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INTRODUCTION

Topicality of the research. In compiling digital terrain models (DTM) as well
as in evaluating them there are widely applied mathematical statistical
measuring data processing and analysis methods. However in compiling
digital models of relief and evaluating them there are certain peculiarities in
mathematical statistical data application. These peculiarities are caused by
the fact that relief modeling as well as analysis is considered to belong to the
group of geostatic problems. The latter are peculiar for the initial results of
measuring which are medium between purely random and purely determined
sizes. In solving geo-statistical problems, one has to make use of regionalized
data, the stochastic characteristics are the functions of geographic positions
of the territory. In modeling the relief the surface geomorphologic
peculiarities determine the characteristics of the functions of geographical
position. Theoretical grounding of the methods used in modeling the relief
surface (e.g., kriging, spline, invert distance weight (IDW), polynomal) is
based on the statistical analysis of the random values. Due to the fact that the
characteristics of geo-statistical measuring data are preconditioned by the
geographic position, not in all territories there are equally suitable certain
methods of modeling and parameters of modeling algorithms. The mentioned
above reasons determine the fact that there do not exist unified digital terrain
modeling methods and types, to be equally well applied for all the territories.
Caused by the great variety of characteristics of the land surface relief it is
possible to compile a qualitative model of the relief only if separate modeling
methods have to be applied as well as parameters of modeling, after having
evaluated regional geo-statistic data peculiarities. It is necessary to compile a
unified technique for relief classification by selecting the best applicable
relief modeling method and using it as the base to carry out detailed
investigation.

Objective of the research. To investigate the accuracy dependence of
digital terrain models on the methods of initial data preparation, methods of
modeling, parameters of modeling, relief geomorphic characteristics as well
as to determine the priorities of availability of modeling methods for different
forms of the relief.

The following goals have been set to develop an effective model:
« To investigate accuracy dependence of the digital terrain model on the
methods of initial data preparation.



e« To work out a system of evaluation and classification of land relief
geomorphic characteristics and carry out the zoning of the territory.

« Examine the influence of parametric functions of modeling methods to the
accuracy of the model.

« Explore the influence of modeling parameters to different relief types.

o To investigate the influence of modeling methods to the accuracy of the
relief model.

o Compile regressive models based on the experimental results,
summarizing the correlations between the accuracy of the relief models,
modeling parameters and geomorphic characteristics of the relief.

o Evaluate the quality and priority of digital terrain models by means of
multi criteria analysis.

Research object. The digital terrain models of the territory of Lithuania
and the measured initial data by means of different techniques in order to
compile them.

Methods of research. Experimental quality investigations of digital
terrain models by means of technologies of geographic systems, the
mathematical statistical and multi criteria analysis of the results of
investigations.

Scientific novelty of the research work:

o It has been determined dependence of the accuracy of digital terrain
models from the methods of parameters of modeling, and geomorphic
characteristics of the relief.

o There have been compiled regressive models describing the dependence of
the accuracy of the relief models received by using different models on the
parameters of modeling and geomorphic indexes of the relief.

e There has been applied for the first time the multi criteria analysis in
evaluating the quality and priorities of digital terrain models.

Practical value of the research work: Based on the received results of
the research and splitting into zones the geomorphic relief it has become
possible to select the most suitable methods of modeling and parameters of
modeling with different characteristics for the territory and compile better
quality of relief model for the whole territory.



The statements to be defended:

« Classification of the relief according to the geomorphic characteristics.

e Regularities of the influence of modeling methods and their parametric
functions as well as parameters of modeling to the quality of digital relief
models, subjected to the characteristics of geomorphic relief.

 Possibilities of application of multi criteria analysis in evaluating the
quality of digital terrain models and priorities of modeling methods.

Approval of the research work. The results of the carried out research
have been published in 5 publications in the periodical scientific journals of
Lithuania and in publications of the material of 4 conferences. The
presentations have been made in 2 international and 4 scientific conferences
in the country.

