed and found that the high-resolution dataeommended, and
hereby recommending itfor future research in tisation.

Publication(s) to thesis:

Horoszné Gulyas M. (2007): Vizgazdalkodas-Termésdetem-
Foldhasznalat. Acta Agraria Kaposvariensis Vol.Nd. 2, pp. 53-66, ISSN
1418-1789



(4)The author presented and analyzed the hydrabgitocesses with
various types of GIS software, so the effects ops| curvature, exposure
have been evaluated in case of water managemeoégses. The author
analysed and evaluated the possibilities of thex@meirce and commercial
software. Their advantages and disadvantages haem listed, thus
providing support for water management studies.

Publication(s) to thesis:

Horoszné Gulyds M.Katonané Gombas K. (2010): Okoldgiai szemiélet
vizgazdalkodas-tervezés. 4. Magyar Tajokologia &mmicia, Kerekegyha-
za-Kunpuszta, 2010.05.13-15.

(5)The author summarized those GIS procedures wtachbe applied for
the different types of water management decisisashe author developed
a certain methodology. The specific examinationspétial analysis and
display of information will help to better manageure water management
problems.

Publication(s) to thesis:

Horoszné Gulyds M. Katonané Gombas K. (2010): Vizgazdalkodas-
tervezés. VIII. Alkalmazott Informatika Konferendi@aposvar, 2010.01.22.

(6)The thesis comprehensively reviewed the scientiferature of the
frontiers of knowledge.

Publication(s) to thesis:
Horoszné Gulyds M- Katona J. (2010): T4jokologiai kutatasok modsker

Corvinus Regiondlis Tanulmanyok, 2010. I. évfolgag/szam, pp. 43-50.,
ISSN 2061-8638

M. Horoszné Gulyas J. Katona (2010): The methods of landscape ggolo
researches. Corvinus Regional Studies, 2010. umel2-3. issue, pp. 43-
50, ISSN 2061-8646

K. Katona-Gombas, M. Horosz-Guly2010): Microregions agricultural
aptitude test methodology. Geographia Technica N2010, pp. 11-16.,
ISSN 2065-4421



Practical applicability of results

The future impact of agricultural policies on lamske, through the drainage
conditions is not known, yet. The land cover mapd models are known,

but land use maps and models regarding land usasity affecting the

runoff the most are unknown, especially in certasolutions. Until today

the mapping practise is to produce comprehensiegnration about a large

area in low-resolution models. The models usedi$cape ecology on the
contrary, provide useful information at high rediln.

The presented analyses in the thesis — combindud twé& results of the

hydrological and land use modeling, topographic gedgraphic conditions

— can serve as a useful tool for national, regionehtershed-based
hydrological modeling. They have an important rislehe estate planning
process , inthe preparation of the plans and irptbeess to be made public.
The intermediate (medium) scale of the processe®sdarch promotes a
complex way of view, thus opening up a new dimemsio landscape

ecology and in the study of water management pseses

The National Rural Strategic Concept-2020 is somati Strategic program in
which the water has priority, which is essentiahirthe natural resources. In
seven National Strategic Plans water is includexdi@IProtection Program,
Water Resources and Water Quality Protection ProgiRegional Water

Management Program, Green Danube Program, DrinWater Program,

Wastewater Program, Urban water management), dagitomponent in a
number of other programs associated with land nemagt and land

arrangements. Analyzes described in this papethadurther developed

geo-ecological mapping can be integrated into tbacept for several

programs, helping to ensure their effective impletaton.

The Good Agricultural and Environmental Conditi@gyuirements which is
an essential element of cross-compliance also dieclater-related fields of
the environment protection. The cross-compliancstesy influences the
support of farmers, so the more efficient (and &sologically appropriate)
land use analysis can assist in Good Agricultunati &nvironmental
Condition creation.

The novelty of the medium-scale watershed modeting the provided
information can be a step forward in the decisiakimg. The value of the
model is that it combines landscape ecology anddigdic modeling using
GIS, in river basin level. In the future, relevaattchment scale modeling
methodology on the principles of the WFD can beptutlin landscape
ecology, in hydrology and agriculture research ggsionals. The expansion
of runoff control function (eg. urban ecologicasearch) promotes drainage
(water management) operations, activities, in otdéncrease the precision.
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By the surface and sub-surface drainage works fig useful to use this
function, because the various parameters help fwowve the accuracy of
engineering. With the land cover change modes sicsnaan be made,
which makes easier the decision-making processafiod the settlement of
agricultural land (land consolidation), or evendblevel planning as well.

