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Abstract: Hydrological monitoring involves the systematiceryation and recording of key hydrological paramsteuch as
water level, flow rate, precipitation, sediment trpog, water temperature, and ice conditions, to ustind changes in
watercourses and river regimes. These observatiosascanducted at hydrological stations located overs, lakes, or
reservoirs, providing valuable data for water resceimanagement. The origins of hydrological moiitpin Croatia date
back to the first half of the 19th century whenfitet water gauge stations were established. Onéefoldest stations, the
hydrological station in Varazdin, was founded in 182t that time, the main observations focusedemonding river water
levels to ensure navigability, monitor floods, agwhble flood protection. Over time, hydrologicalnitoring in Croatia
became increasingly sophisticated. With the esthbient of national institutions such as the Croatiéeteorological and
Hydrological Service (DHMZ) in 1947, data on watewvéls, flow rates, sediment transport, precipitatiamd other
hydrological parameters began to be systematicedijyected, processed, and published. Today, mangois carried out
through a network of automatic hydrological statipesabling continuous real-time data tracking amébsis.
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1. INTRODUCTION

In northwestern Croatia, on the right bank of thau2 River, lies the city of Varazdin. The name azatin
was first mentioned on August 20, 1181, in a chassued by the Croatian Hungarian King Béla Ilgrking the
beginning of the city's recorded history.

The name "Drava" itself reflects the river's fundartal natural characteristic. According to soméaus, the
origin of the name Drava can be traced back toesdndian Sanskrit, where "drava" signifies arillew. The
old Indo-Germanic term "dra" means to rush or mgwiekly. Thus, the name Drava would denote a flastihg
river (Obadt 2007).

Throughout history, the Drava River has often sga®a border. Its role as a boundary was partlgidaident
from the late 16th century when it became the fesfitetween the territories under Habsburg rulethadttoman
Empire, a status it maintained until the late Ic&htury. Later, it marked the border between thiitdvly Frontier
and the Hungarian counties, like its role in théhlgentury Petric 2005.

Human influence on the Drava River was first natedegulatory plans from 1780, but significant chas
only began in the early 19th century with the fingtiro-regulation works. In the first half of thé&tg century,
before industrialization and river regulation, fbeava followed its natural course, featuring saady gravelly
banks. At that time, the Drava Bathing Area wa®putar gathering place for the residents of Vanazdid the
surrounding areas. It was a social hub where pdomie all walks of life mingled.

The beginnings of organized monitoring and recaydifi surface water hydrology date back to the 19th
century. Systematic collection and publication péifological data have been conducted since 1928l 1843,
hydrological data were published in the *Reportd/deter Sediments, Water Levels, and Water Quasitjteend
since 1946, they have been compiled in the *Hydjiolal Yearbooks*. Today, all data are archived he t
Hydrological Information System, HIS 2000, whichmisinaged by the Croatian Meteorological and Hydjickl
Service (DHMZ).

2. HISTORY OF THE HYDROLOGICAL STATION DRAVA - VARA ZDIN

The Hydrological Station Drava-Varazdin, establslre 1821, began its operation as a gauging statitn
an initial reference point (the "0" gauge level) a&ean elevation of 166.06 meters above sea (evel.s.l). Since
then and to this day, its key function has beenitoong and recording water levels. Over the yetrs,station
has undergone numerous changes, primarily conggitsiposition along the flow of the Drava Riveut the zero
gauge elevation has remained unchanged since He¥8ever, due to limited archival data, the predisation
of the gauge between 1821 and 1935 is unknownit Bussumed to have been attached to one ofillaespof
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the then existing road bridge, about 100 m dowastrérom the railway bridge, approximately at thealtion
where it stands today. A significant change ocalimel935 when the gauge was fixed to the firstripillar of
the bridge, on the right bank of the river. Thisiigertical gauge made of cast iron, with heightkings divided
into 2 cm. During World War |, the destruction betroad and the nearby railway bridge, about 10@way,
resulted in the relocation of the gauge. On Audud©45, the restored gauge was placed as apilbeiriverbed,
30 meters downstream from the collapsed bridge.nBweconstruction included metal plates with asion of 5
cm, while the zero point was lowered by 9.7 mmleeting the change in the water level between ttend new
locations. Nevertheless, the zero point was rethama recorded unchanged at 166.06 m, preservimgjstency
in data recording. Water level monitoring was perfed by Spiko Nevenka, an official from the Technical
Department of the District N.O. in Varazdin. Thehgical report to the Federal Order of the Ministdy
Construction F.H. was submitted by Vodopivec Dragand Perger Vladimir on August 7, 1945, in Zagr&b
temporary wooden bridge was built not far from then-collapsed railway bridge, and due to diffi@gdtin
maintaining the gauge on the pilot, on Novembet953, the gauge was moved to another pillar otbttidge
from the right bank, ranging from 0 to 400 cm. Th&erence point was then returned to the origirédtit of
166.06 meters above sea level. Furthermore, isdh&e year, a new reinforced concrete bridge wdsdiuhe
site of the former railway bridge, which still sesvroad and rail traffic today. Therefore, on Jap8a 1954, the
gauge was moved from the temporary wooden bridgleemewly constructed railway bridge, and it wked
on the third concrete pillar from the downstreadeson an oak plate attached to the pillar of tiiége with iron
brackets, with plates facing the right bank. Thet ghuge was not removed, and the observer wasidtestl to
simultaneously read the water level on both gasge® both were set to the same reference poietobserver
of the Varazdin gauge, due to having to read twmga and the temperature of the water, request@tterase
in compensation to 2000 dinars quarterly. The chamglated to the location of the gauge are shoviigures
1-3