THE CONTENT OF THE DISSERTATION

Chapter 1. Review of technologies in digital relief modeling. The
chapter presents the review of the scientific publications on the technologies
used for digital relief modeling. After having analyzed scientific publications
it has been determined that the accuracy of digital models of the relief
depends not only on the accuracy of the initial data and methods of modeling
as well as on the geomorphic characteristics of the relief. However the
dependence has been investigated fully and completely that is why further
investigation is needed.

There haven’t been analyzed the integrated evaluation and selection
issues of the quality of the digital relief modeling by means of multi criteria
analysis methods. Taking into consideration the methodological principals of
multi criteria analysis as well as in compiling the digital models of the relief
the author has got very often to evaluate the indexes contradicting in
between, it is possible to apply multi criteria methods for determining
alternative priorities.

Chapter 2. The peculiarities of relief modeling. This chapter deals
with the analyzed peculiarities of modeling of the relief. Taking into
consideration the usage of parametric functions of modeling, the methods of
modeling have been divided into two groups: semivariograms and weigh
interpolation. The technological scheme of experimental research on the
relief models quality has been worked out (1 table).



Table 1. Technological scheme on the research of the quality of relief models

Stages of modeling

Short description of the research

Analysis of initial data, used
for relief modeling

Evaluation of advantages and disadvantages
of the possessed data on the heights of the
territory being modeled.

Stereophotogrammetric
measurements of heights of
the surface control points

To obtain accurate digital model of the
relief stereophotogrammetric measurements
are carried.

Compiling of digital relief
model

Different relief models are compiled by
means of kriging, cokriging, spline, weigh
interpolation and multisegmental methods
for the whole theory.

Analysis of geomorphologic
peculiarities of the territory

Selection of geomorphologic criteria for
evaluation of relief model and evaluation of
the surface.

Zoning of the territory

Evaluation of the relief and territory is split
into regions according to the relief type..

Research of the
terrain model accuracy

digital

Accuracy in territories of different relief
type is investigated using heights of
repeatedly stereo digitized points.

Research of the accuracy of
relief models

Investigation is carried on the influence of
modeling methods, parametric functions,
parameters on the accuracy of relief model
in territories with different geomorphologic
qualities.

Analysis of the results

Statistic, regressive, multi criteria analysis,
determining the most suitable priorities of
modeling methods.

Compiling of digital surface
model by means of the
selected method

Selection of surface modeling parameters,
DTM is obtained referring to the provided
requirements.

Chapter 3. Research of accuracy of relief models compiled using
different initial data. The chapter deals with the investigated dependence of
the accuracy of digital terrain models on the types of initial data selection.

There have been analyzed such models the initial data of which have
been obtained: 1) by means of vectorized horizontals 2) by means of distant
method from the space (InSAR), 3) by means of orthophotogrametric
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method, 4) by stereophotogrametric method. The results of model accuracy
are submitted in table 2.

Table 2. Accuracy of digital relief models

Method of initial data receiving

In conformity| By distant B B
Indexes with imethod from Y Y
vectorized |space views ortophoto— | stereophoto-
horizontals | (InSAR) grammetric | grametric
Number of
control points, 3115 3115 7100 3115
units
Medium
difference of -0,71 2,26 -2,94 0,74
altitudes #, m
Standard 3,92 4,57 6,23 1,89
deviation ¢ m
Maximum
difference of 18,15 25,17 26, 56 14, 46
altitudes /ey, M
Confidence
interval of
standard 3,78 +4,06 |4,41+4,73 16,09+6,37 [1,82~+1,96
deviation, m
(P=0, 95)

Chapter 4. Multi parametric evaluation of methods in digital terrain
modeling and parameter influence on model accuracy. To carry out the
experiment it has been chosen Vilnius city territory in Seskinés Ozas,
signifying itself for a great variety of the relief, that could be divided into
several types of relief. The territory served for obtaining detailed and high
accuracy initial data by means of stereophotogrametric method (the standard
deviation of altitude points is 0, 14 m, average distance between the points is
about 6 m). The scheme has been compiled by the help of the technique that
has been worked out (1 sample), the zoning has been carried out as well.
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Relief modeling methods applying parametric functions are divided into
two groups: methods, using variagrams for calculations and weight methods.

