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Hydrographic Atlas of the Drava River

1 Introduction

The Hydrographic Atlas of the Drava River was pre-
sented in Osijek on March 21, 2005, on the occasion of
the International Water Day. The atlas is a product of
long-time cooperation and effort of Croatian and Hun-
garian professionals. It is a thematic extension of the
previously produced Hydrographic Atlas from 1972, but
is in digital form, which does not exclude the possibility
of producing analogous copies.

2 History

Throughout the history, the work on regulations has
always been followed by hydrographic survey. Therefore,
within the scope of regulation work, the first hydrographic
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Fig. 1 The 1972 situation from the Hydrographic Atlas of the Drava River
SI. 1. Situacija iz Hidrografskog atlasa rijeke Drave iz 1972. godine

survey of the Drava River has been executed from 1842
to 1846, and the second one from 1886 to 1887. Hydro-
graphic surveys of the Drava River were executed be-
fore, but only certain sections, so for example, there are
hydrographic maps from 1780 and 1784. During the first
half of the 20th century, due to two world wars in Europe,
there were no regulation works on the Drava River, and
there were therefore no hydrographic surveys as well.
During the 50’s of the 20th century, regulation works were
started again and the need for hydrographic surveys of
the Drava River also rose.

During the period between 1966 and 1970, on the
basis of the conclusion from the 12th session of Yugo-
slav-Hungarian Committee for Water Resources Man-
agement, a joint hydrographic survey of the Drava river
bed was carried out, from rkm 0+0 to rkm 237+0, that is
from the mouth of Drava into Dan-
ube to the mouth of Mura into
Drava. Yugoslav institutions that
participated were: the Republic Hy-
drometeorology Institute from Za-
greb, Company for Photogramme-
try from Zagreb and the Basic Wa-
ter Resources Management Com-
pany, and the Hungarian institution
that carried out the survey was the
Water Resources Management
Scientific Research Institute from
Budapest — Vituki. The recorded
data were gathered and published
as Hydrographic Atlas of the Drava
Riverin 1972.

Work on the new hydrographic
atlas of the Drava River started in
1998 by surveying the bed, the aer-
ophotogrammetric survey of the
terrain was carried out in 2000, and
the new Hydrographic Atlas of the
Drava River was finished in 2005.
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Hidrografski atlas rijeke Drave

1. Uvod

Prigodom svjetskog dana voda, 21. oZujka 2005. u
Osijeku je prezentiran Hidrografski atlas rijeke Drave. Taj
atlas plod je dugogodidnje suradnje i napora hrvatskih i
madarskih stru¢njaka. Tematski se nastavlja na pret-
hodno izraden Hidrografski atlas iz 1972. godine, ali je
izraden u digitalnoj formi, &to ne isklju€uje moguénost
izrade i analognih primjeraka.

2. Povijest

Tijekom povijesti uvijek su hidrografska snhimanja
pratila izvodenje regulacijskih radova. Tako je i u sklopu
regulacijskih radova prva hidrografska izmjera rijeke
Drave obavljena u razdoblju od 1842. do 1846. godine,
a druga od 1886. do 1887. Hidrografske izmjere rijeke
Drave obavljane su i prije, ali samo po pojedinim dioni-
cama, pa primjerice postoje hidrografske karte iz 1780. i
1784. godine. U prvoj polovici XX. stolje¢a, zbog dva
svjetska rata u Europi, dolazi do zatiSja regulacijskih
radova na rijeci Dravi, pa zbog toga nije bilo ni hidro-
grafskih izmjera. Radovi se znacajnije pokreéu 50-tih
godina XX. stoljeca i tada se javlja i potreba za hidro-
grafskim izmjerama rijeke Drave.

U razdoblju od 1966. do 1970., na temelju Zakljucka
sa Xll. zasjedanja jugoslavensko-madarske Komisije za
vodoprivredu, obavljeno je zajed-
ni¢ko hidrografsko snimanje korita
rijeke Drave od rkm 0+0 pa do rkm
237+0, tj. od usc¢a Drave u Dunav
pa do uscarijeke Mure u Dravu. S
jugoslavenske strane u radovima
su sudjelovali: Republi¢ki hidro- i
meteoroloSki zavod iz Zagreba,
Zavod za fotogrametriju iz Zagre-
ba i Opcée vodoprivredno poduze-
¢e za slivno podrucje Drave i
Dunava iz Osijeka, a s madarske

strane snimanje je obavio Vodoprivredno znanstveno
istrazivacki institut iz Budimpeste — Vituki. Snimljeni
podaci su skupljeniiizdani 1972. godine kao Hidrografski
atlas rijeke Drave.

Radovi na novom hidrografskom atlasu rijeke Drave
pocinju 1998. snimanjem korita, 2000. godine obavljeno
je aerofotogrametrijsko snimanje terena, a 2005. godine
novi Hidrografski atlas rijeke Drave je i zavrSen.

3. Hidrografski atlas rijeke Drave iz
1972.

Hidrografski atlas rijeke Drave iz 1972. godine izraden
je u analognom obliku i u Gauss-Krligerovom projek-
cijskom sustavu, a sastoji se od tri cjeline, odnosno dijela:

U situacije terena u mjerilu 1:10 000
U crtanih glavnih evidencijskih profila i meduprofila
U uzduznog profila.

