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The study presented herein investigates the impact of simulated changes in land cover on rainfall-runoff

conditions for the transboundary basin of the upper Luznice. The HEC-HMS hydrological model was cho-
sen for these simulations. Scenario models were used to simulate the impact of modifications in basin land
cover with individual scenarios reflecting ground cover changes. The years 1990 and 2000, which are avail-
able in the CORINE Landcover database, were chosen as variants of river basin land cover. In addition, two
theoretical versions of possible extreme variants in fundamental land cover changes — the conversion from
agricultural land to grassland and the forestation of the river basin, with the exception of roads and bodies
of water — were also included.

Single day rainfall totals with a recurrence period of 10, 20, 50 and 100 years were selected to calculate
the volume of runoff and culmination discharge. These results demonstrate a clear decrease in the degree of
impact of land cover structure on runoff conditions, increasing with the magnitude of precipitation.
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Véra Vaiova, Jakub Langhammer: MQDELovANl’ VLIVU ZMEN KRAJINNEHO KRYTU NA
PRUBEH POVODNI V POVODI HORNI LUZNICE. J. Hydrol. Hydromech., 59, 2011, 4; 24 lit., 7 obr.,
2 tab.

Clanek piedstavuje vysledky simulace vlivu zmén krajinného krytu na srazko-odtokové poméry v pies-
hrani¢nim povodi horni Luznice. Pro modelovéni byl vybran hydrologicky model HEC-HMS. K modelo-
vani vlivu zmeén krajinného pokryvu povodi byla pouzita metoda scénaifového modelovani, kde se v jed-
notlivych scénétich meni krajinny pokryv. Jako varianty krajinného pokryvu povodi byly zvoleny roky
1990 a 2000, pro které je k dispozici databaze CORINE Landcover, a dale dvé teoretické krajni varianty
moznych variant zmén struktury krajinného krytu — zatravnéni zemedélské pudy a zalesnéni povodi kromé
intravilani, komunikaci a vodnich ploch.

Pro vypocet objemu odtokd a kulminaénich pratoka byly vybrény jednodenni navrhové srdzkové thrny s
pravdépodobnosti opakovani 10, 20, 50 a 100 let. Z vysledkd simulace je ziejmy pokles vlivu struktury
krajinného pokryvu na odtokové poméry se vzristajici extremitou srazky.

KLICOVA SLOVA: vyuziti Gzemi, krajinny kryt, povodng, retence, modelovani, HEC-HMS.

1. Introduction

The influence of land use and the associated im-
pact on flood processes has become a subject of
great interest to researchers in this area during the
past two decades. Data regarding the impact of
various modifications on landscape and river net-
work on runoff processes are currently available in
the review by Calder (1993) and a documented
series of case studies on various geographic envi-
ronments (Brath, Montanari, and Moretti, 2006;
Naef, Scherrer, and Weiler, 2002; Tu, Hall, de

Laat, and de Wit, 2005). Various approaches have
been utilized to analyze the effects of land use
changes on runoff and flooding. These include the
analysis of empirical data and mathematical mod-
els, which are dominant in current hydrological
research, particularly in combination with GIS
tools. The selection and method of applying a spe-
cific modelling tool is concurrently influenced by a
number of factors. These key factors represent the
characteristics of the modelling process, the degree
of causality, the extent of temporal and spatial dis-
crimination in the processes and the specific char-
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acteristics of the assessed environment (Becker and
Serban, 1990; Kulhavy and Kovar, 2002).

The current integration of hydrological models
with GIS allows for questions to be addressed on
the spatial distribution of input values and parame-
ters using geostatistic methods (Hellweger and
Maidment, 1999). Therefore, the potential of each
instrument can be explored fully and applied in
borderline or atypical conditions.

This paper addresses the role of land use changes
in flood protection and the limits of flood mitiga-
tion by means of non-structural measures. This
research focused on evaluating the effect of chang-
es in land use patterns on the course of basin flood-
ing with a heterogeneous composition of physio-
graphic and socioeconomic conditions.