When carrying out the research, for compiling DTM has been used
ArcGIS packet of programs with the supplements 3D Analyst, Spatial
Analyst and Geostatistical Analyst. For relief modeling there have been used
geostatistic surface modeling measures, choosing parameters of modeling
manually.

There has been analyzed the influence of the number of points, type of
semivariograms and used for interpolation to the accuracy of the models for
DTM modeling, when the model is compiled by the method of kriging. The
results the investigation is given in figure 2.
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Fig 2. Dependence of errors of relief model on the type of semivariogram
and on the number of neighboring points used

The results obtained exhibited that semivariograms could be divided into
two groups according to the dependence of the compiled relief model on the
points on the number of points: semivariograms in which the accuracy of the
available relief model increase, taking more neighboring points (circular,
spherical, tetraspherical, pentaspherical, exponential 1 and 2), and
varioagrams from which the accuracy of the available relief model, by taking
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more adjacent points, significantly is reduced (Gaussian, rational quadratic
and nugget effect).

There has been investigated the influence of modelling parameters on the
different types of relief (figure 3). The most accurate data have been received
from 11, 12, 13, 21, 22 relief zones. The results have indicated that in the
territories of great relief changes Gaussian and rational quadratic
semivariograms are not to be applied.
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Fig 3. DTM accuracy setting indifferent relief zones

There has been investigated model accuracy dependence on both type of
modeling and relief (figure 4).

There has been analyzed the dependence of relief model accuracy on the
cell dimensions used in measurements and average distance between the
points of initial data. The scheme is presented in figure 5.
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The achieved results are submitted in figure 6. In changing the
dimensions of cell from (1x1) m to (35x35) m and distance between the
points from 7, 7 m to 26, 6 m, the accuracy of the models decreases up to 2
times.
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Fig 4. Influence of modeling parameters on the accuracy of DTM, using
different methods

In order to statistically ground the dependence of standard deviation on
the size of the cell, the distance between neighboring points, geomorphologic
relief peculiarities, there has been carried out the regressive analysis of the
experimental results and regressive models have been compiled. The
relativity of the experimental results of regressive models adequacy is P > 0,
95%.

After having evaluated the results of DTM mathematical statistical
analysis obtained by means of kriging, spline and weigh interpolation method
there is being stated that kriging method is the most accurate and the most
applicable in compiling of various DTM types.

The method of weigh interpolation is the least applicable for relief
modeling. The vivid DTM accuracy dependence on the relief type exhibits
that in compiling digital terrain models one has to evaluate the characteristics
of the relief and the parameters of modeling have to be chosen taking into
consideration the complexity of the surface.

14



The quality of the methods of DTM have been evaluated and the
priorities in applying multi criteria analysis. For comparison of the modeling
methods there has been used the so called TOPSIS method.(Technique for
Order Preference by Similarity to Ideal Solution). The method used for
quality complex evaluation of digital terrain model ling by means of multi
criteria technique has been applied by nobody up till now.

CONCLUSIONS

1. The research has been carried out on determining digital terrain model
accuracy dependence on the types the indicial data have been executed.
The terrain model received from the stereo digitalized altitude points has
been evaluated as the best one from the point of view of accuracy and
particularity of details. While using experimental target standard
deviation in DTM is equal to 0,14 m. The greatest discrepancies of
altitudes amount to 0,40 m.

2. The dissertation presents the evaluation of the geomorphic characteristics
of terrain surface as well as the classification of the territory of the terrain
into zones — territory with different geomorphologic characteristics. The
results of splitting into zones have been marked by double—digits: the
first figure indicates the inclination of the slope (1 + 4), the second —
variability of the terrain (1 + 6).

3. The research has been executed to determine on the methods of modeling
(semivariograms and weights) on the accuracy of terrain model. It has
been stated that a very significant influence on the accuracy of the model
has got the type of the semivariogram. In modeling the terrain by kriging
method the most precise results have been received by the help of
circular semivariogram (¢ = 0,29 + 0,54 m), the least accuracy has been
exhibited by applying Gaussian (¢ = 0,85 + 2,03 m) and nugget effect (¢
=0,82 + 2,42 m) semivariograms.