Vodokaz: Vara?din xr.Drava J
1942 god. 1954 ¢ Fore : iy larmer

Foks ! [rrg Tirné)

Figure 1 Damaged bridge in Figure 2 New road-rail bridge Figure 3 Water gauge on the
1942, water gauge relocated to the Varazdin -Cakovec bridge pillar on the downstream
right bank(DHMZ) Photo: Turner, 1957 (DHMX side
Photo: Turner, 1957 (DHMZz

Furthermore, the water gauge, which was temporardtalled on November 7, 1953, was later dismdntle
and the materials were transported to Zagreb. Anieal report was submitted to the administratidrthe
Hydrometeorological Service of the People's RepulfliCroatia by Satler Leon on January 25, 195Zdgreb.
In 1960, the construction of a limnigraph begar) bteters downstream from the road-rail bridge,anright
bank of the river. Alongside the limnigraph, a wagauge with the same reference point was installed
determine differences in water levels due to thopdin water level between the limnigraph and thdds, as well
as the depression behind the bridge pillar, watgels were simultaneously recorded at both wateges
Measurements at both locations were conducted flalyn 7, 1960, to December 31, 1962. The corresmondi
limnigraph-Varazdin water levels for 1961 and 1982 shown irFigure 4 (DMHZ archive).

The limnigraph was of the well-type, housed in aarete shelter on the slope of the right bank hasva in
Figure 5 of the cross-sectional profile (DHMZ archive). Tiirst section of the water gauge ranged from 8G0
cm and was mounted on a pile, the second section 800 to 400 cm was attached to an oak plank toetkte
limnigraph house, while the third section, from 30600 cm, was placed on a pile on the slopefitfht-bank
embankment.

On December 19, 1962, a decision was made to disc@the Varazdin water gauge station on the Drasa
a limnigraph—an automatic water level recorder—baen installed nearby, allowing for continuous rtamiig
(DHMZ archive). Consequently, the director of thgdrbmeteorological Service of the Republic of CiaaEng.
Mile Siki¢, decided that observer Mirko Klun would cease wdéwvel monitoring on January 1, 1963.
Furthermore, hydrological technician Pavao Amvas instructed to dismantle the station and teantfie
equipment to the Institute's warehousigiure 6 presents the document that officially declareddiesure of the
Varazdin water gauge station.
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Additionally, the limnigraph station was relocateda new site, about 30 meters upstream from thraAdin
— Cakovec road bridge, on the right bank, approxinyatél meters downstream from the junction with tHe H
Varazdin canal. The water gauge was a verticak-$egtion instrument, ranging from -100 to 500 evith the
zero reference point remaining unchanged. The gnaph was a mechanical model of the Seba type.
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Figure 4 Correlation between water levels measured-igure 5 Limnigraph profile with recorded extreme
at the water gauge and the limnigraph during 1961 water levels measured up to 19@EHMZ)
and 1962(DHMZ)

Narodna Republika Hrvatske
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Broj: O6P1-4116/1-62
Dne, 19.XIT, 1962,

Predmet: Vodokaz Vara’din na Dravi
~ ukidanje

H.

Godine 1821 bila je postavljena vodokazna stamica Vara®din
na Dravi time, da se na stenioci vrie motrenja vodostaja.

Buduéi je 7.VII., 1960. godine na Bravi nedsleko oé vodoka-
za Varse’din postavljen limnigrsf Vara’din /antomatski registrator
vodostajs/ to se predlae, da se stari vodokaz Vara¥din na kolnom
mostu preko Drave sa 1,7, 1963, godine kao nepotreban ukine, buduéd
je na limnigrafu nastavljeno kontinuirsno motrenje vodostaje Drave.