The modelled area is the upper basin of the
Luznice, which covers a total of 942.5 sq. km in the
territory of Austria and the Czech Republic. The
upper part of the basin is situated in the No-
vohradské Mountains and determines the formation
and timing of runoff in the whole Luznice basin
during episodes of extreme precipitation. Due to the
low occurrence of agriculture and high share of
forest cover in this area, this basin serves as a mod-
el area for testing the potential effect of land use
change in mitigating flood events.

This study involved two real land use patterns in
the basin from 1990 and 2000 and two theoretical
scenarios that represented extreme land use pat-
terns, which reinforce the retention potential of the
conversion of arable land to grassland and the for-
estation of the basin. The effect of land use changes
was tested on design flood waves resulting from 10,
20, 50 and 100 year rainfall events.

2. Study area
2.1 Upper Luznice River basin

The study area is comprised of the upper Luznice
basin to the Pilaf gauging station. The source and
upper segment of the Luznice basin are situated in
Austria and the lower part is in the Czech Republic
(Fig. 1). From the upper Luznice basin to the Pilat
station covers 942.5 sq. km (70.7% of the area lies
in Austria) and the length of the stream is 81.5 km
(VUV, 2008).

The upper Luznice River passes through three
different physiographical regions: an area with
springs located high in the Novohradské Moun-
tains, a highlands area in Austria and a lowland
region of the Ttebon basin in the Czech Republic.

These areas exhibit different geomorphologic char-
acteristics, geological substrates, climates and they
also differ in the nature of land use, which affects
runoff conditions (Prach, Jenik, & Large, 1996).

2.2 Development of land use in the study area

The upper Luznice basin has more than 50% for-
est according to data from the 2000 CORINE Land
Cover. There are no significant settlements or in-
dustrial centers in the area. Moreover, almost 25%
of the basin area is covered by a mixture of fields,
meadows and perennial crops, 6.6% of the basin is
comprised of meadows and pastures and 6.5% is
arable land (Tab. 1).

Currently, development of land-use on the Czech
and Austrian sides of the basin reflects the exten-
sive economic character of the region. Analysis of
data from the CORINE Land Cover from 1990-
—2000 exhibits changes in 4.9% of the area of the
basin, with the most significant changes relating to
the conversion of 25.23 sq. km arable land to
meadow and pastureland. This conversion is due to
the disappearance of centrally managed agriculture
and a reduction in government pressure to use agri-
cultural land. Another significant change was a 17.9
sg. km increase in forest area, which particularly
affected the Czech side of the river basin.

2.3 Floods in the upper Luznice basin

In the upper Luznice basin, the summer floods
are the dominant flood event and occur as a result
of intense rains in the headwater areas of the No-
vohradské Mountains. Summer floods on the
Luznice typically exhibit a long run-out period, a
slow progression of flood waves and a strong flow
transformation (Vlasak, 2007). This is primarily
due to the low slope in the central part of the basin,
the high permeability of the sandy soils in the
Tiebon Basin, the retention of water in ponds, and
the transformative effects of the river in a flat and
wide alluvial floodplain. Slow runoff and high re-
tention capacity cause the area to remain saturated
after floods, which results in the Luznice basin
being highly susceptible to recurrent episodes of
precipitation.

Large influence have spring floods, which are
caused by the snow thaw and primarily affect the
middle and lower parts of the river basin, where the
thaw generally occurs over a large part of the basin
as a result of the less rugged topography (Vlasék,
2006).
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Fig. 1. Upper Luznice Basin — Map of the study area.
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Table 1. Change in vegetation cover in the upper LuZnice basin.

