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Abstract

The article presents application of geoinformatic and geostatistical techniques in finding relations
between observed consequences of the extreme flood in August 2002 and the set of causal factors
— anthropogenic transformation of the landscape and physicogeographical features. The indicators of
anthropogenic transformation of landscape were acquired from major analytical projects solving individual
aspects of extreme flooding in August 2002 in the Otava river basin as the core zone of the flood — analysis
of long-term landuse changes, river network shortening, anthropogenic transformation of riverbed and
floodplain and mapping of geomorphological evidences of the flood. For finding spatial and statistical
relations between individual factors and flood consequences the rule-based classification and cluster analysis
in the GIS environment were applied. The results show the spatial and statistical differentiation of the effect
of individual landscape modifications on the flood consequences according the physicogeographical features
and observed flood extremity. The presented approach could help in assessing the impact of anthropogenic
changes in landscape on runoff process in large-scale, heterogeneous river basins and improve the land
management and flood protection planning process.
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1. Introduction

The geoinformatic analysis was considered as one of the key components of the
project of assessment the impact of the changes in landscape on the progress and
consequences of the extreme flood in August 2002. The role of application of the
geoinformatic techniques consisted in design of the framework geodatabase, integration
of geospatial data of different origin, format and spatial extent, coordination of geodata
exchange and sharing, application of various analysis methods and support of final
interpretation of results.

Within the project solution there were analyzed multiple data sources as various
indicators of landscape modifications with regard to the flood risk together with infor-
mation on flood course and observed consequences, e.g.: intensity and character of
stream and floodplain transformation, historical shortening of river network, long-term
evolution of land use, land cover quality changes, geomorphologic effect of the flood,
observed flood consequences, physicogeographic features of landscape, information on
historical floods and others. Such indicators formed the main components of the multi-
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criterial assessment process aimed at identifying statistical and spatial relationships
between observed flood consequences and the intensity of landscape transformation.
The application of geoinformatic techniques importantly influenced the quality and
speed of project solution, allowed implementation of advanced analysis techniques and
brought important information for the interpretation of the process of extreme flooding.

2. Material and Methods

The background material used for project solution was based on a broad range of
different data sources — field mapping, historical data analysis, remote sensing data,
digital elevation model or digital cartographic products.

The main prerequisite was to define a data source structure that would allow
interlinking pieces of information of different geometrical characteristics and spatial
representation.

The procedure involved the following steps:

— Selection of source data and definition of geodatabase structure
Design of the methodology of field data collection and GIS integration
Digititalization and integration of the data into GIS

— Data quality checking and preprocessing

Geostatistical assessment

2.1 Source Data

The integrated project geodatabase was built upon the Digital civil map (ZABAGED)
consisting of a complex set of topographic layers and digital elevation model with
precision corresponding to scale 1: 10 000. Into this topological base were consequently
integrated all available geodata sources. The geoinformatic analysis integrated data
from multiple sources — the available geodatabases and the results of individual project
tasks.

The solution was based on following data sources:

» Digital data

— Basic topography — Digital civil map

— Digital elevation model
» Thematic cartography
» Land cover — CORINE geodatabase

— Digital water management map '

— Landsat TM satellite images — results of interpretation of remote sensed data time

series (Hais, Kralova, Machackova, 2005 in this volume)
 Historical records
— Results of river network shortening analysis from historical maps (Langhammer,
Vajskebr, 2006, in this volume)
— Results of Land use historical changes analysis from historical maps (Bi¢ik,
Kupkové and Stych, 2006, in this volume)
» Field mapping
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— Results of field mapping of watercourse and floodplain transformation (Lang-
hammer, 2006, in this volume)

— Results of field mapping of geomorphological effects of the 2002 flood (K¥iZek,
Engel, 2006, in this volume)

2.2 Data Integration

Assessment was mainly focused on watercourse segments subject to mapping of
river network and floodplain anthropogenic modifications. The individual watercourse
segments remain the smallest spatial units for the assessment while for needs of
analysis they can be easily merged into larger units corresponding for example to
individual river basins, watercourses, administrative units efc.