Na situacijama iz starog atlasa (slika 1) prikazana
su: mjesta i oznake glavnih evidencijskih profila kao i
meduprofila, obale i stacionaza korita, rubovi korita karti-
rani iz podataka snimljenih 1886. godine, mostovi, regu-
lacioni objekti, linije obrambenih nasipa te nazivi mjesta
ovisho o teritoriju na hrvatskom ili madarskom jeziku. Pri
izradi tog atlasa nisu radene nove topografske karte
podru¢ja uz Dravu hego su kao podloga upotrijebljene
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Fig. 2 EP/VO 147 valley profile
SI. 2. Dolinski profil EPAVO 147
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Fig. 3 The Hydrographic Atlas of the Drava River production area,

M 1:300 000

SI. 3. Podruéje izrade Hidrografskog atlasa rijeke Drave,

M 1:300 000

3 Hydrographic Atlas of the Drava
River from 1972

The Hydrographic Atlas of the Drava River from 1972
was produced in analogous form and using the Gauss-
Kriiger projection system, and consists of three sections:

QU Terrain situation at 1:10 000
U Drawn main registry profiles and other profiles
U Longitudinal profile.

The situations from the old atlas (Fig. 1) show: loca-
tions and markings of main registry profiles, as well as
other profiles, coasts and bed chainages, edges of the
bed mapped in 1886, bridges, regulation objects, defence
dike lines and names of places in Croatian or Hungari-
an, depending on territory. During the production of the
atlas, new topographic maps of the area near Drava were
not produced; existing maps were used as a basis, and
on them the data on bed, dikes, river mouths etc. were
mapped.

The main registry profile and valley profiles were
mapped at intervals of about 1,5 rkm. 3-5 river profiles
were surveyed between them. Fig. 2 shows the EP/VO
147 valley profile, which consists of bed profile and inun-
dation profile on the left and right coast, while the river
profile only contains the bed profile. The drawing shows
the designed flood wave and the basic water level. The
designed flood wave was accepted by Croatian and Hun-
garian experts and was taken from the Vituki report “De-
termination of Water Levels and Flow of Drava and Mura
with various probabilities” from 1968. The basic water
level is the water surface slope curve surveyed on No-
vember 11, 1968, reduced to the absolute zero “0” of
water-gauge at Donji Miholjac.

Longitudinal profile of the
Drava River contains altitude data
on deepest points of the bed, that
is thalweg, bed coasts, defence
dikes, water-gauges, dams and
confluences and the basic “0” and
the flood level of water.

4 New Hydrographic
Atlas of the Drava River

There were significant chang-
es in the flow of the Drava River in
the last 30 years. Due to absence
of current data on the terrain state
(existing topographic maps of the
area by the Drava River were from
the end of the 70’s and the begin-
ning of 80’s of the previous centu-
ry), there was a need to repeat the
survey of the bank and the area by
the bank of Drava for required work
in water economy, and also for the
needs of other activities: forestry,
agriculture, environment protection, energetic... There-
fore, the Permanent Croatian-Hungarian Committee for
Water Economy decided on a joint production of the Hy-
drographic Atlas of the Drava River at its third meeting in
1997.
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The Hydrographic Atlas was produced for the area
from Donji Miholjac (rkm 70.2) to the mouth of the stream
Dombo into Drava River (rkm 198.6), and from the bridge
in Botovo (rkm 226.7) to the mouth of the river Mura into
Drava (rkm 236.7), that is for the flow length of 138.4 km
(Fig. 3). Those two sections encompass areas where the
Drava River flows along the state border between the
Republic of Croatia and the Republic of Hungary.

The width of the mapped area is 50 to 100 m from
the dike base to the flood protected area in sections where
there are dams, and in sections where there are no dams,
the area was determined by the Republic of Croatia and
the Republic of Hungary, each in its territory. The area
encompassed by the Hydrographic Atlas of the Drava
Riveris 23 000 ha.

Since the Hydrographic Atlas of the Drava River was
mutually produced by the Republic of Croatia and the
Republic of Hungary, distribution of work was executed
according to technological units of atlas production and
under condition that expenses of both countries are about
equal. The difference in expenses could only be equal-
ized in work, and not in money.

According to the adopted Detailed Program, the work
was distributed between the Republic of Croatian and
the Republic of Hungary as follows:

U The work started with preparatory work for meas-
uring deposits, published by the Republic of Hun-

gary
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postojece karte i na njih su kartirani
snimljeni podaci o koritu, nasipima,
uSc¢ima sporednih vodotoka itd.

Glavni evidencijski profili su i
dolinski profili i snimani su na razma-
cima oko 1,5 rkm. Izmedu njih sni-
mljeno je 3-5 rije€nih profila. Na slici 2
je prikaz dolinskog profila EP/VO 147
koji se sastoji od profila korita i profila
inundacije na lijevoj i desnoj obali, dok
se rijecni profil sastoji samo od profila
korita. Na crteZzu su prikazani mjero-
davni poplavni nivo i osnovni nivo
vode. Mjerodavni poplavni nivo je pri-
hvacen nivo od hrvatskih i madarskih
strucnjaka, a uzet je iz izvjestaja Vitu-
kija “Odredivanje vodostaja i protoka
Drave i Mure razli€itih vjerojatnosti” iz
1968. godine. Osnhovni nivo vode je
krivulja pada vodnog lica shimljenog
11. studenoga 1968., reducirana na
apsolutnu kotu “0” vodomjera kod
Donjeg Miholjca.

UzduZzni profil rijeke Drave sadrZi visinske podatke o
najdubljim tokama korita odnosno talvegu, obalama
korita, obrambenim nasipima, vodokazima, ustavama i
utocima te o osnovnoj “0” i poplavnoj razini vode.