4. The research has presented the modeling parameter influence on the
different types of the terrain. It has been determined that the accuracy of
the terrain models depends on the terrain inclination and indexes of
variability. To the indexes of terrain variability there has been registered
the most sensitive reaction in such cases when for the parametric
functions of modeling there have been used Gaussian and rational
quadrartic semivariograms. Together with the increase of terrain
variability the errors of terrain model tend to increase proportionally. The
terrain variability indexes have made a slight influence in cases when
parametric functions have been chosen circular, spherical, tetraspherical
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and pentaspherical semivariograms. In applying these semivariograms
and in using the highest terrain variability indexes there have been
registered standard deviations of the model 5 times less than in cases
when using Gaussian and rational quadrartic semivariograms. In cases of
minor terrain variability indexes the accuracy of terrain modeling does
not depend on the type of semivariogram.

The research has investigated dependence of terrain model accuracy on
the size of modeling parameter cell and the distance between the initial
data points. When applying methods of mathematical statistical and multi
criteria analysis it has been determined that the accuracy of the model
increases by reducing the size of the cell and the distance between the
points. The influence of distance between the points on the accuracy is
about 10-15% higher than the size of the cell.

The size of the cell and the distance between the points has demonstrated
a more narrow influence in case of minor terrain variability and it has
demonstrated greater influence when terrain variability has been great.
The research has been made to analyze the influence of modeling
methods on the accuracy of the terrain model. Digital terrain model has
been compiled by means of kriging, spline and invert distance weighted
interpolation from the points chosen when the average distance in
between has been from 7,7 m to 26,6 m, cell dimensions have been taken
from 1x1 m to 35%35 m. The obtained results have indicated that the
most accurate results have been received in modeling the terrain by
means of kriging method. The average accuracy compiled by kriging
method would comprise the average accuracy of the terrain models in the
zone of high terrain variability (35 + 46) about 1,5 times higher than in
modeling by means of spline and about 2 times higher than in modeling
by means of invert distance weighted interpolation. The accuracies of
minor terrain variability differ insignificantly.

There have been compiled regressive models describing the dependence
of accuracy of the terrain models obtained by different methods on the
modeling parameters and terrain geomorphologic indexes. The
coefficients of the empirical regressive model determination are limited
within thee boundaries 0,67 +~ 0, 89 m. The equation parameters of the
regressive models and general model reliability level is ¢ = 0,05. That is
why it is possible to state that the regressive models compiled with
reliability P > 0,95 would prove the accuracy dependence on the terrain
model and terrain peculiarities. This conclusion has been proved by the
results of the terrain model disperse analysis.
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10.

For the first time in evaluating the quality of the digital terrain models
and priorities there has been applied the practice of multi criteria
analysis. It is possible to state on the bases of the carried out experiments
that multi criteria analysis shall have to be considered an effective
method in evaluating the priorities of terrain modeling methods as well
as their peculiarities of application under various conditions and limits.
After having divided the terrain into zones according to the
geomorphologic indexes there has appeared a possibility to evaluate the
quality of digital terrain models and select the most suitable methods of
modeling as well as parameters for the territories with particular
characteristics of the terrain.
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SKAITMENINIO RELJEFO MODELIAVIMO
DAUGIAPARAMETRINIS VERTINIMAS ATSIZVELGIANT
[ PAVIRSIAUS GEOMORFOLOGINES SAVYBES

