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Preface

The first StatGIS conference is a part of the project
led by Department of Geoinformatics, Faculty of
Science, Palacky University in Olomouc.

The conference aims to present to the students
and teachers of Faculty of Science, Palacky
University, the results of scientific researchers
reached by their research. The topics are not
a common part of the teaching courses, but
they extend actual knowledge in studied areas
by significant way. The conference will be
attended by several of leading international
experts.

Predmluva

Prvni  StatGIS  konference je  soucasti
projektu, feseného Katedrou geoinformatiky
Prirodovédecké fakulty Univerzity Palackého
v Olomouci.

Konference si klade za cil prezentovat studentdm
a zaméstnancim Prirodovédecké fakulty UP
vysledky védeckych pracovnikli  dosazené
pfi svych vyzkumech. Jde o témata, ktera
nejsou soucasti bézné vyuky, avsak vyznamnych
manych oblastech. Konference se zucastni také
nékolik prednich zahrani¢nich odbornika.
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Olomouc - University city

Olomouc has always been among the most prominent medieval cities of the Czech lands. For
centuries, its good geographical location, its university with a long tradition, its culture and crafts have
made it a natural centre of Moravia, attractive to artists, intellectuals and merchants alike. Nowadays,
Olomouc is the main city of the Olomouc Region and has over 100,000 inhabitants, which makes it
the fifth biggest city in the Czech Republic. After Prague it is the second biggest historical area in the
country, with its old university, Archbishopric, Moravian Philharmony, many interesting museums and
theatres, vast parks and a zoo.

Olomouc has been known as a university city for centuries. It is a city full of young people that offers
cultural and sports events and life in an attractive region with a low cost of living.




Palacky University in Olomouc

The Czech Republic offers a wide and varied choice of colleges and universities. If you look for high
quality teachers, a wide range of study programmes, a stable scientific research base or renowned
experts, you do not have to go far. In the historic atmosphere of the city of Olomouc you will find
Palacky University — clearly the best choice, not only for students, but also for foreign guests, top
researchers and prominent institutions and companies.

The Palacky University draws on a long tradition. It was founded in the 16th century and is the second
oldest university in the Czech Republic. It has become a modern educational institution that offers
a wide range of study programmes and engages in a variety of research activities. Its eight faculties
are attended by 23,000 students — more than a fifth of the city‘’s number of inhabitants. Its prestige
among other universities has been repeatedly confirmed by the keen interest, not only of young
applicants, but also of a high number of professionals. The demand has been so high that it far
exceeds the capacity of our study programmes.

Palacky University is a research university. Promotion and development of science and research stand
at the heart of its priorities. Research teams as well as students working on varied research projects
can count on state-of-the-art technology. Thanks to the university projects the city has, in recent
years acquired new research centres of national and international importance. Modern laboratories
and other research possibilities provided by these centres make them attractive for researchers and
universities from abroad.
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Department of Geoinformatics

The Department of Geoinformatics was founded in 2001. The roots of geoinformatics at Palacky
University can be traced back to 1989, to the Department of Geography. Nowadays, the Department
of Geoinformatics is a separate academic department that offers high quality education and research.
It is renowned both nationally and internationally. The main fields are geoinformatics and
geoinformation technologies in education and research, and their promotion, both in the Czech
Republic and abroad. Its activities encompass teaching in the field of geoinformatics with special
emphasis on geographical aspects, research projects that follow international trends and the
promotion of modern geoinformation technologies in all spheres of Czech society.

The Department owns two specialised laboratories for geoinformation systems and remote sensing
and one research laboratory for the eye-tracking technique in cartography. It uses state-of-the-art
equipment and software. Its teaching activities are accompanied by cooperation with prominent
national commercial companies in the field as well as renowned foreign universities.

The teachers do their best to react to the individual needs of students of bachelor, master and
doctoral programmes, enabling them to take part in research projects, to work and gain experience
in commercial companies and to excel in national specialised student contests.




StatGIS Team Project

The project StatGIS Team (Building of Research Team in the Field of Environmental Modeling
and the Use of Geoinformation Systems with the Consequence in Participation in International
Networks and Programs) is focused on building of two research-educational teams, which are led
by well-known experts in the field of mathematical statistics and spatial phenomena modelling
(e.g. hazards, floods, landslides, ecological modelling, urban processes etc.). These experts are also
treat as a connection to international scientific networks and programs. Department of geoinformatics
(DGI) and Department of Mathematical Analysis and Applications of Mathematics (DMAAM)
represent significant national institutions in geoinformation technologies and mathematical disciplines
and via the project results these departments will strengthen their scientific and educational position
(in the field of geoinformatics and applied mathematics) in Czech Republic academic sphere. The project
will create new working positions for young researchers and three well-known experts from field
of applied statistics and geoinformatics will be involved. Last but not least, activity leading to organize
eminent international conferences will be supported.

More information about the project is available on the project website — statgisteam.upol.cz.
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Mircea Ardelean

SmartGrid projects - Maps of Cooperation

dr. Mircea Ardelean, European Commission, Joint Research Centre, mircea@chbg.uvt.ro

Nowadays the electric network faces a
technological and logistical challenge due to the
integration of renewable energy resources. Their
location and availability is not always in the line
with the demand and that causes a stress over
the network or a loss of efficiency. One way to
solve the problems is to convert the traditional
network structure to a smart grid. A smart grid is
an electrical network that uses information and
communication technology in order to improve
the efficiency of production and distribution
of electricity. The migration of the present
network towards a smart grid implies changes
and investment both in physical infrastructure
(building new lines of higher capacity, smart
metering, installing batteries) but also in the way
the information is handled (servers, software).

Central Power Plant

As more and more devices will attach to the

network (electric vehicles, household solar
panels) the update of the network towards
smart grid will be a must in future.

During last decade Europe saw a constant
increase of number of smart grid projects
addressing different technological or economic
aspects, involving different types of institutions
and companies and covering almost all countries
on the continent.
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At the European level there is a strong

polarization both in number of projects and
investment. The leaders are the countries in
Western Europe with a more advanced approach
in taping the wind energy resources available off
shore mainly in North and Baltic Seas. They are
followed by Southern Europe where the focus
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is on integrating the high solar capacity largely
available here. Other laboratories across Europe
associated with universities or companies study
different aspects of smart grid technologies
regardless of resources’ localization.

The cooperation pattern reveals the authority
of western universities and companies which
are the leaders in projects while the eastern
and southern countries take part as partners.
The closest links are between actors from Spain,
France, Germany, United Kingdom and Italy who
share the largest number of projects and finance
dedicated to them. There is a strong cooperation
among these countries especially of those that
are neighbors. It is not the same pattern that we
meet at the eastern half of the continent. Here
most of the countries are involved in smart grid
projects whose leaders are western countries
and the cooperation between neighbor
countries is scarce or rather absent. There is no
major project in this area led by an institution
from Eastern Europe to have a regional focus.

The distribution of projects, leadership and
finance reveals a maturity of smart grid concept
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in Western and Southern Europe and still an
incipient phase in the rest of the continent.

The most advanced countries in implementing
the technologies are Denmark and The
Netherlands who have the largest number of
implementation sites addressing various aspects
of smart grid technology.

The growing need for electricity in future years
and creation of a single electricity market
will lead to the adjustment of the network in
order to respond properly to the challenges.
The necessity of bulk electricity transfer across
Europe will transform the network into a super
grid able to receive multiple inputs from different
energy sources and to handle properly the flux
of electricity.

To achieve a strong, reliable and efficient
electric grid across Europe the cooperation
must increase with focus on countries having
renewable resources and which are expected to
experience an increase in electricity demand in
future.

References

GIORDANO, V., MELETIOU, A., COVRIG, C.F., MENGOLINI, A.,
ARDELEAN, M., FULLI, G., SANCHEZ JIMENEZ, M., FILIOU, C.
(2013). Smart Grid projects in Europe: Lessons learned and
current developments. Report. European Commission, Joint
Research Centre, Institute for Energy and Transport



Mircea Ardelean

The spatial impact of high voltage transmission lines over

the European landscape

dr. Mircea Ardelean, European Commission, Joint Research Centre, mircea@cbg.uvt.ro

Modern society relies heavily on electricity in all
economic areas: residential, industry, services,
agriculture, and leisure. Electricity is produced
in power plants which are in a large extent
confined to the resources available (hydro, wind,
solar). The consumption on the other hand is
more evenly distributed through territory or
does not coincide with the production area. For
that reason the electricity must be transported
from the place of production to the place(s)
of consumption via high voltage lines. The
economic development in an area leads to a
larger demand for electricity and more lines are
being built.

The infrastructure associated with the electrical
transmission consists beside the pillars and the

lines in a protected area along the path of the
transmission lines designed to secure the area
for a proper maintenance and minimize the
risks in exploitation. Depending of the voltage
of the line and the national regulations these
corridors may be as 50 m or more wide. Inside
these corridors the activities allowed are strictly
regulated as well as the building permits. The
impact of these corridors range from minimum
in case of arable land to a highly one in case of
woods or urban areas: in forested areas crossed
by the high voltage lines the trees must be cut
down along their paths producing disruptive
couloirs; the lines may pose problems in areas
of birds’ nesting or may act as obstacles on the
paths of their migration; in urban areas they
produce corridors with highly restrictive uses
and access.

Although these corridors are not as disruptive
as other types of infrastructure they are
features visible in the landscape and determine
a restriction of the productive potential of the
crossed areas.

The analysis of the spatial impact of the
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European transmission lines was carried for the
lines with voltage equal and above 220kV using
the situation reported in 2012. This voltage
category was selected due to the availability
of the data but also because this voltage (and
above) require large corridors (50 m or more)
with high impact over the crossed areas. The
areas with restrictions due to the presence of
high voltage lines are much larger as result.

The impact of these corridors was evaluated
against two main features: the land use and the
highly populated areas.

In Europe the high voltage lines have a length of
240.000 km. The corridors generated by them
cover 0,26 % from the total area of Europe. That
might not sound too much but they sum 12.000
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km2 or roughly the size of Montenegro or three
times the size of Luxembourg. The overall density
of these lines is 5 km/102km2 but it can reach
more than 10 km/102km2 in highly “energetic”
areas exerting a lot of pressure over the available
land.

W Continuaus and
discontinous fabric

mindustrial, commercial,
transport, mines

B Urban green, sport and
leisure

m Arable, pastures, ather
agricultinal

m Forests

W Grassland, Beaches, sand,
bare rock, glaciers, other
‘wetlands and waters

Tab 1: Structure of land use inside the high
voltage lines corridors

More than half of this area is represented
by agriculture land where the impact of the
corridors is less powerful. Almost 1/3 consists of
forested areas, while almost 250 km2 are found
in wetlands and other humid regions. More than
400 km?2 of high density urban areas (> 300 inh./
km2) are covered by the corridors associated
with high voltage lines.

Usage restrictions have also an economic cost as
studies have shown (Colwell, 1990, Hamilton &
Schwann, 1995, McNair & Abelson, 2010). The
proximity of high voltage lines in urban areas
diminishes the land value by 5-10%. The corridors
in forested areas determined the cut down of
more than 50 mil m3 of wood and prevent the
grow of 1,25 mil m3 wood every year.



In future as more regions will experience
economic development the need for electricity
will augment, as well the need to expand further
the infrastructure associated with electricity
transmission. In order to meet that more land
will be reclaimed to build this infrastructure.

Based on current situation the future urban
planning should take into account the impact
of these lines over the territorial accessibility
in order to minimize its effects and to balance
the needs for energy with the highest potential
derived from the land use / land cover.

References

COLWELL, P. (1990). Power lines and land value. Journal of
Real Estate Research, 5: 117-28

HAMILTON, S.W., SCHWANN, G.M. (1995). Do High Voltage
Electric Transmission Lines Affect Property Value? Land
Economics, 71 (4): 436-44

MCcNAIR, B., ABELSON, P. (2010), Estimating the Value
of Undergrounding Electricity and Telecommunications
Networks. The Australian Economic Review, 43 (4): 376-88
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Jaroslav Burian

City Center Delimitation - Olomouc case study

RNDr. Jaroslav Burian, Ph.D., Palacky University in Olomouc, jaroslav.burian@gmail.com

City center is a commonly used term which,
however, can have more meanings. A person
living right in the centre has a different idea
about a city centre and especially its delimitation
than someone living in an adjacent residential
district, a trading area, a periphery or in a nearby
village. Number of authors were trying to devise
a method for delimitation of cities or their
centers. Each of the methods, naturally, has its
advantages but also many disadvantages and
limitations. The most common problem liesin the
applicability of a specific method on cities other
than the one it was devised for. An objective
delimitation of a city centre is important e.g.
for a statistical comparison of parameters and
data from different cities in different parts of
a country. Research of various approaches to
delimitation of a city centre, their comparison,
evaluation and their application on the city of
Olomouc is the main subject of this work.

City center

Research of an inner structure of a city is one
of the priorities of the current city geography.
The term spatial structure refers primarily to
the individual parts of a city — centre, suburbs,
city districts, functional zones etc. According to

18

General Encyclopedia (1996) a center is defined
as a core district of a city with the most intensive
commercial occupancy of an area in which shops,
financial and cultural institutions and branch
offices of big companies are concentrated. The
most expensive land is to be found here; most of
the area is used as office and commercial spaces;
the residential function is suppressed.

Mayeh (2010) in connection with city centers
describes a so called “central business district”
(CBD). He considers it to be a heart of a city, often
located in a place a city transportation is directed
to and which contains the highest percentage of
shops and offices. Due to high accessibility the
prices of land are high and therefore the area is
utilized most intensively.

A universally applicable method of delimitation
of a city centre was dealt with e.g. by Murphy
and Vance (1954). In their work the authors were
aiming for an objective comparison of centers
(or more precisely CBDs) of cities of the same
size. Scott (1959), with the help of their method,
delimitated the CBDs of six Australian cities and
consequently studied their development and
structure. Another application of this method
is described in Bonhert and Mattingly (1964).



Another research which could be mentioned is
e.g. Bowden (1971), in which the same method
(with two minor modifications) is used to
study the development of a CBD in time or the
Carters and Rowleys work (1966), in which the
application of the method on the city of Cardiff
is described.

Central European authors deal with delimitation
of city centers mostly on a theoretical level and if
they do delimitate it, they base it on a historical
development of a city (Ourednicek (2008),
Matlovic (2001), Sykora (1999)).

Delimitation of Olomouc City Centre Currently
in Use

There are several delimitations of the city centre
in Olomouc: The city district Olomouc — centre;
the cadastral district Olomouc — city; the basic
settlement unit — historical centre; historical
town reserve; in the municipal plan the functional
area of the inner city is defined; Szczyrba (2004)
delimitated the economic subcentre core.

used delimitations of centre delimitated area
[km2]

municipal plan —the functional area 0.595

of the inner city

the basic settlement unit— 0.842

Olomouc historical centre.

the historical town reserve 0.961

the economic subcentre core 1.389
the city district Olomouc —centre 2.279
the cadastral district Olomouc — city 2.708

Tab 1: Existing city center delimitation
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Fig 1: City district Olomouc - center

Delimitation of city center by using GIS

Delimitation of City Centre According to Price
Map

The centre was delimitated by means of the
price map of Olomouc on the basis of the most
expensive pieces of land in the city centre. An
average price of land in Olomouc is 1 109.5 CZK/
m2, excluding the land for which the price was
not set (mostly pieces of land which are not for
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sale and owned by the city). To delimitate the
city centre, pieces of land with price higher than
2 600, 5 000 and 9 000 CZK/m2 were selected.
That represents approximately 5%, 2 % and 1 %
of estimated land. In this way three different city
centers were delimitated. The delimitations of
the city centre with price of land higher than 2
600 and 5 000 CZK/m2 differ only slightly.

The resulting polygons of the delimitations of
the city centre do not have smooth edges, on the
contrary, they are very jagged. A possible solution
to this would be a generalization of the polygons
either by one of the tools used in ArcGIS or by
setting up certain rules. The area of the centre
delimitated by means of the price map is the
most similar to the functional area of the inner
city from the municipal plan of Olomouc.

Price of urban land
[Cech erowns per square metres)
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Fig 2: Delimitation according to price map
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Delimitation of City Centre According to Density
of Services

The second delimitation of the city centre was
carried out on the basis of the density of services.
By means of the Repeating Shapes tool several
regular polygon grids of various shapes and sizes
were created. These were used to cover the
area encompassing roughly the city of Olomouc
without the annexed villages. Covering the
whole area of the city would disproportionately
increase the processing time of the individual
analyses and would not contribute anything
new to the results. For each individual polygon
a number of services in it was counted (without
dividing services according to qualitative criteria)
and subsequently 5% of the polygons with the
highest concentration were selected. Out of
those the biggest continuous area of polygons
comprising the city centre was selected. In the
end the selections from the individual polygon
grids were added up and only the area in which
100 % of input areas were added together was
chosen. Thus a final delimitation of the city
centre according to the density of services was
obtained.

The resulting polygon covers the area of 0.191
km2, whichis similarto the city centre delimitated
by the pieces of land with the price higher than 9
000 CZK/m2. As compared with the delimitation
already in use, this area is significantly smaller. It
only covers The Horni and The Dolni squares and
partially also the adjacent streets.
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Fig 3: Delimitation according to services density

Delimitation of City Centre According to Density
of Public Transportation Stops and Lines

The city of Olomouc basically corresponds with
a monocentric model of a city and most of its
main roads lead to its centre. This tendency
is also observed by the public transportation
system which carries passengers towards the
centre. The method of delimitation was similar
to the one used for delimitation according to the
density of services. The input layer consisted of
representations of the routes of all the regular
daily lines of the public transportation system.
For each polygon a density of bus and tram lines
per square kilometer was calculated. Then the
polygons with the highest density were selected.

This method of delimitating the city centre

proved to be unsuitable for three reasons. The
first one being the fact that the historical centre
of Olomouc is a pedestrian zone surrounded
by parks. Therefore the transportation system
does not access the city centre itself but only
its outskirts. The second reason lies in the low
density of the lines of the public transportation
system which is sufficient for transporting
passengers but not for the delimitation of the
city centre.The last reason is that even though
Olomouc has a monocentric character, the public
transportation is directed not only towards the
city centre but also towards the train station
which serves as an interchange station for trains
and city busses bound both for the villages
annexed to Olomouc and other surrounding
villages (these depart both from the front of the
train station and from the nearby bus station).

| Detimieation af city carare
——

i 50200 squate meves
H Polygans with ares
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Fig 4: Delimitation according to transportation
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Delimitation of City Centre According to Mental
Maps

A mental map is a graphic (cartographic or
schematic) interpretation of a person’s mental
image of a geographical space, mostly concerning
its quality or structure. Mental maps (of Lynch’s
type) of inhabitants of Olomouc tend to differ
significantly with respect to the borders of the
city centre. The group of respondents consisted
of total of 40 students of Palacky University
whose task was to draw the city centre in an
aerial photograph of the city according to their
individual perception.

Fig 5: Delimitation according to mental maps

Thedatawere subsequently summed up using the
tools of map algebra in the ArcGIS environment.
The result was divided into 5 categories; each
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of these represents an accordance of a given
percentage of the students on a particular
delimitation. The category on which most of the
students agreed (more than 80%) is the smallest
one. It includes the Horni and the Dolni squares
and the adjacent streets and has an area of 0.27
km2. The second smallest delimitation on which
more than 60% of students agreed is only slightly
bigger — it has an area of 0.3 km2. The biggest
delimitation of the city centre has an area of 1.47
km2.

Discussion and conclusion

Three different approaches were used to
delimitate the city centre. The delimitation of
the city centre according to the density of the
public transportation network unfortunately
did not prove to be functional. However, the
result of the other two methods were highly
similar and, moreover, they correspond with the
delimitation of the city centre according to the
mental maps of the students. As exemplified by
the city of Olomouc the methods proposed in
this thesis proved to be reliable in delimitating
the city centre. When delimitating according
to the price map the 1% of the most expensive
pieces of land proved to be the most accurate
selection. To achieve an accurate delimitation
of borders it would be necessary to apply this
method to more cities.

On the basis of the information gathered from
the specialized literature several methods of
delimitation of a city centre were designed.



These were tested on the city of Olomouc. The
parameters of the individual methods were
set experimentally and were influenced by
knowledge of the environment.

By selecting the most expensive pieces of land
and areas in which services are accumulated
(shops, national and municipal institutions,
restaurants) very similar areas were delimitated.
These areas also corresponded with the mental
maps of the inhabitants of the city. Appropriate
methods of delimitation of the city centre were
found.

The best results were achieved when
delimitating the centre according to the price
map and the density of services. In comparison
with the delimitations already in existence (the
basic settlement unit, the cadastral district,
the historical town reserve) the delimitations
acquired in this thesis were significantly smaller.
The delimitation of the city centre according
to the density of the public transportation
lines proved to be unsuitable because public
transportation bypasses the centre of Olomouc.
However, none of the methods are universally
applicable because they were tested only on
the city of Olomouc; data from other cities
were not accessible. The established methods
might be applicable to cities of similar structure
and/or size. To confirm this assumption a more
detailed testing of the designed methods would
be required.
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Introduction

In geoinformatics it is often case that the
information used for modelling is incomplete.
For example points used to the model surface
are only samples from the set of all points on
the surface and their precision can be unknown.
From such inputs it is not possible to create
precise and absolutely certain surface. It is
necessary to include the uncertainty, that has
origin in both input data and interpolation
process, in the surface. Since none of the
mentioned types of uncertainty is of statistical
nature it is convenient to conceptualize the
uncertainty by an alternative method i.e. fuzzy
set theory. Spatial querying frequently leads to
various categorizations of the result into sets
with meaning - appropriate, more appropriate,
rather inappropriate, inappropriate, etc. In such
case rather then creating several sets it is much
more practical to allow gradual transition from
inappropriate to appropriate results. This can
be done using so called soft thresholds. Those
allow also modelling of vague terms like “steep
slopes”. In order to allow spatial queries with
soft thresholds on Fuzzy Surfaces it is necessary
to have complex system that allows ranking of
fuzzy sets. Several such systems exists but the

most complex and appropriate is the one using
Theory of possibility. This allows the logically
correct and complete evaluation of such spatial
queries.

Vagueness in geography

Vagueness is widely discussed topic in geography
with applications to modelling fuzzy geographical
regions (Fisher, 2000; Fisher et al.,2007; Fonte
and Lodwick, 2005), surfaces with uncertainty
(Santos et al., 2002; Waelder, 2007) and decision
making based on those vague datasets (Dubois,
2000; Witlox and Derudder, 2005). All those
possible applications are essential for geography,
because within it is domain there are many
concepts that are naturally vague (Fisher 2000).

GIS (Geographical Information Systems) are
valued tools for supporting decision making with
spatial data however the reliability of results
should be questioned (Heuvelink, 2002). All the
data and process are usually treated as certain
and absolutely correct, event through that none
of them actually are either completely certain
of correct (Fisher, 2000; Fonte and Lodwick,
2005; Heuvelink, 2002). Besides the question
of modelling data and process with uncertainty
and/or vagueness there is also the question of
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querying the results. Commonly used concepts
do not allow almost any flexibility when querying
the data. However the flexibility of queries is a
necessary concept to access more complex
decision support (Bosc et al.,2005). So far there
are several studies dealing with quoting fuzzy
geographical data (Boroushaki and Malczewski,
2010) but there is no mention of using Possibility
theory and its measures of possibility and
necessity. Use of Possibility theory allows
modelling of vague data and also vague queries
(Dubois, 2010), thus it seems as a reasonable
tool, that should be used while quoting uncertain
datasets with vague queries.

Fuzzy surfaces

In GIS many variables are modelled as surfaces
using so called field model. Field model is
partitioning of a geographical space into finite
number of spatial entities, usually squares.
Surface itself is represented by the mathematical
function Z=f(x,y). Such function defined on a
geographical space assigns each of this spatial
entities (cells) value Z. In case of fuzzy surfaces
the resulting surface incorporates uncertainty of
input data and/or processes of interpolation and
the result value of each cell of the grid is a fuzzy
number Z. Such surfaces can be further analysed
by means of fuzzy arithmetic to derive slope,
visibility and other parameters (Waelder, 2007;
Oksanen, 2005).
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Soft spatial queries

Usual spatial queries aim to select areas that
meet one or more conditions. The condition is
usually defined as a value being higher or smaller
than given threshold. Such queries cannot quite
well introduce any measure of preference in the
result, because they are based on classical logical
expressions (Bosc et a., 2005). But many decision
making situations that involve spatial data are
not well suited for such crisp queries, because
the crisp query might be far to restrictive for
such utilization (Witlox and Derudder, 2005).

Classic query often looks like “is variable X higher
(or lower) then threshold Y?”. In such case it does
not matter what is the difference between X a
Y, if the X is smaller then it is rejected from the
set. However there is a clear difference between
X1=3.14 and X2=5.999 when they are compared
to the threshold Y=6. While X1 is clearly smaller
and should not be included in the set of numbers
equal or higher than Y, X2 is quite another matter.
Indeed it is lower then Y but the difference is so
small that X2 is almost indistinguishable from
the threshold. For a complex decision making
processes it would be much better to specify the
threshold as a fuzzy number (Dubois, 2011). In
such case a triangular fuzzy number with support
values [5,7] and kernel value 6 can be used as
an approximation to the original threshold.
Evaluating if the specific value of X is lower (or
higher) then such threshold is then matter of
comparing real value and Fuzzy number and it
can be done in terms of possibility and necessity



(Dubois and Prade, 1983).

The problem is even more complex if the input
is a fuzzy number. Then both the value and
the threshold are fuzzy numbers X and Y. The
comparison X>Y then can be made according
to (Dubois and Prade, 1983) by four indices:
possibility, necessity, strict possibility and strict
necessity of the exceedance of Y by X.

The reasons for creating fuzzy threshold can be
summarized as following (Bosc, 2005; Dubois,
2011):

¢ the concept of Y is naturally fuzzy i.e. definition of
“steep slopes”,

e there are more than one acceptable definitions of Y and
there is no indications that any of them is more correct
or precise than the others,

e Y is based on the expert opinion that is provided as an
interval of values rather then precise value, or there is a
need to merge definitions of Y from several such expert
opinions.

Suppose that we have a fuzzy surface represented
by a field model that has N rows and M columns,
with each cell denoted by Ci,j where i=1,2,...,N
and j=1,2,...,M. In order to perform a soft spatial
query, there is a need to compare all the NxM
fuzzy numbers to the given soft threshold T in
terms of possibility and necessity of exceedance.
And in terms of possibility and necessity of the
strict exceedance of T by Ci,j.

Case Study

The aim of the case study is to show how soft
queries can be used to query fuzzy surfaces. The
task will be to find out areas with higher than
“medium slope” on a fuzzy surface. Such query
can be for example part of a complex decision
of finding suitable areas for waste disposal
site. Such object cannot be located on “steep
slopes” so all areas that have slope higher then
“medium” have to be eliminated from the set
of possible locations. Since there is no universal
definition of “medium slope” it will be defined
according to the expert opinion as a triangular
fuzzy numbers with support values and kernel
value 7. This definition states that values below
5 clearly are not “medium slope”, value 7 is what
can be considered as crisp threshold and values
higher then 9 are clearly above the definition of
“medium slope”.

For the purpose of this case study the fuzzy
surface was build. The kernel values of fuzzy
numbers are interpolated by kriging from the
input data andthe supportvalues are constructed
from the kriging standard deviation. From this
fuzzy surface the fuzzy slope was calculated.
The details of the use of fuzzy arithmetic for
calculating slope of fuzzy surfaces are provided
in (Waelder, 2007).

Now the comparison of the data and the soft
threshold can be made. Possibility of exceedance
shows areas that have at least some chance of
fulfilling the condition however if their necessity
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is zero then it is not strongly supported. If the
necessity is higher then 0 then there are stronger
indicators supporting the condition. The value
of necessity 1 gives quite strong evidence of
exceedance.

If strict exceedance of the threshold by the
values is required then second set of indicators is
used. With those indicators even the possibility
of strict exceedence higher then 0 is quite strong
support of the fulfilment of the condition. And
necessity value of 1 indicates the absolute
fulfilment of the condition.

Discussion

In geoinformatical sciences there are two main
approaches to the problem of uncertainty
propagation. These are Monte Carlo simulation
(based on statistics) and Analytical approach
(Oksanen, 2005). Monte Carlo method is
often used because of its simplicity in terms of
implementation while Analytical approach is
quite complex and therefore used rather rarely.
Besides those there is a new trend of modelling
uncertainty with use of fuzzy set (Santos et al.,
2002). However use of fuzzy mathematics for
uncertainty propagation is not very common for
geographical problems (Fisher and Tate, 2006),
but in other disciplines these methods were
proved to be useful (Hanss, 2005). If these new
methods are used for experimental uncertainty
propagation, and according to Heuvelink (2002)
there is a need for new approaches to this
problem, then new methods of evaluating and
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querying the results are necessary.
Conclusion

The proposed approach allows answering vague
spatial queries on Fuzzy Surfaces. Four indices
are used to reach this objective, each of this
indices takes value from the interval [0,1], where
1 means the complete fulfilment of the rule
while 0 means failure to reach the rule. These
four indices form two pairs of possibility and
necessity measures that complete each other.
In the case of possibility value 1 and necessity
value lower then 1 there some indicators that
value can possibly be higher then the threshold
but it is not necessary because both values of
necessity of exceedance and strict necessity of
exceedance are lower then 1. This information
is very useful because it tells the decision maker
that it might be that the cell have slope higher
then the threshold but that it is not absolutely
sure. Such areas can be subject to the further
examination, that will offer more information
that will eliminate the uncertainty and allow the
final decision to take place.

These four indices form natural ordering
where the possibility of exceedance is the less
restrictive, followed by the possibility of strict
exceedance, then the necessity of exceedance
and the necessity of strict exceedance is the
most restrictive. Proposed approach extends
possibilities of spatial decision support by the
use of mathematical methods for handling
uncertainty and vagueness that is very common



in geographical sciences. Further studies should
be focused on more complex decisions than the
simple example shown in the case study.
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Introduction

It is stated that up to 90% of the information has
a spatial character (Burrough and McDonnell,
1998). For efficient work with them is therefore
necessary not only a system that allows a spatial
data store and manage, but it is also necessary
to ensure a sufficiently effective tool for spatial
querying. Spatial analysis and spatial querying
have a great importance in a wide range of
research areas and human activities. Frequently
discussed area is decision making (in crisis
management, land use planning, modelling, etc.)
(Longley at al., 2005). Precision of data obtained
from answers to such spatial querying, as well
as a form of this information, have a critical
impact on the accuracy of subsequent decisions
(Devillers et al., 2010). What more accurately
it will be possible to define the parameters
of spatial query and what more precisely can
be visualized the result, subsequently can be
more confident the final decision. The nature
of a variety of phenomena, however, cannot
be described as precise number. Therefore,
the criteria to define the boundaries cannot be
crisp values, since these exact boundaries in a
variety of phenomena do not occur naturally [8].
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Assistance with decision making based on spatial
data is one the main objectives of geoinformatics
(Burrough and McDonnell, 1998). Such support
is mainly oriented on the identification of
locations that fulfil certain criterion. Such
criterion can be minimal or maximal distance
from specific objects, areas with specific slopes
and/or orientation, areas with a certain area etc.
Regardless on the purpose or type of the spatial
query there is one common property that those
queries should have. That property is flexibility
(softness). Generally it is not reasonable to
specify thresholds for spatial queries as crisp
values since such query can easily fail to
identify suitable solution. Thus so called Fuzzy
thresholds were introduced to the problematic
of spatial decision support. Such queries are
more flexible due to their natural softness
which allows better ranking of alternatives and
comparison of possible solutions. While these
Fuzzy thresholds adds considerable amount of
flexibility to the spatial queries the issue can be
taken even further by introducing Possibilistic
thresholds that are based on Possibility theory
and that adds yet another level of flexibility and
options for better spatial decision making. The
main aim of the article is to present possibilities



of Possibilistic thresholds and their use in spatial
queries.

Spatial Queries

Usual aim of spatial queries is to select areas that
meet one or more conditions. The condition is
usually defined as a value being higher or smaller
than given threshold. Such queries cannot quite
well introduce any measure of preference in
the result, because they are based on classical
logical expressions (Bosc et al., 2005). But many
decision making situations that involve spatial
data are not well suited for such crisp queries,
because the crisp query might be far to restrictive
for such utilization (Witlox and Derudder, 2005).
The reasons for creating soft thresholds can be
summarized as following:

e the concept of the threshold is naturally vague i.e.
definition of “steep slopes”,

e there are more than one acceptable definitions of
threshold Y and there is no indications that any of them
is more correct or precise than the others,

e threshold Y is based on the expert opinion that is
provided as an interval of values rather than precise
value, or there is a need to merge definitions of Y from
several such expert opinions,

e results need to be arranged and the concept of intervals
with associated suitability value is insufficient or
inappropriate for the problem.

o

These findings are supported by numerous
studies (Bosc et al.,2005; Fonte and Lodwick,
2005).

Crisp Queries

Crisp query is based on classical logic usually
looks like “is variable X higher (or lower) then
threshold Y?”. In such case it does not matter
what is the difference between X a Y, if X is
smaller then it is rejected from the resulting set.
However there is a clear difference between
X1=0.1 and X2=1.799 when they are compared
to the threshold Y=1.8. While X1 is clearly smaller
and should not be included in the set of numbers
equal or higher than Y, X2 is quite another matter.
Indeed it is lower then Y but the difference
is so small that X2 is almost indistinguishable
from the threshold. This example illustrates the
biggest drawback of Crisp Queries which is the
rigidity. It can only classify data into two groups.
Sometimes more such thresholds are defined
that classify the data into several intervals that
indicates growing or decreasing suitability of the
alternatives in these categories. Each category
has assigned specific value of suitability. Even
definition of such classes with intervals [0,0.4]
and suitability value 0, [0.4,1.8] with suitability
0.33, [1.8,2.7] with 0.66 and finally interval
[2.7,3.0] with suitability 1. However the problem
of rigidity of definition is preserved, because
the crisp thresholds are still used in creation of
the stepwise classification and all the values on
one class have the same amount of suitability.
While this is helpful for the decision maker, the
suitability ordering of the values still is not as
fluid as it should be.
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Fuzzy Queries

Fuzzy query is based on Fuzzy logic (Zadeh,
1978) and its main purpose is to extend
possibilities of Crisp Queries (Hwang and Thill,
2005). For complex decision making processes
it is much better to specify the threshold as a
fuzzy set (Zadeh, 1978). In a case mentioned
in the previous chapter the crisp threshold
can be approximated with Fuzzy set that has a
membership function defined:

0 ifex<04
— 0.4
py(x) = ;7 UU . if0d<e <27
1 if 2.7 < .

Evaluating if the specific value of X is lower (or
higher) then such threshold is then matter of
calculation of the membership value to the
fuzzy set denoted as Y. The main addition is the
natural gradualness of the results. Because of
that there is no longer any need to create classes
with various suitability. Fuzzy thresholds are
typically used in a situation when the threshold
is described in terms of values that are possible
to be used (in the example these are values
higher then 0.4) and values absolutely fulfil the
criterion (these are values higher then 2.7 in
the example). Such description is quite common
in geography, because many elements have
naturally vague definitions (Fonte and Lodwick,
2005). It is quite apparent that this approach is a
natural extension of the Crisp query with several
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intervals. However this approach is much more
complex as it can distinguish two close values,
that would otherwise fall into one category, but
their suitability value will be also quite similar,
yet not the same.

