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Abstract

When examining the characteristics of individualofls Hungarian
researchers primarily investigate hydrological adgdraulic processes,
whilst the relation between flood events and molgdioal changes of
the river-bed are widely ignored. The present neseguantifies the
morphological changes of two cross-sections ofidisdand reaches of
the River Tisza and its tributary, the River Mardsting a high magni-
tude flood which occurred in spring 2000. During ftood several key
morphological cross-section variables (mean degtannel bed eleva-
tion, maximum depth, cross-sectional area and @larapacity) were
monitored. Relationships between these data anly daer stage
height series of the flood and specific stream pomere determined.
Results suggest that the identified morphologibainges highly affect
the channel capacity of the two cross-sectionsnduttie flood event.
The channel capacity changes (9-10%) were almesttiichl for both
study sites. However, different morphological pssss characterised
the two cross-sections. We found that morphologpmbmeters de-
pend not only on the actual stream power, but #adlable amount of
sediment for transport, the rate of stage andrstygawer change.
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water conducting capacity

INTRODUCTION

As a consequence of continuous sta
discharge monitoring since the end of the' X@ntury
the hydrology of the major Hungarian rivers is Kair

well known. Numerous authors have studied the hydro

logical characteristics of the floods occurring tre

Tisza and Maros Rivers (Bogdanfy O. 1906, Karolyi Z

1960a, Bezdan M. 1998, 1999, V4gas |. 2000, 20&s, |
L. et al. 2003). Vagas |. (1984) observed on theeRi
Tisza that the peak stage heights of floods withilar

discharges tend to increase since the beginnintheof

esses also influence flood stages (Starosolszki966,
Karolyi Z. 1960ab, Sipos Gy. et al. 2007). At tleame
time more channel survey and discharge data aré ava
able (Szlavik L. — Szekeres J. 2003), which coulthier
help the analysis of morphological development.

It is widely accepted that the increasing bed Irads-
port and intensive dune and bar migration duriogdis
have an effect on cross-sectional area (Bogdanfy O.
1906, Németh E. 1954, Karolyi Z. 1960b). Thus, mor-
phological changes may contribute to (i) the chimmac
istic loop-like curve of stage-discharge relatiapsh
(Németh E. 1954), and (ii) the differences of méaw
velocity during the rising and falling limbs of fids
(Németh E. 1929, Vagas |. 1984).

The present study analyses the channel cross-
section evolution during an exceptional, high magie
flood in 2000 at two gauging stations located oa th
Tisza and Maros Rivers. The aim of the researcio is
monitor and to quantify morphological changes athea
cross-section, and to compare the two rivers wiitferd
ent hydrological characters. The analysis alsohedp to
understand channel changes (channel capacity) glurin

e height andloods, and provide a further explanation for irsiag

flood levels at the same discharge.

STUDY SITES

The study sites are located on the lowland, sand-
bedded reaches of the rivers Tisza and MaFas. (LA).
The channel cross-sections are at the Aldifisza
River) (Fig. 1B) and Maké (Maros Rivey)(Fig. 10

measurements. In order to explain these changes cligauge stations. These sites were chosen becaysarthe

matic, hydrological, and land use changes in thehea

located on similar, lowland sections of the studigdrs.

ment were investigated (Novaky B. 2000, Rakonczai J The need for comparison is also supported by toe fa
2000, Somogyi S. 2000, Bodolainé Jakus E. 2003,that both rivers were severely regulated, but giiffer-

Gonczy S. et al. 2004). Other studies put a special
phasis on the role of floodplain aggradation (Naggt
al. 2001, Gébris Gy. et al. 2002, Kiss T. et al020

ent answers for human intervention (flood hazard ha
increased on the Tisza, but not on the Maros).
One reason for this can be that the two rivers show

Sandor A. — Kiss T. 2006). However, morphological very different discharge and sediment regime, as it

processes (e.g. bank erosion, incision or aggrauati
acting in the river channel during floods have kaleen

shown inTable 1.Flood duration is significantly longer
on the River Tisza (1.5-3 months) than on the Maros

analysed on Hungarian Rivers, even though these- pro being much flashier (1-2 weeks) (T6rok 1. 1977, And