4. Novi hidrografski atlas rijeke Drave

U posljednjih 30 godina dogodile su se znacajne
promjene u toku rijeke Drave. Za potrebne radove u
vodnom gospodarstvu, ali takoder i za potrebe drugih
djelatnosti: Sumarstvo, poljoprivreda, zastita okoliSa,
energetika ..., a zbog nepostojanja aktualnih podataka
o stanju na terenu (postojece topografske karte podruéja
uz rijeku Dravu datiraju iz kraja sedamdesetih i pogetka
osamdesetih godina pro$log stolje¢a), ukazala se potreba
za ponovnim shimanjem korita i podruéja uz korito rijeke
Drave. Zato je Stalna hrvatsko-madarska komisija za
vodno gospodarstvo na svom lll. zasjedanju 1997. godine
donijela odluku o zajedni¢koj izradi Hidrografskog atlasa
rijeke Drave.

Hidrografski atlas izraden je za podrucje od Donjeg
Miholjca (rkm 70,2) pa do u¢a potoka Dombo u rijeku
Dravu (rkm 198,6) te od mosta u Botovu (rkm 226,7) pa
do usca rijeke Mure u Dravu (rkm 236,7), odnosho za
duljinu toka od 138,4 km (slika 3). Te dvije dionice
obuhvaéaju ona podrucja gdje rijeka Drava tee uz
drzavnu granicu izmedu Republike Hrvatske i Republike
Madarske.

Sirina podrugja koje je kartirano je na dionicama gdje
postoje nasipi od 50 do 100 m od noZice nasipa prema
branjenoj strani, a na dionicama gdje nema nasipa,
podrucje su odredile Republika Hrvatska i Republika
Madarska, svaka na svojem teritoriju. Povrsina podrucja
koja je obuhvacena Hidrografskim atlasom rijeke Drave
je 23 000 ha.

Fig. 4 Analogous topographic representation M 1:10 000
SI. 4. Analogni topografski prikaz M 1:10 000

Buduci da su Hidrografski atlas rijeke Drave izradile
zajedno Republika Hrvatska i Republika Madarska,
podjela radova ucinjena je prema tehnoloSkim cjelinama
izrade atlasa i uz uvjet da tro8kovi jedne i druge drzave
budu podjednaki. Razlika u troSkovima mogla se
izjednaciti samo u radovima, a ne i U novcu.

Prema usvojenom Detaljnom programu radovi
izmedu Republike Hrvatske i Republike Madarske
podijeljeni su na sljedeéi nacin:

U Radovi su poceli pripremnim radovima za mjerenje
nanosa koje je obavila Republika Madarska

U Terenske radove za fotogrametrijsko snimanje
obavile su svaka drzava na svom teritoriju

U Aerofotogrametrijsko snimanje obavila je Repu-
blika Hrvatska , kao i aerotriangulaciju, stereofoto-
grametrijsku izmjeru i kartografsku obradu

U Snimanje korita obavila je Republika Madarska
kao i mjerenje nanosa i analizu rezultata mjerenja
nanosa

U Uskladivanje i kompletiranje atlasa obavile su
zajedniCki Republika Hrvatska i Republika
Madarska.

Prema obavljenim radovima u grubo se moze reci da
je Republika Madarska obavila hidrografske radove, tj.
snimanje poprec€nih profila korita i obradu nanosa, dok
je Republika Hrvatska obavila fotogrametrijske radove i
kartografsku obradu.

U radovima Republike Madarske sudjelovali su:

U Direkcija za zastitu okolisa i vode Juznog Preko-
dunavlja (Dél-dunantuli Kérnyezetvédelmi és
Vizligyi lgazgatésag, a od poletka izrade do 31.
prosinca 2003. godine Direkcija za vode JuZnog
Prekodunavlja, tj. Dél-dunantuli Vizigyi Igazgaté-
sag) u Pecuhu

U Srednja Skola Dolina Drave u Bar€u (Drava-volgye
kdzépiskola, Barcs)
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Fig. 5 Digital topographic representation
SI. 5. Digitalni topografski prikaz

QO Field work for photogrammetric survey was car-
ried out by each country in its territory

O Aerophotogrammetric survey was executed by the
Republic of Croatia, as well as aerotriangulation,
stereophotogrammetric survey and cartographic
editing

Q Survey of the river bed was done by the Republic
of Hungary, as well as deposit survey and deposit
survey results analysis

O Harmonization and completion of the atlas was
done by both countries.

According to the published work, one can roughly
state that the Republic of Hungary executed hydrographic
work, i.e. survey of transversal bank profiles and deposit
editing, while the Republic of Croatia carried out photo-
grammetric work and cartographic editing.

The Hungarian side of work included:

U Dél-dunantuli Kérnyezetvédelmi és Vizigyi
lgazgatdsag (Board for Environment Protection
and Waters of Southern Transdanube, and from
start of production to December 31, 2003, Dél-
dunantuli Vizigyi lgazgatésag, i.e. Board for Wa-
ters of Southern Transdanube) in Pécs

U Drava-volgye kozépiskola, Barcs (High School
Drava Valley in Barcs)

U Vizugyi Tudomanyos Kutatdé Rt. Hidroldgiai In-
tézet, Budapest (Hydrological Institute of the Sci-
entific-Research Institute for Waters Ltd. in Buda-
pest)

U Geodetic Company Ltd. in Osijek.

The Croatian side of work included:

U Croatian Waters VGO Osijek and VG Depratment

Varazdin

U Company for Photogrammetry Ltd. in Zagreb
U Geodetic Company Ltd. in Osijek.