Possibilistic Queries

Possibilistic Queries are based on Possibility
theory (Zadeh, 1978; Dubois and Prade, 1983).
In such case the threshold used in the query is
modelled as a fuzzy number (Hanss, 2005) and
it serves as a possibility distribution (Zadeh,
1978). Triangular fuzzy numbers are specified by
three values, support values - in the previously
mentioned example the values would be 0.4 and
2.7, and a kernel value, which is 1.8. This allows
creation of true soft threshold that is represented
by such possibility distribution. This type of
query is useful when the criterion is described
as values that are absolutely suitable, values
that are quite suitable, values that can be used
but it would be better to avoid them and values
that are completely unsuitable. This approach
extends the fuzzy approach by introducing not
only one but two measures of suitability. These
Possibilistic thresholds are compared to the crisp
values of the data by means described by Dubois
and Prade (1982). The resulting measures
identify both possibly and necessary suitable
results.

Case study

The case study presents rather simple problem.



The task is to identify all areas with slope higher
then medium slope. All four possible approaches
to this spatial query will be shown and compared.
The simplest way is to specify crisp threshold
after which the slope is considered medium.
Since there is no general definition the value
7% is chosen the threshold by the expert. So
the slopes are classified into two classes lower
then 7% and higher or equal to 7%. The natural
extension of this approach is identify values
around the threshold and create special classes
for them, to emphasize the areas that might
were or were not chosen but differs only by a
small margin from the threshold. In this case
the classes were specified 0%-5%, 5%-7%,
7%-12% and 12%-110%. Such classification
obviously offers more information to the user
and the decision maker. The second mentioned
approach is to approximate possible values of
the threshold by a fuzzy set. Such fuzzy set can
have linear membership function with important
points at values 5% and 12%. Such fuzzy set offers
linear classification when compared to crisp case.
The result is much smoother and provides even
more information then the crisp classification
into classes. The last is Possibilistic query. In this
case the threshold is modelled by a triangular
fuzzy number that has support range [5%,12%]
and kernel value 7%. To correctly query such
surface there is a need to obtain both measures
of possibility and necessity. Possibility identifies
much bigger area that has slope value at least 5%
and shows complete fulfilment for values higher
then 7%. Necessity measure on the other hand
identifies partial fulfilment for values higher then

7% and complete fulfilment for values higher
then 12%. This is the most flexible solution from
all mentioned approaches as it allows the user to
operate with limit values (smallest and highest
value of the threshold) as well as with the most
possible value of the threshold. The use of two
measures instead of one then allows obtaining
much more information for further decision
making.

Future work

The topic of Possibilistic queries can be further
extended especially by presenting more complex
case studies and also by presenting methods for
handling results of possibilistic queries in further
data analysis. While the theoretical background
for the use of Theory of Possibility in decision
making and decision support is good (Dubois and
Prade, 1983) there are surprisingly few practical
examples and case studies regarding the subject,
not only in the geosciences but also in other
scientific fields. Considering the potential and
benefits that this approach can offer, it definitely
should be studied further. For particular case
studies there would be monitored relevance of
results with regard to the application of different
approaches in spatial querying. For effective
implementation of the previous findings there
is a need to implement appropriate tools into
primarily used software and become potential
users familiar with this procedure.
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Conclusion

The contribution described two commonly
used ways to query spatial data, Crisp and Fuzzy
queries, and present new possible approach
to this problematic by introducing Possibilistic
queries. These queries are based on the
Possibility theory and allows the decision maker
to model thresholds by vague numbers. Results
are obtained as the measure of possibility,
that shows optimistic variant of the resulting
selection, and the measure of necessity, that
show pessimistic variant of the selection. These
measures together allow the decision maker to
embrace all types of decisions, those that were
barely selected (low possibility values). Decisions
that can be used but are not completely suitable
(high possibility values but low necessity values).
And even decision that absolutely satisfies
the constraint (necessity value of 1), such
enlargement of possibilities of spatial queries is
much desirable for decision making, as it allows
better data handling as well as better spatial
decision support.
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Francis Harvey

A Brief History of Big Data Mapping

dr. Francis Harvey, University of Minnesota, fharvey@umn.edu

Abstract

While the term big data remains ambiguous,
geography has always dealt with big amounts
of data. Scale, generalization, even regions offer
conceptual frameworks to get a handle on big
data in ,traditional’ approaches to geography
and cartography. Are they still applicable and
relevant in the framework of Jim Gray’s fourth
paradigm, aka data intensive science? | consider
this question and draw on Laura Kurgan‘s
concept of para-empirics to suggest that we are
indeed dealing with a fundamentally different
approaches. Looking at the use of topology for
geographic information transmission, | suggest
in this presentation that although that different
approaches involve similar concepts they get us
to the same understanding.



Francis Harvey

The Next Age of Discovery and a Future in the Post-GIS World

dr. Francis Harvey, University of Minnesota, fharvey@umn.edu

Abstract

GIS has been successful beyond measure
around the world. Following Donald Norman,
successful technologies disappear; they become
infrastructure. Now almost 50 years after its
inception and successful disappearance to
become an integral foundation for life in the
information age, it‘s time to think of issues in
the Post-GIS era. This presentation specifically
considers how the growing ubiquity of computing
infrastructures around the world open potentials
for a new era of discovery in global science and
geographic information technologies. Because
of the shifts in access and abilities to use
digital information, the potential of geographic
information is bursting the limits of GIS, which
originated at the end of industrial era and still
reflects those origins. Research challenges
abound. Post-GIS science and technologies
hold key importance in facilitating connections
between the physical and virtual worlds,
melding them into productive arrangements
and raising important questions about changing
social and cultural arrangements. Regarding
science, networked digital infrastructures hold
the potential to alter research in fundamental
ways. Known as the Fourth Paradigm of science,
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data intensive science goes hand-in-hand with
intensely collaborative large group research
that considers location in fascinating new
ways. Recent scientific activities show how
changes in the geographical organization of
our work and conduct of science have already
begun to take place. The presentation closes
with considerations of central issues for this
new age and recent activities that highlight the
importance of educating future professionals
and scientists for the technologies of the post-
GIS era.



Jiri Hiess

Comparison of current SDI development topics in Central Europe
with respect to spatial planning and Geoinformation policies

RNDr. Jifi Hiess, Palacky University in Olomouc, hiess2@centrum.cz

Abstract

| Last decade development of spatial data
infrastructures (SDI) in Central Europe shifted
the meaning of particular sub/national SDIs, and
accentuated deficiencies that depend on the
national and subsidiary responsibilities. Listed
examples acquaint with both good and bad
practices. Besides repeatedly higlited and proved
SDI champions Europe has also countries with a
lack of smart Geoinformation Strategies, poor
SDI awareness, inacurate self-reflection. Lacks
and incapabilities hinders and delays expected
ESDI synergies.

To re-define up-to-date common objectives we
discuss selected topics and important trends
that appear in the contemporary applied
geoinformatics globally. Using the experience
from Self Assessment Framework method,
which was developed by ESDI-Net project
team, and applied in EUROGI Awards across the
continent, we pick up appropriate indicators for
wider discussion, and soon implementation.
A contribution is stated to the list of re-usable
methods how to measure, compare, and evaluate
partial SDIs. As a part of emerging sectoral

Quality Control system this will accelarate sooner
integration of partial SDIs, and next development
into higher complexity, into European Geo-
Intelligence Environment. This ,EGIE” as upper
level concept of European SDI will exploit the
comprehensive technical infrastructure, plus
reflect the social consequencies of the rising SDI
integrity.

With respect to the ongoing global ICT revolution
the branch of geoinformatics has to declare its
own goals more proactively. The time came to
renew the outdated keywords, and to spread an
up-to-date new live geoinformatic terminology,
refresh our realistic and true self-reflection,
healthy self-confidence, reach the merited
credibility, and access to sources. A discussion
about requirements on the data classes listed
in Annexes Il and Il of the EU INSPIRE directive,
about missing and underestimated topics is
accellerated. Spatial planning serves here to
explain similarities of geodata classes with
respect to territorial diversity, and/or choric/
scale disparities. We recommend concluding
thesis useable both in general programming
documents, and appropriate to geoinformation
strategies.
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Lukas Marek

Health Datasets in Spatial Analyses: The General Overview

Mgr. Lukas Marek, Palacky University in Olomouc, lukas.marek@upol.cz

The contribution aims to present several initial
steps common in spatial research of medical
data. It is focused mainly on the current state
in the Czech Republic. The paper starts with
the information about data providers and it
continues with terms and conditions, which
need to be fulfilled due to the usage of data
in analyses. Then the form of data and their
possibilities of manipulations, analytical
procedures and visualizations are presented,
while the emphasis is to the anonymization
of the data. All statements are supported by
examples with real data sets.

Data

Dataandsuitable analytical methods are the most
important component of any successful research
task or case study. Health and medical data
require specific procedures of the management,
presentation and operations, which emerge
from the confidentiality of data. It means that
data are usually provided in the aggregated or
anonymized form; or as incomplete data sets
— mainly in the sense of missing correct and
complete addresses of explored cases. These
data types need to be analysed by suitable
analytical procedures, while the uncertainty and
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the inaccuracy of data characteristics need to be
taken into account.

The elementary classification of the data
could contain the following pair: 1) point data
sets - with the direct location (the place of
infection, the patient’s home address, etc.) and
2) aggregated frequency data — they can be
based on the administrative units or grids. A
comprehensive data classification can be found
e.g. in [2], where data are sorted with regards to
their origin and the purpose as follows:

e Irregular lattice data — measures aggregated/
averaged to the level of census tracts or other type of
administrative district.

e Case-event data — locations of individual cases of a
disease, or of individual members of a suitable control
group, or covariates.

e Geostatistical data — measurements sampled at point
locations.

¢ Regular lattice data — measures aggregated/averaged to
a regular grid (typically arising from remote sensing).

Primary data are usually collected by local,
regional and national health institutes and
they have also the meaningful significance
for analysts. A common statement about the



deficiency of health data sets is not fully true.
The question should not be about the amount
or the existence of the data, but about their
availability and the accessibility. The outstanding
summary of existing world sources of health data
sets with the emphasis on the cancer research
can be found e.g. in [7]. Let us mention at least
international organizations - WHO (World Health
Organization), EUROSTAT or OECD (Organization
for Economic Co-operation and Development).
Furthermore, the INSPIRE directive contains
theme called Human health and safety in its
Annex Il

There are three main Czech providers of the
medical and health data sets. They make their
data sets publicly accessible in form of tables,
reports, journals or annuals —all in the analogue
and digital form of sources. The biggest provider
is the Institute of Health Information and
Statistics of the Czech Republic (http://www.uzis.
cz/). The Institute manages extensive amount
of data in several scales (local - national) but
publicly available is just fragment of databases
mainly in the Data Presentation System and
several registers [7]. The second provider of
health data is the Czech Statistical Office (http://
www.czso.cz/). The CZSO also hold the data
concerning the health and medical problematic,
which are located in the public database within
several topics (demography, health service, etc.).
The third provider is the National Institute of
Public Health (http://www.szu.cz/). The institute
provides highly relevant data from previously
mentioned fields in forms of three different

specialized journals and also as data and
statistical publications and annuals. The output
scale of most of publicly available data sets is
national or regional.

Data Privacy

The privacy of personal data is the crucial task
that directly influences the data providers and
analytics. This same data confidentiality is also
the reason of the strain between the usefulness
oftheanalysisinthe local scale and the protection
of the individual person privacy. The usual
patient identifiers such as name and addresses
can be obviously used to identify patients and
Point locations obtained from geocoding or GPS
can be used in the same way [8]. The current
climate of legislation in the United States and the
European Union is providing greater recognition
of the rights of individuals to confidentiality of
personal data, including health data, and the
need for consent for medical investigations [5].
Public health reporting systems and medical
registries were committed to the protection of
the privacy of the individual even before all the
mandates included in national and international
legislatives [4].

The aim of clinical studies is to explore the
relations on the individual level. Every single
patient is taken into account as one unit, while
several persons are considered as data set.
The possibility of analysing complete dataset
of individuals including all private data is often
very unlikely for the researcher in GIS field. But it

39



also does not have to be necessary, on the other
hand. The address (residential, of infection, etc.),
or even better direct coordinates, are the most
important information for geoanalyses, except
the demographic and social status. But the
accurate identification is private and sensitive
information, which can be easily abused. Health
data are often mapped to relatively arbitrary
administrative areas (e.g., the level at which
population and covariate data are available),
but risks can be sensitive to changes in the scale
of output, known as the “modifiable area unit
problem” [6]. Grouping data at different levels
of spatial resolution (e.g., wards, census tracts,
regions) or aggregating data to different areal
arrangements will inevitably lead to variation in
results, which may affect the interpretation of
findings [3].

Anonymization

The provision of the access to relevant data
is necessary for the field of study to progress.
But implementing of appropriate controls for
confidentiality and protection of data is essential
to maintain the trust and support of the public
[5]. Data providers usually apply procedures
that ensure the anonymity of the data, because
the data privacy and the data confidentiality
are usually in the direct contrary to the effort
of geoscientist to provide as precise analysis
as possible. Methods that are used to protect
confidentiality include the following [4]:
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e spatial and temporal aggregation,

e adding geographic or etiologic context variables
to original unmasked data and then removing the
geographic identifiers,

¢ random small-scale relocation of individual records,

e limiting access to potentially identifiable data
through a user- and/ or function-restricted computer
environment.

The outstanding summary of the methods of
aggregation methods as well as randomization
procedures describes e.g. [1].

Data reconstruction and visualization

QUADTREE AGREGGATION
SHLMONELLA CASES

OLOMDUC REGION
0032 - 2011

Fig. 1 Point map based on the hexagonal binning of the data



The real data set of highly confidential medical
datais usedto prove previously stated facts about
anonymization and method of aggregations,
and its visualizations are presented. Case study
data comes from the Epidemiological Database
called EPIDAT. The sample dataset contains the
occurrence of the salmonella in the Olomouc
Region in the Czech Republic in the period 2002
— 2011. It means aggregation of 11 thousands
records is proceeded in the space and also in the
time.

Fig. 1 visualizes presents the point map,
which is based on the hexagonal binning. The
aggregation procedure into regular hexagonal

saLmONELLOSIS

CLOMOUC REGION
2002 - 2011

Fig. 2 Quadtree map — data aggregated to the irregular
units, colored quads contains exactly one case
of the salmonella.

grid is based on the average area of cadastral
units in the region. The following map unlike the
traditional choropleth map contains two kinds of
information — the number of salmonella cases
per population (raw rate) is expressed by the
size of the hexagon, while the total population
in the unit is expressed by the colour. One can
clearly notice that highest prevalence of the
disease is distributed in locations with the lowest
population that can be easily misinterpreted.

Fig. 2 represents the quadtree, which allows
both — empty spaces and full leaves (quadtree
units). Each leaf contains exactly one case of the
salmonella in the time period, whilst the empty
spaces are indexed as well. The denser is the
structure of leaves, the denser is the occurrence
of the disease in the space. The bigger are
individual leaves, the rarer is the presence of the
disease. The advantage of quadtree structures
as well as regular fishnet is that they do not use
administrative boundaries and that is why the
results may describe the essence of continuous
phenomenon better.

Dot maps or dot density maps (Fig. 3) are
usually used for the visualization of any point
phenomena. But they are also very useful for
depicting of the spatial pattern and spatial
distribution in the case of aggregated data sets.
Dots pattern creates a better visual depiction
of the phenomenon in the space. Whether
data are combined with the regular or irregular
polygon units, the dot density map allows to re-
identificate individual cases at least in the certain
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scale. Dotted are usually plotted randomly within
boundaries of the areal unit.

DENSITY DOT MAP BASED
. O THE QUARTRIE AGREGGATIGN
] SALMONELLA CASES
7y OLOMBUE REGION

2002 - 3011

Fig. 3 Dot density map — dot distribution map based on
the quadtree aggregation, each dot represents exactly one
case of the salmonella. Left map is based on the quadtree
with exactly one case in the leaf, while right map is based
on the quadtree with at least 50 cases in the leaf.

Conclusion and Discussion

The statement about the lack of high-quality
health and medical data sets is not fully true. The
question should not be only about the existence
of the data, but it should concern about their
availability and the accessibility as well as about
restrictions regarding to their usability and the
usefulness of outputting results. The acquiring
of the precise data on the local level containing
e.g. addresses is usually the task of the long
term negotiation and the persuasion of relevant
institutions about the positive benefit of
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geospatial technologies to their field of research.
Previous chapters of the paper described the
issue of the spatial health datafrom several points
of view - from the distribution of the data by data
providers through the difficulties of spatial data,
to data anonymization and their analyses and
presentation. The usability of theoretical aspects
and the methodology presented in the paper is
proved on the real dataset of occurrence of one
particular infection disease in the region of the
Czech Republic. One can easily imagine number
of possible interpretations and, on the contrary,
also misinterpretation of these data sets based
on the visualizations of the very same data in
different forms of aggregation or randomization.
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Geography of Campylobacteriosis in the Czech Republic

Mgr. Lukas Marek, Palacky University in Olomouc, lukas.marek@upol.cz

Introduction

Analyses of time and space are recently well
incorporated in the health research and
evaluation of the pattern of medical records.
Epidemiologists traditionally use the time
series analysis, while geoscientists prefer to
use spatial statistics to evaluate the occurrence
of certain disease or vulnerability of the area.
This contribution aims to presents the early
stage of spatial and later also temporal, spatio
-temporal and multivariate analyses of the
campylobacteriosis in the Czech Republic (Marek,
2013a). The health and medical geography
is still rather newly established field of study
within the Czech Republic and this research is
the first cooperation between the Department
of Geoinformatics and the National Institute of
Public Health.

Motivation

Fresh milk vending machines started to appear
several years ago, as the result of the increased focus
on the quality of the food, drinks and the trend of
local and bio food. While people are used to consume
pasteurized milk and milk products, the fresh milk
can bring strong stomach difficulties which are often
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caused by campylobacteria. One of the main aims of
the research is then focused on the proving or refusing
of the connection among the disease and the location
of fresh milk vending machine as well as the presence
of farms and farmer’s markets.

Fig. 1: Milk vending machines, farmer’s
markets and farms in the Czech Republic.

Fresh milk vending machines started to appear
several years ago, as the result of the increased
focus on the quality of the food, drinks and
the trend of local and bio food. While people
are used to consume pasteurized milk and
milk products, the fresh milk can bring strong
stomach difficulties which are often caused
by campylobacteria. One of the main aims of
the research is then focused on the proving or
refusing of the connection among the disease



and the location of fresh milk vending machine
as well as the presence of farms and farmer’s
markets.

Campylobacteriosis is caused by bacteria
called Campylobacter jejuni, which is found
worldwide in the intestinal tracts of animals.
The bacteria are spiral shaped and can cause
disease in animals and humans. Most cases
of campylobacteriosis are associated with
handling or eating raw or undercooked poultry
meat or fresh milk. Campylobacteriosis causes
gastrointestinal symptoms, such as diarrhoea,
cramping, abdominal pain, and fever in domestic
animals and humans. Young animals and humans
are the most severely affected (CFSPH, 2013).

Data

Fig. 2: Cartogram of the population prevalence
to Campylobacteriosis in 2008 - 2012.

The data set for this study was provided by The
National Institute of Public Health of the Czech
Republic. The database contains almost 100,000
records of the campylobacteriosis occurrence

in the period 2008 — 2012. Because it is
treated with sensitive personal data, the name,
surname, identity number and sometimes also
the full address are not included. The data were
firstly cleansed of inconsistencies and then the
geocoding process was able to run. Furthermore
the individual records were aggregated into
the regular hexagonal fishnet or city districts
administrative units due to the clarity of the
visualization (Marek, 2013b). The problem of
the conversion of spatial phenomena between
different areal or administrative units is well
known as MAUP —Modifiable Area Unit Problem.

Time
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Fig. 3: Decomposition of the Campylobacteriosis
occurrence time series by SLT.

Discrete time series are defined as an ordered
sequence of random numbers with respect to
time. In case of medical records, it is then an
occurrence (or prevalence) of the infectious
disease in the whole area in certain time period.
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When the data is in the form of time series, all
components of data (seasonal, trend, random/
remainder component) can be assessed and
visualized. The decomposition of the time series
is one of crucial tasks in the process of evaluation
and was done by STL decomposition procedure.

Space

Analysesofspatial patternofdiseasesoccurrence,
as well as their relations to potentially risk
factors of the environment, are important parts
of health studies. Three main broad areas of
spatial epidemiology can be identified - disease
mapping; geographic correlation studies;
clustering, disease clusters, and surveillance. The
presented study is mainly focused on methods
of the estimation of a spatial clustering. Firstly,
choropleth map, which visualizes the spatial
distribution, was constructed and then methods
of global and local spatial clustering estimation
were applied. So possible spatial clusters are

bt = iy ELATIVE RIS O CAMPYLOBAC TLRIISS
008 - 3012

Fig. 4: Risk estimation for the Campylobacteriosis
in the Czech Republic.
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identified and the intensity of processes is
statistically described.

Spatial Clusters

Spatial autocorrelation is the correlation among
values of a single variable, which is strictly
attributable to their relatively close locations on
a two-dimensional (2-D) surface, introducing a
deviation from the independent observations
assumption of classical statistics (Griffith and
Arbia, 2010). Tobler’s first law of geography
encapsulates this situation, “everything is
related to everything else, but near things are
more related than distant things”. Positive spatial
autocorrelation refers to the patterns where
nearby or neighbouring values are more alike;
while negative spatial autocorrelation refers
to the patterns where nearby or neighbouring
values are dissimilar. One can distinguish two
main types of spatial autocorrelation, which are
global and local.

These techniques are collectively denoted as
Exploratory Spatial Data Analysis (ESDA) and Local
Indicators of Spatial Association (LISA), which are
widely spread in geosciences and GIS software.
Comprehensive description of theory, as well as detail
examples of usage, can provide e.g. Anselin (1995) or
Haining (2004).



Elusters and Butliars of
Campylobacterioss cases
20082002

Fig. 5: Clustering and outlying points resulting from
the computing of Local Moran’s | and based on
the points aggregation.

Fig. 6: Clustering and outlying city districts resulting
from the computing of Local Moran’s | with
Empirical Bayesian rate and randomization.

Attributes

While the spatial clustering creates groups,
which are based mainly on the similar location
or the location and one common characteristic,
methods of multivariate statistics deals with

an exactly inverse situation. Thus, an aim of
multivariate clustering is to categorize set of
object with the emphasis on their quantitative
and/or qualitative characteristics but without
implementing spatial dependencies (Tabachnick
and Fidell, 2007), albeit several attempts for the
combination of both approaches have appeared
in recent years.

CLUSTERING OF CITY DISTRICTS
bility to Campylobacteriosis
Czech Republic

2008-2012

ding to their vul

Fig. 7: Decomposition of the salmonella
occurrence time series by SLT.
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Similar areas (city administrative units) were
identified using multivariate clustering. Clusters
are based on the frequency of the disease
appearing in the area, empirical Bayesian
rates and relative risk in the area. The k-means
algorithm was used to identify 10 different
clusters, which were plotted in the map (Fig.
7). The interpretation of similarity of individual
clusters is an always complex task. The parallel
coordinates chart is a common way of visualizing
multidimensional data and can simplify this
procedure.

Conclusion and Discussion

Researchers can easily explore spatial distribution
and / or spatial relations of the occurrence of the
phenomena using methods of spatial statistics
and multivariate statistics. These methods are
able to quantify and also evaluate the situation,
which is often evident on the surface but it is
needed to support it by the calculus. One has to
realize also the disadvantages of these methods,
which are mainly scale dependency and also
the experience dependency of the analyst. The
spatial statistics allows evaluating of global
spatial pattern, while LISA is the following group
of methods, which is revealing the particular
location of susceptible or healthy clusters in the
area. The time series analyses evaluate the time
aspect of the disease and supplement the spatial
analyses.
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Morphological analysis of the fluvial forms in the Morava River

RNDr. Jakub Mifijovsky, Ph.D., Palacky University in Olomouc, jakub.mirijovsky@upol.cz

Rivers are naturally dynamic over the time and
space, responding to the variability in water and
sediment inputs and also to the anthropogenic
pressures that can result in adjustments of the
river’s shape and form. Therefore, the present
form of river channels is continuously influenced
by past events. As a result, the present shape
of former river channels can only be explained
by integrating the historical, hydrological,
and spatial perspectives offered by multiple
academic disciplines, including remote sensing.
Nowadays landscape scanning is crucial in every
geographical and geoecological research. It is
impossible to make landscape studies without
quality aerial or satellite images. Imaging by
UAV enables experts to acquire very detailed
images at low cost. To make right decisions it is
necessary to have completed methodology that
ensures correct use of all system components.

Study area

Before human activities, the lower Morava
had been actively meandering river channel.
The length of original channel bed before
canalization has been 352 km; 80 km from this
reach has been composed by border part CSR/
Austria, beginning at the confluence of Dyje

River and Morava till confluence of Morava and
Danube (lower Morava reach). Lower Morava
represented typical alluvial meandering river
with low slope and low flow velocity. Average
river bed slope of border reach before regulation
has been 0.15 promile. Original floodplain area
of lower Morava has been defined as: area size
on the Austrian side is 28.74 km2, area size on
the Slovak size is 133.95 km2. Actual inundation
area size (between levees) is 79.75 km2, which is
almost by 50 % smaller.

Morava is typical example of meandering river
influenced by regulation (except of Litovelské
Pomoravi, and the locality around Straznice — our
study areas). Regulation markedly simplified and
deprived river shape. From initially differentiated
meandering channel has been created direct
channel. The floods are concentrated into narrow
intra levees area. Natural effect of attenuation
of floods by spilling into natural floodplain area
and such slowing downstream progress into
lower basin areas is not used. Dykes systems do
not assure enough flood protection, proof of
this fact is also dams break on the Austrian side
during floods in the spring of year 2006. Cutoff
lakes, which stayed isolated in the outside part
of dykes, are infilling.
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Kenicky meander National Nature Reserve is
situated on the territory of Litovelské Pomoravi
PLA on 250.3 km of the river Morava. To be
specific, it is situated in Ramena feky Moravy
National Nature Reserve that includes main
and side-streams of the river Morava. A natural
(unregulated) lowland river basin and adjacent
bank communities of herbs and wood species,
that preserved their original species composition,
are subjects of protection. On the right bank
of the river, westwards from the Kenicky
meander, there is the National Nature Reserve
Kenicky, which also includes so called hardwood
(alluvial forests with predominant of trees with
hardwood, such as an oak, an ash) between the
main channel of the river Morava Mlynsky potok
(sometimes called as Stredni Morava or Mala
voda). In this work, an exact determination of
Kenicky Meander Nature Reserve is a section of
the main channel of the river Morava between
the transverse profiles No. 8 and No. 18.

Fig. 1: Morava river in Litovelské Pomoravi

protected area. First study area
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UAV photogrammetry

The UAV photogrammetry is the field of
science, contains methods and technologies
that deals with the acquisition of further usable
measurements, maps, digital terrain models and
other products that can be obtained from the
images, mostly photographic materials.

The main condition is that a pilot may not
be physically presented in the platform. UAV
photogrammetry combines advantages of airand
land photogrammetry. The UAV photogrammetry
takes the advantage of vertical aerial view from
air photogrammetry and the advantage of close
distance and the high image detail from ground
photogrammetry Aber et al. (2010). Geometric-
mathematical reconstruction of the direction of
the photographic rays in the image is the basic
principle of the photogrammetric measurement.
The UAV photogrammetry works on the same
principle. The UAV photogrammetry is a new
measurement tool with a possibility of obtaining
geographic data in new applications. More
information about data obtaining with UAVs
models can be found in Aber et al. (2010) or in
Mirijovsky et al. (2011).

It is necessary to know the elements of external
and internal orientation in order to properly
implement of aerotriangulation. The exterior
orientation elements include camera position
on the platform in the coordinates X, Y, Z of
ground coordinate system and the three angles
of cameras tilt (w, d, k). These angles are relative



to the ground coordinate system. The position of
coordinates (X, Y, Z) is accorded by very precise
D-GPS systems. Tilts of the camera can be
easily measured using a system of three levels,
preferably using an INS device (Inertial Navigation
System) or IMU device (Inertial Measurement
Unit). Size, weight and price in most cases do
not allow the use of UAVs in the models Aber et
al (2010). It is necessary to use the calculation
of aerotriangulation without known elements
of exterior orientation. The most common
method is to determine the elements of internal
orientation using GCP (Ground Control Points)
with known coordinates X, Y, Z.

The accuracy of positioning of GCP is the most
important factor affecting the accuracy of the
final aerotriangulation. Measurements using a
standard GPS device or subtract of coordinates
from the map can be sufficient for working with
images of a small scale. But for the SFAP with a
precise accuracy is necessary to use a total station
or GPS device with dual-frequency correction
data for focus of GCP. Elements of internal
orientation can be determined either in special
laboratories, or even by self-calibration. While
aerial cameras are usually already calibrated by
the producer, for small cameras used in SFAP
applications the calibration protocols are not
known. Camera calibration was performed in
PhotoModeler and iWitness software. It was
executed several types of calibration. Calibration
was performed by using a single calibration grid
sheet, but also with multi-grid calibration sheet.

Ground control points

Control points are the most essential elements
for the correct processing of aerial photographs.
Control points serve as a basis for the calculation
of exterior orientation parameters. Their
accurate determination is critical for further
processing of the photographs. The accuracy
of an AAT (Automatic Aerial Triangulation)
calculation is affected by several factors.
It is an accuracy of measuring the control
points’ coordinates and their total number
and distribution. Only if all three elements
are correctly performed, the result of aerial
triangulation, or perhaps determination of the
exterior orientation parameters, will be correct.
The distribution of control points is decisive
for the AAT result and accuracy. Normally 4 or
5 symmetrically distributed points are used in
practical conventional aerial photography.

However, what does ,Symmetrical”
mean? According to the generally known
photogrammetry rules, the points should

be evenly distributed over the entire area of
the photograph. But there are many ways to
distribute the points. The theory of statistical
estimates and solvability of linear equations
suggests that the error rate of the model
increases if there is a linear relation between the
points. In other words, the accuracy of the result
decreases. The addition of equations for the
third point, which is located on a line connecting
two other points, will not increase the rank of
the matrix; consequently, this point will not
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increase the solvability of the equation system.
In other words, this procedure will not reduce
the amount of degrees of freedom.

The following example gives an explanation. If
six unknowns are to be resolved, six equations
must be calculated to correctly solve the entire
system. Thus, if we take two points, which have
determined X and Y coordinates, these points
produce four equations (two for X, two for Y). If
we add a third point, which, however, represents
a linear combination of the two preceding
points, then even the other pair is still a linear
combination of the previous points. The resulting
system then brings nothing new and the entire
system cannot be solved.

Results

Fig. 2: Neck rupture of the Kenicky meander
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There were taken three sets of images of Kenicky
meander. The images were photogrammetricaly
processed. Based on the processed images
was performed morphometric analysis of the
development meander and woody debris.
Parameters of the imaging flight and image
processing are shown in the table 1.

Respondent Result
Number of images 47
Flying altitude (m) 106
Ground sample distance (cm) 2.3
Number of Ground control points 17
Number of Tie points 94365
Error of the image coordinates (pix) 0.59
Point density (points/m2) 299
The average errorin Z (m) -6.01E-05
The standard deviation (m) 0.093
RMSEZ (m) 0.093

Tab 1: Parameters of the imaging
flight and image processing

According to survey from the beginning of
May, the width of the rupture is only 17.5 m.
One of possible reasons is fast decrease of the
flood after the rupture, when the river did not
have enough energy to widen the passageway
sufficiently. Erosion of further part is partly



prevented by trees and their roots that fallen
into the basin of the river. Their trunks (located
in water in perpendicular position to the flow)
partially help to ensure that the water forms the
basin by deep erosion not by lateral one. It also
causes extreme depth in the former isthmus.
This deepening is also supported by a fact that at
the bottom of the isthmus there is a pool and so
we can presuppose that the level of the bottom
will decrease due to backward erosion. Its reach
depends on frequency and strength of further
floods. Kénicka accumulation has already started
to help blocking of inlet of the meander, where
the flow of the water is much weaker nowadays
(insome places, the water is almost stagnant) and
in future, it will help to stop its dischargeability.
According to current development, it seems
that potential length of a meander zone formed
by potential meanders will be even longer. It is
possible that potential new meanders will also
affect bottom part of Kenickd branch, which
would become a basin with regular flow of
water. But this is only a hypothesis of what may
happen in future decades.
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Abstract

Microwave polarization and gradient ratio
(MPGR) is an effective indicator for characterizing
the land surface characteristics (i.e., bare soil/
developed, ice, and water) from sensors like
EOS Advanced Microwave Scanning Radiometer
(AMSR-E) under cloud covered conditions when
this information cannot be obtained using optical
remote sensing data. This investigation uses
the HDF Explorer, Matlab, and ArcGIS software
to process the pixel latitude, longitude, and BT
information from the AMSR-E imagery. This
paper uses the polarization and gradient ratio
from AMSR-E BT for 6.9, 10.7, 18.7, 23.8, 36.5,
and 89.0 GHz frequency to identify seventeen
land cover types.

Introduction

Timely monitoring of natural disasters is
important for minimizing economic losses
caused by floods, drought, etc. Access to
large-scale regional land surface information
is critical to emergency management during
natural disasters. Remote sensing of land cover
classification and surface temperature has
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become an important research subject globally.

Microwave polarization ratio (PR; the difference
between of the first two stokes parameters
(H- and V-polarization) divided by their sum)
and gradient ratio (GR; the difference of two
Stokes Parameters either H or V with different
frequency divided by their sum) correspond with
seasonal changes in vegetation water content
and leaf area index (Becker & Choudhury,
1988; Choudhury & Tucker, 1987; Jackson &
Schmugge, 1991; Paloscia & Pampaloni, 1988).
The MPGR is sensitive to the NDVI (Becker &
Choudhury, 1988), as well as open water, soil
moisture, and surface roughness (Njoku & Chan,
2006). Paloscia and Pampaloni (1988) used
microwave radiometer to monitor vegetation
and demonstrate that the MPGR is very sensitive
to vegetation types (especially for water content
in vegetation), and that microwave polarization
index increases exponential with increasing
water stress index. The polarization index also
increases with vegetation growth (Paloscia and
Pampaloni 1988).



Data

The Advanced Microwave Scanning Radiometer
(AMSR-E) was deployed on the NASA Earth
Observing System (EOS) polar-orbiting Aqua
satellite platform. The AMSR-E sensor measures

vertically (V) and horizontally (H) polarized BT at
six frequencies (6.9, 10.7, 18.7, 23.8, 36.5, and
89.0 GHz). MODIS land cover data (MCD12Q1)
was acquired from the NSIDC and used to
determine land cover information.

0 - Water

09 - Savannas

1 - Evergreen Needle leaf Forest

10 - Grasslands

2 - Evergreen Broad leaf Forest

11 - Permanent Wetlands

3 - Deciduous Need leaf Forest

12 - Croplands

4 - Deciduous Broad leaf Forest

13 - Urban Built-up

5 - Mixed Forest

14 - Cropland Natural Vegetation Mosaic

6 - Closed Shrub lands

15 - Snow Ice

7 - Open Shrub lands

16 - Barren Sparsely Vegetated

8 - Woody Savannas

Tab. 1: MODIS land cover classes with their code.

