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Abstract:Meteorological observations include visual monitgyof weather phenomena and instrumental data d@miedvan
Krstitelj Lalangue, a physician by profession, whs first to collect meteorological data in Varazdin1785. Organized
meteorological monitoring began worldwide in the 18#ntury and in Croatia in the 19th century. Thestfinetwork of
meteorological stations in Croatia was proposed id9,8with measurements in VaraZzdin starting in 183@ruptions in
observations and measurements occurred during W& | and World War 11, leading to the restoratiaf the main
meteorological station (GMP) in Varazdin in 194'heTmodernization of meteorological monitoring conéd in the 1990s
with the introduction of electronic instruments amgdomated remote data transmission. As part oMb&Vonic project, the
national meteorological network was modernized, &nglthe Croatian Meteorological and Hydrologicalr8iee (DHMZ)
to invest in the advancement of meteorologicalaegein the Republic of Croatia.
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1. INTRODUCTION

Meteorological observations include two main categgoof data: visual observations of weather phesraam
such as clouds, wind, precipitation, atmospheriticap and acoustic phenomena, and storms, as wveell a
instrumental data, which encompass measurementstebrological variables such as temperature, hitynahd
air pressure, wind direction and speed, precipitatamount, sunshine duration, and more. These &xmpl
observations began globally at the end of the t8ttury, while in Croatia, they started in thetfgigarter of the
19th century.

According to the legal provision of June 7, 1784y, dlistrict, and county physicians, i.e., puldioctors, were
required to include their meteorological observaiin annual health reports. This practice continuetil the
end of the 19th century, resulting in a wealth alfected data from more than twenty locations ina@ia Caci¢
et al. 2013. Most meteorological stations were establishedkls to individual intellectuals who, upon requegti
and receiving instruments from meteorological centeecame part of the official observation network

Regulations and agreements regarding the placeofi@énstruments, their types, observation timestsufar
various meteorological elements, as well as theesaand definitions of atmospheric phenomena, dpeelo
gradually. It was not until 1870 that Celsius degravere standardized for temperature, and millimdta air
pressure and precipitation amounts. That same gearly all stations began conducting observataisAM, 2
PM, and 9 PM, whereas earlier, morning observatiom® conducted at 6, 7, or 8 AM, and evening @nés 9,
and most often 10 PM'gi¢ et al. 201%

After Andrija Mohoroviic¢'s persistent efforts, the Territorial Governmenit €roatia and Slavonia decided
on January 15, 1901, to place all meteorologi@lasts within the jurisdiction of the Ban’s Admitriation under
the supervision of the Meteorological Observatoagiéb - Gi, which was led by Mohoro#ic. At that time, he
issued observation guidelines with the recommeadati

"Whoever takes on this moral duty of recording ddtauld do so correctly or not record at all. Ibédter to
have nothing than to have incorrect data.

2. BEGINNINGS OF METEOROLOGICAL MONITORING IN VARAZ DIN

Among the physicians who recorded weather condifitine Varazdin doctor Ivan Krstitelj Lalangue stsin
out, as he documented weather conditions in 1786i¢ et al. 2013 Lalangue was born on April 27, 1743, in
Matton, Luxembourg, Belgium, and passed away on a1 799, in Varazdin. He completed his mediaadists
in 1770 in Vienna. Encouraged by the Austrian lnealte reformer Gerard van Swieten, Lalangue carGedatia
in 1772 to reorganize the healthcare system andapasinted county physician in Varazdin.

His work encompassed hygiene and preventive megitire improvement of economic and social condition
for the population, and the systematic trainingnadwives. He was a key figure in Enlightenment{aegalthcare,
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a pioneer of professional medical literature in @matian language, and the author of the firstlipuealth
education books for the general public: "$re ladanjska" (1776) and "Kratek navuk od meSpijpkorezne"
(1777) Hrvatska enciklopedija 2024

The first known initiative for establishing a netikaf meteorological stations in Croatia can belaited to
Daniel pl. Stanisavlje¥j a financial advisor from ZagreKdtusin 2009. On December 4, 1849, Stanisavljevi
submitted a proposal to the Austrian Academy ok&aes in Vienna for the establishment of meteoiotdg
stations in Karlovac, Mali Alan, Maljevac, RijeRdarazdin, Zavalje, and Zagreb. The reason for dngabese
locations was that Stanisavljévhad found individuals willing to take responsityilifor meteorological
observations in these places.