The Republic of Croatian and the
Republic of Hungary employ different pro-
jection and height systems. The Repub-
lic of Croatia uses the Gauss-Kriiger co-
ordinate system with heights above the
Adriatic Sea, while the Republic of Hun-
gary uses the EOV coordinate system
with heights above the Baltic Sea. These
systems cannot be linked directly. The
transformation between them can only be
realized experimentally, on the basis of
surveying same points in both systems.
Considering that each country conduct-
ed field surveys only in its territory, the
solution was found in the UTM coordinate
system from which data transformation
to both the Gauss-Krliger coordinate sys-
tem and the EQV coordinate system can
be done. Therefore, the Hydrographic
Atlas of the Drava River was produced in
the UTM coordinate system with the Bal-
tic height system, and that is the basic
variant containing all original data. Each
country possesses the basic variant in its projection and
height system, i.e. the Republic of Hungary in EOV coor-
dinate system with heights above the Baltic Sea, and the
Republic of Croatia in Gauss-Krliger coordinate system
with heights above the Adriatic Sea.

The content of the new Hydrographic Atlas can be
divided into four parts:

U Topographic Representation
U Transversal Profiles

U Longitudinal Profiles

U Deposit regime.

The atlas was conceived as a sequel to the Hydro-
graphic Atlas of the Drava River from 1972 and is almost
identical to it, except for an added chapter on deposit
regime. The main difference is the way of production.
The 1972 atlas is in analogous form, and the new one in
digital. The basic difference between analogous and dig-
ital editing is that all content are in one representation -
image in analogous processing, while in digital process-
ing, various content is in different independent layers
which are easily put one over another, forming reference
images resulting in wanted representation. Each of those
images, it means layers, has a database.

4.1 Topographic Representation

Data for the production of the topographic represen-
tation were acquired using contemporary GPS-devices,
automatized surveying of bed depths and photogram-
metric field survey. The topographic representation was
made in a digital form by stereophotogrammetric survey.
However, several copies in digital form were also pro-
duced.

Stereophotogrammetric horizontal and height field
and detail survey from aeroimages are produced using
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U Hidroloski zavod Znanstve-
no-istrazivackog instituta za
vode d.d. u Budimpesti (Vi-
zlgyi Tudomanyos Kutato
Rt. Hidrologiai Intézet, Bu-
dapest)

U Geodetski zavod d.d. u Osi-
jeku.

U radovima Republike Hrvat-
ske sudjelovali su:

Q Hrvatske vode VGO Osijek
i VG odsjek Varazdin

O Zavod za fotogrametriju d.d.
u Zagrebu

U Geodetski zavod d.d. u Osi-
jeku.

Republika Hrvatska i Repu-
blika Madarska koriste razlicite
projekcijske i visinske sustave.
Republika Hrvatska Gauss-Krlige-
rov koordinatni sustav s visinama
nad Jadranskim morem, a Repu-
blika Madarska koordinatni sustav
EOV s visinama nad Balti¢kim
morem. Ti sustavi ne mogu se direktno povezati nego se
transformacija izmedu tih sustava moZze realizirati samo
eksperimentalno, na temelju mjerenja istih toaka u oba
sustava. Buduéi da je svaka drZzava obavljala terenska
mjerenja samo na svojem teritoriju, rieSenje je pronadeno
u koordinatnom sustavu UTM-a iz kojeg se moZe obaviti
transformacija podataka i u Gauss-Krligerov koordinatni
sustav i u koordinatni sustav EOV. Zato je Hidrografski
atlas rijeke Drave izraden u koordinatnom sustavu UTM-
a s Balti¢kim visinskim sustavom, te je to oshovna
varijanta koja sadrZzava sve izvorne podatke. Svaka
drzava posjeduje oshovnu varijantu i u svom projek-
cijskom i visinskom sustavu, tj. Republika Madarska u
koordinathom sustavu EQV s visinama nad Baltickim
morem, a Republika Hrvatska u Gauss-Krligerovom
koordinatnom sustavu s visinama nad Jadranskim
morem.

Sadrzaj novog Hidrografskog atlasa moze se podijeliti
na 4 dijela, odnosno cjeline:

U Topografski prikaz
U Popreéni profili
O Uzduzni profil
U ReZim nanosa.

Taj je atlas izraden kao nastavak Hidrografskog atlasa
rijeke Drave iz 1972. te mu je po sadrZaju gotovo iden-
tian, osim Sto je dodano poglavlje o reZzimu nanosa. Ali
glavna razlika je u nacinu izrade. Atlas iz 1972. godine je
u analognom obliku, a ovaj novi u digitalnom. Osnovna
razlika izmedu analogne i digitalne obrade je u tome, da
su kod analogne obrade svi sadrzaji u jednom prikazu-
slici, dok su kod digitalne obrade, razliciti sadrzaiji u razli-
Citim samostalnim slojevima koji se lako slazu jedni preko
drugih kao referentne slike dajuci Zeljeni prikaz. Svaka
ta slika, odnosno sloj ima formiranu bazu podataka.

Fig. 6 Digital terrain model and digital bed model in perspective,
represented by a triangle scheme (TIN — triangular irregular network)

SI. 6. Digitalni model terena i digitalni model korita prikazani u perspektivi,
shemom trokuta

4.1. Topografski prikaz

Podaci za izradu topografskog prikaza dobiveni su
upotrebom suvremenih GPS-uredaja, automatiziranim
mjerenjem dubina korita i fotogrametrijskom izmjerom
terena. Topografski prikaz izraden je u digitalnom obliku
stereofotogrametrijskom izmjerom. Medutim, nacinjeno
je i par primjeraka u analognom obliku.

Stereofotogrametrijska horizontalna i visinska izmjera
terena i detalja iz aerosnimaka izvrSena je na stereo-
instrumentima. To¢nost stereofotogrametrijske izmjere
terena koja je bila zahtjevana za atlas, u visinskom smislu
je £20 cm, a u horizontalnom +10 cm.

Analogni prikazi dobiveni su kartografskom obradom
crteza, programom MicroStation. Kartografska obrada je
izvr$ena u skladu s opcenitim Kartografskim klju€em koji
je dopunjen znakovima za oznacavanje u hidrografiji.