To integrate the data of different geometric characteristics, each segment was provided
with a buffer zone in which were integrated the information from individual analytical
layers — geomorphological mapping, assessment of the river network shortening, analysis
of land use changes and current state, relief digital model analysis etc. The width of the
buffer zone was set to 500 meters. Such extent of the buffer enabled to integrate all of
the required information from the floodplain whose extent was generally lower than the
extent of the buffer. In special the cases where the floodplain exceeded the buffer zone its
perimeter was extended to include all necessary information. The main concept of data
integration into individual segments is specified in Fig. 1.

The geodatabase maintainance, data sharing, analysis and visualization of results
was performed on the MaplInfo Professional platform. For particular analyses were
used using various software packages, e.g. ArcGIS with extensions 3D Analyst,
Spatial Analyst, Geostatistical Analyst, MapInfo extensions Vertical Mapper or Grid
Analyser, Surfer, ENVI, PCI, Idrisi and others. The map sources in the geodatabase
were maintained in Non-Earth cartographic projection S-42.

3. Resuits
3.1 Correlation Analysis

As first step of the data analysis there was performed correlation analysis to highlight
the main links between the individual factors. However, the results showed that the
correlation strength between the intensity of consequences and rate of anthropogenic
modification was mostly indistinct and difficult to use for the explanation of causal
relations (Fig. 2). The relations between individual parameters proved to be complex
and difficult to describe by simple linear relations.

3.2 Rule-based Classification

To study the spatial and statistical relations between identified flood consequences
and selected driving factors there was applied the rule-based classification. The
rule-based classification is based on user-defined set of rules for classification of in-

187



JUOUIUOITATS ]

= = o' FAN AT R =

0 oy} ojur uoneadaur eyep Jo ydeouo) 7 Sig

seipoqieleps
5en15ed PUB SIS0 &
ease ENnuby g
BAUE UBCU(]

asnpuri

SAPOGIBIEM - M,
pauatid - Fonm———
1G0T - § e—

(BIUED - 7w
[L3 T p——

UORWLLIO)SURI] WRIS

PUEIS| BE

SUHE ) H3I01 OF

8pem 87

Jepmnog paweos! gz

{8 ABY JBIBM WNWIEW £7
1algo pesed Asedosdun 77

8B 12
afipug uexoiq of

Jam gi

peqiaau Uy de1s §|

Butaed yuBgIa AL 2|
UouenWNIIE [BIAN|} Ysal} [
UOHE|MWNIJE (B AN PIO 8 **

apuspust | 4

z00Z tsnBny u pooy eayj jo
sjo84)e jeoibojoydowosy

TR EEL

188



$109JJ0 pooy pue suoleoyIpow ddedspur] Jo AJISUSIUI USOMIOQ SUOTE[BOI FUIMOYS dqR) UOTR[OLIO)) 7 ‘81

650 010 Zi0 1200 [0v0- 1210~ 260 [oE 160~ 200"
500 18€0- 110~ 0 €0'0- 000

900 [[Z'0- [00- 610|620 |€10 €00~ 100

m €00- |¥00 (9E0- 110- 0S0 |6€0 |10 200~ |200-
200- €1'0 €00 60°0- (040~ [200- 100 [pOO- |
V00 800~ v1'0- OO [LOO- kOO |04 O

200 1ZG- 900|500
900 [9€°0- [€L0- 10D €00~

Z00Z 2561 Hoys
20029281 Hoys
ZS8l 98l Hoys
0 (920 620" 200z p¥8L " Hous
L0~ €10 | 981 pbBL Hous
60°0- 900~ ¥00 1ojemaleys
820 | i 15910 BIBUS
50'0- 1800 [SIO smopesll” oJeys
o i e