2002). The sediment regime of the two rivers i als



42 Gy. Sipos et al. JOEG I/1-2

different. Based on the total sediment loads, tiszal  191.8 river kilometres (rkm) upstream of the estuar
transports significantly more suspended sedimeatv-H  (Fig. 1B). The bankfull width at the cross-section is 115
ever, the specific suspended sediment load is almosm. Based on the full series of measurements (1929-
three times more on the Maros than on the Tiszzatd 2000), the mean depth is 12.8 m, maximum deptt8is 1
ing greater sediment concentrations. In terms dflbad m, and the thalweg is usually located in the middithe
transport the difference between the two studyssise  cross-section, which is typical of inflectional cbas.

even more important, as both the total and theifipec The Maké gauge station is located 24.6 rkm from
bed load are significantly higher on the River Maro the Maros estuary at the upstream end of a fairhyg)
The Algy6 gauge station is located at a bridge on a straightened reach of the rivefig. 1C). Bankfull width
straight section of the River Tisza between two mieas is 112 m, mean depth is 4.8 m. Averaging all thai-av
A [ location of study areas S : \ ’ A
——- catchment of Tisza ,/ A\ Y (

--------- catchment of Maros o —
- .- state border A ’

------

\
= - gauge station

>

/
i

Fig. 1 The location of the studied reaches (A), and dieations of monitored gauge stations near Al@8) and Maké (C

Table 1Characteristic stage, discharge and sedimentalags at the Algy (Tisza) and Maké (Maros) gauge stations. The fipeci
sediment load (t/A) is sediment load (t/y) divided by mean discharg#s). (source of data: http://www.vizadat.hu and Bdga

1955, 1971)
Tisza (Algy) Maros (Makd)
maximum (1976-2000) 983 624
. mean (1976-2000) 284 36
Stage height (cm) = im (1976-2000) 3 104
bankfull (2000) 610 310
maximum (1976-2000) 3820 2420
. mean (1976-2000) 930 161
Discharge (ffs) minimum (1976-2000) 63 34
bankfull (2000) 2 020 850
. suspended load (1971) 18 700 000 8 300 000
Sedimentload (V) - =0 0ad (1971) 9000 28 000
Specific sediment suspended load (1971) 6,3%10 1,6x102
load** (/m?®) bed load (1971) 3,1x%0 5,5x10
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lable cross-sections (1988-2000), the "averagessero flow, falling stage). In order to analyse the diéfit
section displays two troughs near the two banksand phases of the flood from the point of view of tlaeges

elevation in the middle of the channdtid. 7). The in morphological parameters, the parameters were re
cross-sections refer to frequent thalweg shifts tad- lated to the daily rate of stage variation and Hjgec
weg dissection. stream power ¢f]. Specific stream power enabled the

comparison of the two rivers in terms of energydion

tions during different flood phases. Specific stnea

power was determined according to Graf W. H. —-Alti
METHODS nakar M. S. (1998):

The stage and discharge data were provided by the
ATIKOVIZIG (Directorate for Environmental Protectio o = Qsg/w
and Water Management of the Lower Tisza District).
Regular depth measurements, related to discharge mo
toring, are similarly made by the ATIKOVIZIG at the
studied gauge stations since 1988. The endpointiseof
cross-sections are stable survey-points and their g
graphic coordinates are determined. In case off ikea
(Algy6 site), water depth is determined from a bridge at
5 m intervals. On the Maros (Maké site) the measure
ments are made along a steel wire at 2 m intervals.
Measurements are carried out on a monthly basitgptx
during flood events and extreme low water periotienv
discharge and water depths are monitored daily.

During the selected study period (February 01. 2000 cHARACTERISTICS OF STUDY PERIODS
— June 30. 2000) 35 water depth measurements were
made on the River Tisza at the Afggauge station, and In the spring 2000 a long-lasting flood period vees
28 on the River Maros at Mako. In order to folloerm  tected in the eastern part of the Carpathian Baghich
phological changes, reference water levels wereaset could be divided into two main floods. An early isgr
both cross-sections. This reference level was hdinkf smaller flood wave was followed by the main fload i
water stage. It is relatively stable, clearly defire and ~ May, when simultaneous, long-lasting floods devetbp
has a geomorphic importance in terms of signing theon the River Tisza and its tributaries, includihg River
stage at which the maximum stream power is exanted Maros Fig. 2). The floods of both rivers were divided
unit area of the riverbed. As a consequence, thgaoi- into differenat phase$-g. 3-4 based on the direction of
son of morphological changes became possible in be-stage change.
tween the two cross-sections as well.

