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DIFFERENTIAL DIGITAL TERRAIN MODEL
APPLIED TO EVALUATE CHANGES IN THE RELIEF FEATURES

LITWIN URSZULA?Y, IZABELA PIECH?

ABSTRACT - Under this research study, on the example of agellof Kasinka Mata, a possibility
of applying a Digital Terrain Model (DTM) to evaligachanges in the cultural landscape was assessed.
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INTRODUCTION

A contemporary interpretation of Landscape refers tspatial and material dimension of the
Earth’s reality, and, so, the landscape coversmptex system consisting of the following forms:
relief features, flora (vegetation) and waters (@@reld, 1990).

Cultural landscape, also called anthropogenic leaqus, is associated with human activities in
the domain of culture. It is an area of intense &orActivities, causing essential changes in thiesys
of natural environmental conditions and introducsmatial (3D) elements created and produced by
man (Ambosiewicz, Mackiewicz, 1998; Banaszak andgfayk, 1993; Mazur, 1998; Meeus 1990,
1995; Szcegsny, 1982).

One of the highly complicated tasks in the field raftural science is to study landscape,
specifically, to assess landscape, and to forealisthe required changes and modes/states of
preservation. Until now, investigations on the lscape were based on rather intuitive methods
characterized by a certain degree of subjecti@tying to the complexity of issues, in particulathe
complexity of spatial parameters describing thel$aape, it is necessary to support the assessient o
landscape by applying various scientific branci@aing to this fact, quite a lot of outcomes of
scientific research aiming at evaluating the langscare often very biased, one-sided, or even
divergent.

A Digital Terrain Model (DTM) is one of the prodscof the modern digital photogrammetry
and can be applied to evaluate changes in theagayenic landscape.

METHODS TO OBTAIN A DIGITAL TERRAIN MODEL

When digitally approaching a topographic surfabe, first essential problem encountered is
connected with choosing a field measurement metratl with creating an input basis for further
calculations. In geodetic-cartographic works, thare three approach procedures usually utilized to
choose source data. All of them are associated witterrain modelling process and with its
application (Piasek, 1993).

The first approach procedure covers a method afctimeasurements taken by electronic
devices (the testing/measuring stands/stationgitlver automatic or semi-automatic) within a lirdite
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range of the terrain surface. Using this approhignly accurate measurements are obtained; theecan
applied to designing earth structures, computiteg ttubic contents (cubatures) of earth masses etc.

The second approach is associated with photogramenne¢asurements, which are processed
by a stereo plotting machine; the processed imagegmlly have accuracy dependent on the
differentiation in the heights (elevation) of therrain measured. Most frequently, this approach is
applied to large ranges of surfaces. A typical g¥anof the second approach application comprises
dam designs, water reservoirs designs, and desfgoads and highways/motorways (Piasek, 2000).

The third approach is based on the digitalizatibrexisting maps. Data can be processed
manually, automatically or semi-automatically. Toion is characterized by a poor accuracy subject
to the scale of maps being processed,; it is appliswbng other things, to reproduce the configunatio
of the studied terrain and its relief features ([Befl987a, 1987h).

A DIGITAL FORM OF THE TERRAIN MODEL
A Digital Terrain Model can be represented in terf of:

* TIN — a network of irregular triangles;

* GRID — with randomly assumed sizes of a mesh @hek garallel to a local or national
coordinate system,

» Contour Model

TIN — (eng.Triangular Irregular Network numerous irregular nettings form a network oégular
triangles with vertices lying on measurement pgithe triangles create surfaces, which are most
congruent with the terrain. This DT Model dependstloe method of setting measurement points;
morphological forms of the terrain are easy to lmntained and to be described within the same
structure since the shape and the size of triaraglesadjusted to terrain forms. A weak point of the
TIN structure is the necessity of having larges $ié¢s to archive data. No TIN structure is predd
generated when automatically generating a DTM.

The Digital Terrain Model shaped as a network @ngles is recommended for applications to
terrains characterized by an intricate configuratamd relief features, with lots of anthropogenic
elements.

GRID - is a regular network composed of nettings mggefujuadrates, rectangles or triangles; in
the knots of the netting, there are points of anitef terrain height. The GRID is regarded as a
‘secondary’ network with meshes that are freelydmanly dimensioned and their sides are parallel to
the coordination system assumed. This DTM appeawse nuseful when generating digital
orthophotomaps.

Contour Model — comprises isolines describitgrrain surfaces; the basic element of this DTM is
sequence of coordinate pairs of a point of ‘Z’, e¥his its given height. This type of representatbn
the terrain configuration and relief features si¢gl when using cartographic methods.