zho 1e0- |
820 Z€0-
9’0 €20-

1

i

i ;
e o

| | _ | S e
M _ o 600" /600~ | o B s BT o — T

! 100 | 20'0- 1000 1900 sdajs 30l #

....... | ¥0'0- €00~ [£0°0 ssplispue #|
b L0 SO0 S00- sabpuq %
) ) ) €0'0- €00- €00 #Bpuq”wep”y
_ | Z€0 |100- ¥0'0 |00°0 [L0'0 |60°0- |60°0- sBuiARIHURq ¥
__ _ 80'0- €00~ [80°0- [60'0~ 110~ |24 0- swnage” |
y ] . ve'0 LE'0 #00- ZL'0- ujejdpooyy pouw|
1 LD [€€0 60°0- [ZL'O- ~ Joud"Buof“pow
; | _ 620 oro- | ajhos poul
! E o : i R D 0z 0~ pagieAl poll
: _ sdois
1 ! . N Uesw
ERER M E w EREREEEAE BEEEE- BN D-EERE REREEE
iR, _m_m_w_ﬂ_m_mmm S8 0% % 58|35 8|% EB|E|E %G
3 s 3|2 |8 % el |5 |E|F (g[8 | 818 |5 (8|%| ]
a1 - ~ 9 o L e | § _ | ! |
¥} @™ | » - B _ o o | m. a L, | m | 8 [ » {
I e 1 w8 g g5 _ | = . LR _ |
218 3 s | | | 8 d| |58 3 I
| m o S _ b3 m W P9 P _ i
N N @ i _ w PR
i . | m |

189



dividual objects in predefined cause-effect categories. The set of rules and thresholds
for classification is based on the knowledge of assessed process, the empirical
experience or the expert’s choice. The classification procedure is performed in the GIS
environment using SQL database querying. The classification rules might combine
data from different sources that are integrated either in the same river segment or in a
series of consequent segments, e.g. while examining impact of river structures on flood
effects observed in consequent segments.

This classification was applied to assess the following relations:
— River network shortening vs. flood consequences
— Riverbed transformation vs. flood consequences
— Floodplain transformation vs. flood consequences
— Longitudinal profile transformation vs. flood consequences
— Flow obstacles vs. flood consequences.

For all of the above mentioned relations there was defined a set of thresholds and
performed a rule-based classification with analysis of spatial distribution of observed
phenomena.

3.2.1 River Network Shortening and Flood Consequences

The assessment of links between watercourse shortening and flood consequences
intensity was built on result of analysis of historical river network shortening in main
stages (see Langhammer, Vajskebr, 2005 in this volume) and results of mapping of flood
consequences identified by mapping geomorphologic flood consequences (fresh fluvial
accumulations, bank cavings, landslides, damaged structures etc.) were integrated into
the buffer zone.

The general statistical assessment of the whole river basin didn’t show any
significant correlations between the watercourse shortening intensity and percentage
rate of the 2002 flood consequences.

However the empirical experience from assessment of extreme runoff processes
prove that water course rectification is often accompanied by acceleration of erosive and

n ... threshold

Fig. 3 Decisive rules for classification of watercourse shortening and flood consequences
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accumulative processes. Therefore, we refrained from searching for relations between
the flood consequences percentage rate and rectification intensity for the classification
purposes. It is evident that fluvial accumulations or bank cavings are caused also by
other factors, mainly by local morphology, river-bed characteristics, and geographical
location and we should also account for mapping differences in specific river basin
areas. With respect to classification, what matters is the occurrence of at least one of
the above-mentioned flood consequences (accumulation, bank caving, landslide, river
facilities destruction) and not the number of such cases.

The classification results showed that relations between watercourse shortening
intensity and flood consequences depended on the threshold value of river network
shortening used as an input criterion. The most numerous occurrences of flood con-
sequences in modified segments were detected at the minimum shortening level.

Limiting the selection by the level of 2% segment shortening over the whole
assessed period (the last 160 years) resulted in 94% of segment that are affected by
fresh erosive or accumulative processes. However, 2% shortening was detected in the
vast majority of river segments within the Otava river basin, including mountainous
areas in natural or protected areas where this level of shortening is more the result of
inaccuracies gained from historical map analysis.

Shifting the threshold up to 5% shortening of the segment compared to the original
length the number of segments affected by flood effects dropped to 66%.

Shifting the threshold further to 10% which covered segments shortened by more
than the overall average of the Otava river basin — 9.1% shortening, the percentage of
segments affected by flood activities dropped to 20%.