The following morphological channel variables
were calculated and monitored: mean depthedd Tisza
maximum depth [g.], cross-sectional area [A], all 2500 N\ e
measured from the bankfull level, and morphological |: / \
roughness [r]. Roughness was defined as the morpho /\/ \
logical diversity of the riverbed. Its value wadctdated 1500 l“/\\ / \
as the summed difference between concomitant depth g 1000 e

: . e \Va A
values [d] with the following roughness equation: oo / L \\A

i
T 7 ~ A
n A Yo \\"\/‘\.,_
— S i o pt RN TN B C TSR oo
r= z ,|di di+l

where [Q] is discharge (its), [s] is water surface slope
(m/m), [g] is gravitational acceleration (fys[p] is the
summed density of liquid and solid phases/kg), and
[w] is water surface width (m). Water surface slapas
determined on the basis of stages measured atiithied
gauge station and the closest station upstreamdélLa
km). The floodplain component of width and disclearg
was disregarded, thus the specific stream powehef
channel itself was determined.

3000

2000

discharge (m'/s)

0 T T T T
01. 15. 01. 15. 30 15. 30. 15. 30. 15.
i=0 February ~ March April May June
This roughness index is not in relation with those 2000

derived from the grain size of riverbed sedimets).(
Starosolszky O. 1970, Fehér F. et al. 1986). Ituatas Fig. 2 Discharge curves of the 2000 flood at the Alg§Visza
the channel from the aspect of morphology, and thus River) and the Mgké (Maros River) cross-sectionsrsgu
can be identified as form roughness (Nikora V.tlake Hydrological Year Book, calculated data)
1998, Millar R. G. 1999).

Based on the dataset of stage variation different
phases of the flood could be separated (risingestaggk
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Fig. 3 Hydrograph (solid line) and specific stream power
(squares) at the Al@ycross-section (Tisza). Black squares also
indicate dates of channel cross-sectional measuntsniehases
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Fig. 4 Hydrograph (solid line) and calculated data ofc#ffze
stream power (squares) at the Maké cross-secti@and$).
Black squares also indicate dates of channel cexdfsal

measurements. Phases of floods are indicated as 1-4

The first, early spring flood crest was reacheéraft
a very rapid stage rise on both rivers (Tisza: B2day
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The second flood wave resulted in significantly
higher stages on both rivers, at the Algyauge station
(Tisza) even a new record was observed, since ¢he b
ginning (1842) of the stage measurements. In tke o&
the Tisza the major flood, which started in Maratd a
terminated in May can be divided into five phagasaée
3-5; Fig. 3). First there was a quick stage rise between
the 4and 21 March (in average 24 cm/day, occasionally
66 cm/day), then an eight day long peak period came
Until April 21 another, less intensive rise occuarrgén
average 14 cm/day, occasionally 32 cm/day). Foligwi
the flood crest (H.=983 cm, Q=2810 f¥s) stage fell
back to its pre-flood level in 42 days (in averazfe
cm/day stage fall). Values of the specific streamwver
changed with stage variations. The maximum value
(0=7,3 W/nf) was reached on April 19, two days before
the peak flow arrivedHig. 3). It can be explained by
surface slope changes, as the greatest slope suraea
before the flood crest.

In case of the Maros flood the rising limb of the
second, major wave can be considered continuowséph
3, Fig. 4). The rate of stage rise was similar to that ef th
Tisza (22 cm/day, occasionally 67 cm/day). The dloo
crest was reached in 18 days on April 14 (H=499 cm
Q=1120 n¥s), then it was followed by a relatively quick
fall (15 cm/day), the continuity of which was didied
by only a small late wave-{g. 4). The maximum value
of the specific stream power was reached four deeys
fore the peak flow period at the end of the rislimgb
(0=17,8 W/n?); later it decreased slowl¥ig. 4).

Hydrographs of the two river§ig. 3-4) are similar
in the number of flood crests; however, peak flawad
tions were much longer in the case of the Tisza tha
Maros, and the Maros stage fall was more rapid (20
cm/day versus 15 cm/day). Energy conditions showed
greater fluctuations at Maké (Maros) during theotlp

in average, 39 cm/day maximum; Maros: 55 cm/day in and the maximum value of specific stream power was
average, 139 cm/day maximum). The flood on the Rive three times higher than in the case of Algifisza).