Thus, the first official meteorological station @roatia was established in 1851 in Dubrovnik as$ pathe
meteorological station network of the Austro-HungamMonarchy. In 1859, three more stations weraldished:
in Osijek, Split, and Varazdin. The Osijek stativas located in the garden of the military hospitahin the
Osijek Fortress, with military officer Uimann astfirst observer. In Split, the first observer vixan de Bortoli,
who was transferred from Dubrovnik, while in VaraZdobservations were conducted by Professor Franz
Folprecht Caci¢ et al. 201

During the first half of the 19th century, meteo@gital measurements were increasingly linked teetat@n
in specific areas, particularly in the context ofitism development, especially spa tourism. Pheyicédd
observations, which include monitoring plant growitidding, flowering, and fruit ripening, were ongged in
schools throughout continental Croatia, includingse in Varazdin({aci¢ et al. 2013

The meteorological pillar in Varazdin, showrFigure 1, was installed in 1909 along Alojzija Stepincaetr
near Setaliste Vatroslava Jéami It is placed on an octagonal (concrete) pedesital three steps. The city
administration provided funding for the construntaf the pillar and the purchase of the most modestmuments
available at the time. The pillar was equipped witarge clock, which was maintained by the ciygéchmakers.
Even today, the people of Varazdin can check metegical data such as air pressure, humidity, teatpes, and
other meteorological elements on the meteorologiitialr at any time of the dayrgVvZ 2024).

Figure 1 Meteorological pillar in Varazdin

The First World War (1914-1918) caused the closfiraany meteorological stations, resulting in thgsl of
instruments and data. The recovery of the metegitdb station network was difficult and slow. Dugithe
Second World War, meteorological observations wereducted at several dozen stations within thédeyrof
the Independent State of Croatia at the time. Theeanological station in Varazdin was built in 19%ith the
first measurements beginning in 194%&{i¢ et al. 201

Over time, meteorological observations were corgtlictt several different locations in Varazdin. Gueh
location was from January 1936 to December 1950et/inkov&ak auxiliary airfield, northwest of the city.
From 1950 to December 31, 1971, the station waatéocnear the Varteks factory, in the Brezje arEeom
January 1, 1972, the meteorological station waxetéd to an airport east of the city. Finally Agril 16, 2009,
Varazdin established a new main meteorologicaiostah Brezje, near the radar center, where it iamtoday
(Figure 3) (Zibrat Z 2009.

Meteorological observations are recorded in thenViditeorological Station Logbook immediately after
observation, with additional data from processerbsgabeing entered later—a practice implementedairaXélin
since December 1997. Since 1990, in addition tohaeical anemographs—instruments that continuaesliyrd
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wind speed and direction on paper strips (anemagjraralectronic anemographs (Typm, Croatia) have been
gradually introduced at main meteorological stai¢@8MP) Hrvatska enciklopedija 2024At GMP Varazdin,
an electronic anemograph has been in operatioe §i@@9, and by 2012, 33 such devices were funcigowithin
the network of main meteorological statiofsdi¢ et al. 2013

One of the primary tasks in maintaining the obsionasystem is to preserve and ensure the repedsariess
of the observation site, which includes maintaintiihg station grounds as well as constructing anhtaiaing
meteorological station facilities.

All these responsibilities—observations, measurameand maintenance—have been part of the regular
activities of meteorological observers. Over timany observers, through their dedication and doutions have
ensured a valuable archive of meteorological datargt 2009. Based on these data, the first comprehensive
meteorological study for spatial planning was depet for Varazdin County in 1995.

The graphical representation Figure 2 illustrates the extreme values of cumulative dailgcipitation
(mm/24h) and extreme daily temperatures for Vara#diring the period 1949-2020.

The data were obtained from the Croatian Meteoioddg and Hydrological Service (DHMZ)
(https://meteo.hr/klima.php?section=klima_podaci&park1&Grad=varazdn

The graph shows that the maximum daily cumulatieeipitation of 83 mm was recorded in Varazdin oayM
6, 1957. Since 1949, the lowest recorded daily sratpre in Varazdin was -28.0°C, measured on Fepif
1956, while the highest recorded temperature af°8®was measured on August 8, 2013.
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Figure 2 Graphical representation of extreme events in ¥dia

Figure 3 New meteorological station in Varazdin, BreZgegionalni tjednik 2019
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The reduction in the number of regular meteorolaggtations began in 1983 and dropped significaintly

1991 due to the Homeland War. Many main meteoroldgstations were damaged by direct hits to bujgjn
meteorological enclosures, or their immediate surdings Figure 4) (Caci¢ et al. 2013

Figure 4 GMP Varazdin damaged during the Homeland War inl1@%ci¢ et al. 2013

3. MODERN METEOROLOGICAL MONITORING IN VARAZDIN

The advancement of science has enabled the devetdpoh technology, including the use of advanced

meteorological observation devices, such as relaadeautomatic monitoring systems and satellite vasiens
beyond Earth’s atmosphere.