Tab. 1 Watercourse segments ranked by shortening intensity and flood consequences

Shortening | Shortening | Shortening

>2% >5% >10%
Shortening —* consequences 42.9% 30.1% 9.4%
Shortening — no consequences 52.7% 32.8% 14.8%
No shortening —> consequences 2.8% 15.6% 36.3%
No shortening = no consequences 1.7% 21.5% 39.6%
Share of shortened segments 95.6% 62.9% 24.1%
Share of segments with flood consequences 45.7% 45.7% 45.7%
il;-gigﬁs tgce;e}:}c;résened segments on the segments 94.0% 65.9% 20.5%
Share of the consequences in shortened segments 44.9% 47.8% 38.9%

3.2.2 Riverbed Transformation and Flood Consequences

Relations between riverbed and floodplain transformation and flood consequences
differ in individual assessed parameters of modification and in various geographical
conditions. Important factor is here also the intensity of anthropogenic transformation
of the river system. Relations are closer on partially modified watercourses on
intensively or completely modified watercourses the relations are weaker.
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accums >1 OR
breaks >1 OR
slides >1 OR

bridge >1

accums >1 OR
breaks >1 OR
slides >1 OR

bridge >1

n1, n2 n3, nd ... thresholds

Fig. 4 Decisive rules applicable to classification of watercourse modification and flood consequences

The classification was performed according to set of decisive rules and respective
thresholds. The thresholds of transformation intensity can be set independently for
individual parameters in decisive rules (see Fig. 4), for the presented analysis were
applied uniformly for the whole set of parameters. The selected threshold was based on
occurrence of at least one of following forms proving geomorphologic evidence of flood:
fresh fluvial accumulation, bank cavings, land slides, damaged bridge or structure.

For classification purposes it was necessary to transfer the mapping results into
a continuous numerical scale. It is necessary to note the difficult comparability of in-
dividual parameters and to realize that attributed values couldn’t be mechanically asses-
sed as identical manifestations of anthropogenic modification per given aspect of the
watercourse. The easiest parameters to quantify were the intensity of anthropogenic modi-
fications of the longitudinal profile and the river-bed. With respect to steps in the river-bed,
we applied the same scale as in mapping and classified steps in terms of their height.

The river-bed modifications were classified as follows: 1 — natural, 2 — partially
modified, 3 — entirely modified, 4 — pipelined. Segments draining artificial water
works or natural lakes were marked by 0. Classification of the floodplain modification
and river-bed routing was more difficult. The floodplain modification intensity was
classified as follows: 1 — natural areas, 2 — agricultural areas, 3 — scarce settlement
and 4 — intensive settlement. With respect to stream routing, 1 indicated braided and
branched segments, 2 marked meandering segments, 3 was attributed to sinuous
segments, and 4 to straight segments. In this parameter the classification categories
does not directly reflects the intensity of anthropogenic interventions. The resulting
type of stream routing might be of different origin — e.g. sinuous routes could result
from anthropogenic modifications as well as from natural development.

Among individual assessed parameters, there were significant differences in the
overall stream modification intensity which were reflected also in the statistical
assessment (see Tab. 2). In terms of stream route and flood plains modifications, the
vast majority of water courses showed deviations from a natural state. With respect
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to river-bed modifications, only 50% of segments were partially modified, while only
25% of segments showed modifications in the longitudinal profile. The number of
highly modified segments in terms of such parameters was significantly lower.

Tab. 2 Classification of watercourse modifications and flood consequences

Stream | Longitud. | Riverbed | Floodpl. | Overall | Overall
routing profile modif. modif. modif. modif.

>1 >1 >1 >1 >1 >2
Modification —* consequences 37.5% 10.0% 21.7% 26.2% 40.5% 36.9%
Modification = no consequences 41.9% 10.7% 24.0% 29.4% 48.1% 44.4%
No modification —> consequences 6.5% 34.0% 22.3% 17.9% 3.5% 7.1%
No modification —* no consequences | 14.1% 45.2% 32.0% 26.5% 7.8% 11.6%
Share of modified segments 79.4% 20.7% 45.7% 55.6% 88.7% 81.3%

Share of segments

with flood consequences 44.0% 44.0% 44.0% 44.0% 44.0% 44.0%

Share of the modified segments

1) 0
on the segments with consequences 85.2% 22.7% 49.3% 59.5% 92.1% 83.8%

ihfn‘ié’é?fs‘;‘;‘;iiﬂgﬂ‘m 473% | 483% | 475% | 47.1% | 457% | 454%

The overall anthropogenic modification classification reflects river-bed modifications
in at least one of the assessed parameters, limited by the threshold value. Deviations
from natural river-bed characteristics in terms of at least one of assessed parameters
were found in 88% of segments. Almost 50% of these segments were affected by flood
consequences — fluvial accumulations, bank cavings, damaged bridges etc. Increasing
modifications intensity, their percentage didn’t change significantly (45% under
intensity rate 3 and higher according to any parameter).