Tisza reached its crest earlier (phasé&ity; 4), on Feb-
ruary 18 (Algy: H=587 cm, Q=1610 #s). On the

Reasons were the significantly greater water sarfac
slope and suspended load concentration apparetiiteon

River Maros the highest stage was measured onehmontMaros. Another difference between the two rivers wa

later (phase 1-2Fig. 3), on March 16 (Makd6: H=378
cm, Q=345 nri¥s) (Fig. 3-4). Subsequently, a 17-day and
an ll-day long intensive stage fall occurred onhbot
rivers (Tisza: 23 cm/day; Maros: 24 cm/day). Alawith
the increase of discharge and water surface slbpe t
value of specific stream power at the Mako gauggost

that the maximum value of specific stream power oc-
curred 2 days and 4 days before the peak flow ef th
main flood wave at Algy and Mako, respectivelyF{g.
3-4).

(Maros) showed a sudden rise, reaching its maximumpMORPHOLOGICAL CHANGES AT THE AL-

during the short peak stage (20 hours) periodl5,9
W/m?). During the first, early spring flood no cross-
sectional measurements were performed at @Algy
(Tisza), thus no specific stream power could bewzal
lated.

GYO CROSS-SECTION (TISZA)

First rising limb (Phase 1) and second rising limb
(Phase 3)

During the first flood (February 1 — March 4) only
one rising limb discharge measurement was performed
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thus the exact description of morphological changas another during the 8-day long peak flow period.

not possible. However, the water-depth data obtaore Rising limb stage increase rate was 30 cm/day in
February 7 could be compared to those measuredgduri average, with a maximum between March 12 and March
the rising limb of the main flood wavé&if. 6), since the 18 (44-66 cm/day). At that time relatively high rirax
cross-section was recorded in both cases amongasimi mum depth (g.,=18.5 m) and roughness index (r=29.2)
stage and discharge conditions. Minor differencesew characterised the chann€élg. 6).

experienced in terms of maximum depth £¢18.2 m, During the peak flow period (March 22-30) both maxi
and ¢,=18.5 m). The roughness index increased mum depth (g,=18.0 m) and roughness (r=28.5)
slightly (r=28.7 and r=29.2; sd€ig. 6), as the specific  dropped, although specific stream power increaseda
stream power was also greater in phase 3 (Feb#iary meantime fromw=2.0 W/nf to w=3.5 W/nf. Thus, we
1.6 W/nf, March 9: 2.0 W/rf| seeFig. 3). However, in  suggest that the morphological difference betwéen t
both cases the energy of the system increased siydde rising limb and peak flow channel can be independen
due to intensive stage rise (36 cm/day and 30 gnjvda from changes in the specific stream power.

Second rising limb (Phase 3) and first peak flow Third rising limb (Phase 5)

period (Phase 4) Following a few days of stability water level stait
During the first part of the main flood wave (March to rise again between March 31 and April 19 in bee

4 to March 21) only two cross-sectional surveysewner ginning at a rate of 12 cm/day but from April 10aatate

made Fig. 3), one during the intensive rising limb and of 30 cm/day. During this time mean and maximum
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Fig. 5 (A) Monitored cross-channel sections (28) durimg 2000 flood (February 8 — May 16) on the Tiszalgyé. (B)
Three characteristic cross-sections taken at diffgphases of the flood
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Fig. 6 Variation of morphological parameters during th@@2€@lood at Algy (Tisza). 1-7 indicates the different phases of the
studied period



46 Gy. Sipos et al. JOEG I/1-2

depths were increasing, however in a highly flutihga m; dna= 17.6 m), i.e. the channel aggraded. Neverthe-
manner Fig. 6). The most intensive erosional activity less, when stage fall became more intensive archega
can be related to this period, as the greatest medn values of 12 cm/day, erosion occurred agdiiy.(5B
maximum depth values were measured on April 19 and Fig. §. The process of channel incision was con-
(dmea= 13.1 m; ¢5,=19.1 m). Also, at this phase the tinuous (¢hear13.0 M; ¢hax =19.1); therefore, cross-
roughness index of the riverbed reached its maximumsection area increased and reached its maximum
(r=29.9 — 31.3) as dunes and dune sequences dedelop (A=1742.6 n). Roughness also increased (r=30.0),
(Fig. 5B). The most probable reason for the rivegi-i higher values were measured only during the mdshin
sion and intensive transportation is the greatakievof sively rising daysKig. 6). At the same time, the value of
specific stream power during the flood (on April: 19 the specific stream power significantly decreadeoh(
w=7.3 W/nf). Note, that the maximum @b was experi-  w=6.4 W/nf to w=5.5 W/nf).