Vegetation cover

Percentage [%]

Year 2000 Year 1990
Peat-bog 0.10 0.12
Lakes 0.74 0.71
Wetlands and marshes 0.77 0.77
Low forest vegetation 0.19 2.04
Mixed Forest 0.42 0.41
Coniferous forest 51.90 50.04
Deciduous forest 0.00 0.00
Mix of agriculture and natural vegetation 4.34 4.34
Meadows and pastures 6.60 3.94
Non-irrigated arable land 6.47 9.14
Areas of current production 0.15 0.20
Road and rail network and related 0.06 0.06
Industrial and commercial areas 0.07 0.07
Scarcely settlement 3.12 3.12
Sports and recreation areas 0.11 0.00
A mixture of fields, meadows and perennial crops 24.97 25.04
Total 100 100
3. Material and methods P 2
( — a)

3.1 Application of HEC-HMS model

The HEC-HMS hydrological model was chosen
for use in the study. This model is a proven tool for
simulating runoff that is suitable in general geo-
graphical conditions (Knebl, Yang, Hutchison, and
Maidment, 2005, McColl and Aggett, 2007, Wan
and Yang, 2007) and widely used in research and
application practice due to its free availability.

The SCS CN method was used to calculate the
volume of discharge and the associated separation
into direct runoff and baseflow and the CN curve
method (USACE, 1994) was used to calculate run-
off losses. The CN curve method is one of the most
popular due to the associated simplicity and ease of
data input. Based on land cover (CORINE Land
Cover), the values of the CN curves were deter-
mined based on the index of previous rainfall and
soil hydrologic group (determined by the infiltra-
tion capacity of soils derived from soil maps CR
1 : 50,000 and for the Austrian part of the basin
1:30,000). The CN curve method estimates precip-
itation excess as a function of cumulative precipita-
tion, soil cover, land use, and antecedent moisture,
using the following equation:

T Po1,)+ s

where Pe — accumulated precipitation excess at
time t, P — accumulated rainfall depth at time t, la -
the initial abstraction (initial loss) and S — potential
maximum retention, a measure of the ability of a
watershed to abstract and retain storm precipitation.
Until the accumulated rainfall exceeds the initial
abstraction, the precipitation excess, and hence the
runoff, will be zero.

The Clark Unit Hydrograph was used to quantify
direct runoff. For this calculation, T, (time of con-
centration), Tiag (lag time) and R (retention coeffi-
cient) must be determined.

Time of concentration is the time of flow from
the most hydraulically distant point in the water-
shed to the watershed outlet. Lag time is the time
from the center of mass of excess rainfall to the
hydrograph peak and was estimated as:

0.8 (S +1
T,,, = L ~—%—= T[hours]
lag 1900-/Y

where L — maximum hydraulic length of water-
shed [feet], S — maximum retention in the water-
shed estimated from CN curves [inches], Y — ater-
shed slope [%].

)0.7
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The lag time may be related to time of concentra-
tion, T, as:

T
lag
T.=—"[hours].
¢ 06 : ]

The basin storage coefficient, R, is a index of the
temporary storage of precipitation excess in the
watershed as it drains to the outlet point:

B <C
R.=A-L"-Sjp_gs»

where L — maximum hydraulic length of water-
shed [mi], Si0.g5 — average watershed slope along to
maximum hydraulic length of watershed between
10 % — 85 % of the length [ft/mi],

A, B, C - coefficients (for CZE A = 80, B = 0.342,
C=-0.79).

The Muskingum-Cunge method was chosen to
calculate channel runoff. For this method, the fol-
lowing parameters must be specified: the width of
the channel bottom and side slope, the Manning
Roughness Coefficient and the shape of the chan-
nel. The Luznice River can be divided into three
different physiographical regions and based on
information about this segments the parameters
were determine: for an area with springs located
high in the Novohradské Mountains — shape ,, Trap-
ezoidal®; the width of the channel bottom 2 meters,
the Manning Roughness Coefficient 0.035; for a
highlands area in Austria — shape ,,Trapezoidal®;
the width of the channel bottom 5.5 meters, the
Manning Roughness Coefficient 0.035; and for a
lowland region of the Tiebon basin in the Czech
Republic — shape ,, Trapezoidal“; the width of the
channel bottom 10 meters, the Manning Roughness
Coefficient 0.04.