Methodology

MPGR Eq. (1a) and (1b) is an effective indicator
for characterizing the land surface vegetation
cover density. The polarization ratio used in the
study can be described as Eq. (1a)

PR(f) = [BT(fv) - BT(fH] / [BT(fv) + BT(fH)]  (1a)

And the gradient ratio as Eq. (1b)

GR(flp f2p) = BT(flp) - BT(f2p)] / [BT(f1p) +
BT(f2p)

where BT is the brightness temperature at
frequency f for the polarized component p.
When there is little vegetation cover over the
land surface, the value of T can be defined as
zero. So the MPGR of bare ground can be written
as Eq. (2a) for polarization and Eq. (2b) for
gradient ratio.
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PR(f) = [e(fV) - e(fH)] / [e(fV) + &(fH)]

GR(f1p f2p) = €(f1p) - €(f2p)] / [e(f1p) + €(f2p)]
(2b)

(2a)

According to Paloscia and Pampaloni (1988), we
can assume esoil(eV + €H)/2, and Tc = Tsoil. Then
Eq. (2) can be further simplified as

MPGR(t,u) = MPGR(O,)e—t/uu (3)

Since microwave radiation is polarized, it can be
used to depict the condition of vegetation if the
vegetation-soil is made a pattern. Eqg. (3) shows
that MPGR mainly depends on p and 1, and
MPGR values fall as vegetation becomes thicker.
Therefore, MPGR indicates the density of land
surface vegetation cover. Vegetation cover also
greatly influences the land surface temperature.
Thus, we classify the land surface vegetation
cover conditions into several types based on
values of MPGR (Fig.1).

Fig.1: AMSR-E image with MPGR value range for (A) polarization ratio (PR 36.5) and (B) gradient ratio
GR V (36.5—-18.7). In panel A, the dark red areas indicate deserts, dark blue represents dense vegetation,
and the color in between correspond to mixed vegetation. In panel B, dark red highlights desert regions,
and light red showing vegetation condition, yellow and sky blue showing mixed vegetation (30/09/2011).

Both images clearly differentiate land and water on earth after polarization or gradient ratio.

Result

To identify the behavior of each land cover class,
we first selected/determined sample sites in
all 17 land cover classes through the use of the
ArcGlIS system. Then their maximum, minimum,
mean, and standard deviation were derived all
horizontal and vertical AMSR-E frequencies to
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determine which combination of MPGR are best
suited for land cover classification. We find (Fig.
2) that vertical and higher frequency are closer
to actual physical land surface condition/type
compared with horizontal and lower frequency.

For land cover classification on the basis of



MPGR, we focused on three combinations of
PR-PR, PR-GR and GR-GR, and plot two graphs
for each combination (Fig. 3). The scatterplots
identify all 17 land cover classes (as shown in Fig
3). Water pixels are located at highest value in
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Fig.2: Seventeen land cover classes maximum, minimum, mean and standard deviation
temperature in kelvin for 6.9 and 89.0 Ghz AMSR-E frequency.
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For land cover classification on the basis of
MPGR, we focused on three combinations of
PR-PR, PR-GR and GR-GR, and plot two graphs
for each combination (Fig. 3). The scatterplots
identify all 17 land cover classes (as shown in Fig
3). Water pixels are located at highest value in
the graph, then ice, bare soil, built-up area, and
grasslands, savanna, mixed vegetation, degraded
vegetation and dense / evergreen vegetation,
respectively.

Conclusions

A smaller MPGR indicates dense vegetation, with
the MPGR increasing progressively for mixed
vegetation, degraded vegetation, bare soil/
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developed, and ice and water. This information
can help improve the characterization of land
surface characteristics for use in weather
forecasting applications, even during cloudy and
precipitation conditions which often interferes
with other sensors.
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Land Cover GR-V GR-H GR-V GR-H
PR-10 PR-18 PR-36 PR-89
Classes (89-18) (89-18) (36-10) (36-10)
0.035- 0.30-
Water 0.20-0.25 | 0.17-0.18 0.06-0.07 | 0.10-0.11 | 0.20-0.25 | 0.10-0.11
0.04 0.4
Evergreen
0.005 - 0.005 - 0.005 - 0.00 - 0.00 - 0.005 - 0.005 - 0.005 -
Needle leaf
0.01 0.01 0.01 0.005 0.005 0.01 0.01 0.01
Forest
Evergreen
0.00 - 0.00 - 0.00- 0.00 - -0.02- -0.02- -0.01- -0.01-
Broad leaf
0.005 0.005 0.005 0.005 -0.03 -0.03 -0.005 -0.005
Forest
Deciduous
0.005 - 0.005 - 0.005 - 0.00 - 0.005 - 0.005 - 0.005 - 0.005 -
Needle leaf
0.01 0.01 0.01 0.005 0.01 0.01 0.01 0.01
Forest
Deciduous
0.005 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - -0.005 - 0.00 -
Broad leaf
0.01 0.005 0.005 0.005 0.005 0.005 0.0 0.005
Forest
Mixed 0.005 - 0.00 - 0.00 - 0.00 - 0.005 - 0.005 - 0.005 - 0.005 -
Forest 0.01 0.005 0.005 0.005 0.01 0.01 0.01 0.01
Closed 0.035- 0.025 - 0.015- 0.01- -0.005 - 0.015 - 0.00 - 0.02 -
Shrub lands 0.04 0.03 0.02 0.015 0.0 0.02 0.005 0.025

59



Open 0.035- 0.025 - 0.01- -0.01 - 0.015 - -0.005 - 0.025 -
0.04-0.05
Shrub lands 0.04 0.03 0.015 -0.005 0.02 0.0 0.03
Woody 0.00 - 0.00 - 0.00 - 0.00 - -0.01 - -0.005 - -0.005 - -0.005 -
Savannas 0.005 0.005 0.005 0.005 -0.005 0.0 0.0 0.0
0.015 - 0.01- 0.005 - 0.00 - -0.01 - 0.00 - -0.005 - 0.005 -
Savannas
0.02 0.015 0.01 0.005 -0.005 0.005 0.0 0.01
0.025 - 0.015 - 0.005 - -0.005 - 0.02 - 0.005 - 0.03 -
Grasslands | 0.04-0.05
0.03 0.02 0.01 0.0 0.025 0.01 0.035
Permanent 0.035- 0.025 - 0.02 - 0.015- 0.02 - 0.035- 0.015- 0.03 -
Wetlands 0.04 0.03 0.025 0.02 0.025 0.04 0.02 0.035
0.025 - 0.015- 0.01- 0.005 - 0.005 - 0.015 - 0.005 - 0.02 -
Croplands
0.03 0.02 0.015 0.01 0.01 0.02 0.01 0.025
Urban 0.035- 0.00 - 0.01- 0.025 - 0.00 - 0.05-
. 0.05-0.06 0.05-0.06
Built-up 0.04 0.005 0.015 0.03 0.005 0.06
Cropland
Natural 0.03 - 0.02 - 0.01- 0.00 - 0.01- 0.025 - 0.01- 0.03 -
Vegetation 0.035 0.025 0.015 0.005 0.015 0.03 0.015 0.035
Mosaic
-0.01 - -0.02 - 0.05-
Snow Ice 0.13-0.14 | 0.11-0.12 | 0.07-0.08 | 0.05-0.06 0.05-0.06
-0.005 -0.01 0.06
Barren
0.035- -0.005 - -0.005 - 0.04 -
Sparsely 0.09-0.10 | 0.07-0.08 | 0.05-0.06 0.04 -0.05
0.04 0.0 0.0 0.05
Vegetated
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Remote Sensing and Social Sciences

Urban focused social science investigates the
present-day challenges (threats) to the welfare
of urban population. Social science research
mostly relies on interactions with individuals,
e.g. through surveys or ethnographic research.
Social science studies are attracted to remote
sensing (RS) data for observing changes in
physical characteristics on a local (e.g. urban
studies), regional (forest cover change), or even
a global scale. Those are the ones that can be
coupled with social science data streams, e.g.
within surveys or observation of behavior (e.g.
migration, market activities). But there is no
natural correspondence to grids or even small-
scale administrative units. On the other hand
technological requirements seriously reduce
the usability of RS data in social science (SS)
applications.

Urban RS has proven to be a useful tool for urban
planning and urban ecological topics on different
scales. But remote sensing in urban areas is by
nature defined as the measurement of surface
radiance and properties connected to the land
use/land cover in cities. Beyond the physical

measurement the question remains whether
there is (or potentially could be) value for social
scientists working on urban topics too. Is it more
than just a pretty picture and can it fill spatial
gaps in social science data?

Studies concentrating on the challenge of world
urbanization still claim an unmet need to link
spatial and socio-demographic information.
Rindfuss and Stern (1998) discuss the gap
between social science and remote sensing
research as well as the potential benefits in
bridging that gap. As a justification for expensive
publicly funded satellite programs, remote
sensing scientists argue that remote sensing data
are valuable for society. Some social scientists
view remote sensing as a tool for gathering
information on the context that influences social
phenomena or the environmental consequences
of various social, economic, and demographic
processes. Social science itself can contribute
to remote sensing research by validating and
interpreting the data as well as investigating the
implications of using remote sensing data for
confidentiality.

Population modeling was one of the early
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applications of remote sensing (de Sherbinin
et al. 2002). Although the number of people
living in an area can not be seen directly on
the remotely sensed data, it can be used as
an indirect tool for population estimation by
using different methods. There are different
branches of population-environment research
in which remote sensing data can be effectively
used. Remotely sensed data both from aerial
photographs and satellite images in combination
with Geographical Information Systems (GIS)
have scientific value not only in the study of
land use/land cover change (e.g., decrease in
open green areas, increase in impervious areas),
but also for the study of depletion of surface
and ground water, increasing air pollution
and land surface temperature. Using satellite
data can increase accuracy (vis-a-vis ground
measurements), will take lesser time, man
power, and costs of doing research on urban
issues.

Identifying Spatial Patterns of Urban
Poverty

Attempts to address the question of whether
the worldwide urbanization process is dealing
with poverty have, thus far, been based on
limited information. There is little scientific and
operational knowledge about this process. Urban
growth and land consumption patterns are only
beginning to be recognized and regulation is still
limited. Thus, the available information is very
often inadequate for policy and planning. Due
to the microstructure and irregularity of fast
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growing urban agglomerations as well as their
direct adaptation to local conditions and terrain,
a generically applicable and operational mapping
of these settlements has proven difficult.

Sophisticated data and methods of image
analysis are thus necessary. High resolution
remotely sensed data sets (e.g. IKONOS, Quick
Bird and Cartosat 1 and 2) help to document
the growth of urban areas, both quantitatively
and, in combination with ancillary data sets,
qualitatively. In order to analyze and evaluate
intra-urban patterns as well as trends in slums
across cities, such data must be taken throughout
the various levels of planning processes and
must incorporate all existing and documented
socio-economic information and environmental
issues.

Recent research activities have focused on the
identification of the poor in the context of slums,
informal settlements, marginal areas and low
income neighborhoods, as well as their spatial
embeddings in a number of fast growing cities
and megacities across the globe (Netzband et
al., 2009). The spatial profile that traces poverty
in complex, cluttered, uncontrolled, and fast
growingurbanizedregionsiselaborated by means
of very high resolution (VHR) remote sensing
data e.g. WorldView 1 and 2 and GeoEye-1 and
the associated geospatial techniques

There are several issues in addressing the
question of how remote sensing can help access
the spatial configuration of urban informal



settlements and living conditions. These include:

¢ Examining whether a spatial correlation exists between
the results of the different thematic land-use/ land-
cover analyses;

¢ |dentifying land-use patterns combined with a
vegetation index analysis (NDVI) and Urban Structure
Types (UST); and

e Estimating spatial indicators for quality of life and
vulnerability to natural hazards such as flooding.

The concept of classifying UST by remote sensing
and GIS has been proved increasingly important
as a baseline for urban spatial research (Banzhaf
and Hofer 2008; Puissant and Weber 2002;
Niebergall et al . 2007; Taubenbock et al .
2006). The UST are characterized as follows.
First, they can identify different classes such
as types of buildings (residential, commercial,
industrial and recreational etc.), other classes
of impervious surfaces (road and railways,
parking lots, etc.), and classes of open spaces
(woodland, allotments, parks). Second, they
can typify structures as per their individual
compositions, as it takes the composition of two
to three of the aforementioned classes to form
an urban structure type. Therefore, the amount,
connectivity, and distribution of impervious
surfaces, green spaces, and other open spaces
on an aggregated neighborhood scale are the
goal of the quantitative spatial characterization.

After the classification of such single objects,
the structural composition in terms of the
amount and connectivity of the single objects

is aggregated on a neighborhood scale to
generate a UST (Banzhaf & Hofer 2008). The
resulting UST layer forms the basis for socio-
environmental studies on topics such as socio-
spatial differentiation or for socio-ecological
investigations on neighborhoods exposed to
natural hazards (e.g., flooding and landslides)
and also supports socio-economic research on
inclusion and exclusion.

Interms of the urban vegetation pattern analyzed
with the NDVI, existing vegetation and other
open areas are considered as positive urban
structure elements because of their ecological
functions (biodiversity conservation, production
of oxygen and cleansing air from pollutants)
as well as their social functions for individual
recreational purposes and as social meeting
points. Water bodies as potential carriers of
disease and the road system as a potential
air polluter are considered as negative urban
structures in the sense that their proximity can
cause respiratory and infectious diseases. Due
to the rapid population growth of megacities
lacking appropriate infrastructure measures,
multiple health complaints result for their
inhabitants.

The knowledge of surface temperature is
important for urban climatology and human
health. Thermal infrared remotely sensed data
in the bandwidth of 10.4-12.5 um, available
from Landsat-7 (TM and ETM+) and ASTER
satellites, which has 60 m resp. 80 m resolution
in thermal region can be used to identify urban
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heat islands (Rahman, 2009). Thermal infrared
data acquired over urban areas during the day
and at night can be used to monitor the heat
island effect associated with urban areas, as well
as atmospheric pollution.

Sliuzas and Kuffer (2008) analyze the spatial
heterogeneity of poverty using selected high
resolution remote sensing based spatial
indicators such as roof coverage densities and a
lack of proper road network characterized by the
irregular layout of settlements. Based on these
indicators, the heterogeneity of several deprived
neighborhoods was identified and different
types of poverty areas were delineated. Other
approaches, by Gamba et al. (2007), analyze VHR
images of disaster events to develop efficient
methods for building detection.

These methods also estimate damages on the
basis of pre and post eventimagesin orderto map
the presence, location and status of buildings in
order to provide a statistical basis for planning
instruments. Such approaches exemplify the
possibilities of VHR images for poverty mapping
and demonstrate the scale of VHR needed to
gain detailed information. In other words, data
aggregation may hide the spatial variation of the
urban structure, and thus, of poverty.

Studies concentrating on the challenge of world
urbanization and its links to global environmental
change often referto a need for combined spatial,
physical and socio- demographic information.
Geospatial technology and RS can help to fill
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some of these gaps. For example, RS can help
identify vulnerable groups and their spatial urban
environment, which if acted upon, could support
the search for equity in megacities. Methods are
improving, but cross-disciplinary skills need still
better integration and forethought

As stated before, remote sensing based methods
could be used for a rapid inventory of the
location and physical composition of slums.
(Semi-) automatic detection of slums in image
data is challenging, owing to the high variability
in appearance and definitions across different
contexts. Recently, Kohli et al. (2012) develop an
ontological framework to conceptualize slums
using input from 50 domain-experts covering
16 different countries. This generic slum
ontology (GSO) comprises concepts identified
at three levels that refer to the morphology of
the built environment: the environs level, the
settlement level and the object level. It serves
as a comprehensive basis for image-based
classification of slums, in particular, using object-
oriented image analysis (OOA) techniques.

At the object level, building and road
characteristics are major components of the
ontology. At the settlement level, texture
measures can be potentially used to represent
the contrast between planned and unplanned
settlements. At the environs level, factors which
extend beyond the site itself are important
indicators, e.g. hazards due to floods plains
and marshy conditions. The GSO provides a
comprehensive framework that includes all



potentially relevant indicators that can be used
for image-based slum identification. According
to the authors, these characteristics may be
different for other study areas, but show the
applicability of the developed framework.

Kit et al. (2011, 2013) outline a methodology
to identify informal settlements out of high
resolution satellite imagery using automatic
line detection and the lacunarity algorithm.
For Hyderabad, India circle-based population
data from the Census of India and results of the
analysis of high resolution Quick Bird satellite
image data (2003) were used. It was discovered
that the line detection algorithm is advantageous
over principal component analysis in providing
suitable binary datasets for lacunarity analysis
as it is less sensitive to spectral variability within
mosaicked imagery. The resulting slum location
map constitutes an efficient tool in identifying
particularly overcrowded areas of the city and
can be used as a reliable source in vulnerability
and resilience assessments. The authors suggest
that the proposed methodology allows for rapid
analysis and comparison of multi-temporal data
and can be applied on many developing urban
agglomerations around the world.

Such approaches exemplify the possibilities to
use VHR images for poverty mapping, integrate
ancillary GIS data, and demonstrate that such
very high resolution is needed to gain detailed
spatial information. In other words, data
aggregation could hide spatial variation of the
urban structure patterns and thus of spatial

characteristics of poverty.

In order to facilitate security and planning
applications we will identify three main
approaches which shall be understood as a
workflow: those of rapid inventory, analysis,
and planning applications. Due to their
microstructure, irregularity, fast and direct
adaptation to local conditions and the terrain,
a generically applicable mapping of these
settlementsis difficultand never updated. Hence,
the sophisticated data, synthetically derived
from RS data and census information, and a mix
of methods will be developed and applied, which
will ideally act as a spatial data basis for a further
informal settlement management.

When analysing the urban structure, the Urban
Structure Types (UST) supports information on
the social strata. UST are spatial indicators that
help to divide and differentiate the urban fabric
into open and green spaces, infrastructure,
building complexes so that their typical
characteristics such as physical, functional, and
energetic factors can be identified. After the
classification of the single objects mentioned
above (e.g. different types of buildings, open
spaces, etc.) the structural composition in
terms of amount and connectivity of the single
objects is aggregated on a neighbourhood scale
to generate a UST (Banzhaf & Hofer 2008). The
resulting UST layer forms the basis for socio-
environmental studies such as on socio-spatial
differentiation, socio-ecological investigations
on neighbourhoods being exposed to natural
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hazards (flooding, landslides, etc.) and
support socio-economic research on inclusion
and exclusion. This approach comprises a
segmentation procedure, a classification
scheme, and a structural aggregation that aims
at being a baseline when organizing the urban
pattern, and transferable to other urban systems
(Netzband et al., 2009).

This contribution attempted to show some
potential benefits of bridging the gap between
spatial analysis and remote sensing in social
science by characterizing the deprivation of
quality of life for the urban poor, who are strongly
influenced by their physical environment.
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lopment to monitor Urban Spatial Variation
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Introduction

Large-scale urban development is likely to be
one of the primary sources of environmental
change over the next decades, and more of
this development will take place in India and
China than in any other two countries. Rapid
urban growth can have severe consequences for
environmental sustainability creating an urgent
need for alternative pathways to development.
Satellite data and further geo-information data
are used for landscape ecological evaluations,
e.g. to predict structural diversity in landscape,
to derive quantitative data on open space
fragmentation and on interlink of biotope
structures. Satellite images are just as much used
to identify compensational areas for planning
of building land in conurbations or to quantify
landscape metrics by means of derived medium
and high resolution satellite parameters in order
to calculate neighbourhood relations of objects.

Within the last two decades landscape structure
indices or metrics have been implemented on
remote sensing image data for different mapping
scales. As original input data topographic maps,
aerial photographic data as well as satellite

images have been used. Thus the analysis of
historical samples represents the base for the
comparison of current as well as of future
landscape structures and enables predicates to
evaluate the dynamics of the landscape. Nature,
in particular in the suburban cultural landscape is
described regarding indicators such as structure
(line or planar expansion, cutting, island areas,
etc.), dynamics (entry of the modification
processes) and  texture (neighbourhood
relations to other land use forms). This is based
on the identification and computation of static
and dynamic indicators that help providing a
synthetic assessment of suburban landscapes.
The indicators will also allow the comparison
of the environment’s condition in different
conurbations. The static indicator includes
proportion of urban land uses at different points
in time, of road network cutting land uses, but
also fragmentation of recreational sites within
metropolitan areas and of built-up areas within
green spaces in suburban areas. Dynamic urban
area indicators refer to typology of changes and
the transition from one land-use class to another.

To better understand the global variation in
urban land-cover patterns and trajectories the
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variation in urban landscape structure for a
subset of cities distributed throughout the world
assessed circa in the last two decades. This paper
presents findings from systematic comparative
analyses of development on the urban fringe
and its environmental consequences in various
countries. The presentations analyse local and
regional variations in developmental trajectories
and sustainability among a number of urban
regions within each country. The focus of each
is on land use, ecosystems and environmental
conditions.

A landscape of patterns in urban areas

The comparison of the different structured
models of a delimitation of a conurbation as
they are discussed in theoretical urban and
regional planning (see Handley & Wood, 1998
or Lorzing, 1998) clarifies the span of possible
aspects on the suburban landscapes. The green
infrastructure of a city and its surrounding region
can adopt a variety of spatial patterns. These
patterns can be extremely important in the way
they structure the urban fabric. Some patterns
are directly inspired by the original landscape in
which the city was built. Others are overtly man-
made, showing the desire to create new green
infrastructures as part of an overall urban plan.
Morphologically, one can distinguish between:

¢ |solated elements, or ,dots”;

e Linear elements, or ,lines”;
¢ area elements, or ,zones”.
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For their use in urban and regional planning, it
is necessary to translate these rather theoretical
patterns into realistic park (“green”) structures.
The dots represent a structure of one or more
isolated parks, situated in the middle of an urban
area with no real physical connection with other
parks or with the surrounding landscape. In
general, this isolated position does not hinder
the everyday recreational use of the park but it
definitely limits the possibilities for certain types
of route-linked recreation. When there are a
number of isolated parks in a city, we may speak
of ,scattered parks’ or a ,patchwork’ of green
open spaces within the urban fabric.

The linear elements can be divided into
isolated (or singular) linear elements and more
complicated patterns consisting of two or several
linear elements. In the former situation we find
a long and narrow green space cutting through
the urban fabric like a ,ribbon‘: in many cases
these elements take the shape of a green-lined
river meandering through a city. In our times,
ribbon solutions are created only by exception;
they represent a classical solution, developed in
the late nineteenth or early twentieth century as
part of a large urban lay-out around an existing
river. The more complicated patterns of linear
elements form a ,network’ of recreational links.

On the area level, we can also determine two
different types of patterns. Though both may
cover a substantial part of an urban area, the
ways in which they function in their urban
surroundings differs completely. The ,belt’, one



of these patterns of urban green, has been
developed as an expression of containment.
Greenbelts played an important role in the early
urban planning. They were created not only to
provide a certain amount of recreational space,
but also to define the limits of urban growth.
Another group of greenbelts (the ,inner belt’)
can be found in the older parts of cities, often
in situations where bulwarks and ramparts
had been rased to make way for a ring of parks
between the old downtown area and the
nineteenth century extensions.

Finally, the ,wedge’ is a more recent
phenomenon. It is also firmly rooted in urban
planning theory but, unlike the belt, its main
purpose is to separate the ,fingers’ of a radially
planned city. This concept has proved to be more
successful in the long run, because the wedge
can (in theory) be extended infinitely without
giving up its unique position in the urban
pattern. Famous green wedges can be found in
thoroughly planned cities like Amsterdam and
Copenhagen.

To characterise, one might say that the patchwork
represents a classical solution in which built-up
area and green open space are seen as totally
different entities, whereas the network, the belt
and the wedge mean typical planners solutions
that became popular with the introduction of
methodical town and country planning from the
beginning of the twentieth century. The latter
three differ greatly in their effects on the urban
environment: the belt stands for restrictive

planning while the wedge and the network stand
for a more open-ended way of planning. Finally,
the ribbon and, to a certain extend the wedge
are the solutions that depend largely on the use
of natural and patrimonial elements in the urban
environment.

Gridded Landscape Metric Analysis

The urban landscape is a mosaic of biotic and
abiotic land cover classes (or patches) situated
within a matrix of human-induced settlements,
technical infrastructure and other landscape
modifications. Landscape metrics deliver a
starting point for the comparison of urban
areas that is not dependent on their physical
and cultural setting by providing measures
of the distribution and shape of ecological
patches on the landscape (Zipperer et al.,
2000). Environmental pressures result from
reduction in both the size and contiguity of
ecosystem patch types (Smith, 1980). The field
of quantitative landscape ecology has been the
primarily developer of landscape metrics or
indices. Landscape metrics have been applied
to remotely sensed data at different mapping
scales to emphasize the spatial content and
patch distribution of classified data (Turner et
al.,, 1989; Wu et al., 2000). Numerous metric
algorithms have been developed to quantify
the spatial contiguity and shape of patches (for
example area of contiguous pixels, perimeter
vs. area, etc.; McGarigal and Marks, 1994).
Several studies during recent years (Alberti
and Waddell, 2000; Barnsley and Barr, 2000;
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Herold et al., 2002; Rainis, 2003, Huang et al.,
2007) demonstrate the usefulness of landscape
metrics for the assessment and evaluation of
urban structure and ecology.

The eleven-class ASTER land cover classification
used for accuracy assessment was further
aggregated to six top-level classes (Asphalt,
Soil and Bedrock, Agriculture, Undifferentiated
Vegetation, Built, and Water) for both theoretical
and practical reasons. The top-level classes
retain the physical variability of the major
land cover classes of interest in the Phoenix
study area at the 15 m/pixel scale while also
reducing the number of segments for landscape
metric calculation. The Water class was not
included in further analyses due to its minimal
representation in the land cover data. Each pixel
in the top-level land cover classification dataset
was assigned a unique identifier (Elementl_
Class1, Elementl_Class2, etc.) within a GIS for
input into the FRAGSTATS software. Three grids
(250 x 250 m, 500 x 500 m, and 1 x 1 km) were
created from the reprojected MODIS data pixels
for direct comparison with the landscape metric
results. The location and extent of the 1 x 1 km
analysis grid is presented in Figure 4; the extents
of the 250 x 250 m and 500 x 500 m grids are
similar. The metric results were averaged over
each grid element for comparison to the MODIS
NDVI data using Pearson correlation coefficients
at the three grid scales.
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Conclusions and Outlook

The extent of loads of the human activities in
urban agglomerations is closely linked with the
characteristics of spatial land-use samples. A
founded analysis of land use samples however
is only possible with the availability of overall
covering and current data, like it only the
remote sensing can supply. Estimations of the
configuration green areas in urban areas are
already roughly possible with the data of the
official land-cover statistics. But only by an
analysis of digital remote sensing data using
modern techniques of geo-information, more
precise spatially differentiated and quantitative
predicates to green area-structural features
in urban areas are possible in an reasonable
amount of time. Additionally the developed
model should be usable for regional comparative
studies. In order to ensure a comparability the
information is calculated for non-administrative
space systems, like distance zones, sectors and
raster matrices.
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Adaptation to weather extremes has recently
become one of priority item in management of
natural hazards and a policy concern. However
natural extremes triggered constantly by
changing forces of nature happen perpetual from
the beginning of the Earth existence, sociocultural
evolution and economic development of human
plays significant role in their occurrence. Rapid
growth of population connected with economic
development led to strong integration of human
kind in natural ecosystems, concentration of
peopleinrelatively small areas and concentration
of wealth, what enhance the exposure of groups
and individuals for strikes of extreme events.
Instances of hazards created where human
activity intersects with natural ecosystems are
interpreted as socio-natural hazards (Cardona
2003). Recently, changes in environment made
by human are so extent that ,pure” natural
hazards are very rare in comparison to those
driven by socio-natural forces.

Polandis acountrylocated in Middle Europe, thus
relatively safe concerning occurrence of natural
hazardsand natural disasters. Nevertheless, small
scale hazards happens frequently here and cause
significant cumulative loss in form of affected
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people and economy (directly and indirectly
costs). That is why detailed investigation about
occurrence of natural extreme event is needed.
The main attention in this study is on the past
impacts analysis of the disastrous hydrological
events (DHE) in Lower Silesian Voivodeship,
Poland, within years 1994 - 2011.The analysis
are spatial as well as temporal and aims to
help understand the nature of the phenomena,
identify most vulnerable areas within Lower
Silesian Voivodeship to turn adaptation efforts
towards them, and finally, to increase general
awareness of DHE.

The study concentrate on applied geostatistic
and is based on simple geostatistical
computations. Its structure is as follow: first, the
brief introduction to DHE is given. Second part
contains description of data used for analysis and
applied methodology. In the third part results
are shown; all is closed by conclusions.

Disastrous hydrological events (DHE)
Disastrous hydrological events (DHE) include

impacts of extreme floods and extreme
precipitation. Extreme hydrological events are



natural in Polish territory due to location within
moderate climate with both maritime and
continental elements. Researchers agree, that
main cause of DHE is natural climate variability,
which is estimated to increase in future (IPCC).
This mean that threat of DHE will also increase.
Very often classical floods (river overflow) are
caused by not appropriate decision of urban
planning in catchment (Kowalczyk 2011, see
map 1). Also not correct urban plan decisions
are considered as main factor of flash floods —
floods in cities caused by extreme precipitations
(Kowalczyk 2011).

Data

The inception for present study are about
impacts of DHE and census data. Comprehensive
information about strikes of DHE are collected
by National Headquarters of the State Fire
Service in Warsaw (Poland). The example of the
data is is shown on pic. 1. This data are of most
importance and was supplemented by Census
data from Central Statistical Office in Poland. All
the presented analysis are based only on data
mentioned above.

Data collected by National Headquarters office
contains detailed and substantial information
on registered impacts of DHE in Poland during
years 1994-2011. Each recorded event includes
information about the time of its notification,
magnitude, location, number of people affected
and estimated cost of damage. The magnitude
of the impact is classified in five different

grade which describe its repercussion on
human environment. The fifth grade denotes
the extreme condition like disaster while first
grade denotes very small local event. It should
be noted that assighment of magnitude was
without instruments, by means of data about
people affected, infrastructure damages and
economic losses. It infer that the impact of
flood with given parameters causes greater
harm in wealthy and densely populated areas
and smaller harm in sparsely populated areas
with poor infrastructure. In the first condition
the higher magnitude will be assigned to the
impact, whereas in the second condition, lower
magnitude will be indicated. The location of
impact is given by coordinates and additionally
it is attributed to particular administrative
unit. Information about affected people is
differentiated between injured and dead. Cost of
damage is expressed in Polish currency --- zloty.

The impacts of DHE in Lower Silesian Voivodeship in 2008

Fig. 1: Impacts of DHE in Lower Silesian Voivodeship (2009).
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Methodology

All analysis are performed for four factors: the
frequency of events, the magnitude of events, the
number of evacuated and the economic losses
caused by impacts, all registered in years 1994 —
2011. Four graphical presentations were created
to illustrate spatial distribution of selected
factors. To allow for subjective comparison of
results the frequency was calculated per km2
of municipality, the magnitude present average
magnitude per event in municipality, number of
evacuated is calculated per 1000 inhabitants of
municipality and economic losses are expressed
per income for 1 inhabitants of municipality.

For the same factors Seasonal Trend
Decomposition algorithm was used with original
data to divide up a time series into three
components namely: the trend, seasonality and
remainder. The algorithm produce four graphs
which are: original data, seasonal component,
trend component and the remainder. This allow
to show the periodic seasonal pattern extracted
out from the original data and the trend. A bar
at the right hand side of each graph allows to
relative comparison of the magnitudes for each
component.

Results

Some important results of the analysis are as
follow.

The theorem rose by different researchers about
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theinappropriate decisionsin urban planningasa
significant cause of DHE impact was confirmed in
data. The vast majority of impacts are registered
in middle and big cities (not appropriate
structure of drainage channels) and along river
beds (faulty locations of infrastructure, which
exposure it for flooding) (for example see pic.
1). The frequency of impacts was higher in areas
with higher urbanization rate.

The maximum frequency of DHE per square
kilometer of municipality in last 18 years was
around value 17, what means that still it was less
than one registered event per year (see pic. 2).
The average frequency fluctuate around 3: there
was approximately 1 registered event per one
square kilometer per 6 years.

The average magnitude of average event
fluctuate between low and local, what indicates
the massive amounts of event has character
of local hazards not a disasters. What is very
positive, the analysis shows that even in areas
with higher urban rate the impacts of DHE are
more frequent than in areas with lower urban
rate, but are there are smaller and less severe.

Some of the results are presented below.
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Fig. 2: The frequency of DHE per square kilometer of
municipality, Lower Silesian Voivodeship, 1994-2011.

Average magnitude of DHE impact (1994-2011)

Fig. 3: The magnitude of DHE per event in municipalities,
Lower Silesian Voivodeship, 1994-2011.

Conclusions

One of the advantages of presented analysis
is their time span - recent 18 years is analyzed
(registered events in years 1994 - 2011) what
allows to present current state of DHE impacts
in Lower Silesian Voivodeship. The results
indicate that even DHE impacts are frequent in
some areas, they usually have low magnitude.
This is very positive finding, especially when we
consider after Cutter (1996) that vulnerability as
a hazard of place encompasses biophysical risks
as well as social response and action. It makes us,
people, responsible for adaptation to weather
extremes, and what is more, able to adapt. In
case of Lower Silesian Voivodeship this task is
relatively easy due to low magnitude of events.
There is no doubt that more and deeper research
of natural extreme events with use of variety of
data are needed to help in faster adaptation to
extreme events and to improve the life standard
of every men. Nevertheless it was shown
that with use of relatively simple statistics and
restricted amount of data interesting and useful
findings can be achieved.
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The paper describes spatial and shape metrics
application for Corine Land Cover 1990, 2000
and 2006 areas (CLC) and for European major
cities’ urban footprint analysis along with
statistical methods. The main goal of the paper
is to evaluate CLC and urban footprint datasets
without including attribute or qualitative
information into the two analyses. Thus, only
geometric part of the data has been processed.
More than thirty metrics have been used for
both analyses and resulting values have been
consequently used for principal component
analysis, cluster analysis and others. The
results of the study represent evaluation of
CLC Level 1 classes and urban footprints using,
fundamentally, only the shape of the patches.

Introduction

Since landscape ecologists and urban planners
can use capabilities of computer calculations,
they are able to apply numerous tools to
quantify landscape patches (including artificial
patches — urban areas) in an effective way.
For this purpose, various indexes and metrics
based on a patch shape have been derived,
because according to Turner (1989) landscape
ecology is largely founded on the notion that

environmental patterns strongly influence
underlying processes. McGarigal and Marks
(2012) mentioned that developing methods to
quantify landscape patterns are considered as
a prerequisite to the study of pattern-process
relationships. Authors continue and claim that
progress has been facilitated by recent advances
in  computer processing and geographic
information technologies.

Landscape ecology defines elementary, further
indivisible unit of the landscape called patch.
Every single patch is characterized by its shape
(quantitative information) and represents a land
cover type (qualitative information). This patch
is formed by natural or artificial processes that
determine shape itself. Therefore it is possible to
study underlying processes only by analyzing the
quantitative characteristics of the patch shape.

Shape metrics are exactly those methods used for
quantitative description of a patch shape, which
represents real world objects. Shape and spatial
metrics was recently used in various topics, e.g.
city footprint and form evaluation (Huang et al.,
2007, and Sphuza, 2007), measuring city sprawl
(Torrens and Alberti, 2000), analysis of landscape
(Gustafson, 1998, Nungesser, 2011, Wu et al.,
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2000), in remote sensing (Mesev, 2007) and
also in a land-use change modelling (Herold et
al., 2003). Metrics are now being implemented
in GIS software or extensions for GIS software
but still not widely used. With the use of
multivariate statistics, it is possible to evaluate,
cluster and classify patches only according to
their quantitative characterization. Mentioned
methods together with multivariate statistics
are considered to be geocomputational and are
both stand-alone and integrated in GIS.