enced two days before the peak stage was readsed, i

reasons are also in relations with the watersur&age

increase before the flood crest. MORPHOLOGICAL CHANGES AT THE MAKO
CROSS-SECTION (MAROS)

Second peak flow period (Phase 6) o
First rising limb (Phase 1)

During the peak of the main flood wave (983
cm) the mean and maximum depth of the channel In the rising phase of the first flood wave (March
(dmea=12.6 m and g,,=18.2 m) decreased by 10%ig. 10-16) depth and roughness values increased signifi
6). In the background the decrease of stream powercantly: mean depth by 11 cm (5%), maximum depth by
(from w=6.9 W/nf to w=6.5 W/nf) is the aggradation 84 cm (21%) and the roughness index by nearly 50%
within the channelRig. 3 and Fig. 5B As a result, the  (from r=13.4 to r=19.7) Kig. 8). Overall, the channel
area of the cross-section decreased and reached itdeepened, while the riverbed was characterisedety s
minimum value (A=1585.4 fi. In accordance to the eral half a meter-, meter-high forms, which carirtier-
aggradation the lowest roughness index was alserexp preted as dunes developing due to the increasteains
enced at this time (r=26.5 on April 22) meaningttha power €ig. 7B). In the meantime, by the disappearing of
decreased by 10% compared to rising limb maximumthe right bank trough, no permanent thalweg cowd b

values. These changes suggest that the intensigdif identified in the channel. This phase occurred evlail
ment transport, initiated mainly during the risitigb, large quantity of bed sediment was entrained azdest
decreased significantly in the peak phdsg.(5B). to move in the channel as a result of sudden sdpecif

streazm power increase (from=3.9 W/nf to w=15.9
Second falling limb (Phase 7) Win) (Fig 78).

Subsequent to the 3-day long peak flow period
starting on April 21, the water level started td & an : : :
increasing rate till May 14. In the first period sfage First falling limb (Phase 2)
fall (7 cm/day) parallel with the decrease of sfeci Right after the peak of the flood (March 16) as wa-
stream powerKig. 3) depth values dropped (4,+12.6 ter surface slope and specific stream power deedethe
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Fig. 7 (A) Monitored cross-channel sections (22) durimg 2000 flood (February 8-June 6) on the Maros a@itdM(B) Three charac-
teristic cros-sections taken at different phases of the 1
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values of morphological indices dropped back suljden

sity and the maximum of specific stream power (RApri

In 3 days mean depth and maximum depth decreased b§0: r=16.1 m, gea=4.55 M, ¢2=5.62 m) did not coin-

16 cm (6%) and 82 cm (21%), respectively. Thustidep
practically returned to pre-flood levels, unlikestftough-
ness index, which did not reach its former valusd a
decreased from r=19.7 to only r=15H. 8). The slight

cide (compareFig. 4 and Fig. 8, and morphological
indices were the highest when the valuewoflready
started to decrease (from 17.9 W/no 16.7 W/m).
Secondly, even at this time depth values and roegghn

decrease of roughness was due to the development of were significantly smaller than those experiencedndg

positive form in the middle of the channdtid 7A).
Based on one cross-section, it is not possiblessziibe
the form; however, it seems as if the profile omal
channel bar, formed from dunes overrunning eackroth
due to the decrease of stream power (Nikora Vt &l.e
1997), can be observed.

Second rising limb (Phase 3)

the first flood wave, although at that time specgfiream
power was lower. Therefore, it is not at all ob\adhat
the higher the specific stream power is the grewater-
phological diversity and cross-sectional area ca&n b
expected.