The Croatian Meteorological and Hydrological SeePHMZ), as a scientific research institutiontie field

of natural sciences, serves as the national cehttcellence and expertise in meteorology andatiogy and
is responsible for the establishment and maintemahthe national meteorological network.

An analysis of the current state of the meteoralaighetwork has highlighted the need to increada da

availability and quality for various economic sastand public services. Through the MetMonic prb{@017—
2024), efforts have been made to establish a maiestiem of automatic meteorological stations, oogeaphic
buoys, and remote sensing systems for the atmasgheluding meteorological radars, at more thahlé6ations

in Croatia.
As part of this project, the focus at GMP VaraZdas been on data quality and availability, ensuttiag data

is automatically updated every 10 minutes. Witlhie project, new instruments with sensors were pastand
installed at GMP Varazdin for measuring the followimeteorological variableBHMZ 2024).
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Wind speed and direction at 10 m height (Vaisala TZVBPR)

Temperature and relative humidity at 2 m heigha meteorological shelter (Rotronic HC2A S3)
Air pressure (Vaisala PTB330)

Precipitation amount (OTT Pluvio2L)

Snow height (Lufft SHM31)Kigure 5)

Weather conditions and visibility (Biral VPF 75®igure 6)

Precipitation detector (Eigenbrodt RS 8Bijglre 7)

Air temperature at 5 cm above ground (Eigenbrod82000) for minimum temperature and frost

Evaporation, Class A evaporimeter (evaporation pamgter temperature in the evaporimeter
(Microstep MIS PT100)

Wind run at 2 m height (ThiesClima First Class p ememometer)
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e Water level in the evaporimeter (Microstep TSP.()250
e Soil temperature at multiple levels (Microstep T#Bbe)
e Soil moisture (IMKO Trime Pico 64)gure 8)

e Snow density** (SOMMER SPA-2)igure 9)

e Cloud base height (Lufft CHM 15k CeilometeFigure 10)

Figure 5 Snow height measurement device, Lufft Figure 6 Device for determining weather conditions
SHM3L1 (ufft an OTT HydroMet brand 2024 and visibility, Biral VPF 750Biral 2024

Figure 7 Preciptation detector, Eigenbrodt RS 85  Figure 8 Soil Moisture Measurement Device,
(Eigenbrodt 202) IMKO Trime Pico 64Surechem 207)

B e SO
Figure 9 Snow density measurement device,  Figure 10 Cloud base height measurement device,

SOMMER SPA-2AAXIS NANO TECHNOLOGIES  Lufft CHM 15k CeilometeiResearchGate 2024
PVT. LTD. 202)

An additional meteorological parameter introducethe new measurement of soil moisturigre 8), which
will be highly beneficial for assessing soil comafits and drought evaluation in agriculture. Funthere, for the
GMP Varazdin location, instruments for determinimgather conditions, visibility, and cloud base hei§igures
6 and 10 have been procured. However, these serve ondypstial replacement for direct observations. This
type of measurement is particularly useful for éagting extreme sudden summer storms and convective
precipitation, which are difficult to predict withbreal-time measured data.

5. CONCLUSION

Since the establishment of the meteorologicalatati Varazdin, 165 years have passed. As descitbidis
study, until 1999, when the first electronic anereten was installed, measurement results reliedednton
human factors—specifically, the responsibility agedication of individual meteorological observersl ahe
accuracy of measurements taken at specific obsemétnes. These dedicated individuals ensuredh-buality
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archive of meteorological data, which can be camreid part of VaraZzdin's cultural and scientific iteage.
Through the analysis of historical meteorologicatiag we can now evaluate changes in climate patterhe city
and its surroundings.

Over time, significant progress has been madeamtimber of meteorological variables availablesi time,
which is crucial for timely warnings about extremeather events. The modernization of meteorological
monitoring aims to enhance adaptation to climatngle and enable rapid response to natural disashémsately
contributing to safety, the protection of humareiyand the preservation of property.
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