Santrauka

Darbo aktualumas. Sudarant skaitmeninius reljefo modelius bei
juos vertinant placiai taikomi matematiniai statistiniai matavimo duomeny
apdorojimo ir analizés metodai. Taciau kuriant skaitmeninius reljefo
modelius ir juos vertinant, matematiniy statistiniy metody taikymas turi tam
tikry ypatumy. Sie ypatumai atsiranda dél to, kad reljefo modeliavimas ir
analiz¢ priskiriami geostatistiniy uzdaviniy grupei. Geostatistiniai uzdaviniai
ypatingi tuo, kad pradiniai matavimo rezultatai yra tarpiniai tarp grynai
atsitiktiniy ir grynai determinuoty dydziy. SprendZiant geostatistinius
uzdavinius, tenka naudotis regionalizuotais duomenimis, kuriy stochastinés
savybés yra teritorijos geografinés padéties funkcijos. Modeliuojant reljefa,
geografinés padéties funkcijy savybes lemia pavirSiaus geomorfologiniai
ypatumai. Reljefo pavirS$iui modeliuoti naudojamy metody (pvz., krigingo,
splain, svorinio, daugianario) teorinis pagrindimas paremtas atsitiktiniy
dydziy statistine analize. Kadangi geostatistiniy matavimy duomeny savybes
salygoja teritorijos geografiné padétis, ne visur vienodai gerai tinka vieni ar
kiti modeliavimo metodai bei modeliavimo algoritmy parametrai. Sios
priezastys lemia, kad néra vieningy skaitmeninio reljefo modeliavimo
metody ir budy, vienodai gerai tinkan¢iy visoms teritorijoms. Dél didelés
zemés pavirSiaus reljefo savybiy jvairovés kokybiska reljefo modelj galima
sudaryti tik diferencijuotai taikant atskirus modeliavimo metodus bei ty
metody parametrus, jvertinus regioninius geostatistiniy duomeny ypatumus.
Parenkant geriausiai tinkamus reljefo modeliavimo metodus, biitina sukurti
vieninga reljefo klasifikavimo metodika ir jos pagrindu atlikti detalius
tyrimus.

Darbo  tikslas. Istirti  skaitmeniniy reljefo modeliy tikslumo
priklausomybg nuo pradiniy duomeny parengimo biidy, modeliavimo
metody, modeliavimo parametry, reljefo geomorfologiniy savybiy bei
nustatyti modeliavimo metody tinkamumo jvairioms reljefo formoms
prioritetus.

19



Siekiant sudaryti efektyvy modelj, keliami Sie uZdaviniai:

« Istirti skaitmeninio reljefo modelio tikslumo priklausomybg¢ nuo pradiniy
duomeny parengimo biidy.

 Parengti zemés reljefo geomorfologiniy savybiy vertinimo ir klasifikavimo
sistema bei atlikti teritorijos zonavima.

o IStirti modeliavimo metody parametriniy funkciju itaka reljefo modelio
tikslumui.

« Istirti modeliavimo parametry jtaka skirtingiems reljefo tipams.

« Istirti modeliavimo metody itaka reljefo modelio tikslumui.

o Sudaryti eksperimentiniy rezultaty regresinius modelius, apibtidinancius
sasajas tarp reljefo modeliy tikslumo, modeliavimo parametry ir reljefo
geomorfologiniy savybiy.

o [vertinti skaitmeniniy reljefo modeliy kokybg ir prioritetus, taikant
daugiakritering analizg.

Tyrimy objektas. Lietuvos teritorijos skaitmeniniai reljefo modeliai ir
jiems sudaryti skirtingais budais iSmatuoti pradiniai duomenys.

Tyrimy metodika. Eksperimentiniai skaitmeniniy reljefo modeliy
kokybés tyrimai, taikant geografiniy geoinformaciniy sistemy technologijas,
tyrimy rezultaty matemating statistiné ir daugiakriteriné analizeé.

Mokslinis darbo naujumas:

o Nustatyta skaitmeniniy reljefo modeliy tikslumo priklausomybé nuo
modeliavimo metody, modeliavimo parametry ir reljefo geomorfologiniy
savybiy.

e Sudaryti regresiniai modeliai, apibuidinantys skirtingais metodais gauty
reljefo modeliy tikslumo priklausomybg nuo modeliavimo parametry ir
reljefo geomorfologiniy rodikliy.

e Pirma karta, vertinant skaitmeniniy reljefo modeliy kokybeg ir
modeliavimo metody prioritetus, taikyta daugiakriteriné analizé.

Praktiné darbo reik§mé: Remiantis gautais tyrimy rezultatais ir
geomorfologiniu reljefo suskirstymu | zonas galima parinkti geriausiai
tinkanc¢ius modeliavimo metodus ir modeliavimo parametrus su skirtingomis
teritoriju savybémis bei sudaryti geresnés kokybés reljefo modeli visai
teritorijai.
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Ginamieji teiginiai:

« Reljefo klasifikavimas pagal geomorfologines savybes.

e Modeliavimo metody ir ju parametriniy funkcijy bei modeliavimo
parametry jtakos skaitmeniniy reljefo modeliy kokybei désningumai,
priklausantys nuo geomorfologiniy reljefo savybiu.

o Daugiakriterinés analizés taikymo galimybés, vertinant skaitmeniniy
reljefo modeliy kokybg ir modeliavimo metody prioritetus.