Another morphologically important pheno-menon
was that during the rising limb of the second floealve
(April 7-April 14) the base level of the riverbedass20-
30, in some cases 50 cm higher than during the firs

During the first part of main flood wave stage rise flood. Thus, the second flood wave did not scow th
(March 27-April 7) no measurements were made. Thechannel bed, but probably it transported the prestio

April 7 cross-section shows that the width of the m

relocated sediment in the form of dunes and b&ig. (

channgl accumulation increased up to 70.—80 m. & th 5B). We suggest that, the gentler rise of stage dutie
meantime, a small trough appeared at its axis;, thussecond wave and the high volume of already entaine

roughness increased significantly again (r=1778).(8).
On the next day (April 8) the erosion of the troughs
more expressed; in this way, actually, a third wieg
developed in the channel. In the following daysame

and maximum depth and roughness were fluctuating

intensively Fig. 7A and Fig. § Consequently, from a
morphological aspect this phase of the flood candre
sidered as the phase of significant sediment réttan
the form of dunes and bars.

sediment from the upper sections explain the siallo
riverbed.

Second falling limb (Phase 4)

The very short peak flow period (April 14) was fol-
lowed by a rapid stage fall, during which mean Hept
decreased by 9 cm (4%) in 5 days; thus, in accaelan

In terms of the second flood wave the greatestwith decreasing stream power the bed was filled up.

roughness (r=19.0) mean

and maximum depth Then due to a slight stage rise within the fallimgb

(dmea=4.58 m, ¢,,=6.12 m) values were measured on depth and roughness values increased a liig. (8).

April 13, one day before the peak stagag( 7B and Fig.
8). Two important observations were made in conoecti
with the above. Firstly, the greatest morphologdiaer-

However, on the basis of the April 23 and 29 cross-
sections, later the bed became almost even, argh+ou
ness dropped to 71% of the maximum value. From a
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Fig. 8 Variation of morphological parameters during @@ flood at Maké (Maros). 1-4 indicate the difigrphases of the study

period
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morphological aspect this is in connection with tig- ing the peak flow period then during the risingbirfe.g.
appearance of separate thalwegig(5B). Nevertheless,  April 17, rising limb: w=6.8 W/nf, A=1715 nf; while
depth values stayed almost the same during theptate  April 21 peak flow:w=6.8 W/nf, A=1585 ) (Fig. 9).
of the falling limb. Finally, by the beginning of & a At the Algyé gauge station of the Tisza during stage
slight left bank accumulation appeared (side bad)the  fall depth and roughness increase were experieftesl.
thalweg returned to the right bank. If cross-sewio resulted in a larger bankfull cross-sectional aed an
taken right before and right after the 2000 spfiogd increased water conducting capacity (April 25: AZ36
are compared, then mean channel depth decreastl by m? May 5: A=1714r). When stage fall became more
cm (8%), maximum depth hardly changed (6 cm, 2%), intensive a significant fluctuation was observedwh
and form roughness was very close to its origirdle  ever, daily changes did not exceed 3%, representing
(r=13.4 m before and r=14.1 m after). continuous morpho-logical development, though less
intensive than at the rising limb. In the meantimieng
with the slow decline of discharge and slope tHeevaf
CHANGES IN CHANNEL CAPACITY specific stream power also decreased (April @46.5
The above-described morphological parameters alsoW/m?; May 4: w=5.5 Wi/nf) (Fig. 3). Consequently, a
define the actual channel capacity of the two smidi completely different relation was observed between
cross-sections. At the Algygauge station (Tisza) bank- stream power and conducting capacity than durirg th
full cross-sectional area significantly increasedtin rising limb or at peak dischargdsig. 9).
stage rise (phase 1, 3 andFig. 9). In these phases the In terms of the Maké cross-section (Maros) the
cross-section area and stream power increasedtaimul 2000 flood resulted in some similar situations. thAé
neously. However, the tendency of the area increase  rising limb of the first flood wave similarly to ¢hrising
characterised by significant variations. In some&asc limb of the Tisza main flood wave bankfull cross-
sions a 6-7 % daily change was detected in cross-sectional area increased, however its degree whs on
sectional area during the main flood wave. These-pr 2%. The maximum channel capacity during the entire
esses indicate intensive morphological changeshén t flood occurred at the peak of the first wave (Maich

channel. short peak period: A=565 9n(Fig. 10). By the start of
During the peak flow period depth values and the bar migration during the next rising limb, in spité
diversity of the riverbed significantly fell bactesulting increased discharge and stream power bankfull\aesa