There are several approaches how to classify
landscape patches, but not many of these are
using spatial and shape metrics in combination
with  multivariate statistics for complex
quantitative description of a landscape. It is
common to use only limited number of metrics to
evaluate one specific patch type (e.g. habitats of
particular species, humid areas, urbanized areas
etc.). It is important to note that appropriate
use of chosen metric depends on what is under
the scope of study. Although the use of metrics
is purpose-dependent, metrics for this paper
have been chosen with intention to calculate the
most available ones for consequent multivariate
statistics. Thus, the approach presented in this
paper is quite unique and the aim is complex
landscape analysis via geocomputational
methods to evaluate their usability for landscape
classification.

Data and study area

First analysis was performed on freely available
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CLC dataset from 1990, 2000 and 2006 using
Level 1 nomenclature, which is classifying land
cover to 5 main categories - artificial surfaces,
agricultural areas, forest and semi-natural areas,
wetlands and water bodies. Overall, for 944
landscape patches (sum from all years) from
Level 1 metrics calculations was done. Olomouc
region (Fig. 1) was chosen as a study area with
more than 300 patches of all nomenclature
types. Olomouc region has an area around 800
km2 and lies in a valley almost 20 km wide in
south-east direction. This part of the region
is mostly covered with agricultural areas and
artificial surfaces, which are villages and the
centre of the region — Olomouc city. North
east part of the region is represented by hilly
landscape and is covered with forests and semi-
natural areas.

OLOMOUC REGION IN 2012
with Conne Land Caver layer

Fig. 1: Olomouc region in 2012 with Corine Land Cover
layer from 1990 and its position within Czech Republic.

Second analysis was done using another free
dataset, which was Urban Atlas dataset for the
reference year 2006. Urban Atlas is the GMES



Fig. 2: Urban footprints used for metrics calculations.

project that classifies a land cover from SPOT 5
satellite images in surroundings of 305 European
cities with 100,000 or more inhabitants (EEA,
2010). Thematic classes are based on CORINE
Land Cover nomenclature and GUS Legend (EEA,
2011). For this paper, 27 cities were chosen in
order to cover all major cities from European
Union member states (Fig. 2). An important part
of the second analysis was data pre-processing.
Firstly, only selected Artificial surfaces (urban
areas) were chosen from the Urban Atlas
thematic classes. Secondly, the city footprint was

digitized from the chosen urban areas in order to
capture real shape of the city urbanization (Fig.
2), which was the most time-consuming.

Methods

Totally, 34 shape metrics calculations were
done (Tab. 1) and their detailed description is
available in McGarigal and Marks (2012) and in
Parent et al. (2012). Shape metrics in Tab. 1 were
calculated for every single CLC patch and urban
footprint. It is possible to group these patches
and urban footprints only according to their
shape. Shape metrics are fundamentally based
on an area of a shape and its perimeter (these
two characteristics are itself considered as shape
metrics and are very easy to obtain), but most
of the metrics are more complicated to calculate
and are treated as shape indexes. Anyway,
there are plenty of software tools to perform
metrics calculation. In this study, FRAGSTATS
4.1 and Shape Metrics toolbox for ArcGIS 10.x
for Desktop were used. Multivariate statistics
was performed in RStudio environment using R
Project programming language.

Shape metrics
Area index
Circumscribing index
Cohesion index
Normalized Cohesion index
Contiguity index
Core index (for 50, 200, 500, 800m for analysis no. 2)
Core Area Index (for 50, 200, 500, 800m for analysis no. 2)
Number of Core Areas (for 50, 200, 500, 800m for analysis no. 2)
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Dispersion index

Normalized Dispersion index
Depth index

Normalized Depth index

Detour index

Normalized Detour index
Exchange index

Normalized Exchanged index
Girth index

Normalized Girth index

Interior index

Normalized Interior index
Gyrate index

Perimeter-area ratio index
Perimeter index (FRAGSTATS 4.1)
Perimeter index (Shape Metrics Toolbox)
Normalized Perimeter index (Shape Metrics Toolbox)
Proximity index

Normalized Proximity index
Range index

Normalized Range index

Shape index

Spin index

Normalized Spin index

Traversal index

Normalized Traversal index

Tab. 1: Shape and spatial metrics used analysis.

Shape metrics were calculated for every single
patch in CLC dataset as well as for chosen cities’
urban footprints from Urban Atlas dataset.
Next step was to cluster output values using
multivariate statistics according to the three
main components from principal component
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analysis (PCA). Two different clustering methods
were applied.

The first one was hierarchical method (method
which creates tree structure - dendrogram)
called DIANA - Dlvisive ANAlysis Clustering.
The DIANA algorithm constructs a hierarchy
of clustering, starting with one large cluster
containing all objects and clusters are divided
until each cluster contains only a single object
(Kaufman and Rousseeuw, 1990).

The second method was non-hierarchical, and
partitioning, respectively, which means that
dataset is broken up into desired number of
groups using medoids (representative objects
of a dataset, whose average dissimilarity to all
surrounding objects is minimized) and is called
PAM - Partitioning Around Medoids. This method
is similar to the K-means clustering, but K-means
uses means or centroids to cluster a dataset. The
PAM is treated to be more robust than K-means
because of minimizing dissimilarity instead of
Euclidean distances (Kaufman and Rousseeuw,
1990, Kumar and Wasan, 2009, Park and Jun,
2009).

Finally, resulting groups of clustering analysis
were depicted and comments were added.

Analysis no. 1 - CLC dataset
Metrics in Tab. 1 were calculated for every single

patch in CLC datasets. Next step was to perform
PCA to set the main three components for



consequent clustering. These components are in
sum carrying 92 % of dataset variability and are
composed of various metrics (mainly from Gyrate
index, Shape index, Core index, Normalized Core
index, Proximity index, Exchange index, Spin
index, Girth index, Dispersion index, Range index
and Detour index). These and other metrics are
forming the first, second and third component
with different weights.

Next step was to perform cluster analysis (DIANA
and PAM). To find the best clustering method,
cluster simulation was run. Overall, more than
800 combinations of methods and individual
settings combinations were given. It is quite
subjective phase, which clustering method and
its settings to chose. It depends on what the
user desires to achieve. Because there are five
categories in CLC Level 1 nomenclature, only
those cluster methods defining five groups were
selected.

First clustering was done using DIANA clustering
method (Fig. 3). Colour bars were added for
better interpretation and visualization. Upper
bar is representing desired five target clusters,
lower bar is depicting five groups of every single
patch from CLC Level 1 nomenclature to compare
the results of desired ones.
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Fig. 3: DIANA clustering dendrogram
with five target clusters.

In PAM clustering, it is needed to define the
number of groups. Because there are five classes
in CLC nomenclature level 1, target number of
clusters was set to five. According to the number
of clusters and two main components from PCA
values are clustered and depicted via 2D graph
(Fig. 4).



Fig. 4: PAM clustering 2D graph with five target clusters.

Results and comments of the Analysis
no. 1 - CLC dataset

Both clustering methods were performed upon
spatial and shape metrics and their principal
components, respectively. Cluster groups were
set only according to quantitative values. First
clustering (DIANA) made 5 main clusters (Tab. 3).

Cluster number 1 2 3
Number of patches 560 273 105 3

Tab. 3: Number of patches in DIANA clustering.

Main patch type in the first cluster is agriculture
82

areas (49 %). In the second and third one, main
patch type is artificial surfaces (59 %) and (42
%), respectively. Other patch types are not as
dominant. Visualization of clustered CLC patches
isin Fig. 5.

GROUPS OF DIANA CLUSTERING
of CLC 1990 in Qlomouc Region 7

Clstar Group!

1
z
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H

Fig. 5: Olomouc region with Corine Land Cover
layer from 1990 and cluster groups
accordingto DIANA clustering method.

Target clusters defined by PAM are in Tab. 4.

Cluster number 1 2 3 4 5
Number of patches 191 255 210 282

Tab. 4: Number of patches in PAM clustering.

Main patch type in the first and fourth cluster is
artificial surfaces (43 %) and (52 %), respectively.
In the second and third one, main patch type is
agricultural areas (45 %) and (61 %), respectively.
Other patch types are not as dominant.



Visualization of clustered CLC patches is in Fig. 6.

GROUPS OF PAM CLUSTERING
of CLC 1990 in Clomouc Region

Clusier Group:

Fig. 6: Olomouc region with Corine Land
Cover layer from 1990 and cluster groups
according to PAM clustering method.

It is more suitable in this case to perform analysis
of the landscape using DIANA clustering method.
However, it depends on the purpose what
clustering method to use. If one want to have
a complex view onto a landscape, DIANA could
be used. On the other hand, PAM identified
and pinpointed more clearly patches that are
narrowly elongated, thus PAM could serve as
a clustering method for elongated patches
searching.

Aim of this analysis and calculation was to use
clustering methods in order to create distinctive
groups of landscape patches. Assumption was
that CLC Level 1 patch type is directly influenced

by their shape metrics, and vice versa. Ideally, if
one of these clustering methods creates same
clusters as original types of patches (e.g. artificial
surfaces will form their own cluster), it will be
very reliable to use them in future automatic
classification of any patches. But none of cluster
groups in both clustering methods were typical
by containing one specific group of patch type
in significant amount to claim that e.g. artificial
surfaces has very unique shape and thus they
form a special group. Anyway, it is possible to use
fuzzy words (e.g. it is more or less “agricultural”
cluster) for concluding evaluation statements.
Thus, it is needed to analyze patches individually
and to search for contexts in detailed level in
CLC nomenclature. On the other hand, maybe if
larger area would be studied (e.g. entire Czech
Republic), the similarity within the cluster would
be greater due to the total number of patches
involved into shape metrics computation. In
other words, proportion of different patch types
would not affect final results that much.

Hereby presented procedure could be also
modified in the way that input clustering
variables will not be principal components, but
values of shape metrics themselves. Or another
clustering method would be used regardless
to the cluster precision simulation. Although
previously presented results could not provide
very convincing results at the first sight, the
opposite is true because of the combination of
strictly statistical methods together with spatial
(visual) evaluation allowed new possibilities
of data analysis to arise and unhide clusters
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of similar areas with similar properties.
Nevertheless, by using above mentioned
methods, it is possible to group CLC patches
according to their shape similarity, which is
useful in a landscape evaluation. Consequent
interpretation should take into account the
knowledge of shape metrics and the geographic
region for which landscape patches are analyzed.

Analysis no. 2 — Urban footprints

Similarly as in the first analysis, shape metrics
listed in Tab. 1 were calculated for all the 27
European major cities. Nevertheless, it is worth
to mention, why it is useful to calculate shape
metrics. Since shape metrics take into account
only geometric properties of the patch (urban
footprint), it is possible to eliminate expert
subjectivity in city description process. There is
no doubt that expert skills are crucial in decision
making process, but shape metrics serve them
as a “statement of fact” to support their expert
knowledge.

Next step was to perform Principal Component
Analysis (PCA) of shape metrics to substitute the
informational rich complete list of shape metrics
and set main three components for consequent
clustering. These components are in sum carrying
87 % of the original dataset variability and are
composed of various metrics (e.g. main variance
contribution for the first principal component
is from Core index, Exchange index, Spin index
and Interior index). These and other metrics are
forming the first, second and third component
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with various variance contribution. Principal
Component Analysis and the estimation of
number of clusters could be depicted via graph
of similarity of components within various
numbers of clusters (Fig. 7).

Fig. 7: A plot of principal components intra-cluster
similarity within the specific number of clusters.

Figure 7 shows an intra-cluster similarity, based
on properties of shape metrics, in given number
of clusters according to the method of the least
squares. It is clear that the similarity within 6
clusters is the highest with the respect of cluster
number minimalization. The similarity highly
increases between 3 and 6 numbers of clusters
and does not significantly increase further. In
other words, increasing number of clusters
beyond 6 clusters does not significantly decrease
intra-cluster dissimilarity. Therefore, it is optimal
to cluster the dataset into 6 groups.

Next step was to perform a cluster analysis.
Again, it is quite subjective phase which cluster



method and its settings to choose. It depends
on what the user desires to achieve. Authors
chose again - hierarchical method called DIANA
and non-hierarchical method that was PAM.
For better interpretation and visualization, city
names were added (Fig. 8 and Fig. 9).

Cluster Dendrogram
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Fig. 8: DIANA clustering dendrogram with six target
clusters (boxes shows delimitation into six clusters).

Results and comments of the Analysis no.
2 — Urban footprints

Firstly, it is important to note that both clustering
methods, DIANA and PAM, created identical
groups of cities. With the help of clustering
methods, it is possible to find out some groups of
cities that share similar characteristics according
to all shape metrics. But it is also possible to
evaluate cities by looking at their individual
shape metrics. For instance, according to Fractal
dimension index, which measures overall

CLUSPLOTY kempanenty |

Fig. 9: PAM clustering 2D graph with six target clusters.

shape complexity (borderline complexity),
one can find that Paris, Bruxelles and Helsinki
form a group with low fractal dimension. Thus
their shape appears to be more compact than
in the case of cities from the opposite end
with high fractal dimension (Valletta, Wien,
Ljlubljana), which may indicate specific patterns
of suburbanization caused by the surrounding
landscape or historical urban development.
Another shape metric — Proximity index — refers
about travel distances for residents commuting
to the urban center (index calculates average
distance from all points within the shape to the
centroid). According to this shape metric, the
longest normalized commuting distances are
identified for Bruxelles, Bucuresti, Praha, Sofia
and Roma which nicely corresponds to clustering
in Fig. 8 and Fig. 9, where all these cities are in
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one cluster. Similarly, other shape metrics reveal
some geometrical and geographical aspects that
cities have in common.

Visualization of clustering calculation (Fig. 8 and
Fig. 9) shows six groups of cities. Cities within
a particular group have similar mix of shape
metrics values and are dissimilar with other
groups. For example, Paris and London, the
biggest European cities, formed an individual
cluster and these cities have less complex shape.
Another low-member group contains Wien,
Kobenhavn and Madrid that are typical for their
strait and narrow spits of built-up area. Group
formed by Ljubljana, Valletta, Luxembourg
and Tallinn is typical by containing rather small
cities, which are surrounded by some physical
barriers (e.g. sea, mountains, protected areas)
limiting omni-directional growth, thus they are
elongated in one direction and are quite complex
in their shapes. Another cluster contains Athina,
Budapest, Berlin, Lisboa, Warszawa, Helsinki and
Stockholm. These cities are more or less circular
but having very complex shapes with numerous
urban spits and core areas. Bruxelles, Sofia,
Bucuresti, Praha, Riga and Roma forming next
cluster are circular too, but less complex in their
urban borderlines. It is interesting to realize that
four of these cities are from former soviet-block
countries and may share similar development of
contemporary urban planning. On the contrary,
the cluster with Amsterdam, Dublin, Bratislava,
Lefkosia and Vilnius represent cities that are
elongated (or their city parts) in one or more
directions.
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Presented analysis using shape metrics appears
to be very useful in urban expansion evaluation
and clustering method can help in urban
footprint classification. Nevertheless, results
from clustering are still not fully satisfying, in
terms of distinctive delimitation of cities, but
this aspect is now intensively studied by authors.
It is also worth to mention that some shape
metrics are correlated and for the next research,
their detailed selection is needed to be done.
By looking to an individual shape metrics, more
accurate conclusions were achieved, but it is
still one of many possible ways, how to quantify
urban patterns and footprints, and it is important
to include geographical context (surrounding
environment, historical consequences, current
land use policy etc.) into overall evaluation of
city urbanization.
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The occurence classification of Norway spruce (Picea abies /L./ Karst.)

decline

Ing. Pavel Samec, Palacky University in Olomouc, samec.pavel@uhul.cz

The succession of forests will continue to depend
on global influences, especially on global climate
change and air acidity (Woo 2009). We presume
that local events could be depended on global
phenomenas. Therefore, causes of local events
should be evaluated according to local influences
of larger effects. We evaluated the one event
from the most critically damaged forests in
north-western range of the Outer Western
Carpathians (OWC) (the Silesian Beskids). We
made silvicultural proposals adopted according
to generalized natural situation in the whole
Western Carpathian arc, but collateraly we
documented other global processes which
could influence any local event. Norway spruce
(Picea abies /L./ Karts.) decline in the Silesian
Beskids was evaluated based on literature
survey metaanalysis devided to descriptions of
potential internal and external factors and ways
of restoration. The genetic and biochemical
properties of spruce stands were evaluated
as internal factors of the decline (Stettler and
Bradshaw 1994). The bedrock, soil and climate
were evaluated as external factors of the decline
(Patzel and Ponge 2001). The metaanalysis was
based on comparisons between field results and
literature survey. Finally, we used field results to
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map projection and we made overlay providing
spatial distribution of the investigated spruce
decline zones. Field data was obtained by forest
protection (Samec et al. 2011), soil (Samec et
al. 2010) and dendroecological surveys (Vavrcik
et al. 2008). The survey on forest protection
provided data about spatial distribution of
affected spruce stands. The soil survey provided
data about bedrock and top-soil quality. The
dendroecological survey provided data about
tree growth dynamics in relation to climate
change and pollution (Zach and Drapela 1991).
The proposed ways of ecological restoration
of the forests were completed according to
empirical criterions using in forest ecology and
management population directives (Kulla et al.
2009).

Since 1980 the local climate warming has
potentially had only a moderate influence on
the increase in diameter increments of trees
(Dobbertin 2005). Such an influence has been
more pronounced at locations of the fir-beech
and spruce-beech-fir vegetational tiers (VT’s); at
exposed summit locations the climate warming
has not had a direct influence on the increase
in tree diameter increment (cf. Feliksik et al.



2001). The spruce decline was also accelerated
by their unadapted genotype, long-term
weakening from preceding air-pollution events
and by the nonexistence of sufficient feedbacks
with soil microbiocoenoses in the endangered
coeval structured stands (Samec et al. 2011).
Dry growing seasons caused an instantaneous
decrease in diameter increments of tree species.
Soil hydrophysical properties along with the
availability of exchangeable bases are permanent
predisposition factors of development of

the health status of Norway spruce (P. abies)
populations in the whole of the Beskids. Sites
on the outcrops of conglomerates mostly in
locations of the beech VT belong among the
most vulnerable sites there. An improvement
in the health status of the forests is conditioned
by the total conversion of species composition
and structure. The cultivation of Norway spruce
seems promising only in locations above 800 m
a.s.l. (tab. 1).

Model

criterion Source Information Result
Climatic Field A larger proportion of trees damaged by honey fungus rot
altitudinal  survey upto beech VT, from fir-beech VT proportion of bark-beetle
exposition and rot damaged trees increases, whichis reflectedinthe  Differentiation of condi-
larger proportion of the multiple damaged trees. tions upto beech VT
Literature A stable presence of beech forests is still observed at from the next firbeech
beech VT, although an expansion of homogeneous beech VT
forest and decrease of firregeneration occur at firbeech
VT (Sugiero et al. 2009).
Edatope Field Low soil base saturation and relatively higherlevels of Diff tiati £
exposition survey spruce stand defoliation as well as discoloration usually teren |a_mndo
occur on conglomerates. coaiet-gral;:e hf
Literature  Low forest soil base saturation occurs predominantly at g?f?er s?]rl;goi}‘:‘: rom
affected spruce stands (Barszcz and Matek 2008). )
Growth Field Spruce stands under 40 years of age are relatively less Preference of
trend survey affected. Optimal health status was foundin sprucetrees . dividual mixi d
with long crown. Average defoliation was 23.84% with individual mixing an
differentage trees. fj?ggﬁﬁg‘gg:gum
Literature  The most effective spruce stands natural regeneration run canopy. The

under stand mantle but at disrupted canopy (Diaci 2006;

Kulla et al. 2009).

Natural proportion of beech in forests increases in paralel
with the ongoing warming of Carpathian climate (Hruby
2001; Magri et al. 2006; Sugiero et al. 2009; Kullaet al.

2009).

customizing of a stand
structure to natural
forests in biocentres
and small-areal
protected teritories.

Tab. 1: Assessment of conjuctions between results from field survey in the Beskids and literature.
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——— Bioregional borders

[ small-areal protected territory
Forest gene platform

Local or regional biocentre
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| veryheawy RGCSS
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Figurel: The classes of the spruce stand risk growth conditions in relation to forest functional
differenation in the Podbeskydsky and Beskydsky biogeographical region of the Czech Republic.

The model was made by geoinformatic overlay
of empirical site characteristic (soil and tiers) and
forest stand differentation according to refuges
of biodiversity and managed forests in the
Podbeskydsky and Beskydsky biogeographical
regions (north-western range of the OWC).
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The zone of very heavy risk growth conditions
for spruce silviculture (RGCSS) (125 km2;
7%) was defined predominantly upto beech
VT on conglomerates where present spruce
stands are mostly affected by bark-beetles,
drought and rots. The zone of heavy RGCSS



was defined upto beech VT on other soil
substrates (770 km2; 45%) predominantly in the
Podbeskydsky biogeographical region. The zone
of medium RGCSS was defined predominantly
in the Beskydsky biogeographical region at
fir-beech and spruce-fir-beech VT (805 km2;
47%). At the medium RGCSS the forest stands
are predominantly affected by insects and
significantly less by rots (fig. 1).

Common features of various national proposals
for the reconstruction of dead spruce stands
in the whole Beskids and adjacent regions are
efforts aimed at differentiation of silvicultural
practices supporting highly structured mixed
forests. The differentiation of reconstructed
forest management in the area consists in the
delineation of refuges of natural forests and
risky enclaves where the soil improvement
is promoted by means of an admixture of
introduced species. The special importance
is expected from European larch which
permanently has natural population in the
Central Carpathians and increases total stand
production. The management of natural forests
is usually

identified with protected areas where the
natural ecological network and natural processes
of the cycle of matter and energy are functional.
The functional ecological network is necessary to
ensure the natural dissemination of diaspores.
The growing of the basic mixture of European
beech and many interspersed tree species
(especially of aspen, European ash, maples,

rowan, silver fir, and locally also of European
larch) is assumed in commercial forests outside
protected areas.

The basic objective of presented adaptation
measures is a long-term increase in the genetic
diversity of forest communities. Artificial
forest regeneration is a limiting factor in this
process. A crucial issue for specific working
procedures of forest reconstruction in the OWC
is the unambiguous definition of the extent of
artificial regeneration and the level of natural
regeneration support.

The target selection structure of established
mixed forest stands will enhance the ecosystem
resilience. This state theoretically eliminates
catastrophic impacts of most disasters and
pest gradations. Forest protection measures
may be aimed at the predictable component
of events according to predictions of medium-
term climatic changes. Changes in forest tree
species regeneration should naturally indicate
the long-term tendencies of ecosystems. The
interspersed presence of spruce and larch in
some enclaves may ensure the readiness of
communities to climate cooling. The broad
presence of European beech, European ash and
maples, and of small-leaved linden, durmast oak
and European hornbeam at the lowest altitudes,
corresponds to the continuing trend of warming
up. The pioneer species goat willow, European
aspen, rowan and European birch may protect
sites from erosion after windthrow disasters or
fires or if some of the main species is declining.
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CURRENT GIS CHALLENGE: getting better in technological skills, but

still remaining a geographer

Prof. RNDr.Vit VoZenilek, CSc., Palacky University in Olomouc, vit.vozenilek@upol.cz

Geographic information systems (GIS) came from
geography in 1960s. Nowadays we distinguish
GIS from GISc (geographic information science).
From the beginning of GIS many geographers
have transformed (reeducated) themselves
technically to support GIS development.
However, are they still geographers? Is a new
generation of GIS experts more geographers or
engineers?

Geographic knowledge

The nature of geographic knowledge today is
very different from what it was sixty years ago.
It has evolved from phenomenal (declarative)
to intellectual (primed by cognitive demands)
and is still progressing. Surges of interest in
systematic specialties and technical innovations
in representation and analysis have changed
the nature of geographic knowledge, advanced
geographic vocabulary, defined and examined
geographic concepts, and developed spatially
explicit theories relating to human and physical
environments (Colledge 2002). But the future
still challenges and significant problems face
geography if it is to remain a viable academic
discipline in the new information technology

society.

How will geographic knowledge increase if
the world we live in becomes more reliant on
digital information technology? What will be
the research and instructional role of technical
innovations such as virtual worlds and wearable
wireless computers?

Geographers’ views

In early 1980s J.E. Dobson (1983) appealed that
analytical methods and computer technology for
spatial analysis have advanced rapidly and that
geographers have to consider a general form of
automated geography which integrates all of
the new techniques into an analytical whole. He
also supported in order to combine computer
cartography, computer graphics, Earth digital
remote sensing, geographicinformation systems,
spatial statistics, and quantitative spatial
modelling eclectically with traditional manual
techniques to address geographic problems
that are too large and complex for manual
treatment alone. His argument that automation
can assist in all forms of geography involved
warring that its adoption is likely to be highest
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among applied scientists. He expected long term
effects including improved contributions by
geographers to national and international policy
analyses, a greater emphasis on team-work and
sharing, stronger ties with other disciplines, and
a generally more viable discipline.

When R. J. Bennett (1985) examined the
interrelated questions of quantification,
relevance and utility, he also mentioned that
geography cannot evolve through a pluralism of
positivism and radical methodologies. Instead, it
must return to its roots and revive its concern
with the interrelationship of environmental and
social concern within place, area, or context.

K. Yano (2000) explored the development of the
GIS revolution within the field of geography in
the 1980s and 1990s, taking into consideration
the influence of external and internal factors
on disciplinary change. Geography as rapidly
changing science has being impacted by external
factors on geographical research and also as
a consequence of economic recession and
cutbacks in higher education. Most geography
departments in universities have tried to
approach this impact by promoting or shifting to
geography as an applied science, and by offering
relevant skills through GIS as an approach to
contemporary problems. He concluded that
quantitative geography is essential for the
further expansion of GIS within geography and
also for the survival of geography.

In several years the success of GIS has in some
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ways proved to be a mixed blessing to academic
geography. While quantitative geography has
developed as a disciplinary specialism over a long
period of time, the infusion of GIS has been more
rapid and applications-led. Geography has been
a consumer, not producer, of mainstream GIS
software, and as such GIS may even contribute
towards accelerated de-skilling of the discipline
(Longley 2000). The technology nevertheless
provided a crucial means of dealing with the
current proliferation of digital geographic data,
and had important implications for the future
development of geography.

In 2001 E. Sheppard stated that representations
of quantitative geography, both by practitioners
and by others, have tended to associate
quantification with empiricism, positivism, and
the social and academic status quo. Attempts
to engage in debate between these positions
rarely challenged this dualism, reproducing
the representation of quantitative geography
as logical positivism, and a dualism separating
quantitative  and  qualitative = geography
(Sheppard 2001). He argued that this dualism
can be broken down, by deconstructing the
underlying representation. He also discussed
why this representation came into existence
and how it was stabilized; how close attention
to the practices of quantitative geographers, and
particularly to the evolution of these practices,
reveals its inadequacies; and what new
possibilities for quantitative practices emerge
from this deconstruction. He saw GIS as one of
the manifestations around which representations



of quantitative geography polarize.

In 2008 M.M. Hall and C.B. Jones regarded
many aspects of spatial language concerned
with relationships between spatial entities to
be essentially vague and GIS as a technology
with very little support for dealing with this
vagueness because of a lack of quantitative
data and models for vague spatial relations.
They presented an experiment that looks at
quantifying spatial prepositions (Hall, Jones
2008). In the context of image captions, the
cardinal directions were analysed in an existing
set of image captions, with respect to the spatial
distribution of the locations of the target object
(figure) and the reference object (ground). This
study gave background for future work on using
these results to improve GIS solutions in a wide
variety of scenarios.

With growing number of GIS applications
traditional time geography became one of
hottest topics. Some human geographers
considered state-of-art of time geography as
rigid with admitting only uniform travel velocities
in transport geography. Computational time
geographic methods that resolve the uniform
velocity assumption through transportation
networks or isochrones only partially addressed
this weakness and did not have a rigorous
theoretical foundation. In 2009 H.J. Miller and S.
Bridwell presented an analytical time geographic
theory for the case where travel velocities vary
continuously across space (Miller, Bridwell 2009).
Using the continuous transportation or ,urban

fields” tradition in quantitative geography and
regional science, they formulated analytical
definitions of the space-time path and prism
for the case where unobserved components are
characterized by minimum cost curves through
an inverse velocity field rather than straight line
segments through a uniform velocity plane. This
provides a geometrically and visually oriented
approach to capturing complex velocities that
complements existing methods. In results, they
provided a rigorous analytical foundation for
time geography to extend the network approach
by treating links as regions with continuously
varying velocities. Their time geographic fields
are also useful for nonnetwork-constrained
phenomena such as movement through terrain,
water, and air. This research illustrates the GIS
approach using a computational implementation
based on a lattice approximation.

Intensive discussion between critical theorists
and GlScientists over geographic information
systems in 1990s geography gave rise to calls
for increased communication between critics
and practitioners of the technology and
most recently for “qualitative-quantitative”
GIS practices. Although GIS scholars have
successfully addressed mid-1990s critiques of
the technology by developing a series of critical
GIS practices that involve nuanced and reflexive
deployments of GIS and assessments of its visual
products, theoretical critiques of GIS remain
fixated on the epistemological deficiencies of
the technology (Leszczynski 2009). Despite
references to loosening metaphysical tensions
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across the discipline, this difference in
assessments reveals the discourses of critical-
theoretic geography and GlScience to remain
separated by a trenchant philosophical divide,
across which ontological and epistemological
commitments are inviolable. The inability to
fully reconcile a critical-theoretic epistemology
with the explicitly ontological metaphysics of
GIS further complicates qualitative engagements
with the technology by addressing a series of
inconsistencies into GIS praxis arising from the
guantitative limitsto representation encountered
in the formal universe of computing.

GISc speeded up the geographic research
in the collection, analysis, and visualization
of movement data which is at the forefront
of geographic information science research.
Movement data are generally collected by
recording an object’s spatial location at discrete
time intervals. Methods for extracting useful
information, for example space-time patterns,
from these increasingly large and detailed
datasets have lagged behind the technology
for generating them. J.A. Long and T.A. Nelson
reviewed existing quantitative methods for
analysing movement data to provide a synthesis
of the existing literature on quantitative analysis
of movement data while identifying those
techniques that have merit with novel datasets.
They identified seven classes of methods (Long,
Nelson 2013): (1) time geography, (2) path
descriptors, (3) similarity indices, (4) pattern
and cluster methods, (5) individual-group
dynamics, (6) spatial field methods, and (7)
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spatial range methods. Challenges routinely
faced in quantitative analysis of movement
data include difficulties with handling space
and time attributes together, representing time
in GIS, and using classical statistical testing
procedures with space-time movement data.
Areas for future research include investigating
equivalent distance comparisons in space and
time, measuring interactions between moving
objects, developing predictive frameworks for
movement data, integrating movement data with
existing geographic layers, and incorporating
theory from time geography into movement
models. In conclusion, quantitative analysis of
movement data is an active research area with
tremendous opportunity for new developments
and methods.

Conclusion

R. Bednarz investigated the relationships
between GIS skill and spatial thinking. In 2003
he used a spatial-skills test to examine the effect
of GIS learning on the spatial thinking ability of
college students. Eighty students at a large state
university completed pre- and post- spatial-
skills tests administered during the fall 2003
semester (Lee, Bednarz 2009) and thirty-two
students by an interview-based critical spatial
thinking oral test during the fall 2010 semester
(Kim, Bednarz 2013). Analysis of changes in the
students’ test scores revealed that GIS learning
helped students think spatially. His studies found
positive relationships between GIS learning and
critical spatial thinking. These improvements



were the result of the connection between
students’ GIS activities and experiences and the
tested spatial thinking skills. Strong correlations
were observed between the participants’ spatial
thinking and their achievement in the GIS
course. He argues that the improvement can
be attributed to students’ experiences in a GIS
course.

The changes that have taken place in geography
over the last 50 years have given structure and
substance to a discipline that was concerned
largely with inventory. Today we have all the
GISc components deemed necessary to define
and justify the existence of a scientific discipline
— a huge array of empirically verified factual
data, spatial theories and models, innovative
methods of spatial analysis, unique modes of
representation, and practical usefulness for
spatial decision-making and policy formulation.

Geography majors are lucky because unlike
other disciplines in the humanities, geographers
get the unique opportunity to specialize in Gl
technologies, powerful technological tools used
in just about every industry. GISc is a highly
marketable skill that directly translates into a
career path.

However, all GIS experts, do not forget to be a
geographer! Geographic knowledge is universal
but it cannot be acquired only informally or
incidentally by technical casual observation
without geographic concept. It is important that
we realize that we need to deal with well-defined
(both  geographically and technologically)

concepts as opposed to vague ones.
Understanding this will in part provide a basis for
assessing the validity, reliability, and justifiability
of our arguments and conclusions (VoZenilek
2002). Geographic knowledge represents a body
of GIScience that has much to offer humanity
and we must do our best to continue adding to
all facets of that knowledge set.
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Geodata for management of public transport in the Czech Republic
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Virtually all issues regarding the management of
public transport (hereinafter referred to as PT),
its administration and long-term sustainability of
up-to-date information about regional transport
networks in Czech Republic are dealt with by
organizers (coordinators) of Integrated Transport
Systems (hereinafter referred to as IDS). Although
system of public transport network is relatively
invariable, its extensive character makes it often
very difficult to keep all relevant data complete
and up-to-date. There is also an increasing need
to deal with the up-to-dateness and availability
of the public transport data and keep them as
thorough, clear and accurate as possible. The
objective of this paper is to point to the lack of
quality public transport geodata and outline the
solution of this problem.

Introduction

Public transport network geodata in the
Czech Republic are not administered by a
single authority, there are even no mandatory
regulations requiring them. Moreover, accuracy
or up-to-dateness of these geodata are not
subject to any standardization. Most of PT
network data are managed by IDS organizers
(coordinators) in particular regions or directly
by public transport operators. Their data

warehouses are too often incomplete, objects
are incorrectly located, layers lack the system
of coordinates and errors like undershoots,
overshoots and missing attributes frequently
occur. Logical structure and method of data
management are frequently inappropriate.

World standards for
network data exchange

public transport

There are currently many existing standards and
norms for PT network data exchange around
the world. All of them define structure, format,
mandatory entities and attributes. Other new
standards are currently under development.
One of the world-wide known standards is
GTFS (General Transit Feed Specification) by
Google [1]. It defines a common format for
public transportation schedules and associated
geographic information. New in the field of
PT data standardization is NeTEx, which is
still under development. NeTEx is based on
Transmodel V5.1, CEN technical standard
IFOPT (Identification of Fixed Objects in Public
Transport) [2] and on SIRI standard (Service
interface for real-time information) [3]. NeTEx
aims to provide a paneuropean standard for
data exchange of transport schedules and other
related information. It is a complex and extensive
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standard describing fixed elements of PT network
(stops, stations, places of access, equipment
etc.) and also the operational elements of the
network (e.g. transfers) [4].