Ne osnovu gornjega

Odludujen

1. Da se vodoksz osnovne mre¥e Vara’din na Drovi ukine sa
1.I. 1963, godine, time da motritelj Klun “irko iz Medimurske 16,
s.p. Vara?din toga dans na toj stenici prekine motrenje vodoetaja.

2. Da drug Anié Pavao, hidrolo#ki tehniXar demontira stemicu
1 pridor preda u skladifte ovog Zsvoda,

s Direktor:
Ing, ¥ile ikié

B s e
Ka znanje: y ,,’ ( 4 2~
1. Odsjek mreYe 1 vodomjerenja -~ Ovdje VA L
2, Odsjek statietike - Ovdje X

3. ‘Anié Paveo = Ovdje

4, Saveszni Eidrometeorolo¥ki Zsvod - Seorrad

5, Klun Jirke, Medimurska 16, z.p. Vara¥din,
time da ne limnigrefu Vara¥%itn nastavite
sa motrenjem vodcstaja.

Figure 6 Decision on the closure of the Drava-VaraZdin watauge station, December 19, 1962, HMZ of the
People's Republic of Croati®@HMZ)

In August 2016, the station underwent reconstructimring which the water gauge boards were reflatiee
water gauge became a three-section combinatioertal section in the riverbed ranging from 0 6®Xm, and
an inclined section along the bank protection stgpanning 100 to 222 cm and 222 to 402 Eiguyre 8).

On August 5, 2018, a new electronic limnigraph, @IBS, was installed and put into operatiig(re 9).
Prior to this, a new pressure conduit and solarquaupply were set up, along with the establishroénémote
water level reportingKigure 8).

As part of the Water Ecological Monitoring and Rigkalysis (VEPAR) project in 2023, the station was
modernized, and a radar system was installed oddtvastream side of the bridge to monitor wateelgin real
time (Figure 7).
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Figure 7 New road-rail bridge Figure 8 Hydrological station Figure 9 Limnigraph, January
Varazdin —Cakovec, June 24, Drava-Varazdin and water gauge, 19, 2021, Photo: Oskorus, D.
2024, Photo: Malai, J. June 24, 2024, Photo: MalfiJ.

3. HYDROLOGICAL PARAMETERS AND THE HISTORY OF THEIR PUBLICATION

At the Drava-Varazdin hydrological station, in aézh to water levels and flow rates, water tempematvas
also measured-{gure 10), ice conditions were recorded, and from 19674841 daily water samples were taken
for the analysis of suspended sediment concemntrdbaily sediment transport was recorded untilghe of 1981.
Hydrological measurements conducted up until Jgn@arl963, are shown iRigure 11 Additionally, their
correlation is graphically represented, with a nibie data points 1-13 were obtained from the asshof the
National Water Management Office (OVF) in Budapest.

Vodokazna postaja: ' A%AZDIX ooune SIS

DATA

Figure 10 Annual record of water and air Figure 11 Record and graphical representation of water
temperature for HP Drava-Varazdin, 1943 measurements conducted at HP Drava-Varazdin until
(DHMZ) 1963(DHMZ)

The maximum water level of the Drava River at thewazdin gauge was first recorded on October 302,188
at a height of 410 cm, while on September 5, 1868ached 424 cm. The minimum water level was méed on
February 15, 1901, at a height of 24 cm, and lateBeptember 4, 1961, at 59 cm.

The graph of characteristic water levels cleatlysirates the significant variability of the gaygefile due to
regulation works and the highly unstable riverbéthe Drava. Before regulation works, in the perficm 1879
to 1912, periodic deposition and removal of gravaterial occurred within the river profile. Betwe#d21 and
1926, although these processes continued, thejudrecy significantly decreased due to extensivelatign
works carried out within the profile itself, as hWa&$ upstream and downstream, which greatly stailthe Drava's
riverbed Bognar 1995

In general, the gauge profile of the Drava neara¥din is characterized by high variability in tleerbed.
For the period from 1913 to 1920, there are nordEmb water level data, likely due to wartime coiodis that
prevented monitoringigures 12 and 13.