ACCURACY OF THE DIGITAL TERRAIN MODEL

The accuracy of DTM is characterized by a meanhteaigor obtained by the interpolation of a
resulting DTM as presented by the Equation 2. Tbeuacy of DTM depends on the following
factors:

« errors in source data;

+ size of the netting mesh;

- character of the relief features;

« methods of interpolation.
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The above factors are compiled in an empirical gunédy Ackermann; in the equation, its
second term includes errors connected with thepotation of height in the resulting (secondary)
network knots (Technical Guidelines K-2.8):

2o = M’ +(a dy’ (1)
where:
mt — mean error of the height being interpolated,
m, — mean error of the measurement data;
a — coefficient describing the characteradief features;
d — mean distance between individual messant points.

Value ofa coefficient:

a =0.004 — 0.007 — relating to flat terrains;
a=0.01-0.02 - relating to terrains with meade relief features;
a=0.02-0.04 - relating to terrains with ptaed irregular surfaces.

Mean error of the height determined is:

m, = + (Mo — (@ d)’)¥%; the height value should not exceed 1/3 of thgaur distance (interval) as
assumed for a given topographic map with a givatesc

Prof. Torlegard provides equations describing t®ieacy of a resulting DTM obtained from
a measurement made on the basis of aerial photogrdpe equations depend of the type of a
particular terrain:

Mz  =0.2+0.4 % - H—with regard to a flatréén;
Mz  =1.0+ 2.0 %o - H—with regard to mountaisderrains;
MZ max— 2 - 3 X Nk

As for the 1:26 000 aerial photographs, it is passio receive a maximum accuracy level of
Mz =+ 0.8 m, and as for the 1:5 000 aerial photdggapheir accuracy isM; = + 0.25 m.

The accuracy of DTM, obtained using an automatithoe of measuring a point height (serial
correlation), is comparable or higher than the emmuof DTM obtained using an analytical plotting
instrument for photographs scanned using 15 pelix

» as for the flat and undulating terrains, the meaorés: My <0.10%. -H
- as for the mountainous terrain, the mean errangsi, < 0.25%o -H

However, in the case of photographs scanned uSing'8pixels:
» as for the flat and undulating terrains, the meaorés: nmymy < 0.10%. -H
- as for the mountainous terrain, the mean errandsi; < 0.20 — 0.35%o -H
(Dorozhynskyy, 2002)

The measurement of such form lines of the terraosh as lines of discontinuity, skeleton
lines, surface area of exclusions, is performedidigg the manual digitalization of such objectsaon
stereoscopic model. Next, this measurement is egplio the process of generating an
ultimate/resulting DTM.

The above-cited mean error of the height valuegiobtl by interpolating the resulting DTM,
allows for the determination of its accuracy. Thentioned error covers the following factors:
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measurement errors, accuracy of input data, diroargdi the netting mesh and a factor describing the
character of a given terrain.

It is worth emphasizing that while developing DTMtechnologically important element to be
considered and included is the determination ofititerrelations existing among the density and
accuracy of surface measurements, the complexitgradin forms and the density of the secondary
DTM network being generated.

In the case, a DTM is generated for an orthophopomausing a photogrammetric method,
the size of a netting mesh (it is the so calleddselary network’) is as follows:

secondary netting mesh of a given DEM20 - myy as for a flat terrain;
secondary netting mesh of a given DEMO - myryv as for an undulating terrain.

APPLICATIONS OF DTM

The Digital Terrain Model has been more and momegudently practically applied in
cartometrical surveys and studies. It is used:

» to automatically generate contour lines of sha@déidfrto develop: maps of terrain roughness,
slope maps, maps of slope insolation, longitudi@hg) and transversal (cross) profiles,
perspective views of terrains;

* to generate digital orhtophotomaps and stereoohthiomaps. DTM is indispensably
necessary in a process of digital generation dfopthotomaps for the purpose of eliminating
image distortions caused by the terrain variatiolevel;

» to support such computer systems as GIS/LIS, wbé&M is a separate thematic stratum;

» to assess the output volume in opencast minescaddtérmine the tempo of progression of
erosion processes;

* to determine limits of inundation lines while parfong simulations of a flood-wave height;

* to design communication roads, for example highwagtorways, with an option to quickly
switch among various route run alternatives (hoas¢hroads may run), to draw up cost
analyses, earthwork timetable (construction plaut) t8a determine the degree of incorporating
the road into landscape and the visibility degleagthe entire route.

Presently, DTM is applied to investigate phenomas@urring on terrain surfaces, as well as to
spatial planning and engineering designing. In manilications, DTM is highlighted as being very
necessary and useful; many authors also descebmittiple applications in many branches of the
national economy (Baranowski, 1998, Adamczewsl®81&urczyiski, Preuss, 1998, Mitek, 1999).