Czech standards for
network data exchange

public transport

The only present solution to keep the basic
information on moves of PT vehicles in national
scope is the unified data format (hereinafter
referred to as “JDF”) defined by the Decree of
the Ministry of Transport No. 388/2000 Coll.,
on Regular Public Transport Timetables, and the
Decree No. 175/2000 Coll., on Transport Rules for
Public Railway and Road Transport of People. It is
a pre-defined data format designed for regular
PT road and railway carriers in order to process
the timetables (hereinafter referred to as “JR”)
for the purposes of the National Information
System on Timetables (hereinafter referred to as
“CIS JR”). The carrier elaborates the timetables
in an electronic form, is responsible for them
and submits them to the appropriate transport
authority for an approval and to be advanced
to CIS JR the management of which was
delegated to CHAPS Ltd. [5]. However, no spatial
information is related to the data inserted in
the CSV files, attributes to individual entities are
insufficiently registered and hardly anyone fills in
the voluntary files. For passengers‘ needs, CHAPS
allows not only searching for the appropriate
connection but also the possibility of graphic
display. It involves coordinate visualisation of
the stops on the base of a source map and their
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interconnection by straight lines. In view of GIS,
this solution is unsatisfactory and incorrect,
however, CHAPS primarily deals with timetable
administration and the visualisation and spatial
information are not the subject of their business.

Data model for public transport network
management

The complete lack or incompleteness of relevant
geodata are the most frequent problems when
keeping records of public transport objects.
Proposed data model (see Fig. 1) is built on
NeTEx and was adapted for conditions applicable
in the Czech Republic. Its compatibility with JDF
was also taken into consideration.

= :-lw

Fig. 1: Outline of proposed data model
for data management

Basic element of the data model is a stop as a
point feature and also as an umbrella term for
all other entities in the area (see Fig. 2). Position
of the stop is calculated as a centroid of all
signposts of a given stop, thus it usually lies on
the road away from their actual positions. For
the purposes of data model, every single stop
must be identified by a unique CIS JR multi-digit



number. This number cannot be assigned to any
new stop (e.g. No 24768 for Olomouc, trZnice
stop). Every stop is then assigned its position
(using X and Y coordinates), its name (consisting
of the names of a city, city part and locality) and
ID from CIS JR.

BOARDING EDGE

Fig.2: Stop and its parts

Using its ID, the stop is then linked to another
entity — a line of boarding edges. Boarding edge
is a border part of the platform and is defined
as a paved area allowing safe movement of
passengers when boarding or leaving a vehicle
or waiting for a connection. The length of a
boarding edge is routinely the same as the
length of a platform, or at least the length of the
longest vehicle using a stop is recommended.
Most of the stops have two boarding edges (one
for each direction), larger transfer hubs can have
more than two. Front and end positions of each
boarding edge are determined, as are its height,
length, type (shoulder exit, paved area etc.),
wheelchair accessibility (presence of leading
line, signal or warning strip etc.). Photographic

documentation can also be attached.

Next adjoining entity is a stop lane, linked in the
data model to the boarding edge and stop by ID.
Every stop lane is marked by two points (front
and end positions) and also additional attributes
are recorded. These include the information
about the nature of a given stop lane —whether a
bay or turning lane are present or not, and length
and depth of a bay. Photographic documentation
can be added too.

Every boarding edge must contain at least one
signpost, which is defined as a distinct upright
marker designating bus, tram, trolleybus or
other stop. In the data model, signpost is
represented by a point and forms a point
layer. Signposts are usually placed at the front
part of a boarding edge (at the front edge of a
boarding island or sidewalk). Besides X and Y
coordinates, additional data about signposts are
recorded. These include the information about
the type of transport, design (post, console,
frame), placement (solitary, shelter-mounted,
wall-mounted etc.) and about its owner or
administrator.

Among outdoor captured spatial entities also
belong other spaces and objects related to
boarding edges or stops. These include shelters,
concourses, waiting areas, benches, ticket
machines etc.
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Data collection and updating

In the course of the data model development, an
outline of suitable method for PT network data
collection has been compiled. An application
for field data collection has been used, allowing
us to process all collected data about stops,
boarding edges, signposts, stop lanes and all
spaces and objects related to boarding edge or
stop (Fig. 3). All current code lists and source
data (tariff zones, routes, source maps etc.)
are uploaded prior to actual field investigation.
Since the application works offline, all data must
be uploaded prior to the field mapping, and
downloaded to a central data warehouse after
completion of every mapping. Functions of the
application allow to record positions of spatial
elements (front and end positions of boarding
edge, positions of signposts and spaces and
objects related to boarding edges or stops),
make photographic documentation including
description of particular parts of a given stop and
assign descriptive attributes to a stop or to its
parts. The application is installed on the tablets
and only data for field mapping are automatically
updated. After the data are downloaded to a
computer, the geodata are overwritten in the
central data warehouse.

The application has the functions to register
the position of spatial elements (position of
the beginning and end of the boarding edge,
stop lanes, ID position and position of spaces
and objects related to the boarding edges or
to the stop in general), take pictures and enter
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Fig. 3 Example of an entry window from the application
for public transport field data collection

the stop in general. Entering of most of the
attributes is dealt with by means of code lists
in the form of check boxes where only one
option can usually be selected. In the field data
collecting application, attribute values may be
selected from more than 25 code lists; several
other code lists work only to allow moves within
the entity tree. Entering from the keyboard is
minimised to decrease the risk of non-uniform or
incorrect entries in the sense of entering various
strings for the same aspect. The key code list is
the stop ID code list from CIS JR and the derived
complete names of all stops comprising the code
lists for names of towns, parts of the towns and
specific locations which the field worker cannot
modify (in other code lists it is possible to add
extension of the code list in comments or select
the “other” option). Thanks to this measure,
editing of a non-existing stop is avoided. Besides
the elimination of logic mistakes, entering of
incorrect values resulting from misunderstanding



or poor knowledge is dealt with. Help is attached
to some attributes or code lists in case the field
worker is not sure of the variant of the code list
value or they do not understand the sense of
the entered attribute. Apart from texts, the help
often contains pictures for clearness.

USER ASPECTS OF APPLICATION

The data will prevailingly be used by the officials
who manage the PT network, potentially change
the routes or names of the stops, create synoptic
maps and provide information reports and
notices for general public. So far the KIDSOK staff
only worked with a point layer where each record
represented a stop with all its compounds in one
point. Upon these data, they elaborated synoptic
maps for passengers and source materials for
internal purposes (negotiations on integrating
routes or lines etc.). As a part of the requirement
to increase the attraction and competitiveness
of public transport, the demand was expressed
to form an interactive transport plan and analyse
transport services in the area, define attraction
districts of stops and many others. That was
the moment when KIDSOK staff realised that
the existing data are insufficient and the effort
and financial means will have to be invested
to acquire correct, up-to-date and first of all
complete data. The data will be used by the
organiser’s officials, later also by passengers
and carriers’ controller systems because the
data model contains attributes important for
PT organisers (focused on passenger needs and
public transport management and control) but

also attributes related to operation. While the
passenger is interested in information about
wheelchair access, vehicles moving within the
network, delays, possible connections between
two points and the appearance of the boarding
edge (Fig. 4), the carrier needs to know the
data on height of the boarding edge, length and
depth of the bay, lighting and other technical
parameters of the stop or its parts.

Fig. 4. Picture of the boarding edge in-situ

The benefit of the newly established data
warehouse of the expertly created data model is
the evidence of complete data on PT including
all existing attributes, existence of the expertly
elaborated code lists pre-venting unprofessional
interpretation, great positional and topological
accuracy of objects, ensuring complete data
collection by means of modern technologies
(GPS, tablet, GIS) and easy updating of the data.

SUSTAINABILITY OF DATA CURRENCY

Within the draft of the data model, elaboration
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of mobile application and pilot filling of the
data warehouse, concept of PT network data
updating was also formulated as it is complicated
by great number of registered entities and
their attributes. Within the KIDSOK operated
area, there are more than 2500 unique stop
names and more than 6000 signposts; similar
numbers were reached also with boarding
edges and other stop elements which need to
be registered. Moreover, many attributes and
aspects need to be monitored with respect to
providing information for the handicapped. This
is the most time consuming part of the work on
the data warehouse.

Pircade s e Ratanial - provide data sbout retwork
Inlormunion Syuem about gimsetablis and pasiengen
privviche bt larpees lor 623 ncbunge of information

Mianagament a=d sdmisiataation
of the public ramport

KIS ABOUT TIMETABLES
sechange-of intormaion,
- et the faritionaliny of Mational inlommation
riem st tmetasles

Fig. 5. Organization of the public
transport network management

The newly created stops, parts of stops and any
spatial and organisation changes will further
be monitored with the participation of several
subjects (Fig. 5). At the moment, 20 % of the
whole IDSOK net-work have undergone mobile
application pilot testing and debugging. Time
frame necessary to document one latest, fully
equipped stop (including all its parts) is 20
minutes in average. The rest of the network
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will be documented in spring 2014; the data
warehouse shall be complete by autumn 2014.

Updating of the data from CIS JR (code lists of
stop names, stop IDs etc.) are contracted with
CHAPS Ltd. with the period of one month,
other up-to-date information is acquired from
the Transport Authority of the Olomouc Region
(ensured by the Department of Transport and
Road Management of the Olomouc Region)
or is consulted directly with carriers. The last
source of information about transport network
is represented by the towns which are usually
owners or administrators of the stops and
which often provide primary information. The
application elaboration, maintenance and
technical support is provided by Asseco.
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Analysing the spatio-temporal pattern of farmland change using land-

scape metrics

Prof Qiming Zhou, Hong Kong Baptist University, giming@hkbu.edu.hk

Identifying, monitoring and tracking land cover
change on the Earth’s surface is a complex
process (Lu et al. 2004). Spatio-temporal
modelling is an effective approach to simplify
and simulate this process. Existing spatio-
temporal modelling methods are typically based
on either an overlay of multi-temporal land
cover maps or temporal trend analysis of spatial
pattern indices. Consequently, the knowledge
of the spatial dynamics of the change is either
fragmental for the former case or invisible for
the latter due to the lack of geographical location
information.

In the arid zone of China’s west, a widely
accepted belief is that rapid farmland expansion
and the subsequent abandonment or negligent
of management would lead to soil salinity and
desertification. In order to better understand the
spatio-temporal pattern of the farmland change,
this paper proposes an integrated approach by
combining the methods of pixel-based trajectory
analysis (Zhou et al. 2008a) and class-level spatial
pattern metrics (Turner et al. 2001).

The generic approach of this study is based on
the well-known post-classification comparison
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method ((Lillesand et al. 2008). Multi-temporal
remote sensing images are classified into land
cover classes individually. By merging land cover
classesintotwo general classes, namely, farmland
and non-farmland, the pixel-based change
trajectories are established for tracking historical
changes (Zhou, et al. 2008a). Given that the
process of a farmland change can be separated
into slices by time stamp, the spatial dynamics of
the change can be naturally visualized through
displaying the change segments, which are
discriminated by those change trajectories. For
quantitative description and identification of
farmland development model, the change of
spatial patterns is illustrated with landscape
metrics (Zhou et al. 2008b).

Multi-temporal remote sensing images were
collected, dated back to the beginning of the rapid
farmland expansion period in 1990s. Historical
change trajectories were established for each
pixel and categorized according to change types
(i.e. expand or shrink). The spatial dynamics of
the farmland change can then be illustrated by
mapping those change trajectory classes. For
quantifying spatial patterns of farmland change,
distribution-related landscape metrics such



as indices of interspersion (lJI), connectivity
(COHESION) and isolation (ENN) were employed
for analysing farmland development models
of river basins; while shape indices, including
overall shape (nLSl) and edge shape (FRAC), were
applied to appraise, over time, the structural
stability of the farmlands (McGarigal et al. 2012).
The initial classification of five or six classes

yielded overall accuracies ranging from 87.7% to
97.2% and kappa coefficients ranging from 0.84
to 0.96. After merging into the final two general
classes, satisfactory classification accuracies
were exhibited, with overall accuracies ranging
from 93.8% to 98.1% and kappa coefficients
ranging from 0.88 to 0.96.

»

Yuli County

P Tuklimalan (deser) -

Legend
resident non-farmland ephemeral farmland
road - abandoned since 2000 expansion since 2007
boundary of Yuli - abandoned since 2005 | expansion since 2006

[ abandoned since 2006 [ expansion since 2005
|| abandoned since 2007 [l expansion since 2000
temporary abandoned [l od farmiand

Fig 1. Farmland change trajectories in Yuli County from 1994 to 2008.
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Figure 1 illustrates the spatial dynamics of
farmland change in Yuli County in Xinjiang
Uygur Autonomous Region of China from 1994
to 2008 with change trajectories of interest
highlighted. Figure 2 displays the change of
spatial configurations of stable and permanent
abandoned farmlands.

From the viewpoint of farmland structural
stability, the decreasing nLSlindicates thatsmaller
patches of stable farmland tended to be merged
into larger ones and became more aggregated.
Meanwhile, the increasing FRAC_AM shows a
more complex edge shape of stable farmland
when farmland expansion was accelerating.
As for farmland abandonment, the higher nLSI
implicates that farmland abandonment occurred
with a dispersed distribution. At the same time,
the increasing FRAC_AM expresses a more
complex edge shape as the accumulation of
permanent abandoned farmlands. Those suggest
that farmland abandonment was somewhat a
random act since well-organized development
plan relying on irrigation system that always
makes the shape of farmland be aggregated with
regular edge (Figure 3).

The results indicate that the area of farmland
expansion was significantly larger than that of
farmland abandonment during the 14-year study
period. The rapid development of farmland
shows a concentrated pattern for both river
basins in the study area and generally follows
a layer-based expansion model at multiple
directions. At the river basin scale, the proposed
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method illustrates its effectiveness in expressing
spatial dynamic process of farmland change with
farmland development model highlighted.

This study also indicates some issues when
applying the proposed method. A set of well-
selected metrics is the key to understanding
spatial pattern of farmland change in different
aspects. Besides, the temporal interval is critical
as it determines what kind of change may be
detected. Given the arguments that the spatial
analysis results might not be uniform at various
spatial scales, the further work will be focused
on applying the methodology based on sub-
catchments of the river basins. In addition,
the relationship between spatial pattern and
driving forces of farmland change will be further
investigated so that the potential mechanism of
change dynamics could be revealed.
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Fig 2. Spatial configurations of farmlands in different years.
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Fig 3. Variations of spatial shape indices of stable
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Qiming Zhou, Junyi Huang

Towards a real-time landslide early warning strategy in Hong Kong

Prof Qiming Zhou, Hong Kong Baptist University, giming@hkbu.edu.hk

Landslide is defined as the mass movement of
rock, debris or earth down a slope. Landslide
susceptibility analysis provides quantitative
or qualitative assessment of the classification,
volume (or area), and spatial distribution of
landslides which may potentially occur in an
area.

Rainfall-induced landslides in natural and man-
made slopes during the monsoon season have
been quite common and historically caused many
fatalities in Hong Kong. Fewer investigations
were reported on real- or near real-time risk
assessment based on dynamic analyses and
simulation of rainfall/runoff processes. Based
on a new scale-adaptive digital terrain analysis
method for rainfall-runoff process analysis
and simulation, the triggering mechanism of
landslides will then be investigated and modeled.
Using real-time and forecasted rainfall data,
a prototype real- or near real-time landslide
simulation and early warning system will be
developed.

The objectives of this paper is to demonstrate
a research framework and attempt for
investigating: (1) the relationship between
landslide occurrence and pre-conditions of key
environmental parameters; (3) the simulation

of landslides using real-time remotely-sensed
and weather data by rainfall-runoff process
modeling; and (3) the effectiveness of landslide
susceptibility assessment and the impact of
spatial scale of data and analytical method on
the landslide risk analysis outcomes.

Introduction and Background

An objective procedure is often desired to
quantitatively support the landslide studies.
According to the literature, many attempts
have been made to predict the landslides and
to prepare susceptibility maps using different
methods (Lee and Pradhan, 2007). Most of
these studies were based on the establishment
of the relationships between the categories of
causative factors and the incidences of landslides
in a given region through spatial data analyses
(Chauhan, et al. 2010).

On the other hand, Hong Kong has established
a warning system for several decades, yet
the relevant research from the regional
perspective is limited. The existing landslide risk
analysis system, operated by the Geotechnical
Engineering Office (GEQ), is for issuing warnings
for the whole territory. The risks on individual
slopes or specific regions are not identified.
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Fig. 1: Landslide occurrence record (2000-2008) of
Lantau Island, Hong Kong from Enhanced Natural
Terrain Landslide Inventory by GEO (ENTLI)

Data and Methodology

To evaluate the susceptibility and risk for
mitigating the potential loss, it is always necessary
to understand the relationships between
historical landslide occurrences, environmental
parameters and triggering factors, so that future
occurrences may be predicted more efficiently
and accurately.

The historical landslide locations during 2000-
2009 will be acquired from Enhanced Natural
Terrain Landslide Inventory (ENTLI), compiled
by the interpretation of air photos (Figure 1),
With such high quality data available, there is
little need for other more, or equally efficient
methods for landslide monitoring in Hong Kong
(Nichol and Wong, 2005).

112

The map Normalized Differences Vegetation
Index (NDVI) is derived from Landsat TM image
acquired at October, 2009. Other causative
factors include: DEM and its derivatives (Slope
and aspect), lithology, distance to river and
distance to fault.

We attempt to take an integrated approach to
address two research issues, namely, how the
environmental variables collectively influence
the occurrence of rainfall-induced landslides by
altering the rainfall-runoff process, and how to
implement a real-time, regional specific platform
that allows early warning of potential disastrous
consequence in a timely manner. To create an
experiment platform for real-time landslide risk
assessment, the integration of scale-adaptive
DTA method and the flow-path network model
for rainfall-runoff modeling will contribute
to uncover the mechanism behind landslide
occurrence and surface flow path in a regional
scale (Zhou and Chen 2011; Zhou, et al. 2011;
Chen and Zhou 2013).

The real-time landslide susceptibility and risk
prediction model is also analyzed and compared
with other simulation results. It is widely
believed that when the change of scale reaches
to a certain extent, significant change will occur
resulting in uncertainty in the final simulation
result.

Landslide Susceptiblity Mapping

For preliminary assessment, frequency ratio



approaches are based on the observed
relationships between distribution of landslides
and each landslide-related factor, to reveal the
correlation between landslide location and
the factors in the study area (Lee and Pradhan,
2007).

To calculate the Landslide Susceptibility Index
(LSI), each factor’s frequency ratio values were
summed as Equation (1). The LSI represents the
relative hazard of landslide occurrence from
historical landslide data. The higher the value,
the greater the risk is.

LSl = Frelevation + FrNDVI + Frslope + Fraspect
+ Frfault distance + Frriver distance + Frlithology

(1)

(LSI: Landslide Susceptibility Index; Fr: Frequency
ratio of each causative factors)

Conclusion and Future Work

Figure 2 illustrates the preliminary result of
landslide susceptiblity mapping by frequency
ratio model. According to the frequency diagram,
this model reports a prediction accuracy of
91%. This is in consistent with a previous study
by Lee and Pradhan (2007), which indicated a
higher accuracy than logistic regression model.
However, logistic regression allows one to form
a multivariate regression relation between a
dependent varaible and several independent
variables (Lee and Pradhan, 2007). It is also well
recognized that the various factors contributing

to landslides in a region are complexly
interrelated and the relationships between
these factors and the landslides are nonlinear in

Landshide Suscentibality Index|

Fig. 2: Landslide susceptibility map based
on frequency ratio method

nature, therefore, Al (Artificial Intelligence)
techniques such as fuzzy logic, artificial neural
networks, and genetic algorithms were used.
Other methods, such as artificial neural networks
(ANN) or fuzzy weighting are considered to
be more rigorous than that in this study. The
derivatives of a digital elevation model (DEM) are
controlled by the scale factor. Slope, aspect and
curvature pattern may subsequently be varied
in different ways as scale changes. Therefore,
approach incoporating multi-scale DTM runoff
analysis is subject to further study (Chen & Zhou,
2013).

The study aims at taking an interdisciplinary
approach by integrating the geotechnical statistic
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methods and hydrological physical/empirical
rainfall-runoff models. To handle the computing
intensive models for real-time applications, a
cloud-computing enabled experimental platform
for monitoring and evaluating the landslide risk
will be developed.
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Jaroslav Burian, Stanislav Stastny

Aktualni stav vyvoje extenze Urban Planner

RNDr. Jaroslav Burian, Ph.D. , Mgr. Stanislav Stastny, Univerzita Palackého v Olomouci,

jaroslav.burian@gmail.com, stastny.stan@gmail.com

Urban Planner je analyticka nadstavba programu
ArcGIS for Desktop 10.x, urend pro potieby
uzemniho  pldnovani. Vytvofend extenze
slouzi jako nastroj pro vyhodnoceni Uzemniho
potencialu Uzemi a k detekci optimalnich ploch
vhodnych pro Gzemni rozvoj. Urban Planner
je vyvijen pod vedenim Stanislava Stastného
(Stastny, 2009, Stastny 2013) a Jaroslava Buriana
(Burian, 2012) ve spolupraci s dalsimi odborniky
z oblasti Uzemni planovani.

Metodika

Extenze Urban Planner wvyuZiva ctyfi hlavni
metody, kterymi jsou:

Multikriteridlni analyza - Krajinny potencial je
definovan jako ,schopnost krajiny poskytovat
uréité mnozstvi moznosti a predpokladd pro
rizné vyuziti s cilem uspokojit potreby lidské
spolecnosti”. Vedle terminu ,potencial”
se v anglosaské literature vzil pojem ,land
suitability” s ekvivalentnim vyznamem i
rozSitenim. Modelovani krajinného potencialu
je analyticky proces, ktery urcuje vhodnost
uzemni jednotky pro konkrétni funkci. V praxi
existuje rada pristupl. Stanovovani krajinného
potencidlu je vzdy procesem multikritéridlniho
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hodnoceni, jehoz predmétem jsou relevantni
vlastnosti Uzemi. Ucgelovym hodnocenim
parametr( struktury krajiny Ize ziskat informaci
o odstupriované, prostorové diferencované
vhodnosti ploch pro konkrétni funkci.

Metoda podpory rozhodovdni AHP - Metoda
poskytuje rdmec pro pfipravu ucinnych
rozhodnuti ve sloZitych rozhodovacich situacich,
pomdaha zjednodusit a zrychlit pfirozeny
proces rozhodovani. AHP je metodou rozkladu
slozité nestrukturované situace na jednodussi
komponenty; vytvari tedy hierarchicky systém
problému. Na kazdé drovni hierarchické struktury
se pouzije Saatyho metoda kvantitativniho
parového porovnani.

Princip trvale udrZitelného rozvoje - Spociva
ve vyvazeném vztahu podminek pro pfiznivé
Zivotni prostredi, pro hospodarsky rozvoj a pro
soudrznost spolecenstvi obyvatel Uzemi a ktery
uspokojuje potreby soucasné generace, aniz by
ohroZoval podminky Zivota generaci budoucich.
Metoda detekce optimalnich ploch vhodnych
pro Uzemni rozvoj - V praxi existuje nékolik
pfistupl. Spolecnym znakem koncepci je
vyuziti integrovanych digitdlnich dat krajinného
potencialu. V praci byl na zidkladé konzultaci s



urbanisty vyvinut postup vlastni.

Metodicky extenze vychazi z metodickych
principt zahraniénich produktl What If? a LUCIS
(Blize popsano napf. v Burian, 2008). Zaroven je
vloZeno vice vlastni invence, na zakladé ¢etnych
a intenzivnich konzultaci s odborniky. Hlavnim
diraz je kladen na pouZitelnost vystupl v
urbanistické praxi s ohledem na ceska specifika.

Vypocet krajinného potencidlu

Zakladnim stavebnim kamenem extenze je
hodnoceni krajinného potencidlu, které se
sklada ze 4 drovni (samotného vysledného
krajinného potencialu, tfid, faktord, parametra).
Krajinny potencial je definovan jako ,,schopnost
krajiny poskytovat ur¢ité mnozstvi moznosti a
predpokladll pro rlzné vyuZiti s cilem uspokojit
potieby lidské spolecnosti. Vedle terminu
,potencial” se v anglosaské literature vzil pojem
yland suitability” s ekvivalentnim vyznamem i
rozSitenim. Modelovani krajinného potencialu
je analyticky proces, ktery urcuje vhodnost
uzemni jednotky pro konkrétni funkci. V praxi
existuje fada piistup@. U&elovym hodnocenim
parametr( struktury krajiny Ize ziskat informaci
0 odstupriované, prostorové diferencované
vhodnosti ploch pro konkrétni funkci.

Obr. 1: Ukdzka vypocteného krajinného potencidlu

V ramci vybéru budouciho vyuziti uzemi bylo
zvoleno hodnoceni krajinného potencialu pro 5
nasledujicich kategorii:

Plochy bydleni

Plochy rodinnych a bytovych dom( s pFimési
nerusicich obsluznych funkci mistniho vyznamu
popr. s chovatelskym a péstitelskym zazemim pro
samozdsobeni s pfimési nerusicich obsluznych
funkci mistniho vyznamu a plochy smiSené
obytné.

Plochy rekreace

Plochy staveb pro rodinnou rekreaci (,chat” i
,rekreacnich domk(“), u kterych jsou obvykle
stanoveny prostorové regulativy omezujici
zejména vysku stavby a zastavénou plochu.

Plochy obcanské vybavenosti komercni
Plochy prevaziné komeréni obcanské vybavenosti
ploSné rozsahld - administrativni areadly,
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velkoplosny maloprodej, rozsahla spolecenska
a zdbavni centra, vystavni aredly, vétSinou s
vysokymi naroky na dopravni obsluhu.

Plochy tézkého primyslu

Plochy vyrobnich areall tézkého primyslu a
energetiky s pripadnym negativnim vlivem
nad pripustnou mez mimo areal, obvykle je
vymezeno ochranné pasmo.

Plochy lehkého priimyslu a skladovani

Plochy vyrobnich areald lehkého primyslu nebo
skladové aredly bez vyrobnich ¢innosti, negativni
vliv nad pfipustnou mez neprekracuje hranice
aredlu.

Plochy zemédélské vyroby
Plochy pro stavby pro hospodafskd zvifata a
stavby pro poskliziiovou uUpravu a skladovani
produkt rostlinné vyroby.

Tridy

Pfi vypoctu vybrané kategorie byly stanoveny
na zakladé odliSnych vazeb mezi faktory, tridy
odpovidaji 3 pilifm udrzitelného rozvoje:
Ekologicky, Socidlni, Ekonomicky. Hodnoceni
faktord se provadi pro kazdou tfidu zvlast
a sjednocuji se az v dalsi fazi hodnoceni —
vyhodnoceni tzv. ,scénare” do celkového
krajinného potencidlu pro vybranou kategorii.
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Obr. 2: Ukdzka nastaveni trid

Parametry

Jsou vlastnostmi faktor(. Jsou reprezentovany
jevy a jejich ohodnocenimi. Pro vahy parametr(
bylo zvoleno rozmezi vah 0-10 a stanovili je
odbornici metodou subjektivniho zhodnoceni.

Faktory

Predstavuji vlastnosti tfid. Faktory lze rozdélit
do 3 skupin — pozitivni, negativni a limity.
Pozitivni pfinaseji pfinos krajinnému potencialu,
negativni naopak krajinny potencial snizuji.
Specidlni skupinou negativnich faktord jsou
limity. Limity vyuZiti Uzemi jsou zavazné
podminky realizovatelnosti zaméra vyplyvajicich
z Uzemniho planovani. Urcuji ucel, zpUsob,
ohranic¢eni a podminky usporadani a vyuziti
Uzemi. Stanovuji neprekrocitelnou hranici nebo
rozpéti pro vyuziti a usporadani Uzemi. Jsou pro
pofizovatele a projektanty Uzemné planovaci
dokumentace zdvazné a musi je respektovat.
Kalibrace vah byla realizovana metodou AHP.



Identifikace optimalnich ploch

Druhd c¢ast metodiky je uréena k identifikaci
optimalnich ploch vhodnych pro zdbor, tedy
vymezeni lokalit uréenych ke zméné vyuziti
uzemi. Zakladni pravidla obecnych poZadavk( na
vyuziti Gzemi stanovuje vyhlaska ¢. 501/2006 Sb.
Rozhodnuti o konkrétnim umisténi je ponechano
v rukou urbanisty. K tomu mu ma dopomoci
krajinny potencidl, ktery predurcuje vhodnost
lokalit pro zabor.

Prostorové jednotky

Vykresy, které jsou soucasti grafické casti
uzemniho pldnu, se zpracovavaji nad mapovym
podkladem v meéfitku katastralni mapy. Pro
vymezeni ploch vyuziti Uzemi jsou zakladnim
stavebnim kamenem parcely  katastru
nemovitosti. V mnoha prfipadech je tato
prostorova jednotka pfilis rozsahla pro obsazeni
jednou aktivitou a je zapotiebi ji rozdélit na
mensi ¢asti.

ReSenim tohoto problému je ve vymezeni
mensi prostorové jednotky nez parcely katastru
nemovitosti. Pro tuto potfebu byla stanovena
tzv. zakladni alokacni jednotka

Alokace

Alokace znamena pfitazeni prostorovych
jednotek dané funkci. Oproti plvodni metodice
se jiz nezohlednuje tabulka povolenych zmén
vyuziti Uzemi. Nema nyni Zadny vyznam, jelikoz

se resi pouze volny potencidl a v extravilanu
uddvaji moznost zmény limity uzemi, konkrétné
jejich  nastaveni v hodnoceni krajinného
potencialu. Také se jiz nepracuje s rozhodovacim
pravidlem preference kategorie, kazda kategorie
se vyhodnocuje zvlast.

Existuji dvé zakladni podminky, které alokaci
ovliviuji. A sice:

o celkova rozloha zdboru

e minimalni rozloha samostatné alokované plochy

Obr. 3: Ukdzka vyhodnoceni optimdlnich ploch

Extenze

Metodickd ¢ast byla zpracovana do podoby
vlastniho programového reseni. Byla realizovana
jako nadstavba GIS softwaru ESRI ArcGIS 10.x. Pro
plnou funkcionalitu postaci nejnizsi verze licence
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ArcView, nicméné je zapotrebi mit spolecné se
softwarem mit nainstalovanou extenzi Spatial
Analyst. Extenze vyZzaduje mit nainstalovan
.NET Framework ve verzi 3.5 a vyssi, ktery je
volné stazitelny. Aplikace byla testovana na 32
bitovém operaénim systému Microsoft Windows
7, predpoklada se ale jeji plna funkénost i na
starSich systémech. Pro spravny chod aplikace
vyZzaduje dostatek mista na disku. Minimalni
velikost volné paméti je zavisld na rozloze
zkoumaného Uzemi, poétu hodnocenych faktor(
a nastaveni rozliSeni rastru. Jako minimum je
doporuceno 1 GB paméti RAM a 2 GB volného
mista na pevném disku.

Pro  sestaveni extenze bylo  vyuzito
programovaciho jazyka VB.NET a knihoven
ArcObjects.  Vyvoj nadstavbové  aplikace
probihal v prostfedi Microsoft Visual Studio
2010 Express Edition. Pro vytvoreni registr(,
dynamickych knihoven, kontrolu syntaxe a
vyuziti pfedprogramovanych snippet( byl pouzit
vyvojarsky ndstroj ESRI ArcGIS Desktop Software
Development Kit. Extenze je zkompilovana
jako dynamicka knihovna DLL (dynamic linking
library), kterou pouzivda ArcGIS k nacitani
potfebnych informaci k vykondvani procedur.
Knihovna obsahuje COM rozhrani pro spolupraci
s ArcGIS a je nutné ji zaregistrovat. Tento krok
automaticky resi instaldtor vytvoreny primo ve
Visual Studiu. Instalacni soubor se po spusténi na
uzivatelském pocitaci postara o registraci COM
rozhrani. UZivateli pak staci aktivovat extenzi
pfimo v prostredi ArcGIS.
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Toolbar

Hlavni komunikacni komponentou aplikace je
toolbar. Ten je podle funkcionality jednotlivych
nastroji rozdéleny na Ctyfi sekce - komponenty.
Analytické ulohy jsou rozdéleny do 4 komponent,
asice hodnoceni potencidlu, scénar udrzitelnosti,
zakladni alokacni jednotky a alokaci.

300

Krajinny potencial 'L Vyuditi Gzemi =
B8 Hodnoceni piliit 4 Zakladni alokaéni jednotky
& Scénif rorvoje €8  Alokace

Obr. 4: Toolbar Arc Urban Planner

Zdkladni nastaveni

Zakladni nastaveni slouzi k definici zakladnich
informaci vyuZivanych napfi¢ celou aplikaci.
Vedle volby feseného Uzemi a adresare pro
vystupy analyz je to volba velikosti pixelu
(rozliseni). Plati pravidlo, ¢im mensi velikost
pixelu tim exponencidlné casové narocnéjsi
vypocet. Idedlni rozliSeni pro dostate¢né
presné vysledky se pohybuje v rozmezi mezi 10
az 20 m. Soucasti nastaveni je také vymezeni
Uzemniho presahu analyz. Ty se také odrdzi v
Casové narocnosti vypoctu, nicméné doporucuje
se zvolit minimdlné 2 km presah, aby nedoslo
ke ztraté informaci, které ovliviiuji krajinny
potencial i za hranicemi feSeného Uzemi.
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Vystupy

syr

Extenze vytvari celkem tfi typy vystupU:
Rastry krajinného potencidlu
Pro dostatecnou presnost bylo zvoleno jako

defaultni rozliseni vyslednych rastrd 10 metr(.
Kazdy rastr krajinného potencidlu reprezentujici

danou kategorii, vznikl kombinaci rastr(i tfid
ve zvoleném scéndfi — udrzitelny rozvoj, tedy
rovnocenné vahy vsech tii pilira.

Brane e ORP oo

L
w
L T

Obr. 7: Vysledny rastr krajinného potencidlu

Pro zhodnoceni vystupl bylo provedeno
porovnani rozdilnosti rastrd  jednotlivych
kategorii. Pro tuto potfebu byla vypocitana
korelace urcujici vzdjemny vztah mezi dvéma
rastry. Hodnota korelacniho koeficientu -1 znaci
zcela nepfimou zavislost, hodnota korelac¢niho
koeficientu +1 znaci zcela primou zavislost. Pokud
je korelaéni koeficient roven 0 (nekorelovanost),
pak mezi znaky neni Zadna statisticky zjistitelna
linedrni zavislost. Podrobnéji byly vysledky
testovany napt. Adamcem (2011).
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Hodnoceni ndvrh( uzemnich plana Nelze tedy vypocitat rastry krajinného potencialu
najednou a vsechny poté vyhodnotit. Tento
Plochy bydleni: proces je zdlouhavy, nicméné nezbytny.

Druhym vystupem extenze je ohodnoceni
vhodnosti jiz navrzenych ploch Gzemnich plang.
Pro celé fesené lUzemi je tak mozné zhodnotit
vSechny zastavitelné plochy odpovidajici
kategoriim krajinného potencialu.
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500 680
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Obr. 8: Hodnoceni vhodnosti ploch

Ndvrh rozvojovych ploch:

Poslednim vystupem extenze jsou navrhy
zastavitelnych ploch vypocitané programem
a srovnany se soucasnym navrhem Uzemniho Obr. 10: Hodnoceni vhodnosti ploch
pldnu. Tento postup prinasi urcité prekazky.
Pokud stanovujeme nové zastavitelné plochy,
musime si uvédomit, Ze po alokaci prvni plochy
ovlivnime krajinny potencial pro dalsi kategorie.
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Obr. 11: Ndvrh rozvojovych ploch
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Restrikce méfici skaly geodat pomoci genetickych algoritmu

Doc. Jifi Dvorsky, Ph.D., Univerzita Palackého v Olomouci, jiri.dvorsky@vsb.cz

V soucasné dobé existuje mnoho metod pro
omezeni Skdly (rozsahu) geodat pro jejich
spravnou vizualizaci. Nas clanek predstavi
metodu zaloZenou na vyuziti genetického
algoritmu, ktery se snaZi najit takové rozdéleni
pavodnich geodat do intervall, které se z
jisttho Uhlu pohledu jevi jako optimalini.
Optimalnim délenim rozumime takové déleni,
které minimalizuje ztratu informace pfi déleni
geodat do interval(. Dale v ¢lanku predstavime
experimentalni vysledky a jejich vizualizaci.