the decrease of cross-sectional area and thus wsater  decreasing. When the river reached its maximum spe-
ducting capacity (March 18 rising limb: A=1711%m cific stream power during the main flood wave=(7.8
March 18, peak stage: A=1631%)mMinimum conduc- W/m?) cross-sectional area was 5% lower than in a simi-
tivity values occurred during maximum stage and dis lar period of the first wave (12.9 W#n This contradicts
charge (April 21, peak stage: A=158%)mwhen water  the relationships experienced at Adgyhough there the
surface slope and concomitant stream power decreas@ork of the first flood wave could not be assespezt
were apparent. It was also observed that the satness  cisely.

of stream power resulted in lower channel capadifry Following the short peak period of the Maros (20
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Fig. 10Relative change of the bankfull cross-sectiona a@wring the 2000 flood at Mako (River Maros). Vadiie
the first measurement was taken as 100%

hours) as stream power and roughness decreased
significant variation was detected in channel capac
(Fig. 10. At the end of the falling limb the bankfull area
of the cross-section (A=5333mwas almost identical to
the value observed during peak flow (April 19: A853
m?); however, by this timav dropped to 1.68 W/Mm
which was only one tenth of the peak stage valwn-C
sequently, morphological processes during the nlli
limb were different than at the Al§ycross-section. The
possible reason for this is that the river duéhtogudden
loss of stream power was not able to transporhéurthe
bed load pulse initiated by higher energy periods.
cording to Sipos Gy. (2007), bedforms created bgpdl
waves remain stable in the channel and for postflo
low waters it takes a relatively long time to restohe
original bed state within the sand bedded Riverddar
The difference of the maximum and minimum
cross-sectional area measured during the entiragspr
flood was 9.1% £A=157 nf) on the Tisza and 9.6%
(AA=54 nt) on the Maros. Thus, total variation was very
similar (Figs. 9-10Q. In terms of maximum daily change,
area difference was greater at Algy6.9%) than at
Maké (5.1%). Nevertheless, variations during ong da
are not possible to determine at the present meswmsunt
frequency. Still, it seems well supported that treda
variations in channel capacity were very similartta
two cross-section during the 2000 flood, despitahef
fact that the maximum of specific stream power @5

nassess in detail because of the few number of sadim
discharge measurements.

CONCLUSIONS

At both the Algy cross-section of the Tisza and the
Makd cross-section of the Maros significant morpho-
logical changes were observed during the 2000 flood
These changes greatly influence the channel cagpatit
the channel. Morphological development was compared
to variations in specific stream power and the maite
stage rise or fall.

The way and degree of changes were different at the
two sites. On the River Tisza at Algjgignificant varia-
tions were experienced in depth and roughness glurin
the rising limb, depending on the value of specific
stream power and the intensity of stage rise. Tezadl
process at this phase was the lowering of the beel,|
thus the increase of channel capacity. During tnes af
the peak flow period, along with the sharp decreafse
stream power the cross-sectional area decreasés. Th
can be explained by the reduction of bed load paris
and subsequent in channel aggradation. Nevertheless
the falling limb of the flood in spite of the deifia de-
crease of stream power depth increased again, lend t
area of the bankfull cross-section grew. In ordeex-
plain this controversy, further investigations aeces-

times greater in case of the Maros, and the stdndar sary.

deviation of these data was 6.2 at Makd, while asw

On the River Maros, at Maké erosional activity was

only 1.8 at Algy. The suggested reason why higher and dominant only in the rising limb of the first flooglave.
more diverse stream power conditions did not causeThe greatest channel capacity was detected apltiaise.

greater morphological changes on the Maros is ¢&ie r
markable volume of bed loadldble 1), which may
buffer the energy variations of the river. Howevire
precise role of bed load in this respect is notsjiis to

Contrary to the processes at Atgyduring the main
flood wave a continuous bed level rise was deteated
Makd, even in case of periods with the highest gner
levels. During the abrupt falling limb of the hydraph

the morphology of the channel settled, though depth
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values and bankfull cross-sectional area changsid-in  Bodolainé Jakus E. 2003. Az 1998. 8sri tiszai €s mas nagy

nificantly. érhulllémok idjarasi okairél. Vizigyi KozleményelB5,
Both the total and the daily variation of condugtin ~_ SPecial Issue I: 21-33 ) ) )

capacity was similar at the two gauge stations,ninega Bogardi J. 1955. A hordalékmozgas elmelete. Budapest:

9-10% difference between the maximum and the mini- ,AAkadémiai Kiado. 543 p.