A DTM generated can be visualized in different wdgpending on its eventual applications.

THE AREA UNDER INVESTIGATIONS

The researches on the assessment of changes lanttszape of submontane terrains were
performed in the village of Kasinka Mata, in theigen(commune) of Mszana Dolna.

A town of Mszana Dolna is located in the inner-miim depression within the Beskid
Wyspowy Range. The area of Mszana Dolna coverdotimm of this mountain depression and the
slopes of hills/summits surrounding the depressitre intermontane valley, where Mszana Dolna is
situated, is of erosional origin. It was cut outinlti-coloured slates from the Eocene era by tvegnm
rivers Raba and Mszana, by their tributariesgBianka and Stomka, which converge in this valley,
and by many smaller brooks and streams. The botfothis valley is lined with layers made up of
gravels, sands, and flysch silt. The thicknesfio$e¢ layers is 5 m.

A key factor deciding on specific landscape valaed scenic-aesthetic advantages of this
town is the variety of relief features and the aerrconfiguration diversity. The following places
should be cited as very noticeable in this disticdouthern slopes of the summit of Lubogoszcz; -
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almost the entire ridge of the Adamczykowa MourGrenoszowa, between the valley of the River
Raba and the village of Rdma; - a considerable part of the hill slopes witthie Zarabie region; and,
finally: - a significant part of hill slopes withorthern exposure and descent into the valley ofithe
Stomka.

In each of the places named above, each singlepuititup plot is qualified as a very
attractive and scenic location and each singlelfelth or green lane is regarded a very enthralling
scenic route. Owing to the landscape and aesthatiees of this area, it is highly recommended to
maintain the agricultural and forest character hef slopes surrounding the valley of the town of
Mszana Dolna. This particular type of space uséhés only warranty that all its environmental,
cultural and recreational values can be maintaametpreserved.

The village of Kasinka Mata (fig.1) is situated nélae main road from the town of Mszana
Dolna to Cracow [in Polish: Krakéw] in the ProvinaEMatopolska, in the powiat of Limanowa, and
in the gmina of Mszana Dolna; it is the westerneedfjthe Beskid Wyspowy Range. The altitude of
the location of Kasinka Matranges between 370 and 440 m above sea levehkéaMlata lies where
the mouth of the river Kasinka flows into the rivRaba (right-hand tributary of the Vistula riveéFhe
Kasinka Mata village borders on the following ldtak: Mszana Dolna, Lubig Kasina Wielka and
Weglowka.

Figure 1. The Area under investigation— Kasinka Mata.
Source: WWW site in Internet: ‘Geoportal’
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SOURCE MATERIALS, METHOD OF ACQUIRING DATA

The investigations on the possibility of applyingopogrammetric methods to the assessment
of changes in the landscape of submontane tenagns performed in the village of Kasinka Mata.

This particular investigation object has beendebt as an example of a typical submontane
area where changes in the landscape had occur@dthE research purposes, two types of
photographs were used: - colour aerial photograplsscale of 1:26 000, taken in a period from 1995
to 1997 under the PHARE programme; - archive pamohtic photographs at scales of 1:19 000 and
1:20 000, taken during the 1960s and 1970s. Thisfsphotographs constitutes a valuable material
and allows for the determination of both the changecurring in the environment and the tempo of
their progressing.

DEVELOPING DTM AND ASSESSING ITS ACCURACY

Most frequently, the planimetric and contour (togagdnic) map is a model of terrain relief
forms. A very important element of such map is tbamtour lines are very well drawn. When a
contour drawing is replaced by a digital terraimface model, then, new possibilities appear in the
domain of landscape (Nita, 2001b). With DTMs, agedure of obtaining essential parameters that
characterize basic land features/forms becomes mMmuuie feasible and more precise. In addition,
with DTMs, we can simply and quickly assess slopd terrace surfaces, determine and report
averaged or real angles of slopes and insolatighow exposures/aspects of some selected surfaces.
Relief features, landforms or their fragments carcbmpiled in thematic modules and we can put on
those thematic modules and assess all kinds ofgelsaas suggested for a given landscape to achieve a
full visualization thereof from any perspective. diibnally, aerial photographs can be successfully
placed on such modules (Chybiorz, Nita, 1999).

For the purpose of the present research studygigaDi errain Model was manually produced
at a ‘Dephos’ photogrammetric station by importangroject from the ImageStation. Height Data for
this DTM were taken from photogrammetric data stréo-pairs of aerial photographs).