Analogni topografski prikaz izraden je u mjerilu
1:10 000 (slika 4). Svi sadrZaji koji su na njemu prikazani
kao Sto su: korito, slojnice, vodogradevine, poloZaj
poprecnih profila, drzavna granica itd. su u jednom
prikazu (slici) i on je nepromjenljiv.

Kod digitalne obrade podaci su tematski grupirani u
slojeve, a svakom sloju se pridruzuje baza podataka koja
se moze prosirivati i dopunjavati razli€itim informacijama.
Oformljen je veci broj samostalnih slojeva koji su
rasporedeni u 12 datoteka:

drava situacija
profili situacija
toponimi-situacija
drZzavna-granica
Srafura-vode
geodetske toCke

ooo0dood
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Fig. 7 Digital bed model in perspective, represented by a triangle
scheme (TIN — triangular irregular network)

SI. 7. Digitalni model korita prikazan u perspektivi, shemom trokuta

stereoinstruments. The accuracy of stereophotogrammet-
ric survey that was required for the atlas is 20 cm in the
height direction, and £10 cm in horizontal sense.

Analogous representations were done using carto-
graphic image editing, with the Microstation program. The
cartographic editing was carried out according to the
general Cartographic key, which was supplemented by
symbols for marking in hydrography.

The analogous topographic representation was pro-
duced at the scale of 1:10 000 (Fig. 4). All content repre-
sented on it, such as: bed, contour lines, water struc-
tures, position of transversal profiles, state border, etc.
are in one representation (image), which is invariable.

In digital editing, data are thematically grouped into
layers, with each layer getting a database that can be
extended and supplemented by various information. A
number of independent layers were established, grouped
into 12 files:

drava situacija
profili situacija
toponimi-situacija
drZzavna-granica
Srafura-vode
geodetske tocke
staro-korito
legenda
dmr-kopno
dmr-korito
profili-nacrt
drava izohipse.

Such a way of saving data allows a combi-

o000 0000000O

terrain model were acquired by ster-
eophotogrammetric survey using a
regular network of height points at
every 25 m. The digital terrain mod-
el can be linked with a digital bed
model (Fig. 6).

4.2 Transversal profiles

The bed of the Drava River was
surveyed using the profile system
(every 50 m) and in places of main
registry profiles according to data
from the previous atlas. Surveying
the bottom of the bed was conduct-
ed using hydrographic acoustic
echo-sounder mounted to a survey-
ing boat, with the density of surveyed
points of 2-5 m.

Orientation of the ship was done using GPS-devices,
and measured data were edited by the Marimatech Mas-
terchart software. A total of 2850 profiles were surveyed.
A digital bed model was produced from data acquired in
such a way. It is presented in perspective by a scheme
of triangles (Fig. 7).

River sections of registry profiles were drawn from
the digital bed model. These registry profiles are at posi-
tions identical to those in the old Hydrographic Atlas of
the Drava River, although the existence of a digital mod-
el enables the production of a profile at an arbitrary loca-
tion.

River sections of registry (EP/VO) profiles (Fig. 8)
were drawn at the scale of 1:2000 for distances and 1:200
for heights, and the image also contains:

O Mark and position of the profile
O Bed in profile

Q Standard flood water level and
Q “0” water level from 1968.

PROFIL 147
rkm 227+828

127.94

123.54

nation of representation of various data lay-
ers, which enables the production of various
spatial analyses, that is the interaction of het-
erogeneous data. Every detail is in 3D-format,
which means that every line and point in the
image has its coordinates X, Y and Z (Fig. 5).
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Heights data can be represented by con-
tour lines and by a scheme of triangles in per-
spective representation. Data for the digital

91T

16T
8e°CTL

o¥'eZ

@
AAAAAAAA

or'LE
6

or'691
or'LLL
20'v8L
89°G81
99'v61
60°602
182007

4
4
4
4
4
14
4
14
14
14
3
|
3
I
(4
14}
14l
14}

a o

6¢°GT1

80°LZ1
6
)
.
9
S
14
g
LT
6°C
1L
74

Fig. 8 River part of the registry (EP/VO) 147 profile at the scale

of 1:2000 for lengths and 1:200 for heights

SI. 8. Rije¢ni dio evidencijskog (EP/VO) 147 profila izraden u

mijerilu 1:2000 za duljine i 1:200 za visine
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izmjerom terena, pravilnom mrezom visinskih
toCaka svakih 25 m. Digitalnom modelu
terena mozemo pridruziti digitalni model
korita (slika 6).

4.2. Poprecni profili

Korito rijeke Drave shimano je sistemom
profila svakih 50 m i na mjestima glavnih
evidencijskih profila prema podacima iz prijasnjeg atlasa.
Snimanje dna korita obavljeno je s pomocu hidrografskog
akusti€kog dubinomjera montiranog na brod za mjerenje,
s gustoéom mijerenih to¢aka 2-5 m.

Orijentacija broda obavljena je GPS-uredajima, a
izmjereni podatci obradeni su softverom Marimatech
Masterchart. Snimljeno je ukupno 2850 profila. |1z tako
dobivenih podataka izraden je digitalni model korita,
prikazan u perspektivi shemom trokuta (slika 7).

|z digitalnog modela korita nacrtani su rije€ni dijelovi
evidencijskih profila. Ti evidencijski profili nalaze se na
identi€nim mjestima kao i u starom Hidrografskom atlasu
rijeke Drave iako postojanje digitalnog modela omogu-
¢ava da se izradi presjek (profil) na proizvoljnoj lokaciji.