X . .. Bogardi J. 1971. Vizfolyasok Hordalékszallitasa. Bk
mum cross-sectional area and a maximum 5-7% daily A%(adémiai Kiadd. 3663/.

change. Similarity is striking considering thati@éion  pogdanfy ©. 1906. A természetes vizfolyasok hidkaijsi.
of specific stream power were much significant lie t Budapest: Franklin Tarsulat. 250 p.
case of the Maros than on the Tisza (Makd Fehér F. — Horvath J. — Ondruss L. 1986. Terlilietiendezés.
Whnad Wnin=10.6; Algy5 Wnayd Wmin=4.6). _Budapest:_ Miszaki Kbnyvkiao!c'). ,1_46 p. o

The paper proved the intensive cross-sectionalFiala K. —Kiss T. 2005. A kzépvizi meder valtazizsz 1890-
changes during a flood, the processes outlined ebov es évekil az Also-TiszanHidrologiai K6zlény85/3: 60-68

show obviously a natural fluctuation. Thereforesdzh Fiala K. - Sipos Gy. — Kiss T. — Lazar M. 29.07,' kdogial
. . . véaltozasok és a vizvezeképesség a Tisza aljyes a Maros
on only one flood it would not be sensible to gafise

. . . makoi szelvényében a 2000. évi arviz kapcséidrologiai
their role in the long term increase of flood leveétlow- KozIony87/5: 37-46

ever, based on our present research, it is obvioals  Gabris Gy. — Telbisz T. — Nagy B. — Belardinelli 102 A
both in terms of the Tisza and the Maros the marimu tiszai hullamtér feltstidésének kérdése és az iiledékképs

of channel capacity usually will not coincide withaxi- geomorfoldgiai alapjaViziigyi K6zleményedd/3: 305-322
mum discharge and stage or maximum stream powerGonczy S. — Molnar J. — Szabé G. — Sandor A. 20
Therefore, morphological processes related to bed | erdirtasok hatasa az arvizi vizhozamokra a &&lisza

karpataljai mellékfolydinFéldtani Kutatas41/3-4: 52-56

transport can have a significant influence on petaes
P 9 petaly Graf W. H. — Altinakar M. S. 1998. Fluvial Hydracsi flow

f"‘”d roc_)d levels. Though earlier stud_ies pr_oved the and transport processes in channels of simple gepme
increasing bed load transport and intensive durg an nichester: Wiley. 506 p

bar migration during floods have an effect on cross jjgs . — Kc;necsnyll K — Kovacs S. — Szlavik L. 300Az
sectional area (Bogdanfy O. 1906, Németh E. 1954, 1998. novemberi &rhullam  hidrologidja. Vizigyi
Karolyi Z. 1960b), but could not calculate changes KozleményeB5, Special Issue 1: 47-76

detail. Our study proved that before the flood ctee Kérolyi Z. 1960a. A Tisza medervaltozasai — kulonos
specific stream power reaches its maximum, causing telflntettel az arvédelemre. Tanulmanyok és kuta¢ésd-
intensive scouring and bedload transport. Howeweér, mények 8. Budapest: VITUKI. 350 p.

the period of flood crest the specific stream poveer Karolyi Z. 1960b. Zatonyvandorlas és gazldalakul&&lonos

already decreased, therefore despite of formeretsel tekintettel a magyar FélsDunara Hidrologiai Kozlény40/5:

. . . 349-358
aggradation can truly overwhelm erosion at thisspha Kiss T. — Sipos Gy. — Fiala K. 2002. Recens ledéhfe

resulting significant channel capacity decreaselidta moz6das sebességének vizsgdlata az Also-Tiszenilgyi
studies also over generalized the role of fallitagss, KozleményeB4/3: 456-472
supposing intensive aggradation; however, we provedMillar R. G. 1999. Grain and form resistance in glaked
that slow scouring can also occur in this period. rivers.Journal of Hydraulical Researcsi7: 303-312
Nagy |. — Schweitzer F. — Alféldi L. 2001. A hullééni
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