The Recession Baseflow Method was used to de-
termine baseflow runoff. This method is designed
to approximate the typical behavior observed in
watershed when channel flow recedes exponentially
after an event and is intended primarily for event
simulation. The initial value of the derivative of the
baseflow, recession constant (the ratio of baseflow
at the current time to the baseflow one day earlier)
and threshold runoff must be specified to use this
method. The BFI (base flow index) method was
used to determine the initial baseflow.

3.2 Model calibration and validation

The calibration and validation of a model is es-
sential for application. Model calibration aims to

determine the model parameters that result in the
best agreement between modeled and measured
quantities (Bedient, Huber and Vieux, 2007). Cali-
bration is implemented using historical events with
calculated values that can be validated using mea-
sured data. The goal of validation is to test derived
parameters in a different time frame than the actual
time of generation.

The flood of early August in 1991 served as the
calibration model. This event represents a typical
flood caused by strong regional summer rains, even
though extraordinary peak flow values did not oc-
cur. The triggering rainfall lasted from July 31 to
Aug. 4, 1991. Peak flow on the Pilaf station of 60.3
m® s* occurred on Aug. 4, 1991 at 11:00. The
course of flood waves triggering precipitation
throughout the basin, and hourly intensity are
shown in Fig. 2.

For the model validation, the flood from August
2002, which was the largest recorded flood in the
Luznice River basin, was selected. The flood event
was caused by the advancement of two strong cy-
clones, which on August 7-8, 2002 and August 11—
-12, 2002, caused extraordinarily heavy rainfalls.
The runoff response to the first phase of rainfall
reached its maximum value of 285 m® s at the
Pilar profile on August 8, 2002. The second flood
wave reached significantly higher value of 498 m®
s at the Pilat profile on August 13, 2002.

3.3 Model scenarios

Two real and two theoretical ground cover sce-
narios were defined to evaluate the impact of land
use changes on precipitation-runoff processes. The
first scenario represents the vegetative ground cov-
er in 1990 and the second scenario corresponds to
ground cover in 2000. For the third scenario, the
categories of arable land, mixed pasture, fields and
perennial cultivation were transformed to perma-
nent grasslands. The fourth scenario represents
forestation of all land use categories, except for
bodies of water, urban areas and roads. There was
an increase in area from 6.6 to 38% for permanent
grassland and an increase in area from 52.3 to 96%
for forestation. The scenario demonstrating an in-
crease in forestation is unrealistic but was included
as an extreme variant with the highest retentive
effect.

All scenarios were modelled for four rainfall
events with recurrence periods of 10, 20, 50 and
100 years. The design of rainfall events that lasted
one day each was determined by the lognormal
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distribution of the maximum daily rainfall for the
time period from 1981 to 2004. In all cases, the
computational period was one hour and a hyeto-
graph in the shape of an isosceles triangle was used
to demonstrate the distribution of precipitation dur-
ing the simulation over 24 hours. Rainfall for the
river basin and for individual sub-basins was de-
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termined by the Thiessen polygons method from 13
stations.

Evaporation and transpiration were not consid-
ered. Hydrographs of individual scenarios and run-
off summary tables were used to compare the re-
sults of modelling to gauge profiles in the sub-
basin.
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Fig. 2. Hourly intensity of precipitation and flood runoff hydrograph from July 31, 1991, to August 13, 1991.

3.4 Input data

The CORINE Land Cover Database for 1990 and
2000 was chosen for analysis of land use in the
study area, including the Austrian part of the basin.
The EEA portal (EEA, 2008) served as the data
source and interpretation key. The Czech Hydrome-
teorological Institute (CHMI, 2008) and the Austri-
an Federal Ministry of Agriculture, Forestry, Envi-
ronment and Water Management (BMLFUW, 2008)
provided the hydrological and meteorological data
for setup, calibration and validation of the model.