Rijecni dijelovi evidencijskih (EP/VO) profila (slika 8)
nacrtani su u mjerilu 1:2000 za duzine i 1:200 za visine,
a crtez jo$ sadrzava:

O Oznaku i stacionazu profila

Q Korito u profilu

U Razinu mjerodavne poplavne vode i
Q “0” razinu vode iz 1968. godine.

Rije€nim dijelovima evidencijskih profila dodane su
toCke evidencijskih profila na kopnu, izravno fotogra-
metrijski o€itane u modelu, na pribliznom razmacima od
10 m, i protezu se od ruba snimljenog podrucja na lijevoj
obali do ruba snimljenog podru¢ja na desnoj obali.
Takoder su prikazane “0” razina vode i razina mjerodavne
poplavne vode (slika 8).

Upravo zbog to€aka evidencijskih profila koje su se
oCitavale izavno u modelu zahtjevana je spomenuta
toCnost izrade atlasa. Aerofotogrametrijsko snimanje za
tu to€nost omogucuje izradu topografskog prikaza u

Fig. 9 Longitudinal profile of the Drava River at the scale of

1:100 000 for lengths and 1:100 for heights

SI. 9. Uzduzni profil rijeke Drave izraden u mjerilu 1:100 000 za

duzine i 1:100 za visine

mijerilu 1:2500, ali bi to znatno poskupjelo izradu atlasa,
pa se od toga odustalo.

4.3. Uzduzni profil

UzduZzni profil izraden je iz digitalnog modela korita.
Kao oshova posluZio je uzduzni profil iz starog Hidro-
grafskog atlasaiiz kojega je preuzeta stacionaza. Buduci
da je uzduzni profil iz ovoga novog atlasa, duZinski vezan
na stacionazu iz starog atlasa, a sadasnje korito ne odgo-
vara toj stacionaZi, kod obrade uzduznog profila morale
su se napraviti linearne korekcije svih duljina. To vrijedi i
za uzduzni profil dna korita koji spaja najdublje tocke
korita (talveg) kao i za uzduzne profile obala i hasipa.

Uzduzni profil rijeke Drave izraden u mjerilu 1:100 000
za duljine i 1:100 za visine (slika 9).

Na uzduzZnom profilu prikazani su:

stacionaza

mjesta evidencijskih profila

ljeva i desna obala

dno korita u matici rijeke (talveg)

pritoci na lijevoj i desnoj obali

nasipi za obranu od poplave na lijevoj i desnoj obali
mostovi i vodomieri

oshovna razina vode iz 1968. godine

razina vode za regulaciju koja je za 1,5 m viSa od
oshovne |

U mjerodavna poplavna razina vode.

o000 0ooo

4.4. Rezim nanosa

Prono3enje nanosa jedna je od osnovnih svojstava
prirodnih vodotoka. Kod aluvijalnih vodotoka kao $to je
rijeka Drava, pronos nanosa je u izravnoj vezi s
morfoloskim procesom formiranja korita. lzu¢avanje
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Godisnji pronos vuéenog nanosa

vuéeni nanos (tona)

m Botovo

m Bélavar

Barcs

2002

m Barcs

Dréavaszabolcs

1 Dravaszabolcs

4.3 Longitudinal profile

The longitudinal profile was made from
the digital bed model. The longitudinal pro-
file from the old Hydrographic Atlas was
used as a basis, and the chainages were
also taken from it. Considering the facts
that the longitudinal profile from this new
atlas is linked to the chainages of the old
atlas, and that the current bed does not
correspond to those chainages, linear cor-
rections of all distances had to be made
during the editing of the longitudinal pro-
file. This is also true for the longitudinal
profile of the bed bottom that connects the
deepest points of the bed (thalweg), and
for longitudinal profiles of coasts and the
dam.

Fig. 10 Graphic representation of annual bed load transport

SI. 10. Graficki prikaz pronosa godi$nje mase vucenog nanosa

Points of registry profiles on land were added to river
sections of registry profiles, read off directly photogram-
metrically in the model, atintervals of approximately 10 m,
and they extend from the edge of surveyed area on the
left coast to the edge of the surveyed area on the right
coast. Also represented are the “0” water level and the
standard flood water level (Fig. 8).

Due to profile registry points, which were read off di-
rectly in the model, the mentioned accuracy of atlas pro-
duction was required. Aerophotogrammetric survey for
that accuracy enables the production of a topographic
representation at the scale of 1:2500, but that would make
the atlas production significantly more expensive, so it
was decided against.

LS
Fig. 11 Topographic representation on the basis of digital
orthophoto

SI. 11. Topografski prikaz ha podlozi digitalnog ortofota

oOo0o0o0o0o0oooo

O

The longitudinal profile of the Drava
River produced at the scale of 1:100 000
for distances and 1:100 for heights (Fig.
9).

The longitudinal profile represents:

chainages

positions of registry profiles

left and right coast

bed bottom in the main flow (thalweg)
affluents on the left and right coast

flood defence dams on left and right coast
bridges and water-gauges

basic water level from 1968

water level for regulation, which is 1,5 m higher
than the basic water level and

standard flood water level.

4.4 Deposit regime

Deposit spreading is one of the basic char-
acteristics of natural waterflows. Alluvial water-
flows such as the Drava River, deposit spread-
ing is directly related to the morphological proc-
ess of bed forming. Researching the deposit
regime is mostly based on surveying of sus-
pended load and bed load transport.