With respect to relations between watercourse modifications and flood consequences,
it was of a vital significance to find that over 92% of identified flood consequences were
located in segments partially modified by anthropogenic activities according to at least
one parameter.

The analysis of parameters indicated the strongest relation in the case of floodplain
and stream route modifications.

With respect to the stream route parameter, over 85% of identified flood con-
sequences were located in straight or meandering segments. Regarding the floodplain
modifications, almost 60% of detected flood consequences were located in segments
affected by agriculture or settlement. Relations between intensity of river-bed modifi-
cations and the percentage rate of segments marked by flood consequences dropped
inversely to modifications intensity. While segments affected by partial or moderate mo-
difications (level 2 and higher) comprised 49% of segments with flood consequences, in
case of entirely modified or pipelined segments (level 3 and higher) it was only 11%.

With respect to all assessed parameters as well as to the overall assessment,
segments affected by flood consequences in all modified parts reached 45%. More than
half of all modified segments thus remained free of any flood consequences.
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Fig. 5 River-bed modifications and flood consequences

Classification proved flood consequences occurrence to be closely linked to water-
course and floodplain modifications. Almost 90% of consequences were found in
segments marked by moderate or high modification intensity in at least one of assessed
parameters. Although consequences and their characteristics are highly influenced by
spatial aspects, this finding represents a strong argument in favour of enhancing flood
control through watercourse revitalisation.

3.2.3 Impact of Steps and Weirs on Flood Consequences

Assessment results proved the importance of presence of structures in river bed
with regard to the flood consequences. Special importance has here the consecutive
occurrence of steps in subsequent segments. Evaluating the impact of steps on
occurrence of fluvial accumulations and bank cavings in the framework of one river
segment we detected such occurrence at 8% of the total number of segments in the
whole river basin. If we extend the detection area also on the preceding river segment
the rate of segments with respective flood consequences will increase to 13%.

The flood consequences related to the weirs are well differeciated according the
character of prevailing geomorphological process while the accumulative processes
are dominant (see Fig. 6). The most frequent effects are fluvial accumulations (58%)
followed by bank cavings (23.5%). Simultaneous occurrence of both accumulations
and bank cavings is recorded in 18% of segments affected by presence of steps or
weirs.
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Fig. 6 Structure of flood consequences related to the occurrence of steps and weirs

Among the segments with weirs or steps the share of segments affected by erosive
or accumulative flood consequences activities represent 54% of the total number. Here
the share resulting from the assessment of individual segments — 53% doesn’t differ
significantly from assessment results in two consecutive segments 54%.

3.2.4 Obstacles in Floodplain and Flood Consequences

For the occurrence of flood consequences and mainly for the total cost of the
flood damages is crucial presence of obstacles impeding water flow in the flood plain.
Structures and objects located in the flood plains, located in normal conditions outside
the inundation zone, turn during extreme flood events into flow obstacles. Inadequately
designed bridges, weirs, and improperly located objects in flood plains in combination
with material carried by the flood cause temporary blockages, which after their
break trigger the flash flooding. Such processes accelerate accumulative and erosive
processes. Destroyed structures become sources of material carried by the flood wave
and cause problems further down the stream.

For the geoinformatic assessment of this phenomenon, we used the results of
geomorphologic mapping that indicated the following structures as potential flow
obstacles in river-beds and flood plains:

— Steps in river-beds

— Weirs

— Bridges

Improperly located objects

The rule-based classification was based on segmentation according the presence
and also the nature of flood consequences. As in the case of analysis of impact of
longitudinal profile modifications, there was proceeded classification in the framework
of the same river segments plus the classification detecting the possible obstacles in
preceding and current segment.