To verify the homogeneity of the rainfall data,
the double mass curve method using comparisons
to two neighboring stations was employed. The first
station served as the monitoring station and the
latter, as the control station. Average rainfall for the
river basin and for individual sub-basins was de-
termined by the Thiessen polygons method, where
the rainfall data from the stations were converted to

a uniform time interval of 1 hour. In total, 13 sta-
tions were used to divide the river basin into Thies-
sen polygons.

For stream discharge data, the average daily dis-
charge from the stream gauge station at Pilaf
(CHMI, 2008) and from the stations Oberlainsitz,
Hoheneich, Amaliendorf and Ehrendorf
(BMLFUW, 2008) were available.

The geodatabase DIBAVOD (VUV, 2008) was
used as a source for general topographic data for
the river network. The contour model DMU-25
(VTOPU, 2006) was used to compile a digital ter-
rain model for the Czech Republic and the model
provided by VUV TGM in Prague (VUV, 2008)
was used for the Austrian part of the river basin.
Contour lines with intervals of 5 metres (VTPOU,
2006) were used as input data to create a digital
terrain model for the Czech Republic and contour
lines with vertical intervals of 10 meters was used
for the Austrian territory (VUV, 2008).

267



V. Vanova, J. Langhammer

4, Results
4.1 Model calibration and validation

During the calibration of the first simulation, an
initial set of parameters was derived from the basic
physiographic characteristics of the basin with land
cover representative of 1990. As the criterion for
automated parameter optimization the method of
minimum differences of hydrograph peaks was
used while the CN and Muskingum parameters
were selected for optimization. The speed of the
wave progress through the channel was reduced
through automatic optimization (originally speci-
fied values based on the passage of the wave
through the channel corresponded to the flood wave
of 2002). Automatic optimization resulted in the
reduction of CN parameters on average 20 % (min.
17.6 %, max. 29 %). The CN-curve parameters of
la (initial loss) and Tc (time of concentration) have
been recalculated according to these new values.
Before the calibration the values of la ranged from
4.5 mm to 34 mm and after the calibration the val-
ues of la ranged from 19.3 mm to 57.2 mm. The
values of Tc had before the calibration average
value 25 hours and after the calibration had average
value 36.4 hours. By regression analysis the values
of the time of concentrations is most depend on
maximum hydraulic length of watershed (r = 0.8),
then to the watershed slope (r = 0.5) and the mini-
mum dependence is on the changes of the CN val-
ues (r =0.3).

Furthermore, the recession constant and thresh-
old value parameters were manually recalculated
based on several simulations. The recession con-
stant was set to 0.75 and the threshold value was set
at0.4.

The calibration results (Fig. 3) exhibit good cor-
respondence between the simulated and observed
discharge curves. The Nash-Sutcliff coefficient
reached a value of 0.96. The percentage of volume
error was 2.28%, which means that the volume of
the simulated wave was larger than the actual wave.
The difference between the simulated and real peak
flow is 0.8 m® s™. Both flood waves reached maxi-
mum level at 11 am on August 4, 1991. The opti-
mization criteria values obtained indicate that the
calibration of the rainfall-runoff model was suc-
cessful.

The flood of August 2002, which was the largest
recorded flood in the Luznice basin, was chosen as
the validation model. The flood event was caused

by the advancement of two major low-pressure
systems, which brought exceptionally intense pre-
cipitation on August 6 — 7 and 11 — 12, 2002. Total
rainfall measured at six stations for the period of
August 5 — 13, 2002 exceeded 300 mm.

The runoff from the first wave of precipitation
peaked on the Pilaf profile at 285 m* s on August
8, 2002. Although the total rainfall during the
second wave of floods was lower, there was a sig-
nificantly higher peak value on the Pilar station
profile of 498 m®s?on August 13, 2002, due to the
high saturation level in the basin (Fig. 4).