For the analysis of suspended load and bed
load deposit, alongside two survey profiles es-
tablished earlier, Drava-Barcs, i.e. Terezino
Polje rkm 152,7 and Drava-Dravaszabolcs, i.e.
Donji Miholjac rkm 77,7, two more were estab-
lished: Drava-Botovo rkm 227,2 and Drava-
Bélavar, i.e. Novo Virje rkm 198,7; therefore,
surveys were done using four listed profiles, pre-
cisely:

O In 1998, 3 survey series
Q In 1999, 1 survey series
O In 2000, 3 survey series and
Q In 2003, 3 survey series.
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reZima nanosa temelji se uglavhom na
mjerenjima pronosa lebdeéeg i vu¢enog
nanosa.

Za analizu vu€enog i lebdeceg nano-
sa uz dva ranije uspostavljena mjerna
profila Drava-Barcs, tj. Terezimo Polje
rkm 152,7 i Drava-Dravaszabolcs, tj.
Donji Miholjac rkm 77,7, uspostavljena
su jo$ dva: Drava-Botovo rkm 227,2 i
Drava-Bélavar, tj. Novo Virje rkm 198,7,
tako da su mjerenja radena u Cetiri
navedena profila i to:

O 1998. godine 3 serije mjerenja

O 1999. godine 1 serija mjerenja

O 2000. godine 3 serije mjerenja i

O 2003. godine 3 serije mjerenja.

Za svaki mjerni profil graficki je

prikazana ovisnost lebdeceg i vu¢enog
nanosa o protoci uzevsi u obzir i hrvatska
i madarska mjerenja od 1991. do 2003.
godine.

GodiSnja masa nanosa kako

Prikazi karata i atlasa

Fig. 12 Representation of the Drava River flow charge,

1886, 1970, IEIE 2000
SI.12. Prikaz promjene toka rijeke Drave,
1886. god. 1970. god. I 2000. god.

lebdeceg tako i vu¢enog dobije se na temelju koli¢ine U Dravu, odnosno duljinu toka od 166,5 rkm i pokriva
nanosa utvrdene serijom mjerenja tokom godine i veli¢ine  povrsinu od 27 000 ha.

godidnje protoke (slika 10).

Za potpuniju informaciju o prostoru, hrvatska strana

Pri snimanju popre¢nih profila cijele dionice rijeke  je samostalno izradila za cijelu dionicu atlasa i DOF —
Drave koja je obuhvaéena Hidrografskim atlasom u  digitalni ortofoto. DOF je izraden u crno-bijeloj tehnici i u
profilima sa stacionazom cijelog rije¢nog kilometra,  mjerilu 1:10 000 i daje iznimno mnogo slikovnih podataka
uziman je uzorak materijala korita na pet mjesta pomoéu 0 smjestaju razlicitih sadrzaja (Sume, polja, vode, ...) u
zvona za vadenje. Na temelju obrade uzoraka izradenje ~ prostoru, a posebno u kombinaciji s topografskim
dijagram prosjecnih promjera zrnaca uzduz rijeke Drave.  prikazom (slika 11).

5. Moguénosti upotrebe digitalnih

podataka Hidrografskog
atlasa rijeke Drave

Buduéi da je novi Hidrografski atlas
rijeke Drave u digitalnom obliku, uvijek
¢e se moci mijenjati i nadopunjavati, te
na razliCite nacine prikazivati i upotre-
bljavati. Obrada i moguénosti upotrebe
njegovih digitalnih podataka zapravo su
neslucene i ovise o vrstama program-
skih paketa kojima trenutano raspola-
Zzemo, a danas ne mozemo hi slutiti
kakve Ce biti mogucnosti za par godina.

Republika Hrvatska samostalno je
izradila dio Hidrografskog atlasa za
dionicu rijeke Drave koja nije bila
obuhvacena zajednic¢kim radovima i
uklopila ga u zajednicki atlas. To je
dionica koja obuhvaéa podrucje na
kojem rijeka Drava te€e samo kroz
teritorij Republike Hrvatske, tako da
atlas sada pokriva cijeli tok rijeke Drave
od Donjeg Miholjca do us¢a rijeke Mure

Fig. 13 Representation of the Drava riverbed on the basis of digital
orthophoto

SI. 13. Prikaz korita rijeke Drave s vodogradevinama na podlozi
digitalnog ortofota
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Topolo$ki obradeni podaci

Fig. 14 Topologically processed data
SI. 14. Topoloski obradeni podaci

For each survey profile, there is a graphical repre-
sentation of the relation between suspended load and
bed load and flow discharge, taking into consideration
Croatian and Hungarian surveys from 1991 to 2003.

The annual deposit mass of suspended load or bed
load is determined on the basis of deposit size deter-
mined by a series of surveys during the year and the
size of annual flow discharge (Fig. 10).

A sample of bed materials was taken in five places
with the help of a sampling bell for the purposes of sur-
veying transversal profiles of the whole section of the
Drava River encompassed by the Hydrographic Atlas in
profiles with the chainages of a whole river kilometre. A
diagram of average granule diameters alongside the
Drava River was produced on the basis of sample anal-
yses.

5 Possibilities of using digital data of
the Hydrographic Atlas of the Drava
River

Considering that the new Hydrographic Atlas of the
Drava Riveris in digital form, it will always to be possible
to change and supplement it, as well as represent it and

use it in different ways. Editing and the possibilities of
using its digital data are actually undreamed-of and are
related to types of program packages currently at our
disposal, and today we cannot even imagine what its
possibilities are going to be in several years.

The Republic of Croatia independently produced part
of the Hydrographic Atlas for the section of the Drava
River that was not encompassed by mutual work and
incorporated it into the atlas. This is the section that en-
compasses the area where Drava flows only through the
territory of the Republic of Croatia. Therefore, the atlas
now covers the whole flow of the Drava River from Doniji
Miholjac to the mouth of Mura into Drava, in other words,
flow length of 166,5 rkm and covers an area of 27 000
ha.