Evaluating all potential flood course obstacles we find that the percentage of
segments affected by the flood consequences reach 17% of total river segments.
Segments affected by erosive or accumulative flood activities accounted for 51.5% of
segments with potential flow obstacles.

With respect to all potential flow obstacles in river-beds and flood plains — steps
and weirs, bridges and improperly located structures, the share of segments affected by
detected consequences to the overall number of segments with obstacles was almost the
same, although the absolute frequency of individual barrier types was very different.
It’s clear that many potential flow obstacles didn’t have any direct impact. To the
contrary, quite a number of flood consequences were caused by other factors.

I
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Tab. 3 Overview of classification results of flood obstacles impact on flood consequences

Improperly | Any obstacle

Weir Bridge placed (weir/bridge/

object imp. object)
Obstacle = accumulation 8.1% 7.1% 1.1% 10.6%
Obstacle = bank caving 3.3% 1.6% 0.2% 2.5%
Obstacle = bank caving and accumulation 2.5% 22% 0.4% 3.4%
Obstacle = no consequences 11.8% 10.5% 13% 15.7%
No obstacle —> accumulation 20.6% 21.6% 27.6% 18.1%
No obstacle = bank caving 5.7% 3.6% 4.9% 2.7%
No obstacle = bank caving and accumulation 2.7% 6.8% 8.6% 5.5%
No obstacle — no consequences 45.4% 46.7% 55.9% 41.5%
Share of segments with obstacle 25.7% 21.4% 3.0% 32.2%
Share of segments with flood consequences 42.8% 42.8% 42.8% 42 8%
i?&f‘;’ﬁs‘g;u‘:gfg“‘ segments'on thesegments | * 35 49. | “354% 3.9% 38.6%
Share of the consequences in modified segments 54.0% 50.8% 56.0% 51.3%

3.3 Flood Risk Zoning

To cover all complex relations between flood consequences and potential driving
factors, it’s vital to take into account anthropogenic modifications as well as other
factors, particularly land use changes, physicogeographic properties and geographical
location.
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For such a task there was applied cluster analysis allowing classitying the individual
watercourses into groups with specific character of anthropogenic modification in-
tensity, landscape features, and geography and flood consequences. As an input matrix
were used the information layers stored in the project geodatabase together with results
of above mentioned geostatistical and geoinformatic analysis. The results of clustering
were reciprocally integrated with GIS geodatabase as new information layer.

To generate the input matrix, there was performed a spatial analysis in the geodata-
base. For individual elementary watercourse segments, based on the mapping structure
of the river network anthropogenic modifications, were extracted from individual
analytical layers using the overlay in the stream segment buffer zone. The following
parameters were selected:

— Segment mean height

— Mean slope

— River-bed modification

— Stream routing

— Segment modification in the longitudinal profile

— Flood plains modification

— Number of weirs

— Number of bridges

— Number of improperly located structures

— Number of rocky steps in the river-bed

— Percentage of urbanized areas

— Percentage of arable land

— Percentage of all agricultural land

— Percentage of meadows

— Percentage of forests and water areas

— River network shortening in time periods 1844—1876-1952-2002
— Number of identified accumulations after the 2002 flood
— Number of bank cavings

— Number of destroyed bridges and landslides.

Watercourses were classified into five categories. The classification was performed
off the GIS environment using the K-means algorithm. The classification results were
integrated back to the source geodatabase for further analysis and visualization.

Cluster analysis resulted in 5 categories that proved close relations of physio-
geographical features of assessed segments to their anthropogenic transformation rate
and observed consequences of the 2002 extreme floods.

Tab. 4 Resulting clusters as the flood risk zones

Class Cluster ID Total length
Lowland streams 2 36.4%
Hilly streams 5 28.3%
Submontane streams 3 14.4%
Mountainous streams 1 13.6%
Headwater streams 4 7.3%
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Classification results were highly influenced by watercourse segment slope, average
elevation above the sea level, and parameters of artificial modification determining the
character of flood consequences.

Lowland streams are represented by the largest extent. They were marked by the
highest average river-bed modifications, transformation in the longitudinal profile,
and flood plains modifications. The flood progress in such areas was negatively
affected by many improperly located structures and the highest number of weirs and
bridges. In terms of observed 2002 flood evidences, these areas were marked by the
highest average number of bank cavings, the second highest average amount of flood
accumulations, and many damaged bridges.