Validation of the calibrated model parameters
with an independent series of input data was per-
formed for the period from August 5 to August 18,
2002. This is the so-called “differential split-sample
test” because there was dissimilar vegetation cover
in the upper Luznice than in previous models dur-
ing this period. Therefore, input parameters were
changed to match land cover in 2000 and for the
CN-curves was used optimization from the previ-
ous calibration.

The graph in Fig. 5 demonstrates the relatively
good visual match between the shape of the simu-
lated and actual discharge curves. The Nash-
Sutcliff coefficient is 0.91, and the percentage of
volume error is 9.8%. The total volume of the simu-
lated waves was greater than the actual total vol-
ume.

The difference between the first simulated and
actual peak discharge is 28.6 m® s, which corre-
sponds to a disparity of 10%. The simulated flood
wave reached a maximum at 14:00 hrs on August 8,
2002, and thus arrived two hours later than the ac-
tual wave.

The second simulated wave peaked at 20:00 hrs
on Aug. 13, 2002, at 501.1 m® s, which is approx-
imately an hour earlier than the observed time. The
peak discharge of these simulated waves was ap-
proximately 1% higher than the observed discharge
waves.

During the second flood wave, runoff entered the
sand pit Cep located outside the riverbed and thus
partially bypassed the Pilai gauging station. There-
fore, the course of the flood from the records at the
Pilai station could not be directly assessed. The
volume of the flood wave was estimated by hydrau-
lic calculation of the maximum surface area and
extent of inundation, which was verified by model-
ling to approximate actual values (Vlasak, 2006).
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Fig. 3. Simulated and observed hydrograph from the Pilai gauging station profile in August 1991.

14 ¢ -+ 600
mmm Precipitation [mm.hr']

—— Discharge [m’.s”]

12
500

-
o

400

300

Discharge [m’.s™]

- 200

Precipitation intensity [mm.hr"]

- 100

5.8 6.8 7.8 8.8 9.8 108 118 128 138 148 158 168 178

Date

Fig. 4. Hourly intensity of precipitation and flood runoff hydrograph from August 5-18, 2002.
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Fig. 5. Simulated and observed hydrograph from the Pilai gauging station profile from August 2002.

Table 2. Selected parameters of simulated flood waves at the Pilaf gauging station.

Scenario N =100 N =50 N =20 N =10
Qmax Vcelk Qmax Vcelk Qmax Vcelk Qmax Vcelk
[m®s?] [10°m?] m°s? [10°m¥ [m°s? [10°m¥ [m® s [10° m?]
Landcover 1990 85.5 25258.7 62.9 18692.1 41.7 12482.2 24 7257.3
Landcover 2000 81.3 24026.3 59.5 17704.9 39.2 11768.2 225 6837.2
Grassing 75.4 22354.1 54.9 16381.4 35.9 10827.6 20.6 6760
Afforestation 59.8 17878.3 42.7 12906.1 27.5 8449.8 16.4 5081.7

4.2 Simulation of land use scenarios
for different extreme levels of precipitation

Results for the Pilai gauging station profiles are
summarized in Tab. 2 and Fig. 6.

Discharge hydrographs for individual land use
change scenarios with an average 100 year total
precipitation recurrence have a very similar pattern
in the Pilai gauging station profiles. There was a
reduction of 4.9% in the peak discharge of the flood
wave in the 2000 scenario (compared to 1990) and
no delay in the flood wave. The volume of the flood
wave also exhibited a decrease by 4.9%. In the
scenario with partial conversion of the basin to
grassland, there was an 11.8% decrease in peak
discharge compared to 1990 and an 11.5% decrease
in the flood wave volume. A large difference in the
maximum discharge rate is particularly evident in

the forestation scenario with an actual decrease of
30% and peak flow delay by one hour.