The Croatian Meteorological and Hydrological SeeviDPHMZ) has water level records only from 1879
onward, while it is unclear whether data prior 878 were ever published. From 1879 to 1893, date peblished
in printed publications titled “Observations of \Wat evels on Rivers in the Kingdoms of Croatia &tavonia”
(Figure 14 a, . From 1921 to 1924, water levels were publisheglreport titled “Reports on Water Sediments,
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Water Levels, and Water Quantities”. Between 194d 8944, they were printed and published in theri4ad
Reports on Water Levels,” and since 1945, they ten included in the “Hydrological Yearbook”. Tgdall
data from 1900 onward are archived in the Hydralabinformation System, HIS 2000, for whose maiatee
and updating DHMZ is responsible.

gubfgaeveBusesyanseklag

CoNAws W N

Figure 13Record of
characteristic water levels, period
187-1947(DHMZ)

Figure 12 Characteristic water levels measured at the DraaaaZdin
gauge, period 1879-196PDHMZ)
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Figure 14.a. Cover page of
“Observations of Precipitation and Water
Levels in the Kingdoms of Croatia and

Figure 14. b. Contents of the
publication with hydrological data for
September 191(DHMZ)

Slavonia”, Cultural-Technical Department
of the Royal HR.-SLAV.-DALM. Provincial
Governmen(DHMZ)

Table 1 provides an overview of hydrological data collelca the Drava-Varazdin station, which are stored
in the national HIS 2000 database. FurthermBigyre 15 presents a graphical depiction of maximum, average
and minimum annual water levels from 1961 to 2G26ng with trend lineskos 2023.

At the Varazdin hydrological station, a negativentt is observed in maximum annual water levels)ewhi
minimum and average water levels show a positinddacy. This pattern can be explained by the infieeof
reservoirs and the operation of hydroelectric poplants in Slovenia, which mitigate peak flows leyaining
them in reservoirs. Additionally, it can be notbattafter 1982 (yellow line), water levels stakitizdue to the
construction of th&€akovec reservoir and the formation of a backwaltexce Following the construction of HE
Cakovec, flow measurements at the Varazdin statierewdiscontinuedrigure 16 illustrates the flow rates for
the period 1961-1981, where a decline in averagaadrilow rates can be observétbé 2023.
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Table 10verview of hydrological data collected at the DaavVarazdin station (sourcéttps://hidro.dhz.hy

MEASUREMENT EXTREMES
HYDROLOGICAL PERIOD
PARAMETERS Min Max

Water level, H (cm) 1900-1912, 1920-1944, 9.12.1978. 5.9.1965.

’ 194€-2024 -106 cn 424 cn

1

Flow rate, Q (ms) 10571081 | 251219772213 2LB1966.
o 1954-1985, 2007-2010, 2.1.1954. 21.7.1964.

Water temperature, T (°C) 2012-2022 0.0 0] 27000
Suspended sediment 6.12.1975. 0,020 10.9.1967.

concentration, C (g/m?3) 1967-1984 g/m? 496 g/n®
Sediment transport, P (t/day) 1967-1981 6'32‘1;3%875' 22.59.116%173.

450 Hem] Vodostaj Varazdin 1961. - 2020.

400
350

300

S()l%l 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016 2021

—&— Maksimalni godisnji vodostaj ~—@— Prosjecni godidnji vodostaj
~—&— Minimalni godis$nji vodostaj Izgradnja HE Cakovec
= = = Trend maksimalnih godi$njih vodostaja — — - Trend prosje¢nih godisnjih vodostaja

Figure 15Maximum, average, and minimum annual water leveldRaVarazdin in the period 1961-2020,
with trends(Kos 2023)

Protok Varazdin 1961. - 1981.

3000  Q [m¥s]

2500

2000

1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981
—@— Maksimalni godi$nji protok —@— Prosjecni godisnji protok
~—®— Minimalni godi$nji protok = = = Trend maksimalnih godi$njih protoka
~ = = Trend prosjecnih godidnjih protoka = = = Trend minimalnih godi$njih protoka

Figure 16 Maximum, average, and minimum annual flow ratedRtVarazdin in the period 1961-1981,
with trends(Kos 2023)
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4. CONCLUSION

This paper provides a brief overview of the histofyhydrological monitoring in Varazdin during vaus
governmental administrations that were responédrlg over a period of more than two hundred yeHngresents
part of the archival documentation related to tteaZdin hydrological station on the Drava River,ichhis
particularly significant as it is the second oldkgtirological station in the Republic of Croatiatablished in
1821. The preserved historical series of hydrolalgitata measured at this station is of inestimahlee today,
as it allows us to assess changes in the hydrabgigime of the Drava River, whether due to argbgenic
influences and/or climate change.

The paper also acknowledges key individuals andtutisns whose contributions the authors aimed to
highlight for current generations of young professils and scientists, providing them with insighioithe
importance of hydrological monitoring and the rfdktorical heritage of the city of Varazdin.
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