The highest average number of recent fluvial accumulations was found in hilly
streams comprising river segments in hilly areas located prior the lowland streams.
Here was found the highest number of improperly located structures in watercourses
and flood plains impeding flood progress.

&rotivin

A

Vodfiany

Stream classification

transformation

and flood consequences
wmm——luster 2 (285)
wmmm—jster 3 (148)
s ciuster 4 (40)
m——lycter 5 (108)

o 10 20 km
e —

Fig. 8 Zoning of watercourses in Otava river basin according the intensity of their transformation and obser-
ved consequences of the flood in August 2002

The submontane streams are representing watercourses running from steep hills of
the Sumava mountains. Their river-beds were seriously damaged and newly shaped by
the flood wave in August 2002. Streams in this cluster show the highest percentage of
meadows in flood plains, the second highest number of bank cavings, and the largest
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percentage of destroyed or damaged bridges. The rate of long-term river network
modifications in such segments could be described as average. Watercourse shortening
in this region was done mostly at the beginning of the 20 century.

Mountainous streams. The watercourses in peak areas of Sumava mountains are
typical by high average slope values. However, anthropogenically modified areas here
represent only marginal part of flood plains. This category showed the lowest average
river-bed modifications, modifications in the longitudinal profile, and watercourse
routing. This was the core zone of the precipitation causing the flood and therefore the
flood consequences, both erosive and accumulative, were extensive.

Headwater streams shows only negligible share of the overall flood damages due to
low intensity of settlement and infrastructure. Anthropogenic modification of streams
here is the lowest and average forest cover percentage was close to 90%. However,
watercourse shortening in headstream regions was already since the end of the 19%®
century quite significant because of intensive forestry management techniques. As the
flood waves are formed in this area, watercourses are affected only by erosive flood
evidences.

4. Discussion

The classification of the impact of watercourse shortening, river-bed and flood
plains anthropogenic modification and flow obstacles on observed flood consequences
proves surprisingly weaker relations in the areas of high intensity of anthropogenic
modification of river-beds and flood plains. This applies mainly to the downstream
areas of the Blanice and Otava, the two main watercourses of the river basin. Here is
recorded maximum intensity of watercourse, riverbed and flood plains modifications,
but relations between the state of anthropogenic transformation and flood consequences
aren’t clearly proved.

This may be caused by unprecedented extremity of the flood in August 2002.
In downstream areas, the flood wave filled the whole area of the flood plains with
water levels exceeding by several meters the level of floodplain. Therefore the impact
of anthropogenic modifications of watercourses was weakened. To the contrary,
in upstream and midstream areas, where flood wave waters mostly did not leaved
the river-beds or spilt into a narrow floodplain area, the impact of anthropogenic
interventions on flood consequences increased.

5. Conclusions

The methodology of watercourse modifications and flood consequences field
mapping, as presented and applied, proved to be useful for a comprehensive ana-
lysis of extreme rainfall-runoff processes and their landscape manifestations. The
approach allows for a general application of this method also in areas with different
physicogeographical conditions and different level of socioeconomic pressure on
landscape. Integration of mapping results and analysis of historical and remote data
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in the GIS environment permits to use such information for the analysis and objective
geostatistical classification of area flood vulnerability, flood consequences assessment,
and analysis of potential driving factors of flooding.

The geoinformatical analysis of relations between watercourse modifications
and the 2002 flood consequences, drawing on a new field mapping methodology in
combination with historical and remote data, showed links between physiogeographic
watercourse characteristics, their artificial modification rate and observed flood
consequences. Classification based on a cluster analysis proved that different flood
manifestations in different parts of the river basin depend on the respective features of
landscape and mainly on intensity and character of river-bed and flood plain artificial
modifications.