Uvod

Kazdy vyzkum v pfirodnich védach obvykle
obsahuje méreni néjakého jevu. Obzvlasté v
geovédach existuje mnoho kvantitativnich dat,
které maji pavod v méreni, at uz jde napfiklad
o teplotu vzduchu, mnozstvi srazek, vlhkost
pady nebo napfiklad intenzita dopravy. Tato
primarni data jsou pro dalsi zpracovani prilis
velkd nebo jejich presnost prekracuje pozadavky
dalsi geografické analyzy nebo vizualizace, ¢imz
se jednak zpomaluje proces jejich zpracovani a
jednak se sniZuje naSe schopnost porozumét
sledovanému jevu. V tomto pfipadé je vhodné
redukovat mnozstvi dat, a to bud prostiedky
statistiky, nebo data transformovat do interval(

124

hodnot. V dalSim zpracovani pouzivame bud
pfimo takto vzniklé intervaly, nebo pro kazdy
interval zvolime vhodného reprezentanta, napr.
v pfipadé vizualizace barvu, a tim umoznime
Ctenafi  mapy daleko Vvétsi porozuméni
zobrazovanému jevu. Transformaci dat do
intervall nazyvame restrikci Skaly dat. Nicméné
pti kazdé transformaci dat dochazi ke ztraté
informace. Otazkou tedy je, kolik informace
danou transformaci ztratime? Nasim cilem bude
pochopitelné zachovat maximalni mnozstvi
informace.

V roce 1948 Claude E. Shannon definoval pojem
informacni entropie, Shannon (2001, reprint),
jako miry informace, jinak receno jako mnoZzstvi
informace v prenasené zpravé. Za prenasenou
zprdvu miliZeme povazovat napiiklad data
pochazejici z méfeni a samoziejmé také
geovizualizaci pomoci mapy. Pro konstrukci map
existuji v kartografii jiz dlouho jasnd pravidla,
jak pracovat s intervaly. Otazkou vsak je, jestli
tato pravidla zachovavaji optimdlni mnoZstvi
informace z primarnich dat z méreni.

Cilem tohoto ¢lanku je tedy vyuzit geneticky
algoritmus k nalezeni takové restrikci skdly dat,
ktera by minimalizovala informacni ztratu béhem



transformace dat. Navrzenou metodu budeme
testovat na datech popisujicich primérnou
teplotu vzduchu v Ceské republice.

Soucasny stav feSené problematiky

Restrikce dat z méfeni na intervalova data je v
geovédach pomérné Castou Ulohou. V pracich
Robinson (1995); Kraak & Ormeling (2003);
Slocum et al. (2005) mlzZeme nalézt hned nékolik
metod, jak pro namérena data vhodné nastavit
datové intervaly. Za prvé je jasné, Ze tyto intervaly
musi pokryvat cely rozsah namérenych hodnot.
Ddle je zfejmé, Ze musime najit takové déleni
rozsahu dat do interval(, které bude s témito
daty co nejvice korespondovat. Geografické
informacni systémy (GIS) nabizi obvykle nékolik
zékladnich metod. Jako prvni jmenujme
rovnomérné déleni, kdy jsou data restringovana
do intervald stejné délky. Dalsi metodou je
déleni na zakladé kvantil(. Data jsou v tomto
pripadé délena do intervalll na zakladé jejich
rozdéleni Cetnosti jejich vyskytu, coz je vhodné
zejména pro data s linedrni distribuci ¢etnosti.
Dalsi metoda vyuziva pro déleni dat do interval(
stfedni hodnotu a stfedni kvadratickou odchylku.
Jako posledni jmenujme Jenksovu metodu, Jenks
(1967), kterd se snazi délit data do intervald
tak, aby minimalizovala stfedni kvadratickou
odchylku dat spadajicich do urcitého intervalu od
jeho stfedni hodnoty, a zaroven se naproti tomu
snazi maximalizovat tutéz odchylku od stfednich
hodnot vSech ostatnich intervald. Posledné
zminovany postup  zohledriuje  charakter
geografickych dat (resp. jevl) a je jednim z

nejpouzivanéjSich v geovédnich oborech. A
samoziejmé je také mozné déleni do intervalli
provést manualné.

Nicméné je nutno poznamenat, Ze vybér metody
je vzdy véci kvalifikovaného rozhodnuti a dale,
Ze zadna ze soucasnych metod nebere v Gvahu
ztratu informace pfi restrikci skaly dat.

Genetické algoritmy

Mdame-li v praxi feSit problém pomoci
matematickych metod, obvykle volime tzv.
analytické FeSeni. Analytické feSeni problému
spociva v nalezeni feSeni rovnice ¢i soustavy
rovnic, velice zjednodusené feceno v dosazeni
do vzorce (tu rovnici uz nékdo sestavil a vyresil
za nas). Existuji ale problémy, u kterych neni
zndmé analytické feSeni problému nebo toto
reSeni nelze vypocitat v rozumném case, to
jest za casovy usek, kdy ndm reseni k nécemu
bude. U téchto problémd, ale obvykle umime
naopak lehce ovéfit, zda néjaké rfeSeni daného
problému, které jsme vygenerovali tieba
nahodné, je pro nas viibec prijatelné a dokonce
umime i fici, jak je toto reSeni kvalitni, jinak
fe¢eno mezi rliznymi navrhovanymi tesenimi
vybrat to nejlepsi. Problémem tedy zlstava, jak
generovat reseni problému. O to se snaZi pravé
genetické algoritmy.

Genetické algoritmy (GA), napf. Sivanandam a
Deepa (2007), patti do velké rodiny evolucnich
algoritm(. Konkrétné genetické algoritmy
zalozeny na darwinistickych principech —
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pfirozeném vybéru, kfizeni a mutaci. Na zacatku
genetického algoritmu je vytvofena nova
populace jedinch. Kazdy jedinec predstavuje
mozné feSeni naseho problému. Mezi témito
jedinci v prabéhu evoluce dochazi ke kfizeni a
mutaci. U kfiZzeni dva vybrani jedinci predaji svou
genetickou informaci svému potomkovi, tento
potomek jesté podléhd mutaci, tj. dochazi zde
k jisté malé zméné genetické informace. Kazdy
jedinec je ohodnocen tzv. fitness funkci. Tato
funkce pro kazdého jedince udava jeho zdatnost,
Cili jak je jim reprezentované reseni kvalitni. Je
zfejmé, ze vybér rodicovskych jedinct pro kfizeni
probihd na zakladé jejich zdatnosti a stejné tak
i zafazeni nové vzniklého jedince do populace
probihd na zakladé stejného kritéria. Celému
procesu mlzeme rozumeét tak, Ze se z kvalitnich
rodicd  snazime vyslechtit jesté kvalitnéjsi
potomstvo. Geneticky algoritmus cyklicky vytvari
dalsi a dalsi generace dokud nedosdhneme
pozadovaného poctu generaci. Za feSeni naseho
problému pak povazujeme jedince s nejlepsi
hodnotou fitness funkce.

Geneticky  algoritmus  predstavuje  jakysi
obecny mechanismus, jak hledat kvalitni reseni
problému. Pro kazdy feSeny problém je nutné
definovat reprezentacijednice, definovat operace
kfizeni a mutace a definovat fitness funkci. V
nasem pripadé je jedinec reprezentovan jako
posloupnost intervalQ, kterymi délime plvodni
Skdlu dat. Intervaly jsou dany svymi mezemi.
PocateCni populace jedinci je generovana
nahodné. Operator kfizeni je definovan tak, ze
pro dva vybrané jedince zvolime pocet interval(,
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které do potomka vloZime z prvniho rodice,
zbytek doplnime intervaly z druhého rodice.
Mutace je realizovana drobnym posunem hranic
vybraného intervalu. Fitness funkci definujeme
jako rozdil stfedni entropie buriky v plvodnim
gridu (viz dalsi kapitola) a stfedni entropie buriky
v gridu na néjz byla uplatnéna restrikce Skaly
dand zkoumanym jedincem.

Experimenty

Jako experimentalni data jsme v nasem clanku
pouzili prdmérnou rocni teplotu vzduchu
v Ceské republice za obdobi 1961 a? 2001
zaokrouhlenou na celé Cislo. Geodata byla tedy
predstavovana prirozenymi Cisly v rozsahu 1 az
10 °C vcéetné. Experimentdlni geodata byla ve
formatu ESRI gridu o velikosti buriky 100m. Takto
vznikly grid mél 4865 sloupcl a 2780 radku. Tato
data jsme pro experiment vybrali vzhledem k
jejich jasné interpretaci a vizualizaci na mapé.
Experimentdini data jsou uvedena v tabulce 1.

teplota [°C] pocet pixeld
1 1968
2 12680
3 50204
4 160566
5 468285
6 1564203




Tab 1: Experimentdlni data

Vychozi data jsou Skdlovana do celkem N=10
intervalll, kde kazdy interval reprezentuje jeden
teplotni stupen. Tato data vykazuji stredni
hodnotu entropie HO = 2,135 bitd na jednu
buriku gridu. Pokles stfedni hodnoty entropie v
dasledku restrikce skaly dat, od 2 do 9 intervald,
je uveden v tabulce 2. Z vyznamnych parametrd
pouzitého genetického algoritmu uvedme, Ze
velikost jedince kolisala podle daného N od
2 do 9, pocet jedincl v populaci byl nastaven
na M=2000 a pocet generaci byl nastaven na
G=1500. Pro mensi hodnoty poctu jedincl a
poctu generaci nedosahl geneticky algoritmus
pfi restrikci na maly pocet intervall uspokojivych
vysledka.

N Nejlepsi restrikce fitness [bity]
2 [1,2,3,4,5,6,7][8,9,10] 1,232
3 [1,2,3,4,5,6][71[8,9,10] 0,564
4 [1,2,3,4,5][6][7118,9,10] 0,309
5 [1,2,3,4,5][6] [71(8] [9, 10] 0,113
6 [1,2,3,4][5][6] (7] (8] [9, 10] 0,033

7 3128512 7 | w2311E e 78e 10 | 0009
8 2135303 8 | [m2aB1MIsI6l718]19,10] | 0,002
9 382978 9 | mmrEIlEe 71809 10 | 0001
10 950 Tab 2: Nejlepsi restrikce $kdly nalezené pomoci GA

pro ruzné poZadované pocty intervald; nejlepsi
restrikce odpovidd nejlepsimu jedinci v populaci

Navrhovana metoda restrikce Skaly byla vizualné
a numericky srovnana s Jenksovou metodou
restrikce. Vzhledem k tomu, Ze data nabyvaji
hodnot od 1 do 10 (stupnl Celsia), mGZzeme
data délit maximalné do 8 interval(. Je jasné,
Ze jak se zmensujicim se poctem interval(, tak
i se zvysujicim se poctem intervall klesa pocet
moznych restrikci. Maximalni pocet moznych
restrikci Skaly je dosaZzeno pro 5 intervalll (celkem
126 mozZnosti). V experimentech jsme se zaméfili
pravé na tuto hodnotu a srovnali nejlepsi restrikci
skaly nalezenou pomoci genetického algoritmu a
pomoci Jenksovy metody. Z obrazku 1 je dobre
patrné, Ze se vysledky obou metod zasadnim
zplsobem nelisi. Restrikce 3kdly nalezena
genetickym algoritmem zachovava formdalné
vice informaci neZ Jenksova metoda. Obé
metody se lisi pouze zplsobem déleni dolini ¢asti
teplotniho spektra. Geneticky algoritmus zaradil
teplotu 5 °C jesté do intervalu nejnizsich teplot,
zatimco Jenksova metoda teplotu 5 °C slucuje do
jednoho intervalu s teplotou 6 °C. Je tedy zfejmé,
Ze geneticky algoritmus povazoval informaci v
mapé nesenou pixely s teplotou 6 °Cjiz za natolik
vyznamnou, Ze ji vyhradil samostatny interval a
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teploty pod tuto mezi za okrajové tj. za ty které
je mozné sloucil do jednoho intervalu. Stejné se
GA zachoval pro nejvyssi dvé teploty, které také
sloucil do jednoho intervalu. Tento vysledek je
mozné interpretovat také tak, Ze GA preferuje
takové restrikce, které zachovavaji samostatné
intervaly pro nejcastéjsi hodnoty teplot a které
nesou nejvice informace a redukuje extrémni
teploty vyskytujici se méné casto. Naproti
tomu Jenksova metoda rozdélila Skalu dat
rovnomérnéji. Je tedy na tvlrci mapy, zda bude
chtit zdlraznit nejcastéjsi polozky dat, rekli
bychom ,stfed peletonu”, a potlacit extrémy,
nebo zda bude preferovat rovnomérngjsi
restrikci Skaly.

Zaveér

V prdaci jsme ukdzali moZnost vyuZit genetické
algoritmy pro restrikci Skdly geodat. Byla
navrzena  fitness funkce zaloZena na
minimalizaci rozdilu entropie plvodnich dat a
dat restringovanych. V zavéru pfispévku jsme
prezentovali experimentalni vysledky a srovnani
s klasickymi pFistupy.
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Urbanisticko krajinarska $tudia Vinice — MC Bratislava Raca

Ing. arch. Juraj Furdik, CSc., Fakulta architektury Slovenskej technickej univerzity v Bratislave,

furdik@fa.stuba.sk

Abstrakt

Zaujem o rozvoj urbannej Struktury Bratislavy v
bezprostrednom kontakte na intravilan mesta
vytvara tlak na zdber polnohospodarskej pody
— historickych vinohradov, ktoré z vacsej casti
polnhohospodarska velkovyroba uZz opustila, a
opustené vinohrady su dlhodobo neudrziavané.
V snahe riesit tento problém objednala Mestska
Cast Bratislava Raca spracovanie Urbanisticko
krajinarskej $tudie Vinice MC Bratislava Raca,
ktorej cielom je otvorit $irsiu diskusiu nad tymto
problémom, zacat doslednejsie analyzovat
prirodné a civilizacné vplyvy aj pomocou GIS
analyz v tomto Uzemi a naznacit mozné rieSenia
¢i uz formou revitalizacie najhodnotnejsich
Uzemi vinohradov z hladiska terroir alebo
zmenou funkéného vyuZitia cez zariadenia
malovyroby a obcianskej vybavenosti viaZlcej
sa na vinohradnicku produkciu az po kvalitné
byvanie.
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Konceptualizace specializované edukace graduovanych uzZivatel( geo-
informaci v celozivotnim vzdélavani se zfetelem na prostorové plano-

RNDr. Jifi Hiess, Univerzita Palackého v Olomouci, hiess2@centrum.cz

Abstrakt

IDvé desetileti postupné vystavby moderni
geoinformacni infrastruktury ve stfedni Evropé
pfinesly nebyvalé moZnosti pro praktikujici
prostorové planovani, v Cesku oznacovaném
v uz8im pojeti pojmem uUzemni pldnovani.
Geoinformacni technologie samy o sobé
predstavuji pro tento aplikovany obor pouze
donedavna nedosazitelny potencial. Praxe
ukazuje, ze plnému vyuziti GIS s SDI brani
omezené specialni znalosti cilovych skupin
uzivatell. Jde o 1) projektanty, tvlirce originalni
planovaci ionformace, 2) o politické a Fidici
pracovniky s kompetenci rozhodovat, 3) o
technicky a operativni personal firem a Uradu
verejné spravy, 4) sem radime i koncové
uzivatele, vesmés podcenované planovaci laiky.
Monotematicky zdélani geoinformatikové se
domnivaji, Ze kompetence a znalosti téchto
cilovych skupin maji kopirovat jejich sylaby
a kurikula, Ze architekti, urednici, politikové,
podnikatelé ¢i ob¢ané maji ziskat znalosti
viceméné shodné s profilem geoinformatika.
Zkusenost provérena narodnimi a globalnimi
poskytovateli geoinformaci a geoinformacnich
sluzeb ukazuje, Ze efektivniho uziti vybudované
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SDI a kvalifikovani poptavky po vykonech nasi
profese dosahneme spise a) zjednodusenim
a maximalnim pfizplUsobenim uZivatelského
interface (rozhrani), b) permanentni kultivaci
odbornych vyrazovych prostredkd a zlepSenim
kultury mezioborové komunikace, c)
cilevedomou pfipravou koordinator( a d) namiru
Sitym celoZivotnim vzdélavanim odbornych
uzivatell. DalSi rozvoj SDI ve stfedni Evropé
podmirnuje zavedeni vzdélavaci povinnosti a
moznosti, plus certifikace v duchu narodni
a evropské politiky kompetenénich rdmcl a
fizeni kvality lidskch zdroji pro spolecmny
trh a konkurenceschopnost. Zobecriujeme
Sest let zkuSenosti lektori Ceské asociace pro
geoinformace s akreditovanym vzdélavanim
planovacl paralelné s uplatiovanim unijni
direktivy INSPIRE a navrhujeme cile a koncept, jak
postupné rozvinout a fidit soustavu oborového
vzdélavani aplikované geoinformatiky, jak
motivovat a kooperovat nabidku prileZitosti,
jak méfrit a vyhodnocovat efektivitu a dosazené
vysledky.



Jakub Mifijovsky

Hodnoceni presnosti vystupll z UAV fotogrammetrie

RNDr. Jakub Mifijovsky, Ph.D., Univerzita Palackého v Olomouci, jakub.mirijovsky@upol.cz

UAV fotogrammetrie mdze byt velmi presnym
nastrojem pro ziskavani primarnich geodat.
Pro zajisténi nejvyssi mozné presnosti je treba
dodrZzovat zakladni pravidla pfi snimkovani,
rozmistovani a zamérovani vlicovacich bodd.
Predkladany c¢lanek se zabyva vlivem rozmisténi
a poctu vlicovacich bodu na vyslednou presnost
vystupu.Daledokumentujeaporovnavarozdilnou
pfesnost v pouziti fotogrammetrickych metod.
Diskutovdna je metoda stereofotogrammetrie a
Structure from Motion (SfM). V zavéru ¢lanku je
vystup z UAV fotogrammetrie podroben srovnani
s vystupy z leteckého laserového skenovani.

Vlicovaci body

Rozmisténi a pocet vlicovacich bodd mél
zadsadni vliv na vysledek a presnost AAT. Jak
uvadi Pavelka (2003), pfi konvenénim leteckém
snimkovani se v praxi pouziva 4-5 symetricky
rozmisténych  bodl. Teoretické minimum
pro vypocet spravného feseni jsou u digitalni
fotogrammetrie tti plné body. V praxi se vSak
doporucuje pouzit vétsi pocet bod(, které poté
umozni nejen uréeni prvkd vnéjsi orientace, ale
také napf. zpresnéni radialni distorze objektivu.
Pro pokrocilé fotogrammetrické analyzy bylo
tedy vhodné pouZit vétsi pocet vlicovacich
bodd. Prebytecné z nich mohly byt pouzity jako

tzv. check points neboli kontrolni body, pomoci
kterych byla ovérena realna presnost vysledného
fotogrammetrického reseni.

Z praxe vyplyva, Ze jako dostatecny pocet pro
UAV fotogrammetrii se jevi 10 az 15 vlicovacich
bodd, které jsou rozmistény na daném Uzemi.
Jaky je ale vhodny zplisob rozmisténi bodd?

Dle obecné znamych pravidel pro fotogrammetrii
musi byt body rozmistény rovnomérné po
celé plose snimku. Je ale mnoho zplisob(, jak
body rozmistit. Z teorie statistickych odhadl a
resitelnosti linedrnich rovnic plyne, Ze v pfipadé
linearni zavislosti mezi body se zvysuje chybovost
modelu. Jinymi slovy se sniZuje presnost
vysledného feseni. Pfidanim rovnic pro treti
bod, ktery lezi na pfimce spojujici dva jiné body,
nedojde k narlstu hodnosti matice, a proto
tento bod nezvysi fesitelnost soustavy rovnic
Andél (2007). Jinymi slovy se timto postupem
nesnizi pocet stupil volnosti. Vysvétleni lze
nalézt v nasledujicim prikladé. Pokud bylo nutné
vyresit Sest neznamych, pak bylo k Uspésnému
vyreseni potreba Sest (linedrné nezavislych)
rovnic, aby se celad soustava dala spravné vyresit.
Pokud se tedy vzaly dva body, u kterych byly
uréeny souradnice X a Y, pak tyto body poskytly
Ctyfi rovnice (dvé za X a dvé za Y). Jestlize se
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pridal treti bod, ktery vsak byl linedrni kombinaci
dvou predchozich (leZi na pfimce spojujici tyto
body), pak i odpovidajici dvojice rovnic byla stéle
linedrni kombinaci predchozich rovnic. Hodnost
soustavy rovnic (resp. odpovidajici matice) se
nezvysila, zUstala rovna ¢tyfem, a soustava jako
celek byla nefesitelnd (resp. méla nekonecné
reSeni). Pokud vSak byl treti bod linearné
nezdvisly s predchozimi (nelezi na pfimce
spojujici tyto body), hodnost matice narostla na
6 a soustava méla pravé jedno feseni. Konkrétni
feSeni popisuje Frobeniova véta napfriklad v
Andél (2007).

V konkrétnim pfipadé, ktery byl aplikovan na
rozmisténi vlicovacich bodd v terénu, linearni
zavislost znamena, Ze body nesmi lezet na
pfimkach. Teoreticky maximalni presnosti Ize
dosahnout tehdy, kdyz zadné tfi body nebudou
lezet na primce.

Ve studii byl také zkouman vliv poctu vlicovacich
bodl na presnost vysledkl. Bodl pro zajisténi
presnych vysledkd v UAV fotogrammetrii je
deset. Zpracovani je mozné i s mensim poctem
bodud, ale vysledna presnost se snizuje, jak
ukazuje tabulka €. 1. V tabulce jsou uvedeny
parametry letu a vypocitané RMSEZ chyby
z vybranych pripadovych studii. Z tabulky je
patrnda znac¢na zavislost mezi po¢tem vlicovacich
bodli a presnosti vystupu. Presnost vysledkd
logicky ovliviiuje i vyska letu. Proto jsou vysledky
v tabulce barevné odliSeny podle vysky letu do
dvou skupin.
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Vyska letu (m) / | Pocet vlicovacich | RMSEZ (m)
GSD (cm) bodu

138/2,9 9 0,250
106/2,3 17 0,093
97/21 17 0,085
106/2,5 27 0,024
65/1,6 6 0,034
54/1,2 28 0,022
62/1,4 28 0,016

Tab 1: Viiv poctu viicovacich bodli na presnost AAT.

Presnost ortogonalizovanych snimkd

Jednim z hlavnich cilG tvorby 3D model terénu nebo
povrchu bylo jejich nasledné poutziti k ortogonalizaci
leteckych snimkd. Tim se odstrani zkresleni
zplsobené nestejnou vyskou terénu a centralni
projekci. V této kapitole je provedena analyza
presnosti soufadnic X a Y u ortogonalizovanych
snimk({ pomoci dvou digitidlnich modeld povrchu.
Prvnim vystupem je ortogonalizovany snimek z
programu LPS, ktery byl vytvoren pomoci 3D modelu
povrchu z téhoZ programu. Druhym vystupem je
zpracovany ortogonalizovany snimek z programu
Agisoft PhotoScan, ktery byl zpracovan 3D modelem
vytvofenym ve stejnojmenném programu. Oba
ortogonalizované  snimky byly  pfevzorkovany
rozliSovaci schopnosti 1 cm. Porovnani probéhlo nad
jednoznacné identifikovatelnymi body v terénu a opét
byly vypocitany statistické parametry: aritmeticky



pramér chyby, smérodatna odchylka chyby a stredni
souradnicova chyba X a Y. Ortogonalizovany snimek
vytvofeny metodou SfM obsahoval 28 bodd, které
vstoupily do hodnoceni presnosti. U vysledného
snimku ze stereofotogrammetrie to bylo o tfi body
méné z diivodu mensiho 3D modelu povrchu, a tedy
nemoznosti vygenerovat ortogonalizovany snimek v
celé plose. Vysledky jsou uvedeny v tabulkach 2 a 3.

Primérna | Smérodatnd | RMSEX
chyba (m) | odchylka (m) (m)
Stereo- 1 50135 00201 | 00242
fotogrammetrie
StM -0,0037 0,0228 0,0231

Tab 2: Statistické porovndni presnosti
ortogonalizovanych snimkd pro souradnici X.

Stredni Smérodatna | RMSEX
chyba (m) | odchylka (m) (m)
Stereo-
fotogrammetrie 0,0366 0,0207 0,0421
StM 6,964E-05 0,0329 0,0329

Tab 3: Statistické porovndni presnosti
ortogonalizovanych snimkd pro souradnici Y.

Pfi podrobném zkoumani statistickych vypoctl
bylo sice mozné nalézt rozdily v jednotlivych
metodach jak pro souradnici X, tak i pro
soufadnici Y, nicméné rozdily byly nepatrné a
nebylo moiné jim pfisuzovat pfFili§ velkou

vahu. Nejvétsi rozdil mezi metodami nastal v
pfipadé pouziti aritmetického prdméru, ktery
mohl byt do jisté miry zavadéjici, protoze se
v souboru nachazi jak zaporné, tak i kladné
hodnoty. Pro kontrolu byl spocitan pro obé
metody aritmeticky primér z absolutnich
hodnot statistického souboru a pak byly
primérné hodnoty chyby velmi podobné. Z vyse
uvedeného vyplyva, Ze i kdyz byl digitalni model
povrchu vytvoreny metodou SfM jednoznacné
presnéjsi, na presnost ortogonalizace snimku
to v tomto pripadé nemélo vyznamny vliv. Pak
bylo moZzné volit metodu podle jinych kritérii.
Napriklad podle ndarocnosti zpracovani nebo
podle vizudlniho hodnoceni.

Pravé vizudlni hodnoceni digitdlniho modelu
povrchu a ortogonalizovaného snimku nemohlo
byt opomenuto. Pfestoze z hlediska presnosti
dosahovaly oba dva ortogonalizované snimky
podobnych vysledk(l, jak dokazuje obrazek 1,
snimek, ktery byl ortogonalizovan digitalnim
modelem povrchu ze stereofotogrammetrie,
je z vizualniho hlediska chybny. Na obrazku je
zobrazen vyrez snimku, ktery byl zpracovan
obéma metodami, a na snimku jsou zobrazeny
geodeticky zamérené body. Zatimco geodeticky
zameérené body jsou na obou snimcich umistény
spravné, pravy snimek, ktery je vytvoren na
zakladé DMP ze stereofotogrammetrie, je z
vizualniho hlediska chybny. Chyby ve snimku jsou
zpUsobeny lokalnimi nepfesnostmi v digitalnim
modelu povrchu, které se poté projevi i na
ortogonalizovaném snimku. Jedinym resenim v
tomto pfipadé byla manualni Uprava digitalniho
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modelu povrchu pred tim, neZ se provedla
ortogonalizace.

Obr. 1: Vizudlni rozdil vybraného detailu v

ortogonalizovanych snimcich z metody SfM
(nahore) a stereofotogrammetrie (dole).

Porovnani s LSS

| v pfipadé vzajemného porovnani 3D modell
vytvorenych metodami UAV fotogrammetrie

s body laserového skenovani byly vyuzity
standardni statistické ndstroje. Témi byly
priimérna chyba, smérodatnd odchylka a

stfedni soufadnicova chyba souradnice Z. Z dat
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laserového skenovani vstoupilo do hodnoceni
celkem 1 364 bodld pro model vytvoreny
metodou SfM a 1 306 bodl pro model ze
stereofotogrammetrie. Pred vypoctem byla
ovérena absolutni presnost bod( z laserového
skenovani podle geodeticky zamérenych bodd.
Po vylouceni extrémnich hodnot bylo zjiSténo,
Ze rozdil se pohyboval do 5 cm, coz mlze byt
pfisuzovano castecné jak chybé geodetického
méreni, tak i chybé laserového skenovani.
Vysledky porovnani dat laserového skenovani a
modelll z UAV fotogrammetrie jsou zobrazeny v
tabulce 4.

Stfedni Smérodatna | RMSEX
chyba (m) | odchylka (m) (m)
Sereo- o731 01280 | 01474
fotogrammetrie
SftM -0,0167 0,0499 0,0526

Tab 4: Statistické porovndni presnosti
ortogonalizovanych snimki pro souradnici Y.

Z tabulky je patrné, ze stejné jako v pfipadé
porovnani 3D modell povrchu s geodetickym
mérenim, i zde byl lépe hodnocen model
vytvorfeny metodou SfM. Stfedni kvadratickd
chyba souradnice Z je témér tfikrat nizsi nez
v pfipadé modelu ze stereofotogrammetrie.
Zapornd hodnota stfedni chyby znamen3,
Ze stereofotogrammetrickd metoda model
nadhodnocuje. Od origindlniho bodu s nizsi
nadmorskou vyskou byla odectena wvyssi



nadmorska vyska z 3D modelu. Vysledek je pak
zdporny a nadmorské vysky bodl jsou vyssi nez
ve skutecnosti. Tento efekt mohla v mensi mife
zplsobit nizka vegetace, kterd se na nékterych
Castech snimk( vyskytovala.

Zavér

Na presnost vystupl z UAV fotogrammetrie ma
nezanedbatelny vliv mnoho faktord. Jeden ze
stéZejnich vlivll je rozmisténi, pocet a presnost
zaméreni vlicovacich bod( ve snimaném Uzemi.
Také metoda zpracovani dat je podstatna. Pro
UAV fotogrammetrii, ve které nejsou pouzivany
profesiondlni fotogrammetrické komory, je
daleZité pouZit metody zpracovani, které
umoznuji zpracovavat vice snimk( v jednom
kroku.
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Vit Paszto

Chaoticky fraktal nebo fraktalni chaos...? Aplikace v geovédach

Mgr. Vit Paszto, Univerzita Palackého v Olomouci, vit.paszto@gmail.com

Cilem ptispévku je predstavit zakladni pojmy
z teorie chaosu a z ni vychazejici fraktdIni
geometrie. V pfispévku je uvedeno mnoho citaci
zahranicnich i Ceskych autord, aby si Ctenar
mohl v pfipadé zajmu zjistit vice informaci o této
védni discipliné. Na ctyrech ptikladech ve tfech
pfipadovych studiich provedenych na Katedre
geoinformatiky v Olomouci pod vedenim
autora toho pfispévku je demonstrovano
pouZiti vypoctu fraktdlni dimenze jak u jevid
Ci objektll z fyzické geografie, tak i z geografie
socioekonomické. V nékterych pfipadech jsou
pouZity i nastroje statistiky (v posledni ptipadové
studii shlukova analyza) a vSechny vysledky jsou
vizualizovany prostfednictvim map a obrazk(.
U pripadovych studii je samoziejmé provedena
interpretace vysledk(. Tento prispévek ma za
cil tedy srozumitelné predat principy vypoctu
fraktdIni dimenze s aplikaci do geovédnich obor(
a vzbudit tak zajem ctendfe o tuto relativné
mladou problematiku.

Uvod

Jiz na konci 19. stoleti vzrlistal v matematice
zdjem o sobépodobné objekty, které vyuzivaly ke
své konstrukci rekurzivnich a iteracnich vztaht a
funkci. V té dobé vznikaly Utvary jako je Kantorova
mnozina (1872), Peanova kfivka (1890),
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Hilbertova kfivka (1891), Kochova vlocka (1904),
Sierpinského trojuhelnik (1916) a dalsi (Peitgen
byla spojitad funkce, kterd nema v zddném bodé
derivaci — tzv. Weierstrassova kontinualni kfivka
z roku 1895 (Hastings a Sugihara, 1994, Zelinka,
2005). Ta vzbudila takové reakce, Ze byla nazvana
,politovani hodné zlo“ Tehdy si vySe uvedeni
matematici neuvédomili, Ze polozili zaklady
nového vnimani ¢ nové geometrie prirody.
Jimi vytvorené Utvary se tehdy povaZovaly za
mimoradné, za negativni priklady a v podstaté
za anomalie. Dostaly tak nazev , matematicka
monstra” (Peitgen a kol., 1992 a 1993, Hastings
a Sugihara, 1994, Zelinka, 2005).

Pozdéji, az v 80. letech 20. stoleti, se témito
objekty zacal zabyvat Benoit Mandelbrot, ktery
demonstroval, Ze tyto rané matematické fraktaly
maji ve skute¢nosti mnoho spolec¢ného s tvary,
které lze bézné v pfirodé najit. Jeho publikace
z roku 1982 The Fractal Geometry of Nature
obratila vzhiru nohama vyznam téchto objekt(.
Mandelbrot poprvé poufil slovo ,fraktal” v roce
1975 a spolecné s touto publikaci to znamenalo
vznik fraktalni geometrie.

Spolecné s rychlym rozvojem informatiky a
nasledné geovéd, a tedy i geoinformatiky,



poslednich let reprezentuje fraktalni geometrie
velice silny ndstroj pro nejriznéjsi geografické
analyzy a studie. A nejen pro né - nejrozsirené;jsi
pouZiti fraktalll a teorie chaosu je v hlavné
v ekonomice a evoluéni biologii. Pokud Ziva
spolecenstva jsou uréitym zplsobem podminéna

rozhodné smysl zkoumat i ono prostredi.

V krajinné ekologii je velmi ¢astym pojmem
tzv. krajinnd matrix (Forman, 1995) - mozaika
jednotlivych bodovych, liniovych a plosnych
prvkd krajiny. Spolecné s lidskym plsobenim a
pfetvarenim do podoby kulturni krajiny je tak
povrch Zemé tvoren nejriznéjsimi plochami se
svym funkcénim vyuzitim (land-use). A pravé vzor
(pattern) land-use krajiny predstavuje typickou
fraktalni strukturu. Zjistovani jeji fraktalni
dimenze mUZe pfinést novy pohled na souvislosti
procest a jev( v geografickém prostoru.

Fraktalni geometrie a teorie chaosu

JelikoZ fraktalni geometrie Uzce souvisi s teorii
chaosu, tak zde bude zminéno nékolik jejich
zékladnich pojm( a konceptd.

Teorie chaosu

Pro mnoho védci se stala teorie chaosu jednim
z nejvétsich Uspéchd v prirodnich védach v
minulém stoleti. Spolecné s fraktdly se dostava
do popredi zajmu po 2. svétové valce, kdy zacal
rozvoj elektronickych pocitacl. A v podstaté
shodou nékolika okolnosti pfisli védci na to, ze

chovani, modelovani a predpovidani jevd (napf.
v pfipadé pocasi), je vysoce citlivé na vstupni
podminky. Teorie chaosu tak slouzi pro studium
otevienych komplexnich (slozitych) nelinedrnich
dynamickych systému. Komplexnost zde jiz neni
chapana jen jako vysledek komplikovanych
protkanych procest (Peitgen a kol., 1993), ale
diky aparatu teorie chaosu a fraktalni geometrie
mohou tyto procesy byt velice prosté. Nicméné
tento predpoklad jednoduchosti procesli by
nemél vést k nabyti dojmu snadného pochopeni
jejich nasledk (a celé teorie chaosu).

Vyraz chaos se zde nespojuje s jeho hovorovym
vyznamem, oznacujicim nahodily neporadek
(stochastiku), nybrzstakzvanymdeterministickym
chaosem. Udalosti v takovych systémech
jsou sice nepredvidatelné, ale daji se popsat
nelinedrnimi rovnicemi a pomoci grafickych
znazornéni rozeznat jako vzorce usporadani.
NejdllezitéjSim principem je senzitivni zavislost
na pocatecnich podminkach, nebot ty nejmensi
vlivy mohou mit prostfednictvim opakovanych
(iterativnich) zpétnych vazeb (rekurzivita) velké
nasledky.