For more complete information about the area, the
Croatian side independently produced DOF — digital or-
thophoto, for the whole section of the atlas. The DOF
was produced in black and white and at the scale of
1:10 000 and provides many image data about the posi-
tion of various content in space (forests, plains, waters,
...), and especially in combination with topographic rep-
resentation (Fig. 11).

Certain content, e.g. the bed, water structures, for-
ests, etc. can be singled out and represented independ-
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Fig. 15 Water level in the bed at water level at the Botovo +50 water-gauge
SI. 15. Razina vode u koritu kod nivoa vode na vodomjeru Botovo +50

Odredeni sadrzaiji, npr. korito, vodogradevine, Sume
itd. mogu se posebno izdvojiti i samostalno prikazati
uklju€ivanjem ili iskljucivanjem pojedinih samostalnih
slika, odnosno slojeva, a njihovim preklapanjem mogu
se uoCiti nastale promjene i obavljati razliCite analize
prostora. Npr. preklapanjem korita rijeke Drave iz 1886.,
1970. i 2000. godine uoCava se promjena toka rijeke u
tom razdoblju (slika 12).

Za isto podrucje, a u svrhu katastra vodogradevina
prikazani su korito i vodogradevine te ako tu sliku
nadopunimo DOF-om, dobijemo vrlo to¢nu i pouzdanu
informaciju o mjestu i poloZaju vodogradevina u prostoru
(slika 13).

Digitalni podaci mogu se topolo3ki obraditi. TopoloSka
obrada u naSem slucaju je dodavanje kodova zatvore-
nim povrdinama poligona istog sadrzaja. Ti se poligoni
mogu prikazati raznim bojama. U lijevom donjem kutu
nalaze se tumac znakova i opis kultura. Svaki znak i kul-
tura prikazani su kao poligon razli¢itom bojom (slika 14).

Digitalni podaci mogu se obraditi tako da se prikaze
punjenje Korita i inundacije vodom za svaki Zeljeni nivo,
npr. vodomjer Botovo +50 i +460 (slika 15 i 16).

6. Zaklju¢ak

Novi Hidrografski atlas rijeke Drave izraden je kao
nastavak Hidrografskog atlasa rijeke Drave iz 1972.
godine te mu je po sadrzaju gotovo identi¢an, osim $to
su mu dodani poglavlje o rezimu nanosa i digitalni
ortofoto. Izraden je najnovijom tehnologijom i u digitalnom
je obliku te koncipiran na takav nacin nikad nije dovrsen
—uvijek ¢e se mo¢i mijenjati i nadopunjavati, te na razlicite
nacine prikazivati i upotrebljavti. Obrada i mogucnosti
upotrebe digitalnih podataka atlasa ovise o vrstama
programskih paketa kojima raspolazemo, a vrlo je
vjerojatno da ¢e se razvoj nastaviti i da ¢e uskoro biti
moguca upotreba tih podataka na nacine koji danas jos
nisu moguci.

Odatle slijedi da nam predstoji ponajprije prikupljanje
razliCitih podataka i popunjavanje predvidenih baza
podataka. Istodobno, potrebno je stalno pratiti sve vrste
promjena u prostoru koji obuhvaca izradeni atlas,
registrirati ih i odgovaraju¢e aZurirati prostorne podatke
u slojevima, kao i atributne podatke u bazama podataka.

Franjo Prevedan, dipl. ing. geod.

Hrvatske vode Zagreb, Vodnogospodarski odsjek VaraZdin

koordinator Republike Hrvatske za izradu Hidrografskog atlasa rijeke Drave
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Fig. 16 Water level in the bed and inundation at water level at the Botovo +460 water-gauge
SI. 16. Razina vode u koritu i inundaciji kod nivoa vode na vodomjeru Botovo +460

ently or by excluding certain independent layers, and by
their overlapping, changes that happened can be ob-
served and various spatial analyses done. For example,
by overlapping Drava’s beds from 1886, 1970 and 2000,
one can observe changes in its flow during that period
(Fig. 12).

For the same area, and for the purposes of water
structures cadastre, the bed and the water structures are
represented. If we supplement this image by a DOF, we
are going to get very accurate and reliable information
about the position of water structures in space (Fig. 13).

Digital data can be processed topologically. In our
case, topological processing is adding codes to closed
areas bounded by a polygon. These polygons can be
represented by various colours. In the bottom left hand-
corner, there is a legend and agricultural plants. Each
symbol and plant is represented by a polygon of differ-
ent colour (Fig. 14).

Digital data can be processed by representing the
filling of the bed and inundation for any given level, e.g.
water-gauge Botovo +50 and +460 (Fig. 15 and 16).

6 Conclusion

The new Hydrographic Atlas of the Drava River was
conceived as a sequel to the Hydrographic Atlas of the
Drava River from 1972, and is almost identical to it, with
the exception of added chapter about deposit regime and
digital orthophotos. It was produced employing latest
technology, is in digital form, and was meant never to be
completed, but always be able to being changed and
supplemented, and represented and applied in various
ways. Processing and the possibilities of using digital
atlas data depend on types of program packages at our
disposal, and it is very likely that development will con-
tinue and that new uses of those data are going to be
possible.

The logical extension to this is that we are first to
gather various data and supplement corresponding da-
tabases. At the same time, it is necessary to consistently
monitor all types of changes in the area encompassed
by the atlas, register them and update layer spatial data,
as well as attribute data in databases.

Franjo Prevedan, Dipl. Eng. in Geodesy

Hrvatske vode Zagreb, Vodnogospodarski odsjek Varazdin

Coordinator of the Republic of Croatia for the Production of Hydrographic Atlas of the Drava River