The resulting typology can be used as a information material for designing
suitable flood prevention and control measures with respect to the watercourse natural
diversity and needs of differentiated approach and management tools for efficient flood
prevention in individual stream categories.
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GEOINFORMATICKE HODNOCENI NASLEDK{] POVODNE V SRPNU 2002
V POVODI OTAVY

Résumé

Vyznamnou souédsti projektu hodnoceni vlivu zmén v krajing na prib&h a nasledky povodni je vyhod-
noceni nasledkd povodné a upravenosti tokii pomoci metod geoinformatické analyzy. Geostatistick analyza
v prostfedi GIS umoznila integrovat a nasledng analyzovat data riizného piivodu a riizné geografické a geo-
metrické povahy a vysledky vyuZit pro interpretaci procesii, probihajicich v krajing.

Jednotlivé analytické slozky byly integrovany do prostfedi GIS, co umoznilo provedeni syntetické typo-
logie toki pomoci néstrojii geostatistické analyzy, jejimZ vysledkem je rozélenéni tokii a jejich tisekii do sku-
pin s pibuznymi fyzickogeografickymi vlastnostmi, charakterem antropogenn{ transformace a obdobnym
charakterem nésledki pii povodni.

V rdmci realizovaného projektu se konkrétn® jednalo o integraci vysledki analyzy mapovani upravenos-
ti fiéni sité a piibfeZni z6ny, mapovéni nasledkl povodng, analyz historického zkraceni Héni sit§, analyzy
vyuZiti izemi idoln{ nivy a analyzy fyzickogeografickych parametrt povodi. Cilem klasifikace bylo ovéfit
pfitomnost a charakter vzajemnych vazeb a zjistit, do jaké miry 1ze nalézt statistické a prostorové souvislosti
mezi konstatovanymi nisledky povodng a stavem krajiny, zachycenym pomoci vybranych indikétori antro-
pogenni transformace.

Pro feSeni byla pouZita mnoZina vstupnich podkladii, vychézejicich z odli§nych zdrojii — terénniho mapo-
véani, analyzy historickych map, dat DPZ a digitalnich vektorovych vrstev GIS.

Pro hodnoceni byly vyuZity dv& hlavni geostatistické techniky — klasifikace na zakladé rozhodovacich
pravidel a shlukovi analyza.

Pomoci klasifikace podle rozhodovacich pravidel byly identifikovany statistické a prostorové vazby mezi
intenzitou a charakterem nésledki povodni, zji§t&nych pomoci terénnfho mapovéni a indikatory zmén krajiny,
zjiSténymi na zaklad€ analyzy historickych podkladii, digitalnich dat a terénniho prizkumu. Zji§fovany byly
vazby mezi potencidlnimi pfi¢inami zvysené intenzity ndsledki povodn& — zkrécenim ¥&ni sfts, antropogen-
ni upravenosti koryta toku a fidoIni nivy a pf{tomnosti pfekdZek proudéni v koryt& a tidoln{ nivé&. Shlukové
analyza byla pouZita pro komplexni typologii toki podle vybrané matice indikétorti — intenzity a charakteru
nasledki povodng, fyzickogeografickych charakteristik tizemf a indikator( upravenosti krajiny a fHén sité.

Vysledky ukdzaly na rozdilny vliv jednotlivych indikétorli upravenosti krajiny na nasledky povodng. Jed-
noznatné se projevil vliv mimofadné extremity povodné v srpnu 2002, diky které byl do zna&né miry setfen
¢inek zkrécenf f{¢nf sité &i upravenosti koryta toku. Naproti tomu dobfe se ukazuje souvislost mezi uprave-
nosti iidolni nivy a zejména pfitomnost{ pfekaZek proudéni s konstatovanymi nasledky povodns.

Klasifikace na zdkladé shlukové analyzy prokézala, ¥e v riiznych &4stech povodi zaznamendvéme odlisné
projevy povodné, Ze tyto odlidné nasledky majf vazbu na geografickou polohu, nadmotskou vyiku, intenzitu
a charakter antropogenni upravenosti koryt tokii a idoln{ nivy.
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Provedené typologie miize byt vyuZita jako podklad pro planovani vhodnych preventivnich opatfeni
protipovodiiové ochrany, nebot tato opatieni musi respektovat pfirozenou diverzitu tokd. Jednotlivé typové
kategorie tokil vyZaduji odli¥ny pfistup k protipovodiiové ochran&, umoZiiuji jeji lep3i diverzifikaci, coz pii-
spiva k jeji vys3i efektivitg, stejné jako k ekonomické Gcelnosti.
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