A grid with a 30 x 30 m mesh was established, tbdehwas complemented by discontinuity
lines (stream lines, crest lines) and the grid fillesl in the places with breaks in the terrairiegl

Discontinuity lines add vividness to the resultb@M and improve its three-dimensionality,
especially in the areas showing a diversified felie the next stage of investigations, DTM will be
used as a method of representing the terrain refies a basis for various analyses to be perfarmed
Profiles, a contour map or a 3D terrain model, kn@s block-diagram, can be developed quickly and
easily from any DTM. The Digital Terrain Model wasoduced for each single stereogram and
visualized in the ‘Surfer’ software. In the furthginase of the study project, the Digital Terrainddio
will be applied to produce a differential model.

The determination accuracy of the height of a gigemt from DTM was computed on the
basis of the following formula developed by Prokcarmann:

Morm = M, +(a d)2

where:
m, — for undulating terrains H/10 000
H=2000 m
a = 0.010 — 0.020 — for undulating terrains
d=30m

Mo = (2000m/10 000)2 + (0.015 - 30 m)? =
= (0.2)2+ (1.5)2= 0.04 + 2.25 = 2.29/29m = 1.5 m
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The determination accuracy of the height of a gipeimt from DTM is: 2 npty = 2 1.5m = 3.0 m.

Stereogram 1169 + 1170 (in the ye&lr963)
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Figure 2. Arrangement of the contours of the terrain investiggl; contours were generated using
DTM for a stereogram No. 1169 +1170 (in the ye863).
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Figures 2a and 2bDigital Terrain Model constructed on the basis ahadel made up of archive
black & white photographs for a stereogram No. 138470 (in the year 1963).
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Stereogram 1240 + 1241 (in the yed977)
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Figure 3. Arrangement of the contours of the terrain investegl; contours were generated using
DTM for a stereogram No. 1240+ 1241 (in the year 10

<25 XX
ST
iy S8
b SLLezmear sy X
RIS s AN
SR, “‘\{{‘
B R e s st N
R e L s wRet
iy SRS N
B XK
SRR e SRR
SRS s s 3
SN s RN
GBI AR
e AN i iy
m‘.‘:o:.‘:‘:.;n,,,,‘:““\\‘o:o:o:;:;.;';;.;'m,m!'::;;' ool f/:»:x“\\\\g}\\\\\\\‘\{‘\\}{}\\\w;“\
SR N oce e 111/ 23172 NI RO RO
S AN 32622 2NN
AR 5 ZANN s
Y o N
% b = \ REKRK
2o NIRRT 7 s NI N X0
RIS Ay N KSR
ARSI s NN SRR
R R RN
MBSO\ SS N
& N SSsoeser it iyl ok SN
o g ﬁ%ﬁ%ﬁmg N \\w\ “ﬁv
Kz ipyllppytiner N
5% TR
& & I AR5858
& UL
N0,
LIRS
XK
gﬁﬁp &Y

Figures 3a and 3bDigital Terrain Model constructed on the basis ahadel made up of archive
black & white photographs for a stereogram No. 124241 (in the year 1977).
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Stereogram 7017 + 7018 (in the yedr997)
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Figure 4. Arrangement of the contours of the terrain investigl; contours were generated using
DTM for a stereogram No. 7017 +7018 (in the ye@91).

Figures 4a and 4bDigital Terrain Model constructed on the basis ahadel made up of archive
black & white photographs for a stereogram No. 767D18 (in the year 1997).

Based on the above Digital Terrain Models, diff¢iardigital terrain models were constructed
at a ‘Dephos’ digital photogrammetric station.

The determination accuracy of the height of a gipemt from DTM is about 3.0 m and no
essential changes in the relief features of theaiterinvestigated are found; thus, the DTM
constructed, the subsequently made differential ZXBMnot reflect any changes in the relief.

The application of the differential DTM can be rewoended in the case when real changes in
the relief significantly exceed the accuracy of DTM
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CONCLUSIONS

On the basis of the results obtained from the amBccomplished under this research study,
it was confirmed that for the purpose of pickingt aihanges occurring in the landscape, the
applicationof the differential DTM (provided the changes i tielief significantly exceed the
accuracy of DTM) is very useful and helpful

This research study was based on the aerial plagbhgr and the existing traditional
cartographic materials or digital maps, it was afsmported by other research dealing with
interrelations among the data referring to theatarstudied, which characterized the afforestation
level of this terrain and the satellite images,akhiinderwent a controlled classification.

Owing to this fact, it was possible to quickly &th’ and use individual, author's own research
materials and information on objects from varioatabases and to enrich the contents of maps.

Recently, more and more cartographic materials apjpethe form of digital maps. Those
materials can be then applied to research studlidésodescription. Digital maps offer new, unliegkt
possibilities to accomplish analysis and themdtidies relating to landscape.
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