Tento “motyli efekt” (,butterfly effect”) -
ilustrovany vétou, ze "mavnuti motyliho kfidla
na jednom misté mazZe vyvolat zménu pocasi na
misté jiném” - formuloval jako prvni E. Lorenz na
zadkladé modelu pocasi. PFi grafickém zndzornéni
vyvoje jeho stavu ve fazovém prostoru vysel
usporadany vzorec, takzvany Lorenzlv atraktor
(Obr. 1). Takovéto chaotické atraktory (atraktor —
oznaceni pro konecny stav dynamického systému
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v prabéhu evolucniho procesu) jsou na zakladé
svych dimenzi vyjadfenych zlomkovymi Ccisly
oznacovany jako fraktdlni. Fraktaly jsou casto
tvoreny opakovanim téze figury v nejriiznéjsich
méfritcich (sobépodobnost, stupnicova
invariance) - jako napf. Mandelbrotovy mnoziny,
Kochovy vlocky, aj. Pfechody od usporadanosti k
chaosu a zpét tak Ize znazornit jako matematicky
definovatelny uUtvar. Jednotlivé atraktory se déli
podle jejich charakteru, a to na bodové (napf.
hvézdy), liniové/cyklické (napi. kruh, Lorenziv
atraktor, aj.) a na podivné ¢i nekonecné - fraktaly.

Obr. 1: Ukdzka rizné podoby Lorenzova

atraktoru, jeZ se podobd motylim kridlim
(http://physics.ucsc.edu/~drip/images/lorenz1.jpg).

Fraktalni geometrie

Klasicka euklidovskd geometrie se vryla do
mysli a zplsobu uvaZzovani lidi diky své relativni
jednoduchosti a pouziti v matematice a dalSich
védach (vCetné uméni). Motivovani zakladni
touhou nalézat jednoduchost a fad v prirodé
pouzivaji lidé euklidovskych principl pro
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popisovani struktur pfirodnich forem, které
jsou ve své podstaté komplexni a nepravidelné,
pomoci riznych euklidovskych aproximaci tvard.
A pritom - tézko je planeta hladkou kouli i
elipsoidem, hory nejsou kuzely, listy jilmu nejsou
elipsy a blesk se jen tézko Sifi po pfimce. Jinymi
slovy, lidé se snazi dosdahnout jednoduchosti ve
znazornéni pfirodnich Ukaz( bez povsSimnuti
komplexnosti a unikatnosti pfirodnich forem a
urcuji jejich podstatu pomoci skupiny tvar(, které
Ize sestrojit pravitkem, thlomérem ¢&i kfivitkem.

At uZ je ve své podstaté priroda komplexni
(ndhodnd a nepravidelnd), anebo je ve
své podstaté jednoducha (euklidovska a
usporadanad), tak je toto déleni v uréitém smyslu
uméle dvojznacné (Hastings a Sugihara, 1994).
Oba pfistupy totiz zachycuji podstatnou cast
pfirodnich jevl a proces(. Jak je uvedeno v
(Hastings a Sugihara, 1994), tak fraktaly mohou
byt jakymsi mostem mezi témito dvéma
pristupy. Navic sam Mandelbrot (1989) uvadi,
ze fraktaly poskytuji novy pracovni prostor
mezi prisnym euklidovskym geometrickym
radem a geometrickym chaosem fragmentace a
,hrubosti®.

Klicovou vlastnosti fraktdIini geometrie je tzv.
sobépodobnost. Sobépodobnost znamen3, Ze
dany objekt mlze byt rozloZzen na malé kopie
sebe sama. A tak sobépodobnost je vlastnost,
pti které je struktura popisovaného objektu
jako celku obsaZzena v jeho jednotlivych ¢astech
(Peitgen a kol. 1993). To vse jinymi slovy
znamend, Ze pokud je zvétSena libovolnd cast



toho fraktalniho objektu, tak se tento vyrez bude
podobat plvodnimu objektu, resp. objektu v
pavodnim, iniciaénim méritku (Obr. 2).

Obr. 2: Sierpinského trojuhelnik
(http://eldar.mathstat.uoguelph.ca/dashlock/ftax/GSF.html).

Podle ¢lankd v (Peitgen a kol., 1992 a 1993,
Hastings a Sugihara, 1994, Zelinka, 2005) lze
takto matematicky postupovat ve zvétSovani
v podstaté donekonecna. Jak je z obrazku 3
vidét, nelze rozeznat plvodni méfitko, protoze
se k nému vzdy dojde v jiném kroku. Tomuto
principu se fika anglicky scale-invariance, neboli
invariantnost méritka (nezavislost méfritka
¢i zvétseni). Avsak v realném svété v dalSich
krocich postupné neni uz co zvétSovat, protoze
zde existuji fyzikalni hranice (napt. cevni systém
¢lovéka, kofenovy systém stromd, aj.). V redlném
svété jsou tak stupné pfriblizovani omezené.
V matematickém ne, pokud zde neni hranice
vytvorena uméle.

Obr. 3: Ukdzka fraktdlniho pobreZi, které se opakuje po Sesti
zvétsenich. Zde je jasné demonstrovadn priklad invariantnosti

meéritka (scale-invariance) (Peitgen a kol., 1993).

Princip sobépodobnosti je vsak dodrZen pouze u
Cisté matematickych fraktalQ, tzn. fraktdll, které
v praxi maji mensi vyznam. Daleko Sirsi pouziti
je u fraktall sobépfibuznych (sobéafinnich,
anglicky self-affine). To jsou objekty, jejichz
charakteristickym znakem je to, Ze jakykoliv
vysledek je ,,pouze” podobnou kopii plivodniho
télesa. Konstrukce takovychto fraktdld se pak
uskutecnuje pomoci afinnich transformaci, které
transformuji pocatecni objekt pomoci operaci
jako je rotace, posuv a zmensSovani. Vysledné
fraktdly vérnéji popisuji realné objekty kolem nas
(oblaka, lesy, listy, land-use, klasifikované letecké
snimky, horské masivy, apod.).

Samotné fraktalni struktury ve své komplexni
podobé pak vznikaji opakovanim (iteraci)
nejrliznéjsich transformaci, tedy i afinnich.
A pravé na matematickém predpisu téchto
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transformaci zavisi podoba a charakter fraktalu.
JakuvadiZelinka(2005), tak pokud budouvsechny
transformace pouZity rovhomérné, pak se ziskd
sobépodobny fraktal. Pokud do jejich pouziti
zasahne dalsi faktor (napf. uZivatelsky nastavena
pravdépodobnost pro kazdou transformaci), pak
je vysledny fraktdl sobéptibuzny. Algoritmus,
ktery je pouzit pro afinni transformace se nazyva
iteracni funkéni systém (ISF). Schéma iteracniho
procesu je znazornéno na obrazku 4.

N

X+

Obr. 4: Diagram iteracniho procesu, ve kterém vysledek
Jjedné iterace je vstupem do iterace dalsi (upraveno
podle Kaandropa, 1994, Peitgena a kol., 1992 a 1993).

Témér vidy je vhodné znat tento iteracni aparat,
k ¢emuz slouZi charakteristiky jako mocninovy
zakon (anglicky power law) a souvisejici fraktalni
dimenze. Mocninovy zakon udava vztah mezi
dvéma kvantitami. To znamena, Ze pokud pocet
nebo Cetnost objektll ¢i udalosti se méni podle
hodnoty urcitého atributu objektu (napf. jeho
velikosti), tak se dafici, Zze sleduje jakysimocninovy
zdkon. Ten je zpravidla charakterizovan krajné
asymetrickym  statistickym  rozdélenim s
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vyraznou jednostrannou Sikmosti, tzn. mnoho
méreni s nizkymi hodnotami a malo s hodnotami
vysokymi (Obr. 5) (Novotny, 2010).

A pravé struktury (jak prirodni tak i ¢clovékem
vytvorené) s timto statistickym rozdélenim jsou
v redlném svété velmi cetné. Jako pfriklad Ize
uvést sidelni strukturu, cetnost zemétreseni,
vyskyt valecnych konfliktl, apod. Demonstrovat
to Ize na pfikladu sidelni struktury — je mnoho
malych sidel, ale pouze nékolik malo velkych
sidel obsahnou velkou ¢ast populace. Mocninovy
zakon (jak uz nazev napovida) souvisi mocninnym
exponentem, ktery urcuje jeho podobu. Nékdy
je mocninny exponent ztotoZriovdn s fraktalni
dimenzi. AvSak ta se musi z mocninného
exponentu odvodit a vypocitat.

Obr. 5: Ukdzka grafu mocninového zdkona. Vlevo vysoké
hodnoty odpovidaji pouze nizkému poctu objektd
(http://en.wikipedia.org/wiki/File:Long_tail.svg).

Jednou z nejbéingjSich metod  ziskani
fraktdlni dimenze je znazornéni zavislosti
zkoumanych veli¢in (objekt(, jevd ¢i udalosti) v
logaritmichych souradnicich, neboli pomoci log-
log grafu (Peitgen a kol., 1992 a 1993, Zelinka,



2005). Jak uvadi Zelinka (2005), tak pokud v
logaritmickych  soufadnicich vyjde linedrni
zavislost porovnavanych veli¢in, pak lze fici,
Ze dany objekt ma fraktalni dimenzi. Jak autor
dale zminuje (a jak uvadi i Peitgen a kol., 1992 a
1993), tak v podstaté kazda dimenze je fraktalni,
protozZe i klasicka celoCiselnd dimenze (1D, 2D,
3D) je v podstaté pouze limitni pripad fraktalni
dimenze. Samotny vypocet dimenze z log-log
grafu spociva v uréeni smérnice pfimky linearni
regrese (anglicky slope). Podle odvozeni rovnice
mocninovych zakonl v (Hastings a Sugihara,
1994, Kaandrop, 1994, Peitgen a kol., 1992 a
1993, ¢i Zelinka, 2005) Ize urcit fraktalni dimenzi
ze vztahu:

D,=d+1 [1]

kde Ds je fraktalni dimenze pfislusného objektu
a d je smérnice regresni primky. Jak uvadi Zelinka
(2005), tak mocninovy zakon vyjadruje, jak zavisi
ziskana informace na zvoleném méfitku.

Na misté je nynistru¢né uvést rozdil meziklasickou
euklidovskou dimenzi a dimenzi fraktalni. Jak jiz
bylo zminéno, tak klasicky euklidovska geometrie
popisuje objekty pomoci geometricky hladkych
utvar( (primka, ¢tverec, kruh, koule, aj.), jejichZ
dimenze je vSeobecné zndma a celociselna, coz
odpovida poctu parametrli nutnych k urceni
polohy v daném utvaru (tedy 1D, 2D, 3D).
Napfriklad objekt definovan pouze svoji délkou
ma dimenzi 1, u plosnych objektl je dimenze
rovna 2, u trojrozmérnych objektt je dimenze 3.
Jenze v redlném svété se jen zfidka vyskytuji

takovéto pravidelné objekty a je nutné hledat
struktury, které je popisuji vérohodnéji. A témi
jsou fraktaly, které vsak narozdil od geometricky
hladkych utvard maji dimenzi necelociselnou.
Nejlépe to vystihuje priklad méreni délky
pobrezi. Tato slavnd studie byla diskutovana
Mandelbrotem (1967), kdy na pfikladu pobrezi
Velké Britanie byl demonstrovan princip
fraktalni dimenze a méfitkova invariance
(Obr. 7). Vse spociva v méfeni délky pobrezi v
rdznych méfitcich. Pokud je pobieZi méreno
na mapé ve Skolnim atlase pravitkem, tak
vysledna délka pobrezi bude mensi nez stejné
méreni na velkoformatové mapé. A to z divodu
lepsiho zachyceni detailll pobiezi na vétsi mapé
(kartografickd generalizace ted neni brana v
Uvahu). Pokud takto budeme méfit délku pobrezi
v podrobnéjsim méritku se zachycenim vyssiho
mnozstvi detailll, tak bude délka pobreZi rlst.
A tento rlst je podminén dalsim mocninovym
zdkonem:

Log(u) =dlog(1/s) + b [2]

kde u je v prfipadé méreni délky pobrezi
namérena délka, s je velikost méfitka v km a
parametr d je smérnice pfimky (slope). Vztah
[2] v podstaté znamen3, Ze ¢im vétsi méfitko (a
tim padem mensi, ale presnéjsi kroky méreni),
tim vétsi vysledna délka pobreZi. Teoreticky
Ize takto postupovat donekonecna, takie by
pobrezi Velké Britanie bylo nekonecné dlouhé.
MuUZe vyvstat otdzka: JaktoZe ostrov s konecnou
plochou ma nekonecnou délku svého ohraniceni
- pobrezi? Odpovéd je jednoduchd. Vysvétluje
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to Iépe predstavitelny priklad spirdly. Ta zaujima
také konec¢nou plochu, avsak samotna linie
spirdly opét mifi donekonec¢na do svého stfedu
(pfi trvalém priblizovani, resp. zméné méritka).
Obecné jsou mocninové zakony ve tvaru:

y = ax’ (3]

kde y je zavisla proménna, x je nezavisla
proménnd, a je konstanta a b je mocninny
exponent, ktery urcuje ,silu“ mocninového
zdkonu. Jednoduse si lze mocninovy zakon
predstavit i v euklidovské geometrii - jako napf.
pfi rovnici obsahu c¢tverce (A = s2) ¢i objemu
krychle (V = s3) s mocninnym exponentem 2 pro
Ctverec, resp. 3 pro krychli. U fraktalnich objekt(
v sobé fraktdlni dimenzi. Naptiklad mocninny
exponent nejjednodussiho fraktalniho utvaru,
Cantorovy mnoziny (Obr. 6), ma podobu log 2/
log3 (Hastings a Sugihara, 1994).

nmm omn mmw mmn
mm mnmn mim mwmn

Obr. 6: Cantorova mnoZina po sedmi iteracich
(http://en.wikipedia.org/wiki/File:Cantor_
set_in_seven_iterations.svg).

Je dulezité také zminit, Zze fraktalni dimenze
udava, jak moc je dany objekt odlisny od ,své”
nejblizsi euklidovské celociselné dimenze (Casto
je nazyvana topologickou) a kolik zabira prostoru
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navic. Pokud tedy linie pobrezi Velké Britanie
vychazi z pfimky (kterd je 1D), pak fraktalni
pobfezni linie uvddéna jako okolo 1,36 znamena,
Ze pobreini linie ,,zabira” vice prostoru nez bézna
primka. Analogicky pro plosné objekty, kdy se
fraktdIni dimenze pohybuje mezi 2 a 3 (napf.
povrch mozku ma fraktalni dimenzi 2,76). Na
zakladé fraktalni dimenze Ize hodnotit , kfivost” a
slozitost jednotlivych objektl a nasledné je mezi
sebou porovndvat. Pomoci fraktalni dimenze tak
je moiné identifikovat pticiny soucasného stavu
objektl — napt. pfi hodnoceni stéfi ¢i charakteru
méstského prostoru.

A

Undt = 50 km,
Langth = 3400 ks (appee.)

Unit = 100 km,
Lingth = 2800 ke (pgron.)

Uit = 200 km,
Langth = 2400 ke (agpean |

Measuremnenns
Bast fit

Measured kemgth of coast (m)

(] 1 {1 [[L1]
Length of naler {m)

Obr. 7: Princip méreni délky pobreZi a log-log graf
(graf regresni zavislosti) pro urceni smérnice primky



(http://geocurrents.info/geonotes/the-paradoxical-
coastline-contest-and-canadas-commanding-position,
http://garethrees.org/2009/08/19/coast/).

Toto jsou jen zakladni principy a pojmy
vyuZitelné v nejraznéjsich védeckych oborech.
Vice detailni popis dané problematiky nabizi
mnoho publikaci, jejichz vylet nemlzZe byt
zdaleka kompletni. Nicméné ze zahranicnich
zdrojl Ize vyuZit napfiklad publikace od autor(:
Mandelbrot (1967, 1975a, 1989), Hastings a
Sugihara (1994), Batty a Longley (1994), Peitgen
a Jirgens (1992, 1993), Lam a De Cola (1993) ¢i
Dauphiné (2012). Z cesky psanych publikaci je
mozZno Cerpat u autorl: Zelinka (2005), Zelinka
a kol. (2006), TiSnovsky (2000), Novotny (2010),
Hotar (2006) ¢i Vesely (2006).

V uvedenych publikacich Ize také nalézt pfiklady
aplikaci i do geovédnich obord. V nasledujicim
textu budou tedy uvedeny pouze ty vysledky, na
kterych se autor prispévku aktivné podilel.

Aplikace v geovédach

Tato kapitola demonstruje pouziti zakladnich
principt fraktalni geometrie v oblasti geovéd
(zejm. v geoinformatice) a jsou vysledkem praci
afilovanych Katedre geoinformatiky v Olomouci.

Fraktalni analyza land-cover a silnicni sité ORP
Olomouc.

Pripadova studie se zabyva analyzou land-cover
z roku 2000 na uzemi ORP Olomouc pomoci

fraktalni geometrie. Jak jiz bylo mnohokrat
zminéno, tak veskeré plochy maji svoji dimenzi.
At uz klasickou celociselnou (v tomto pripadé
specialné 1D, napf. ctverec) nebo fraktalni
vyjadrenou racionalnimi Cisly (pfi této studii
mezi 1D a 2D). Pokud jsou tedy plochy viceméné
pravidelné a jednoduché, potom bude hodnota
fraktdIni dimenze nizkd, tedy blizko hodnoty 1.
Naopak, pfi vysoké nepravidelnosti a sloZitosti
plochy se bude hodnota bliZit k 2. JelikoZ se
jedna o demonstraci pouziti fraktalni geometrie,
nebudou zde vyvozovany podrobné geografické
a ekonomické priciny daného stavu land-cover.
Vypocet fraktalni dimenze ploch byl proveden
po jednoduchém odvozeni podle vztahu

D=2xlogP/log A [4]

kde D je fraktalni dimenze, P je obvod plochy a
A je obsah plochy. Vztah [4] byl pouzit vzhledem
k jeho nenarocnosti na vypocet v GIS software
(postacil Field Calculator v ArcGIS for Desktop
9.x).

Na obrazku 8 je znazornéna podoba land-cover
ORP Olomouc, jeZz nese znaky fraktdlni krajiny.
Na obrazku je také uvedeno, které plochy
maji nejnizsi a nejvyssi fraktalni dimenzi. Z
urbanizovanych ploch jen to obec Hlubocky
(Marianské Udoli) s nejvyssi fraktalni dimenzi (D
= 1,393), naopak ¢ast obce Bystrovany vykazuje
v prvnim pripadé lezi obec v hlubokém udoli
feky Bystrice, tak urbanizace sledovala pribéh
klikatého udoli. Zvyraznéna cast Bystrovan je
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zemédélsky aredl s prilehlou zastavbou ve tvaru
Ctverce, proto zde fraktalni dimenze dosahuje
nejnizSich hodnot z urbanizovanych ploch.

LAND COVER ORP OLOMOUC V ROCE 2000
o wyEnadend plochy s misimilel  maxisdini aidiin deenzi

A Pty (Marirsis UMsi ] - rbaremomrd ity
B - Mok Peky Bratos - (FR0dn pRery
i rabuiin dievenee:

€ - Bysrowany - Urbarisivin podty
D+ Lk Firiorst « piwiaced plocry risse

Obr. 8: Land-cover ORP Olomouc v roce 2000 a vyznacené
plochy s minimdIni a maximdlni fraktdlIni dimenzi
(vlastni tvorba, zdroj dat: CLC 2000, ArcCR 2.0).

Z prirodnich ploch pak maji nejvyssi fraktalni
dimenzi mokrady feky Bystfice v tésné blizkosti
vojenského prostoru Libava. Tato témér clovékem
nedotknuta krajina ma pfirozené slozity prabéh
a strukturu, a tak ma fraktalni dimenzi nejvyssi
(a to i celkové ze vSech ploch, D = 1,396). Na
druhém konci md z pfirodnich ploch nejnizsi
fraktdIni dimenzi (celkem i ze vSech jednotlivych
ploch) les zvany Les Kralovstvi u obce Grygov (D
=1,193). Ackoliv se jedna o ptirodni plochu, byl
tento les zcela nové vysazen ¢lovékem, a to ve
tvaru Ctverce. Proto nejnizsi fraktalni dimenze.

Nakonec bylo provedeno spojeni vsech péti
typl ploch land-cover na Uzemi ORP Olomouc
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a vypoctena jim souhrnné fraktalni dimenze.
Vysledky jsou uvedeny v tabulce 1.

Trida land cover Fraktalni dimenze
1. Urbanizovana uzemi 1,438574
2. Zemédélské plochy 1,385772
3. Lesy a polopftirodni oblasti 1,350355
4. Humidni uzemi 1,395799
5. Vodni plochy 1,263722

Tab. 1: Souhrnnd fraktdlIni dimenze jednotlivych
ploch land-cover na tzemi ORP Olomouc.

Je tedy zfejmé, Ze nejvyssi fraktalni dimenzi maji
v souhrnu urbanizované plochy, poté zmifiované
humidni plochy (napf. mokrady), zemédélské
plochy, lesy a polopfirodni plochy a nakonec
vodni plochy.

Pro demonstraci vypoctu fraktalni dimenze
kfivek poslouzila silni¢ni sit tzemi ORP Olomouc.
Opét priklad slouzi jako ukazka moZnosti analyzy
a vizualizace dat. Vypocet fraktalni dimenze byl
proveden podle vztahu:

D =log (n)/ (log (n) + log (d/L)) (5]

kde n je pocet dill linie, d je vzdalenost mezi
pocateénim a koncovym bodem linie a L je
celkova délka linie. JelikoZz se vypocet provadi v
GIS nad polyliniemi, tak fraktalni dimenze zavisi
i na poctu lomovych bodu linie. Proto mohou



byt nékteré vysledky zkreslené a je nutné je
alespon vizudlné zkontrolovat a odstranit hrubé
chyby. V tomto pfipadé poslouzila pro vypocet
fraktdIni dimenze extenze Hawth’s Analysis Tools
pro ArcGIS for Desktop 9.x. Tato extenze, mimo
jinych analyz zejména zamérenych na ekologii,
obsahuje také nastroj pro automatizovany
vypocet fraktalni dimenze kfivek presné podle
vztahu [5], ktery je v podstaté modifikaci
zakladniho vtahu tzv. divider metody pro vypocet
fraktdIni dimenze. Extenze automaticky vytvoti a
vyplni pole udévajici pocet segmentd polylinie
a pole, které udava konkrétni hodnotu fraktalni
dimenze, kterd se pohybuje mezi 1 a 2. Obecné
by vétsi pocet uzll mél znamenat i celkovou vétsi
délku linie, a tak vyssi fraktaIni dimenzi, jelikoz
pfima vzdalenost mezi uzly se neméni.

FRAKTALNI DIMENZE SILNIENI SITE

¥ ORP Clomaous v 1oce 2007 e

P
= -y
't b
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| Fraktini cimonze
) willeiinl aind:
—— 1otancs. 1228

Obr. 9: Fraktdlni dimenze silnicni sité v ORP Olomouc v roce
2007 (vlastni tvorba, zdroj dat: CLC 2000, ArcCR 2.0).

Z obrazku 9 je opét patrné, ze primé linie silni¢ni
sité maji nizkou fraktdlni dimenzi a Zze linie,
které jsou zakfivené, maji fraktalni dimenzi
vyssi. Silnice, které maji vyssi fraktalni dimenzi,
se vyskytuji hlavné na severu Uzemi, kde ma na
jejich podobu vliv terén, protoZe zde jiz zasahuje
Nizky Jesenik.

Fraktalni analyza tzv. urban footprint a uli¢ni
sité mésta Havirova a Zlina

Tato pripadova studie byla psana v ramci
bakalaiské prace Daniely Cepové pod vedenim
autora prispévku. Prace se zamérovala na
testovani softwarovych moZnosti vypoctu
fraktalni dimenze pro geografické jevy.

Batty a Longley (1994) tvrdi, Ze hranice nebo
okraj mésta jsou velmi daleZitym ukazatelem pfi
studiu sidel, charakterizuji jeho tvar i velikost.
Pro tuto studii bylo vybrano statutarni mésto Zlin
(Obr. 11), které ma charakteristicky protahly tvar,
protoZe je situovano mezi strmymi svahy tzkého
udoli Dfevnice. Déle bylo vybrano mésto Havifov
(Obr. 10), které se naopak rozprostird v mirné
zvinéné pahorkatiné. Mésto bylo projektovano
v ramci sidelni prestavby jadra ostravské
primyslové oblasti, prakticky vzniklo tzv. ,na
zelené louce”. Havifov je nejmladsim méstem v
Ceské republice.

V této praci byla pouzita jako hranice mésta
pouze hranice komplexni zastavby. Zastavéné
plochy, které zcela nenavazuji na centralni ¢ast
mésta, byly vyclenény. Tento pfistup byl zvolen s
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cilem vystihnout charakteristicky tvar mésta. Na
leteckém snimku byly identifikovany jako mésto
tyto plochy:

e VVeskeré zastavéné plochy — plochy obytné i
primyslové

¢ \Sechny plochy, které sice nejsou zastavéné, ale jsou
zcela obklopeny zastavénym tzemim — parky, parkovisté
apod.

o Zahradkarské a rekreacni objekty

e Plochy, které nejsou nijak zastavény, ale jsou od volné
krajiny néjak oddéleny (napt. plotem) — zahrady, sady
apod.

V  oblastech, kde nebyla hranice zcela
jednoznacna, byl jeji praibéh pouze odhadnut.
Zajmové Uzemi bylo ohrani¢eno hranici obci
Havifov a Zlin.

Obr. 10: Uli¢ni sit Havifova (vlevo) a
zastavéné plochy (vpravo).

Uli¢ni sit byla také vytvofena na zakladé leteckého
snimku z WMS sluzby Narodniho geoportalu
INSPIRE, konkrétné sluzby CENIA/cenia_adresy
ulice cisla dom( a ndzvy ulic. Jako uli¢ni sit byly
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zvolené popsané ulice v zastavénych oblastech a
pfilehlé komunikace.

Obr. 11: Uli¢ni sit Zlina (nahore) a zastavéné plochy (dole).

Tabulka 2 ukazuje vysledky fraktalni dimenze
jednotlivych mést, které, jak je patrné, se od
sebe relativné lisi. Pfi vypoctech byla volena
prednostné metoda Box counting, pfiemz i pfi
pouziti stejné metody se vysledky odliSuji podle
pouzitého softwaru. Rozdilné vysledky mohou
byt zplsobeny nastavenim parametr zvolené
metody, dale také odliSnymi algoritmy, které
jsou v programech pro vypocet fraktdlni dimenze
implementovany. Vliv na rozdily mezi vysledky
mUze mit i format vstupnich dat, protoZe ne
vSechny softwary pracuji s prednostné volenym
formatem BMP. Neékteré programy vyzaduji
Upravu vstupnich dat, kterd mize byt provedena
i automaticky (napt. prevod na binarni soubor).



Fraktalni dimenze hranice mésta a uli¢ni sité
hranice mést uliéni sit
software
Havifov | Zlin Havifov | Zlin

FRACTALYSE 1,146 1,183 1,338 1,343
Fractal
Analysis 1,076 1,173 1,304 1,375
System
FracTop 1,093 1,231 1,386 | 1,449
Image) 1,067 1,194 1,340 1,432
FragStats 1,167 1,261 1,285 1,354
FraclLac 1,129 1,268 1,437 1,499
Harfa 1,211 1,325 1,369 1,406
Primér 1,127 1,234 1,351 1,408
Smérodatnd | o 04e | 0,051 | 0,088 | 0,052
odchylka

Tab. 2: Hodnoty fraktdini dimenze hranice mést a ulicni siteé.

Vysledky pripadové studie poukazuji na to, Ze
vyssi fraktaIni dimenzi ma jak hranice komplexni
zastavby Zlina, tak i jeho uliéni sit. Je mozné Fici,
Ze prirodni podminky, které limituji zastavbu v
pfipadé Zlina, maji podil na vyssich hodnotach
fraktdIni dimenze, protoZe hranice mésta je
sloZitéjsi a vice chaoticka, to samé plati i u uliéni
sité. Oproti tomu Havifov, ktery byl zdmérné
vytvoren v oblasti s vhodnymi pfirodnimi
podminkami (prakticky vznikl na rovingé),
mda méné Clenitou hranici a uli¢ni sit je vice

pravidelna.

Podle Reynosa (2005) je vypocet fraktalni
dimenze vhodnym nastrojem pro studovani
prostorového usporadani urbannich a jinych
geografickych jevl. Samotna hodnota fraktalni
dimenze neni ale dostacujici pro popis
studovaného jevu. Z vysledkl je evidentni, Ze
kazdy software vypocital jinou hodnotu fraktalni
dimenze pro stejny jev. Vysledky tedy musime
posuzovat v kontextu s jinymi informacemi o
daném jevu

Fraktdlni analyza Fi€nich siti
vicerozmérné statistiky

za vyuZiti

V posledni pripadové studii predstavené v tomto
¢lanku se analyzovaly vybrané zakladni typy
ficni sité pomoci fraktalni dimenze a ndsledné
clusterové analyzy. Bylo testovano, zda-li
vybrané feky znovu spoji v jednotlivé skupiny
typl ficni sité, a to pouze na zakladé vypoctené
fraktalni dimenze. Vychdzelo se z pfedchoziho
vyzkumu Tucka a kol. (2011), kde byly podobné
klasifikovany listy strom( do jednotlivych taxon(
s pomérné vysokou Uspésnosti.

Data jednotlivych typu Fiéni sité byla ziskana z
volné dostupné databaze rek DIVA-GIS (http://
www.diva-gis.org/Data). Z kazdého vybraného
typu ficni sité (Tab. 3) bylo vybrano deset vzorka,
které byly nasledné analyzovany.
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Typ Ficni sité Popis Priklad
Dendriticka Nejc?stew typ, MISS’ISSIppI,
n udoli tvaru V, dolni tok
(dendritic) N .
rozvétvené Moravy
Reky JV
, Vysoky sklon ey ”
Paralelni N od pohofi
povodi, tuzké
(parallel) | Aberdare v
povodi .
Keni
I Omezv(?no Reky v
Mf¥izovita pohofim, .
(trellis) kratké vedlejsi | \PalaSskem
) pohofiv USA
toky
Pravouhl3 sit,
g il -
Pravouhla dano rozdilnou Reky v

(rectangular)

odolnosti
podlozi, kerna
pohoti

zapadnim iranu

Typické pro
kratery, sopky, .
RadidIni (radial) | odstredivy/ | OStroVY Kaual,
Y sopecné oblasti
dostredivy
smér
o Neni zreJmY Iv?ekyv
Asymetricka vzor povodi ,
s , Kanadském
(deranged) (Casté jezerni " .
Stitu, Finsko
plochy)

Tab. 3: Analyzované typy Ficni sité s popisem a
prikladem (dle Knightona, 1998, a Rittera, 2006).
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Podle Zernitze (1932) je vyvoj ficni sité ovlivnén,
mimo jiné, zejména topografii, geologickymi
poméry a predchazejicimi i soucasnymi
geomorfologickymi procesy. Vybrané typy ficnich
siti tak reprezentuji typickou c¢ast zemského
reliéfu s charakteristickymi rysy vyse uvedenymi.

Pro kazdé takto vybrané Uzemi byla vypocitana
fraktdlni dimenze (metoda Box counting)
jednotlivych Fi¢nich siti, jejichZ vysledky jsou
uvedeny na obrazku 12 v podobé boxplotl.
Tlustad cerna linie predstavuje median, samotny
Sedy obdélnik pak tzv. mezikvartilové rozpéti
(rozsah mezi 1. a 3. kvartilem) a céarkovana
linie je nazyvana jako vousky a predstavuje
maximalni a minimalni hodnotu uvnitr 1,5
nasobku mezikvartilového rozpéti. Jiz odsud Ize
identifikovat nékteré rozdilné skupiny povodi
(napr. asymetrickd a mfiZovitd) a naopak (napf.
dendritickd a radialni).

——

. —

| T Bg

o ——

T T T T T T
dendritic  deranged  parallel radial  reclangular  tredis

Obr. 12: Graficky prehled hodnot fraktdini
dimenze vybranych typa ficnich siti.



Nasledovala analyza rozptylu (ANOVA — ANalysis
Of VAriance), ktera ovérovala, zda-li se primérna
hodnota fraktdlni dimenze mezi jednotlivymi
ficnimi  sitémi  signifikantné lisSi. Bohuzel,
BartlettGv test nepotvrdil tento predpoklad. |
pfesto bylo pfistoupeno ke klasifikaci pomoci
hierarchické clusterové analyzy, jejiz vysledky
vsak byly velice uspokojivé a jsou znazornény na
obrazku 13.

Podle vysledkd shlukové analyzy jsou si nejvice
podobné paralelni a pravouhla ficni sit, jez sdili
podobné geometrické charakteristiky (relativné
pravidelny vzor). Navic spolecné s mfiZovitou

hodnoty jejich fraktalni dimenze.

Radidlni a dendriticky typ Ficni sité maji vice
nepravidelny tvar, a proto je i jejich fraktdlni
dimenze vyssi a tvofi dvouclennou skupinu.
Nicméné nejvice nepravidelny tvar ficni sité
predstavuje asymetricky typ, jenz typicky
obsahuje jak meandrujici Useky, tak i jezerni
plochy i jakési fluvialni laloky. U asymetrického
typu Ficni sité je velmi obtizné najit néjaky vzor
usporadani tokd, proto je fraktalni dimenze u
tohoto typu ficni sité nejvyssi. Shlukova analyza
také ukazuje, Ze tento typ ficni sité je nejvice
odlisny od vsech ostatnich.

Tato pfipadovda studia ukazuje, Ze pouze
pomoci fraktdlni dimenze lze klasifikovat rizné

prostorové struktury, v tomto pfipadé Fiéni sit, s
pomérné uspokojivymi vysledky.

Cluster Dendrogram

bt P
s deranged —

4

ﬂg{dendritic
{% radial —
] > é’ T w
/.2?\{( trellis —
parallel
e
¥ rectangular
0.04 0.08 0.08 010

g Dissimilarity

Obr. 13: (Ne)podobnost jednotlivych typu ficni sité
na zdkladeé hodnot jejich fraktdlni dimenze.

Zavér

PFispévek predstavuje zakladni koncepty teorie
chaosu a fraktdIni geometrie a na pripadovych
studiich je ukdzana aplikace poznatkd fraktalni
geometrie v geovédach. Na ctyrech prikladech
ve tfech pfipadovych studiich je nazorné
ukdzano, Ze vypocet fraktalni dimenze muze
slouzit jako vhodny ukazatel sloZitosti rliznych
fyzicko-geografickych i socioekonomickych jevi
Ci tvar(l. Samoziejmé je nutné vidy prihlédnout k
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celkovému geografickému kontextu a je zapotrebi
orientovat se v problematice fraktald tak, aby
nedoslo k nespravné interpretaci vysledk(. Na
prikladech je také ukazano elementarni pouziti
vypoctu fraktalni dimenze a pro sloZitéjsi Glohy je
nutné obecné vypocetnivztahy upravit dle Gcelu,
coz se mnohokrat projevi v komplikovanosti
matematickych formuli. Nicméné jako prvotni
vhled do mozZnosti fraktdlni geometrie jsou
predstavené studie jeji vhodnou demonstraci.
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Pavel Samec

Zény ohrozeni lesti v Ceské republice

Ing. Pavel Samec, Univerzita Palackého v Olomouci, samec.pavel@uhul.cz

Zbny ohroZeni lest (ZOL) jsou intervaly rdstovych
podminek lesnich spolecenstev zohlediujici
vazby kyselé depozice s ostatnimi slozkami
pfirodniho prostredi. Byly navrzeny jako soucast
narodnich monitoringli lesl, které poskytuji
podklady pro usmérnovani trvale udrzitelného
lesnictvi. Zény ohroZeni lesli ukazuji miru
rizikovosti rlstovych podminek pro prirozené
nebo prirodé blizké lesy. Ukazuji vazbu mezi
synergii rlistovych podminek a biomasou les.