Darbo aprobavimas. Atlikty tyrimy rezultatai paskelbti 5 publikacijose
Lietuvos recenzuojamuose periodiniuose mokslo Zurnaluose ir 4 konferenciju
medziagoje. Skaityti praneSimai 2 tarptautinése ir 4 respublikinése
mokslinése konferencijose.

Apimtis ir struktiira. Disertacija sudaro jvadas, keturi skyriai, bendrosios
iSvados, 201 pavadinimo literatiiros sarasas, 9 pavadinimy disertacijos
autorés darby sarasas. Bendra apimtis — 125 psl.

Pirmajame skyriuje pateikta mokslo publikaciju skaitmeninio reljefo
modeliavimo klausimais technologiju apzvalga. ISnagrinéjus mokslines
publikacijas nustatyta, kad reljefo skaitmeniniy modeliy tikslumas priklauso
ne tik nuo pradiniy duomeny tikslumo ir modeliavimo metody, bet ir nuo
reljefo geomorfologiniy savybiy. Taciau $ios priklausomybés nepakankamai
istirtos.

Antrajame skyriuje iSnagrinéti reljefo modeliavimo metody ypatumai.
Atsizvelgiant | modeliavimo parametriniy funkcijy naudojima, modeliavimo
metodai suskirstyti { dvi grupes: naudojantys variogramas ir svoriniai.
Parengta reljefo modeliy kokybés eksperimentiniy tyrimy technologiné
schema.

TreCiajame skyriuje iStirta skaitmeniniy reljefo modeliy tikslumo
priklausomybé nuo pradriniy duomeny gavimo budy.

Ketvirtajame skyriuje parengta reljefo geomorfologiniy rodikliy ir
teritorijos zonavimo pagal reljefo savybes metodika. Atliktas eksperimentinés
teritorijos skaidymas | zonas. IStirta modeliavimo metody tikslumo
parametriniy funkciju bei modeliavimo parametry jtaka skirtingy reljefo tipy
skaitmeniniy modeliy tikslumui. Sudaryti regresiniai modeliai, apibiidinantys
sasajas tarp reljefo modeliy tikslumo, modeliavimo parametry ir reljefo
geomorfologiniy savybiy. Skaitmeniniy reljefo modeliy kokybé ir prioritetai
ivertinti taikant daugiakritering analizg.
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Isvados

Istirta skaitmeninio reljefo modelio tikslumo priklausomybé nuo
pradiniy duomeny gavimo budy. PavirSiaus modelis, gautas i§
stereodigitalizuoty tasky auksciy,detalumo ir tikslumo pozitriu
jvertintas kaip geriausias. Eksperimentiniame objekte skaitmeninio
reljefo modelio standartinio nuokrypio ivertis yra 0,14 m. Didziausi
auksciy nesutapimai siekia iki 0,40 m.

Ivertintos Zemés pavirSiaus geomorfologinés savybés ir reljefo teritorija
suklasifikuota { zonas — teritorijas su skirtingomis geomorfologinémis
charakteristikomis. Skaidymo { zonas rezultatai pazymeéti dviZenkliais
skaiCiais: pirmasis skaitmuo parodo §laity nuolydi (1 + 4), antrasis —
reljefo kintamuma (1 + 6).

Istirta modeliavimo metody parametriniy funkcijy (variogramy ir
svoriy) itaka reljefo modelio tikslumui. Nustatyta, kad didelg itaka
modelio tikslumui turi variogramos tipas. Tiksliausi rezultatai
modeliuojant reljefa krigingo metodu gauti, taikant apskritiming
variograma (¢ = 0,29 + 0,54 m), maziausias tikslumas gautas, taikant
Gauso (6 = 0,85 + 2,03 m) ir slenksc¢io efekto (¢ = 0,82 +~ 2,42 m)
variogramas.