The reduction in the peak discharge of the flood
wave corresponding to 10 years of precipitation
between 1990 and 2000 reached 1.5 m* s™ or 6.5%.
There was no delay in the flood waves and a 5.8%
decrease in the flood wave volume. In the partial
conversion of the basin to grassland scenario, there
was a decrease in peak discharge compared to 1990
of 14.2% and the volume of the flood waves de-
creased by 12.5%. The most significant difference
in maximum discharge rate is also evident in the
forestation scenario with a 32% reduction. Fur-
thermore, there was no flood wave delay in this
scenario.

Changes in peak discharge levels in scenarios
with real changes in land use are small for all pre-
cipitation variations. In the scenario corresponding
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to conditions in 2000, there was a decrease in the
peak Pilai gauging station profiles compared to
1990 of 4.9% during precipitation with an average
period of recurrence of 100 years to 6.3% during
precipitation with an average recurrence of 10
years. The theoretical effect of the conversion of
arable land to grassland compared to actual changes
is approximately double in all variations.

The most striking differences in the effect of land
cover changes are the input levels of precipitation
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in the theoretical forestation scenario (Fig. 7). The
difference is at least 30% in all cases between the
conditions of 96% forest coverage in the basin area
and the situation in 1990 (51% forest coverage of
the basin). The biggest difference occurs at a pre-
cipitation level with an average recurrence of 20
years when the peak discharge decreased by 34%.
The decrease was 30% for precipitation with an
average recurrence at 100 years.
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Fig. 6. Comparison of decreases in peak levels for the various scenarios at precipitation extremes.

5. Discussion

Comparison of the differences in peak discharge
values reached during individual variants of basin
land use and scenarios of precipitation levels con-
firmed general assumptions on the effect of land-
use on runoff (e.g., Calder, 1993). The importance
of structural changes in land cover slightly de-
creased with increasing extremity of the event. Dif-
ferences between individual scenarios were not
significant.

The key to an accurate interpretation of the mod-
elling results is an understanding of the sources of
uncertainty that occur in various phases of prepara-
tion and calibration of the models.

The principal source of uncertainty in the appli-
cation of the HEC-HMS model to the upper
Luznice basin is the considerable heterogeneity and
extent of the assessed territory.

In the case of the subject area, a problematic el-
ement is the extension into the territories of two
states. This leads to issues with the consistency and
thoroughness of data that is acquired in dissimilar
structures at different levels of detail and with vary-
ing degrees of accessibility.

Regarding the upper Luznice basin, the key prob-
lem is the temporal and spatial accuracy of rainfall
data. Information regarding precipitation is ob-
tained from a network of ground observation sta-
tions that provide point-oriented data. A refinement
would be the use of radar estimates available in
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Fig. 7. Simulated flow curves at the Pilait gauging station profiles for individual scenarios of postulated precipitation with a recur-

rence of 100 (A), 50 (B), 20 (C), and 10 (D) years.

small temporal increments (minute increments) that
would permit a detailed spatial resolution of precip-
itation (1x1-km grid) (Dasihelka, 2003). A change
in the temporal increment can also influence the
resulting simulated discharge. In the case of the
upper Luznice basin model, one hour was chosen as
the optimal temporal increment given the available
data.

The important elements of the basin include the
soil and associated properties. The SCS CN method
was used in this case. The most significant issue
was obtaining data about hydrological soil groups.
While there are several ways to obtain this infor-
mation in the Czech Republic, such as digital maps
of the soil hydropedological characteristics (Novak,
Vopravil, 2003) or from the BPEJ based on the
methodology of Janecek (2005), similar data for the
Austrian part of the basin are unavailable. There-
fore, data from soil maps with similar scales pro-
cessed for CR and Austria were used and the data
was refined based on soil property profiles for the
Austrian territory (infiltration).

The resulting hydrograph is also significantly af-
fected by the initial soil saturation setting, which
can be determined by establishing the CN values.
The CN-curve is adjusted based on the previous

five-day rainfall totals at three levels. The simula-
tions were performed for conditions of average
initial saturation (PVP Il). Even if sufficient for
design purposes, this model would have to be cali-
brated to further refine the simulated hydrograph
with regard to the influence of water content in the
soil.