Lesy jsou nedilnou soucasti evropské krajiny a
jsou nenahraditelnym ndarodnim bohatstvim
jednotlivych statl i celé EU. Priblizné od obdobi
primyslové revoluce dochazi u evropskych
lesti ke stfidani snah o sniZovani a zvySovani
strukturni a druhové bohatosti. Nedilnou
soucasti trvale udrZitelného lesnictvi je vhodnd
klasifikace rdstovych podminek lesnich porostd
(Barbati et al. 2007). K této klasifikaci jsme
vyuZili princip environmentéainiho modelovani.
Environmentdlni modelovani ZOL zahrnovalo
redukci dimenzionality, testy tésnosti zavislosti
vybranych vlastnosti rlistového prostiedi a
biomasy lest, fuzzifikaci vybranych vlastnosti
rdstového prostredi lesd a validaci vysledk(
(obr. 1). Redukce dimenzionality sestavala
z kombinace vysledkd faktorové a shlukové
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analyzy, pomoci nichz byly vybirany vzajemné
vyznamné  korelujici  vlastnosti  rUstového
prostredi (prediktor() a biomasy lesl (receptora)
(Beare et al. 1995).

Redukce dimenzionality

J——

v

Fuzzifikace »  Aplikace
funkce
‘ Srovnavaci
Validace porosty
Vektorizace

Obr. 1: Schéma konstrukce modelu zén ohroZeni

Testy tésnosti zavislosti vybranych vlastnosti
sestavaly z kanonické korelacni analyzy



Zoény ohroZeni lest Rozloha Zastoupeni Lesnatost

Symbol Sdruzené ZOL __ Symbol Zakladni ZOL (km?) (%) (%)
. . . Velmi silné ohroZeni 902 1,14 9417

v Vysokeé ohrozeni Silné ohrozeni 1458 187 84.90
3 Stfedni ohrozeni 1726 219 73.59

S Stredni ohrozeni Mimé ohroZeni 6055 881 6012
5 Slabé ohrozeni 18 672 23.66 4110

N Nizké ohroZeni 6 Parovinna zonalni stanovisté 38 392 48,65 28,20
7 Nivni stanovisté 10790 13,67 935

Tab. 1: Rozlohy a lesnatost zdkladnich a sdruZenych zén ohroZeni lesti (ZOL) na tzemi CR

Zdny ohroZeni lesa

B i -veimising [T 5-slabe

B z-sine [ & - parovinné zonaini
] 3 - stredni I 7 - nivai

[ ]4-mime

——— hranice PLO

Obr. 2. Vektorovy model z6n ohroZeni lesi zastoupenych v pfirodnich lesnich oblastech (PLO) CR.
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selektovanych  vlastnosti, zda  statisticky
vyznamné odrdzZeji vazbu mezi prediktory a
receptorem (Meloun et al. 2005). Modelovani
ZOL bylo provedeno fuzzifikaci 2. typu (Robinson
2007). Model ZOL byl validovan prostrednictvim
testd miry shod diferenciace rlstovych podminek
s bodovymi poli terénnich Setfeni (Westling et al.
2005).

V modelu se nejvyznamnéji uplatnily teplotni
pribéh zim, wvyskyt pozdnich mrazl, letni
prisusky, depozice dusiku, nizka bazicka saturace
pad i nizky celkovy obsah horciku v pldach,
které se spole¢né podileji na predispozicich lest
vUci chfadnuti. Zejména stald pfitomnost kyselé
depozice lestizplUsobuje, Ze jejich ekologie je stale
negativné ovliviiovana, a lesy tak i na prirozené
disturbance reaguji citlivéji nez v pfirozenych
podminkach. Na Gzemi CR bylo vymezeno sedm
zékladnich ZOL, které mohou byt sdruzeny do tfi
z6n vysokého, stredniho a nizkého ohrozeni lest
s ohledem na prevazujici rozsahy nadmorskych
vySek vyskytu (tab. 1). Zény vysokého ohroZeni
se nachézeji v hlavnich pohofich CR se znaénym
stfidanim gradientl ekologickych podminek,
véetné fenoménl vysokohorskych lest a horni
hranice lesa a véetné vyznamné soustredéné
lesnatosti. Zahrnuly 7,77 % lesG. Zény stfedniho
ohroZeni zahrnuly 20,14 % lesd v predhofich
hlavnich pohofi a na vrchovinach. Zény nizkého
ohrozeni zahrnuly 72,09 % lest od niZin po
pahorkatiny a nizsi vrchoviny (obr. 2).
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Poskozeni lest Zastoupeni (%)
Chronické chradnuti 5,02
Akutni chfadnuti 12,35
Te?retlckc’e chronické 28,19
chradnuti

Te(V)retlck’e akutni 51,52
chradnuti

Citlivy stav 0,02
Vyrovnany stav 1,15
Optimalini stav 1,77

Rozrdznénost stavu receptora v rliznych ZOL
naznacila vyskyty oblasti chronického a akutniho
chfadnuti lesd. K chronickému chfadnuti mize
dochazet tam, kde se soucasné nachazi ristové
nepfizniva stanovisté a nevhodnd struktura
lesd. K akutnimu chfadnuti mlZe dochazet
tam, kde na pomérné pfriznivych stanovistich
se vyskytuje nevhodna struktura lest. Ve
srovndvacich Uzemich terénnich Setfeni bylo
chronické chradnuti lesd zjisténo u 5,02 %
lesnich pdd. Akutni chfadnuti les bylo zjisténo
u 28,19 % lesnich pud a teoreticky hrozi az u
51,52 %. Celkem bylo akutnim chfadnutim les(
prikazné nebo potencidlné dotéeno 79,71 %
rozlohy lesnich pld (tab. 2). Rdznd drevinna
skladba ve srovnavacich porostech ovlivnila
rozdily v NDVI a MDMI, hektarové zasobé dfivi i
chemismu humusu. Rozdily v chemismu humusu
byly nejvétsi v porostech v pahorkatinnych



polohach i ve Vnéjsich Zapadnich Karpatech; v
pohotich Ceského masivu byly naopak vétsinou
nevyznamné. Rozdily ve vlastnostech pUdnich
mineralnich horizontd podle rdzné druhové
skladby Setrenych porostll byly nejvétsi mezi
pahorkatinnymi lesy. Od stfednich poloh
vyznivaly. V luznich a pfirozenych borovych
stanovistich nebyly zjistény vyraznéjsi rozdily
v pldnich vlastnostech s ohledem k druhové
skladbé lesU. PFiciny tohoto jevu souviseji s tim,
Ze v luzich je permanentné vysoka biologickd
aktivita pld a vysokd uZivnost bez ohledu na
drevinnou skladbu, zatimco na pfirozenych
borovych stanovistich je pldni biologicka aktivita
nizkd a nizkd GZivnost. Péstovani borovych
porostU na Zivnych stanovistich vyznamné sniZuje
pladni biologickou aktivitu. Prostfednictvim
soubéznych vztah( mezi NDVI, Bc/Al a padni
bazickou saturaci byly pro srovnavané listnaté
a jehlicnaté porostni typy zjistény specifické
vazby odrazu stanovistnich podminek ve stavu
receptora.

Uzivnost lesnich plid se potencidlné odrazi v
hustoté z4poje lesnich porostl na neextrémnich
stanovistich. Tento vztah nemusi platit v
podminkach, kde mira exponovanosti stanovist
pfirozené nedovoluje prirozeny vznik zapojenych
lesnich porostl. Vlastnosti nadlozniho humusu
mohou indikovat zdravotni stav ekosystému,
biomasa dfevin obecné indikuje produkéni
podminky. V ristovych podminkach lesd neustéle
dochazi k rGzné vyznamnym zménam, které
posléze mohou predznamenat i zmény v odezvé
receptora (Dobbertin 2005). Byly zachyceny

pozvolné zmény nékterych vlastnosti ekotopu.
Postupné vyznival vliv depozice siry a od roku
2004 byl nahrazen depozici dusiku. Prdmérné
vzrostly hodnoty bazické saturace lesnich pld,
coZ v souvislosti s poklesy imisni zatéze odrazilo
pokles intenzity acidifikace ekosystém( (Purdon
et al. 2004). Rychlost acidifikace prostredi
neklesla stejnomérné; nejvice ohroZzenymi
ekosystémy stale zUstaly vysokohorské lesy. Delsi
zmirnovani acidifikace lesnich ekosystému bude
zfejmé znacné zavislé na pokracujicim snizovani
rizik akutniho chfadnuti lesd (Samec et al. 2012).
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Vit Vozenilek

Socialni data jako zdroj pro studium percepce prostoru

Prof. RNDr.Vit VoZenilek, CSc., Univerzita Palackého v Olomouci, vit.vozenilek@upol.cz

S nastupem Web 2.0 se stale vice uZivatelQ
internetu zacalo orientovat na online sluzby
socialnich siti (Facebook, Twitter, Foursquare,
Flickr aj.). Rada informaci na téchto socidlnich
sitich ma geografickych charakter, napriklad diky
udajlim o zemépisné délce a Sifce, coZ otevira
moznosti pro geograficky vyzkum a kartografické
aplikace. Analyzam Udaja ze socidlnich médii
se vénovalo nékolik studii, napt. MCGLOHON
et al. 2011, ANAGNOSTOPOULOS et al. 2008,
LAPPAS et al. 2011, SAKAKI et al. 2011, DE
CHOUDHURYHO et al. 2010, JANKOWSKI et al.
2010, ZHENG et al. 2011 aj.

Tradicné se pro podobny vyzkum vyuzivaji
empirické experimenty v laboratofich nebo v
terénu (MACEACHREN 1991). Ty jsou vsak velmi
drahé a casové narocné. PredloZeny pfispévek
ilustruje na tfech pfipadovych studiich vyuziti
dat socialnich siti pro studium vnimani prostoru,
zejména méstského prostredi.

Modelovani hranice vnimani mésta

Pti nahravani fotografie na Flickr k nim uZivatelé
pfidavaji nazev, slovni popisy, tagy a klicova
slova. Tyto vyrazy pomahaji popsat, organizovat,
vyhleddvat a sdilet fotografie. Mnoho fotografii

obsahuje pojmy jako ,centra”, ,centralni“
a ,vnitfni mésto” v ndzvu nebo popisech.
Geografické umisténi fotografii (tj. misto, kde
byly porizeny) predstavuje vazbu na vnimani
prostoru, tedy kde se nachazi centrum mésta.
Autofi peclivé hledali v popisech fotografii Vidné
potizenych od ledna 2007 do ledna 2011 pojmy
pouZzivané pro popis centra mésta v némciné a
angli¢tiné, konkrétné “city center”, “city centre”,
“downtown”, “inner city”, “stadtzentrum”,
“innenstadt”, “stadtmitte”, “stadtinneres” a
“stadtkern”. Bylo-li u fotografie porizené uvnitt
administrativniho Uzemi mésta Vidné poufZito
v ndzvu nebo popisu nékteré z téchto slov, byla
tato fotografie pfifazena k centru mésta. Cilem
nebylo vymezit hranici centra pro jednotlivce
(nebyl k dispozici dostatek fotografii pro kazdého
jednotlivce). Zjistovano bylo , kolektivni® vnimani
centra mésta pro skupinu mistnich obyvatel a
turist(.

Protoze u fotografii chybély informace
identifikujici uZivatele jako mistniho obyvatele
nebo turistu, bylo k tomuto odliSeni pozito
heuristické pravidlo De Choudhuryho et al.
(2010) zalozené na predpokladu, Ze vétsina
turistl pofizuje fotografie v kratkém casovém
obdobi (nékolik dni), mistni obyvatelé foti mésto
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po mnohem delsi dobu. Proto se turisté a mistni
obyvatelé odlisili podle dat pofizeni jejich prvni a
posledni fotografie (zvoleno 21 dna).

Pomoci odhadu kernel density byly odvozeny
hranice vnimani centra Vidné pro mistni
obyvatele i pro turisty.

Obrazek 1 ukazuje, Ze mistni obyvatelé i turisté
vnimaji jako centrum Vidné prostor ,kolem
katedraly sv. Stépana“ nicméné mistni obyvatelé
se ve vymezeni vice shoduji nezZ turisté (izolinie
blizko u sebe). Je vsak dilezZité si uvédomit, ze
tato studie pouziva velmi jednoduchou analyzu
dat. Aby bylo mozné vyvodit relevantnéjsi zavéry,
musi se vylepsit zplsob rozliSovani mistnich
obyvatel a turistli, a schopnost analyzovat
uzivatelské profily pro studium zaujatosti téchto
udaja.

Modelovani pocitl osob k prostiedi

Lidé pocitové vnimaji a hodnoti okolni prostredi.
Nékterd mista vnimaji jako nebezpecnd, jina
jako atraktivni. Tyto pocity ovliviuji prostorové
znalosti o prostfedi a ovliviuji kazdodenni
chovani a rozhodovani osob v prostoru, napf.
vybér mist, kde se pohybuji. Avsak ne vSechny
pocity na rlznd prostredi jsou nutné zplsobeny
témito prostredimi. Autofi rozsifili stavajici
vyzkum o potencidl dat ze socialnich siti,
konkrétné fotografii na Flickru.

Opét byly pouzity informace v ndzvu, popisu
a umisténi fotografii ulozenych na Flickr,
které byly pofizeny od ledna 2007 do ledna
2011. Vyhledavana byla podstatnd jména
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Obr. 1: Vnimdni hranice centra Vidné mistnimi
obyvateli (nahore) a turisty (dole): izolinie
50 %, 70% a 90 % shody odpovedi.



popisujici prostredi, napr. letisté, muzeum, atd.
PocitaCovym zpracovanim prirozeného jazyka s
vyuzitim textovych knihoven a analyzou textu byl
uréen postoj autora k prostredi.

Obrazek 2 ukazuje vysledky modelovani,
kdy je skupina blizkych fotografii vyjadiena
znakem v barvé (barva je primérem barev
pfislusnych fotografii) oznacujici vztah autora
k fotografovanému prostfedi ve stupnici od
nepfijemného k pfijemnému pocitu.

Vysledky studie ukazuji, Ze rGzna mista v centru
Vidné jsou spojena s rliznymi pocity lidi. Nékterd
mista (napf. parky) jsou vnimana jako pfijemna,
zatimco jind (napf. silnice s intenzivni dopravou)

jsou vnimana jako spiSe negativni (neptijemna).
Proto by mohlo byt zajimavé vysetfit korelaci
pocith lidi a environmentalnich charakteristik
rdznych prostredi. Je také dilezité si uvédomit,
Ze tato pripadova studie analyzuje pouze anglicka
slova v popisech fotografii.

Hodnoceni oblibenosti pamatek

Poznatky ziskané z navstévy nového prostoru
(objektu, pamatky) mohou byt povaZovany za
prvni osobni znalosti (nebo prvni obrazy v mysli
jedince) z nového prostredi a mohou slouZit jako
vychodiska pro budovani dalSich prostorovych
znalosti (MACEACHREN 1991).
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Obr. 2: Pocitové vztahy osob k prostredi. Barvy znaku oznacuji vztah k prostredi ve stupnici zelend—prijemny,

Sedd—neutrdini a Zlutd/Cervend —neprijemny.
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Obr. 3: Popularita videriskych pamdtek v Iété a v zimé. Cisla za ndzvem pamdtky znaci poradi v Zebficku v 1été a v zimé.

Tato studie vyuzivd data ze socidlnich siti k
identifikaci pamatek, které lidé navstivili pfi cesté
do Vidné, a porovnava jejich oblibenost v lété
a v zimé. Pomoci seznamu atrakci videriského
Wiener Tourismusverband a analyzy fotografii
z Flickru potizenych do 100 metrd od pamatky
byly jednotlivé pamatky sefazeny do Zebricku
podle oblibenosti. Obdobi od kvétna do fijna

bylo vnimano jako letni sezdna, zbytek roku jako
160

zimni sezona.

Vysledky potvrzuji, Ze popularita videriskych
pamatek je v [été a v zimé odliSna. Je duleZité
si uvédomit, Ze tyto vysledky jsou vysledkem
analyz fotografii pofizenych ve Vidni od ledna
2007 do ledna 2011. V jiném casovém obdobi se
mohou vysledky lisit.



Zavér

Uvedené  pfipadové  studie  rakouskych
geoinformatik(l potvrzuji, Ze data ze socialnich
siti jsou vyznamnym zdrojem prostorovych
informaci pro studium vnimani lidi a jejich
znalosti o prostredi. Vysledky studii ukdzaly, Ze
ve srovnani s konvencnimi metodami, zejména
empirickymi experimenty a dotazniky pracujici
s malou skupinou respondentl, jsou analyzy
dat ze socialnich siti rovnocennou vyzkumnou
alternativou. Je vSak nezbytné do vyse uvedenych
pfistupl nadale implementovat dalsi zpresnujici
metody.
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Lenka Zaji¢kova

Fuzzy logika pro fizeni svételné signalizace krizovatky

Mgr. Lenka Zajickova, Univerzita Palackého v Olomouci, zajickova.l@email.cz

Soucasna silni¢ni sit neni schopna se vyrovnat se
zvySenymi naroky na mobilitu, pfedevSim mésta
se potykaji s dopravnimi kongescemi. Jednou
nutnych podminek pro zlepseni této situace je
implementace inteligentnich systém( do fizeni
dopravy. Pouze tak je mozné zajistit flexibilitu
a fungovani dopravy v pripadé variability
dopravnich podminek. Uméla inteligence dnes
hraje vyznamnou roli ve vsSech modernich
fidicich systémech. Mezi nejrozsifenéjsi techniky
umeélé inteligence patfi fuzzy logika vyuzivana
pro samotné fizeni, evoluc¢ni algoritmy (vétSinou
genetického charakteru) jako optimalizacni
nastroj a neuronové sité pro predikéni
modelovédni. Cilem ptispévku je predstavit
princip a pfinos implementace fuzzy logiky pfi
fizeni krizovatky se svételnym signaliza¢nim
zafizenim.

Svételné signalizacni zatizeni

Jesté na pocatku 20. stoleti dopravu fidili policisté
uprostred kfizovatek. Prvni svételné zafizeni
signalizujici moznost pohybu v kfiZzovatce, které
ovladal policista, se v Evropé objevilo v roce 1924

1.
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Obr. 1: Prvni svételné zafizeni v Evropé [1]

Pozdéji dochazelo k vyvoji a implementaci
systém(, které by fidily dopravu pomoci
svételnych  signald  automaticky. Svételné
signalizacni zafizeni (dale jen SSZ) je odborny
ndzev pro soustavu zafizeni uréenych k Fizeni
provozu na pozemnich komunikacich pomoci
svételnych signala [2]. Z pohledu fizeni
krizovatky je nejdulezZitéjsi Casti ridici zarizeni
tzv. fadi¢, ktery byvd umistén ve skfifice v
blizkosti  kiizovatky [3]. Rizeni svételnych
kfizovatek je zaloZeno na stfidani signdlnich
fazi, které ridi automaticky tzv. signalni plan [4].
Ten je pro kazdou kfizovatku sestavovan podle
jejich charakteristik tzv. ,na miru“ v souladu s
technickymi predpisy. U starSich SSZ se pouzivaji



pevné signalni plany, jejichz cykly maji pevné
usporadani a méni se maximalné nékolikrat za
den. Tato technologie umozZnuje vytvareni tzv.
zelenych vin (ndvaznosti cykll na sousednich
krizovatkach). U modernich SSZ se vsak pouZziva
dynamické Fizeni, které délku nebo zarazeni
jednotlivych fazi prizpUsobuje aktudlnimu stavu
provozu na zakladé pasivni nebo aktivni detekce
Ucastnik( a hustoty provozu [5]. Pasivni detekce
probiha na zékladé rlznych tlakovych, optickych
nebo bezkontaktnich cidel a tlacitek pro chodce
a cyklisty. Aktivni detekce se pouziva predevsim
pro preferenci vozidel verejné dopravy, pfi niz
pocita¢ vozidla slozitéji komunikuje s pocitatem
Ssz.

Aktudlné se pro fizeni krizovatky se SSZ vytvari
fada systémG zalozenych na fuzzy logice
(mnohdy se kombinuje s genetickymi algoritmy
a neuronovymi sitémi), které diky expertnim
zkusenostem a moznostem reagovat na zménu
provozu vykazuji mnohem lepsi vysledky nezZ
konvenéni metody dynamického Fizeni SSZ.

Fuzzy logika

Fuzzy logika, jako jeden z podobori matematické
logiky, vychdzi z teorie mnozin. Zatimco u klasické
logiky se vyuziva pojm0 pravda/nepravda (stav O
nebo 1), fuzzy logika vyroky vyhodnocuje s mirou
pravdépodobnosti, coz znamena, Ze pracuje s
nekonecné mnoho hodnotami v intervalu <0,1>.
Mnozina fidici se pravidly fuzzy logiky se pak
nazyva fuzzy mnoZina. Pfislusnost k mnoZinam
se pfifazuje na zakladé funkce pfislusnosti,

pricemz plati, Ze ¢im vyssSi stupen prislusnosti,
tim vyssi pravdépodobnost, Ze prvek do vybrané
fuzzy mnoziny patfi [6]. Funkci pfFislusnosti
existuje nékolik typq, lisi se tvarem podle funkci,
ze kterych byly odvozeny — linedrni (konstantni,
trojuhelnikova, trapezoidaini atd.), kvadraticka,
gaussovska a dalsi (viz Obr. 1).

eroyiithenikovs

20 »0
Hadnoty sledovaného ukazatels

Obr. 1: Typy zdkladnich funkci prislusnosti

Kazdou fuzzy mnoZinu lIze popsat pomoci jadra,
a-fezu a nosice. Jadro vymezuje ¢ast mnoziny se
stupném prislusnostijedna, a-fez vymezuje prvky
fuzzy mnoziny, které maji stupen pfrislusnosti
vétsi nebo roven a. Nosi¢ fuzzy mnoziny definuje
prvky, které maji stupen pfisluSnosti vétsi nez 0
(viz Obr. 2).

-
]
1

Jdra

]
-
I

Funkee prislufnosti

1 / 0,4-fez \
nasic

o ‘I;‘ﬂ 200 00
Hodnoty sledovaného ukazatele

Stupaef piisluinosti

s
o

]

Obr. 2: Popis fuzzy mnoZiny
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Myslenku, Ze fuzzy logika mdzZe byt nastrojem pro
matematicky popis vagnich a nepresnych déja,
poprvé teoreticky prezentoval v roce 1965 L. A.
Zadeh [7]. Prvni aplikace fuzzy logiky se objevila
v roce 1970, kdy E. H. Mamdani navrhl kontrolni
systém pro turbiny [8]. Od té doby se fuzzy logika
objevila napfiklad v regulacnich systémech
fizeni domdacich spotrebicl (pracek, vysavaca,
atd.), stavebnich pozemnich strojl (rypadla,
lesni stroje, atd.), v automobilovém priimyslu,
pro automatizované fizeni podzemni drahy v
Japonsku, fizeni rychlovytah(l v mrakodrapech a
mnohé dalsi [9]. Jednou z oblasti vyuZiti je také
od roku 1977 fizeni kfiZzovatky se SSZ [10].

Ridici systém SSZ s fuzzy logikou

Pfi fizeni kfiZovatky se SSZ je u fuzzy logiky
nejdilezitéjsi jednoduchost prevodu slovniho
popisu  presné nepopsatelného déje v
matematicky popis. Plvodné kfiZzovatku fridil
policista, ktery odhadoval délku kolony vozidel
ve smyslu velmi dlouhd, stfedné dlouhd, dlouhd
atd. Fuzzy logika nabizi jazyk s vlastni syntaxi
a sémantikou, ktery umoZnuje bezprostredni
pouziti kvalitativné formulovanych zkusenosti
a znalosti o feseném problému. Pro tvorbu
fidiciho vstupu je vSak nutna odbornd znalost
a zkusenost s ndvrhem svételné signalizace pro
urovriovou kfizovatku.

Cely proces vyuziti fuzzy pro fizeni kfizovatky
je zaloZeny na 3 obecnych na sebe navazujicich
procesech prace s fuzzy logikou [9]. Jedna se o
proces fuzzifikace, aplikace fuzzy inferencniho
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systému a o proces defuzzifikace (viz Obr. 3).

[ FUZZIFIKACE ]—)[ FUZZY INFEREMCNI SYSTEM ]—)[ n[rumnm]

Obr. 3: Proces vyuZiti fuzzy logiky pfi prdci s proménnymi

Pred samotnou praci s fuzzy logikou je treba
definovat vstupni charakteristiky z jednotlivych
detektor(i (viz Obr. 4), kterymi mUZe byt celd
fada inzenyrskych hodnot, jakymi jsou: intenzita,
rychlost vozidel, obsazenost detektord, ¢asovy
odstup vozidel nebo délka kolon. Nejcastéji do
fuzzy fizeni kfiZovatek se SSZ vstupuje pocet
ptijizdéjicich vozidel, délka kolony a cas. Aby
byla fuzzifikace smysluplnd, musi do ni vstupovat
hodnoty alespon dvou proménnych.
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Obr. 4: Schematicke znazornéni fidiciho
systému SSZ s aplikaci fuzzy logiky



Vstupy z jednotlivych detektor( (viz Obr. 4) pak
vstupuji do fuzzy fidiciho systému, jehoz detail je
zobrazen na Obr. 5.

Vstupl, 2, 3,4
i
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Akini zdsahu,

Obr. 5: Detail fuzzy ridiciho systému

Ve fuzzy systému fizeni dochazi v prvnim kroku k
procesu fuzzifikace vstupd, kdy se kéduji vstupni
namérené hodnoty (napf. délky kolon v metrech)
do jazykovych termind fuzzy Cisel na zakladé
funkce pfislusnosti (viz Obr. 6). Podle jejiho tvaru
jsou Cisla zaclenéna do fuzzy mnoziny v rozmezi
hodnot <0,1> [11]. Tento proces je zopakovan
pro véechny proménné sledovaného jevu.
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Obr. 6: Grafické zndzornéni procesu fuzzifikace

Ve druhém kroku se vyuZije baze pravidel fuzzy
inferen¢niho systému, kterd obsahuje vSechna
pravidla fuzzy mnoziny IF-THEN. V bazi pravidel
jsou umistény informace o fuzzy mnoZinach
vsech proménnych v systému (jejich tvaru a
poloze v univerzu). Timto zpdsobem se systém
snazi nahradit expertni mysleni ¢i zkuSenosti s
danou problematikou (fizeni dopravy policistou).
Bazi pravidel obvykle tvori pravidla jako napf.: IF
délka kolony je velmi kratka a pocet pfijizdéjicich
vozidel je maly THEN zkrat délku trvani cyklu
na stfedné dlouhou v poméru 3:1 ve prospéch
Cerveného signdlniho svétla. Na zakladé baze
pravidel se tedy nakonec provede pfiblizna
dedukce, jejimz vysledkem je vystupni fuzzy
mnozina (viz Obr. 7) [12].

W=t THEN-Cast
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Obr. 7: Prinik dvou vstupnich ukazatelt
a vytvoreni vystupni mnoZiny

Vetretim kroku je vystupnim slovnim proménnym
pfifazena jedna ostrd hodnota cilové veliCiny
fizeni, provede se tedy proces defuzzifikace [9].
Funkce prislusnosti vystupni mnoziny je nej¢astéji
dana sjednocenim ofiznutych funkci prislusnosti
vstupnich  fuzzy mnozZin.  NejpouZivangjsi
metodou pro uréeni ostré hodnoty je metoda
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stfedu plochy COA (COG), ktera ostrou hodnotu
akéni velic¢iny u, vypocita jako soufadnici teéZisté
plochy (viz Obr. 8) [13].
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Obr. 8: Grafické zndzornéni urceni akéni veliciny u,

Vyvoj Fidicich systémt SSZ s fuzzy logikou

Prvni vyuZiti fuzzy logiky v systému fizeni SSZ
publikovali v roce 1977 Pappis a Mamdani [10].
Jednalo se o teoreticky model aplikace fuzzy fidici
logiky na izolované kriZzovatce dvou jednosmérné
kfizujicich se komunikaci se SSZ. Do systému
fizeni vstupoval pocet pfijizdéjicich vozidel, délka
kolony a Cas. Hned toto prvni vyuZziti fuzzy logiky
pfineslo snizeni ¢asového zdrzeni vozidel 0 10-21
% oproti konvenénimu dynamickému fizeni.

Dalsi vyznamnéjsi posun probéhl az v 90.
letech 20. stoleti, kdy bylo mozné v simulac¢nim
systému ménit geometrii kfiZovatky ve smyslu
poctu fadicich pruhd, intenzitu vozidel a lokaci
detektor(l. Autofi navic systém prezentovali
jako grafickou simulaci (X window system).
Tehdy se jednalo o jednu z prvnich grafickych
mikroskopickych simulaci v takové podobé, jak
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jsou chapany dnes [14].

DalSimvyraznym posunem bylvyvojdynamického
systému fizeni pro SSZ s aplikovanim fuzzy logiky
a Petriho siti [15]. V roce 1995 se pak poprvé
objevil ¢lanek kombinujici fuzzy logiku a
neuronové sité [16]. Do trivstvé neuronové sité
vstupovala dopravni data (intenzita, zdrZeni,
fazové schéma) a vystupem byla optimalni
funkce pfislusnosti (schéma neuronové sité viz
Obr. 9).

TRAINING

OPTIMIZATION

Obr. 9 Schéma neuronové sité [16]

Nasledovala fada praci (napt. [17]) které
prezentovaly grafické rozhrani vytvorené v
programovacim jazyce Visual Basic. Jednalo se
o mikrosimulacni software, ktery umoznoval
flexibilné testovat rlizné varianty smérovani
vozidel a zatizeni kfizovatky.

V roce 1998 se v simulacich zacalo poditat i s
chodci. Cilem bylo navrhnout fuzzy systém fizeni
tak, aby se nasel kompromis mezi minimalizaci
Casovych ztrat pésSich a vozidel [18]. Pro
modelovani a vyhodnoceni vyvinuli na Helsinské
Univerzité vlastni mikrosimulaéni software



HUTSIM, ktery je dnes znamy po celém svéteé.

V roce 1998 autofi Heung a Ho poprvé navrhli
hierarchicky systém Fizeni obsahujici fuzzy logiku
a geneticky algortimus slouzici pro generovani
fuzzy pravidel [19]. V hierarchickém systému
fizeni za pomoci genetického algoritmu dochazi
ke snizeni poctu pouzivanych pravidel a tedy i ke
snizeni ,slozitosti“ celého systému.

V roce 1999 byl prezentovdn novy fidici
algoritmus FUSICO (Fuzzy Signal Control), ktery
byl prikladem vicefazového fuzzy fizeni [20]. V
prvni fazi se na zakladé vyhodnoceni intenzity
a obsazenosti detektoru rozhodovalo o stupni
zatiZeni k¥izovatky (nulovy, normalini, vysoky), ve
druhé fazi se rozhodovalo o vybéru fazi a jejich
poradi a posledni faze rozhodovala o ukonceni
nebo prodlouzeni signélu ,volno” vybrané faze.
Tento systém byl poté uUspésné vyuzit i pro
testovani koordinace nékolika za sebou jdoucich
krizovatek [21]. Dokazali tak, Ze pomoci fuzzy
logiky je mozné fidit i cely systém v oblasti.
Vysledky byly prakticky ovéfeny na kfizovatkach
se SSZ ve Finském mésté Oulunkyla.

S rozvojem zohlednovani vozidel verejné dopravy
pfi Fizeni kfizovatek se SSZ byla i baze pravidel
fuzzy tizeni rozSifovana o bazi pravidel pro
preferenci verejné dopravy [22, 23].

V roce 2002 byl rozsifen pocet vstupnich
proménnych o vstupni proménné zohlednujici
geometrii krizovatky a polohu vozidla uréenou
dle vzdalenosti od stop Cary kriZzovatky [24].

Dalsi publikace jiz nepfichazi se zcela novou
myslenkou, snazi se pouze rozvijet jiz stavajici
studie, pridavat pocet stupnl Fizeni nebo
vytvaret napt. hierarchické fuzzy fidici systémy.
Spolecna myslenka, ktera se vyskytuje témeér ve
vSech publikacich po roce 2002 je kombinovat
fuzzy logiku pro samotné fizeni s evolucnimi
algoritmy zajistujici optimalizaci a pro predikéni
modelovani vyuZivat neuronové sité.

Software pro tvorbu dopravnich simulaci

Dnes jiz existuje cela rada softwar(, které se
specializuji na vytvareni dopravnich simulaci,
mnohé vyuZivaji také fuzzy logiku. V CR jsou
vyuzivané predevsim softwary GETRAM [25],
ktery se sklada z programu pro mikroskopickou
simulaci  (AIMSUN) a grafického editoru
komunikaéni sité (TEDI). Oficidlnim distributorem
je spolecnost DHV CR stejné jako v pripadé
programu QUESTOR [26], coz je multimodalni
model pro dopravni progndzy. DalSim
vyuzivanym softwarem pro dopravni modelovani
a planovani je OmnIiTRANS [27], jehoz
distributorem je spole¢nost PBA International
pro analyzy a dopravni a strategické planovani
je vsak softwarovy balik PTV VISION [28], ktery
je pouzivan ve vice nez 90 zemich svéta. V
CR jej distribuuje firma AF-CITYPLAN. Kromé
jinych dloh je tento software vhodny pravé pro
mikroskopické simulace na signalizovanych
tazich, dokaze totiz posoudit propustnost a
koordinovat kriZovatky se SSZ vcetné zarazeni
preference verejné dopravy. V softwaru je
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zabudovan pridavny modul VISSIG, ktery je
schopen prevzit z existujiciho signalniho planu
konkrétni kfizovatky signalni plan, fazové schéma
a meziCasy a zapsat je do aplikace.

B ———

Obr. 10: Prdce se signdlnim pldnem v modulu VISSIG [29]

Vysledky je moZné sledovat nejen tabulkoveé,
ale také graficky pfimo v pracovnim prostoru
modelu.

¥ et e S ]
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Zobrazen! signaini planu
L IR TR |P

Obr. 11: Vizualizace vysledki simulace v pracovnim
prostoru z modelovdni dopravniho proudu [29]

Zaveér

Jednim z hlavnich ddvod( pro¢ se zabyvat
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fizenim kfizovatkového uzlu je skutecnost, Ze
kfizovatka je zdkladnim spojovacim elementem
a zaroven nejslabsim c¢lankem dopravni sité
a jeji kapacita (propustnost) ve své podstaté
uréuje kapacitu celé sité. Rizenim kfiZovatkového
uzlu lze dosdhnout snizeni kongesci, zvySeni
bezpecnosti, zvyseni kapacity a celkového snizeni

dopadd na Zivotni prostredi a na obyvatele Zijici v
prilehlém okoli (hluk, vibrace).
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