The application of DEM in hydrological process @i widely in the field
of water management. Through the terrain analysisrination related to
other disciplines can be obtained. eg. analysth®khape of slopes for soil
conservation, flood protection. It has also an intgrtt role in the complex
analysis of landscape ecology and an essentialeelein the multi-use
decision support systems of integrated, landscajpdogical approached
water management.
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Publications
Printed or electronic notes

Horoszné Gulyas M(2010): A Véasérhelyi-terv birtokrendezési dsszefiig
sei. Uj Magyarorszag Fejlesztési Terv, Tarsadalmégljulas Operativ
Program (TAMOP) 4.1.2-08/1/A-2009-0027, Nyugat-nagyszagi Egye-
tem Geoinformatikai Kar, ,TananyagfejlesztésselE0=rt", BRTI8, 28 p.

Horoszné Gulyas M(2010): A tajrendezés szerepe a birtokfejleszigstig

Magyarorszag Fejlesztési Terv, Tarsadalmi Megljdeerativ Program
(TAMOP)  4.1.2-08/1/A-2009-0027, Nyugat-magyarorszadgyetem

Geoinformatikai Kar, ,Tananyagfejlesztéssel a GEO-8RTI9, 33 p.

Horoszné Gulyas M(2010): Vizrendezés és melioracio. Uj Magyarorszag
Fejlesztési Terv, Tarsadalmi MegUjulas OperativgPrm (TAMOP) 4.1.2-
08/1/A-2009-0027, Nyugat-magyarorszagi Egyetem eainatikai Kar,
~Tananyagfejlesztéssel a GEO-ért”, BRTI10, 34 p.

Horoszné Gulyas M(2010): A magyar féldhasznélati reform. Uj Magyaro
szag Fejlesztési Terv, Tarsadalmi Megujulas Opeftbgram (TAMOP)
4.1.2-08/1/A-2009-0027, Nyugat-magyarorszagi EgyeBeoinformatikai
Kar, ,Tananyagfejlesztéssel a GEO-ért”, BRTI11p31

Book chapter in foreign language

Kovacs P., Domokos M., Novaky B., Horoszné Gulyas (2006):
Characterization of the runoff regime and its digbiin the Danube
Catchment. In: Die Donau und ihr Einzugsgebiet: eEimydrologische
Monographie. = Dunaj i ego basszejn: Gidrologickafgz Monografija. =
The Danube and its Basin [Catchment]: A Hydrologibéonograph. ;
Follow-up volume 11., 40 p.

Proceedings of international conferences in fordaymguage

Gulyés, M; Csik, A.; Mika, J.; Palfy, L.; Urban-Papp, J,;fga, Gy. (2005):
Regional drought event in the Sio and lake Balatrainage basin.
Geophysical Research Abstractgol. 7., European Geosciences Union,
EGUO05-A-01215, Vienna, Austria, 24-29 April 2005.

Kovacs,P.;_Gulyas, M2005): Characterization of the runoff regime dsd
stability in the Danube Catchme@eophysical Research Abstract®l. 7.,
European Geosciences Union, EGU05-A-10774, Vierwasstria, 24-29
April 2005., EGUO5-A-10774; HS44-1TH5P-0172
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Horoszné Gulyas M.Katonané Gombas K. (2010): New methods in water
management planning. Spring Wind Conference, pfcs75-182

Publication in Hungarian periodicals

Horoszné Gulyas M. (2007): Vizkészlet-gazdalkoda&arépai Unidban —
Uj projekt a GEO-n. Vivat Academia, V. évfolyam szam, 2007. januar-
februar, pp. 15-16., ISSN 1589-8091

Horoszné Gulyas M. (2007): Vizgazdalkodas-Természsiem-
FoldhasznalatActa Agraria Kaposvariensigol. 11 No. 2, pp. 53-66, ISSN
1418-1789

Horoszné Gulyds M- Katona J. (2010): T4jokologiai kutatasok médsizer
Corvinus Regionalis Tanulmanydk010. I. évfolyam/2-3. szam, pp. 43-50.,
ISSN 2061-8638

Publication in periodicals in foreign language

K. Katona-Gombés, M. Horosz-Guly42010): Microregions agricultural
aptitude test methodologyseographia TechnicaNo. 1/2010, pp. 11-16.,
ISSN 2065-4421

M. Horoszné Gulyas J. Katona (2010): The methods of landscape ggolo
researcheCorvinus Regional Studie2010. I. volume/2-3. issue, pp. 43-50,
ISSN 2061-8646

Proceedings of conferences in Hungarian language

Horoszné Gulyas M(2007): Vizkészlet-gazdalkodas az Eurdépai Unidban
egy projekt szemszogéb Foldméréstl a geoinformatikaig Székesfehér-
var, 168-178 pp.

Horoszné Gulyds M2007): Vizkészlet-gazdalkodas védett teriletekehn.
FMTU Nemzetkézi Tudomanyos Konferencia, Kolozsydr, 85-89

Horoszné Gulyas M.Katonané Gombas K. (2010): Okoldgiai szemiglet
vizgazdalkodas-tervezés. 4. Magyar Tajokologia Kmicia Absztrakt
kotet, Kerekegyhaza-Kunpuszta, 34 p.