Further uncertainties arise when determining the
channel characteristics that are necessary to model
the flood wave advance through the river network.
For individual sections of the stream, these parame-
ters include the length, slope, Manning Roughness
Coefficient, bottom width, inclination, and repre-
sentative riverbed cross section. The associated
uncertainty arises in estimating the roughness coef-
ficient and cross section of the channel. Cross-
channel profiles can be measured in the field, but
this was not possible given the size of the basin.
Therefore, calibration of these values is appropriate
to more accurately simulate the movement of flood
wave through the channel.

Although evapotranspiration and interception da-
ta could be used in this model, these factors were
not considered because they are not easily accessi-
ble, were not present at the beginning of the rain-
fall-runoff process, and are of minor importance in
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flood events. Although this led to a certain degree
of simplification, the resulting runoff was not sig-
nificantly influenced.

The basic source of uncertainty in runoff model-
ling is the generalization of complex processes in
the natural environment. The simplification of pro-
cesses and the selection of key factors in the model
led to the attenuation of other aspects that may play
an important role in runoff process at different
scales, but will not effectively simulate the selected
process.

For example, this relates to the calculation of
runoff from forest areas in the applied HEC-HMS
model, which is particularly important in the basin
forestation scenario and exhibits the highest trans-
formational effect. Neither commonly used models
nor the available data take into account factors that
play a basic role in forming runoff at the lowest
spatial level. These include the species and age
composition of the forest, the health of the forest,
the density and layout of the road network, the ex-
istence of a drainage network, and the compaction
of soil due to heavy machinery. These factors may
significantly accelerate runoff in the case of heavy
precipitation (Hais, 2003, Tesar et al., 2004). Ex-
pressing these factors is difficult given the level of
spatial and conceptual generalization in the model;
moreover, relevant data are not available for their
guantification. The generalization of these factors
in the applied model probably leads to a greater
transformational effect of forest cover than is realis-
tic.

6. Conclusions

Results from the simulation of four scenarios of
land cover impact and different input levels of pre-
cipitation on the discharge response in the upper
LuZnice basin clearly demonstrates the limits of the
effects of land cover for mitigation of extreme run-
off events.

Simulation of the impact of ongoing land use
changes in theoretical development scenarios has
revealed that the rather significant reduction in
arable land since 1990 had only a minor effect on
the decrease in peak discharge values during floods
of approximately 5%.

The overall potential for landscape exploitation
for transformation of runoff in the assessed basin is
high, mainly due to the large extent of forests and
grassland. However, the modelling results indicate
limits of the transformation effect for efficient miti-
gation of flood events.

The model confirmed the declining influence of
the land use character on the transformation of run-
off with increasing event extremity. The greatest
differences are evident in the events induced by 10
respective 20-year precipitation recordings.

The theoretical landscape change scenarios sug-
gest that any eventual reserves in the utilization of
the natural potential for transformation of flood
discharges in the basin of the upper LuZnice are not
significant. However, the scenario of complete for-
estation at all levels of precipitation demonstrates
the significant dampening effect of the forest of up
to 34% of the present value for the course of the
flood wave. However, this scenario is not realistic
and represents a theoretical reference maximum
transformation potential that the landscape could
provide for flood mitigation.

Conversion of agricultural land to grassland is a
scenario that reflects the real situation in a long-
term perspective. Full conversion of agricultural
land to grassland could theoretically bring result in
a 10-14% reduction of peak levels depending on
the event extremity. However, such a development
is also unrealistic. Despite growing pressure for the
protection of nature, complete abandonment of
agricultural land cannot be expected. A further de-
crease in the intensity of agricultural activity could
result in a decrease in peak levels on the order of a
couple of percentage points.

The simulation presented herein demonstrates

that the analyzed basin is sensitive to changes in
land cover. Even relatively small interventions in
the conditions represented by each landscape can
cause significant fluctuations in the discharge re-
gime.
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