Istirta modeliavimo parametry itaka skirtingiems reljefo tipams.
Nustatyta, kad reljefo modeliy tikslumas priklauso nuo reljefo nuolydzio
ir kintamumo rodikliy. [ reljefo kintamumo rodiklius jautriausiai
reaguojama, kai modeliavimo parametrinémis funkcijomis naudojamos
Gaussian ir kvadratinés variogramos. Didé¢jant reljefo kintamumo
rodikliams, proporcingai didéja reljefo modelio paklaidos. Reljefo
kintamumo rodikliai turi neZymig jtaka, kai parametrinés funkcijos yra
apskritiminés, sferinés, tetrasferinés ir pentasferinés variogramos.
Taikant Sias variogramas, esant didZiausiems reljefo kintamumo
rodikliams modelio standartiniai nuokrypiai yra apie 5 kartus maZesni,
negu taikant Gaussian ir kvadratines variogramas. Esant maZiems reljefo
kintamumo rodikliams, reljefo modeliavimo tikslumas nepriklauso nuo
variogramos tipo.

Istirta reljefo modelio tikslumo priklausomybé nuo modeliavimo
parametrq~la[stelés didumo ir atstumo tarp pradiniy duomeny tasky.
Taikant matematinés statistinés ir daugiakriterinés analizés metodus
nustatyta, kad modelio tikslumas did¢ja, mazinant lastelés diduma ir
atstumg tarp taSkuy. Atstumy tarp tasky jtaka tikslumui apie 10-15%
didesné negu lastelés didumas.
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6. Lastelés didumas ir atstumas tarp tasSky mazesng itaka turi, esant mazam
reljefo kintamumui ir didesng, kai reljefo kintamumas didelis.

7. Istirta modeliavimo metody jtaka reljefo modelio tikslumui.
Skaitmeninis reljefo modelis buvo sudarytas krigingo, splain ir svoriniu
metodu i§ tasky, tarp kuriy vidutinis atstumas nuo 7,7 m iki 26,6 m,
lastelés matmenys imti nuo 1x1 m iki 35%x35 m. Gauti rezultatai parodeé,
kad tiksliausi rezultatai gaunami modeliuojant reljefa krigingo metodu.
Krigingo metodu sudaryty reljefo modeliy vidutinis tikslumas didelio
reljefo kintamumo zonose (35 + 46) apie 1,5 karto didesnis, negu
modeliuojant splain ir apie 2 kartus didesnis, negu modeliuojant svoriniu
metodu. Mazo reljefo kintamumo zony tikslumai skiriasi neZymiai.

8. Sudaryti regresiniai modeliai, apibuidinantys skirtingais metodais gauty
reljefo modeliy tikslumo priklausomybg nuo modeliavimo parametry ir
reljefo geomorfologiniy rodikliy. Empyriniy regresiniy modeliy
determinacijos koeficientai yra 0,67 + 0, 89 m ribose. Regresiniy
modeliy lygciy parametry ir bendrasis modelio patikimumo lygmuo q =
0,05. Todél galima teigti, kad sudaryti regresiniai modeliai su tikimybe
P > 0,95 patvirtina reljefo modelio tikslumo priklausomybe nuo
modeliavimo parametry ir reljefo savybiy. Sia i§vada patvirtina ir
regresinio modelio dispersinés analizés rezultatai.

9. Pirma karta vertinant skaitmeniniy reljefo modeliy kokybg ir prioritetus,
pritaikyta daugiakriteriné analizé. Atlikty eksperimenty pagrindu galima
teigti, kad daugiakriteriné analizé yra efektyvus biuidas vertinti reljefo
modeliavimo metody ir jy taikymo ypatumy prioritetus, esant jvairioms
salygoms ir apribojimams.

10. SuskirsCius reljefa | zonas pagal geomorfologinius rodiklius, susidaré
galimybé jvertinti skaitmeniniy reljefo modeliy kokybg ir parinkti
tinkamiausius modeliavimo metodus bei parametrus teritorijoms su
konkreciomis reljefo savybémis.
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