Horoszné Gulyas M.Katona J. (2010): Vizgazdalkodas-tervezési médsze
rek. XVII. Térinformatikai Konferencia és Szakkiédls, Debrecen, 432 p.,
ISBN 978-963-06-9341-7
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Horoszné Gulyas M Katona J. (2010): Eurépai Uniés vizgazdalkodas-
tervezés. XXVIII. Orszagos Vandonggs — Magyar Hidrolégiai Tarsasag,
Sopron, 9 p. ISBN 978-963-8172-25-9

Horoszné Gulyas MKatona J. (2011): Térinformatika a hidroldgiaf@ésl-
hasznalat terlletén. GISOPEN2011, Székesfehénr,1p1-164, ISBN
978-963-334-003-5

Horoszné Gulyas MKatona J. (2011): Térinformatika a hidrologiaf@lsi-
hasznélat teruletén. Tudomanyos Doktorandusz Kenfs, Sopron, pp.
115-118, ISBN 978-963-334-013-4

Katona J. , Horoszné Gulyas NR011): Térinformatikai szemlélebirtok-
tervezés. Térinformatikai Konferencia és Szakk#dli Debrecen, pp. 251-
258, ISBN 978-963-06-9341-7

Studies and reports in foreign language

Participative Spatial Planning in Protected Are¥88AREMA Project:
INTERREG 1lIB CADSES, 2008, 114 p.

Conference lectures in foreign language

Horoszné Gulyds MKatonané Gombas K. (2010): Cooperative research i
water management."8International Conference on Applied Informatics,
Eger, 2010.01.28-30.

Horoszné Gulyas M.Katonané Gombas K. (2010): New methods in water
management planning. Spring Wind Conference, P4d€).03.25-27.

M. Horosz-Gulyas, J. Katona (2010): Methods in lanthnagement
planning. 38th International Symposium of the Ewap Faculty of Land
Use and Development (FESF), Székesfehérvar, 208009.02.

Conference lectures in Hungarian language

Horoszné Gulyas M(2006): Vizkészlet-gazdalkodas az Eurdpai Unidban.
Magyar Tudomany Napja Konferencia, Székesfehé@6.11.15.

Horoszné Gulyas M. (2007): Vizgazdalkodas védett teriileteken.
GISOPEN2007, Székesfehérvar, 2007.03.12-14.
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Horoszné Gulyas M2007): Vizkészlet-gazdalkodas védett teriiletekeh.
FMTU, Kolozsvar, 2007.03.16-17.

Horoszné Gulyds M. (2007): Vizgazdalkodas-Természetvédelem-
Foldhasznalat. VI. Alkalmazott Informatikai Konfea, Kaposvar,
2007.05.25.

Katonané Gombas K., Horoszné Gulyas Bkalai B. (2008.): Vizgazdalko-
das az Eur6pai Uniéban. Ill. Tajokoldgiai Konferenc Budapest,
2008.05.08-10.

Horoszné Gulyas M. Katonané Gombas K. (2010): Vizgazdalkodas-
tervezés. VIII. Alkalmazott Informatika Konferengldaposvar, 2010.01.22.

Horoszné Gulyds MKatonané Gombas K. (2010): Vizkészlet-gazdalkodéas
V. Regionalis Természettudomanyi Konferencia, Szatimédy, 2010.01.27.

Horoszné Gulyas M(2010): Javaslatok vizgazdalkodasi problémak megol
dasara, GISOPEN2010, Székesfehérvar, 2010.03.17-19.

Horoszné Gulyas M.Katonané Gombas K. (2010): Okoldgiai szemiglet
vizgazdalkodas-tervezés. 4. Magyar Tajokolégia Komicia, Kerekegyha-
za-Kunpuszta, 2010.05.13-15.

Horoszné Gulyads M.Katona J. (2010): Vizgazdalkodéas-tervezési médsze
rek. XVII. Térinformatikai Konferencia és Szakkiédls, Debrecen,
2010.06.10-11.

Horoszné Gulyas M Katona J. (2010): Eurdpai Uniés vizgazdalkodas-
tervezés. XXVIIl. Orszagos Vandorgjgs — Magyar Hidroldgiai Tarsasag,
Sopron, 2010.07.07-09.

Horoszné Gulyas MKatona J. (2011): Térinformatika a hidrologiaf@lsi-
hasznalat terilletén. GISOPEN2011, Székesfehér9ad,.23.16-18.

Horoszné Gulyas MKatona J. (2011): Térinformatika a hidrologiaf@lsi-
hasznalat terlletén. Tudomanyos Doktorandusz Kenéa, Sopron,
2011.04.13.

Horoszné Gulyas M. (2012): Lefolyas-szabalyozaal@wedelem tikrében,
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