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Izvod

Rad se bavi procjenom pouzdanosti podataka o temperaturi zraka
izmjerenih na meteoroloskoj postaji u mjestu Vitina u Bosni i Herce-
govini u razdoblju od 1992. do 2011. godine, koja je izvan mreze insti-
tucionalnih meteoroloskih postaja. Podaci su usporedeni s podacima
dobivenim mjerenjima u obliznjim meteoroloskim postajama Imotski i
Siroki Brijeg, koje raspolazu s dovoljnim nizovima podataka. Pri tome
Jje ispitana homogenost pojedinih nizova podataka, a za medusobnu
usporedbu analiziranih postaja relativna homogenost. Istrazivanje je
pokazalo da su podaci u vecini slucajeva relativno homogeni, medutim,
u odredenim dijelovima godine javljaju se statisticki znacajna odstupa-
nja, zbog ¢ega je podatke postaje u Vitini prije koristenja u regionalnim
klimatskim analizama potrebno korigirati za Sto su potrebna dodatna
mjerenja.

Kljuéne rije¢i: temperatura zraka, meteoroloske postaje, pouzda-
nost podataka, homogenost

UvOoD

Za odredivanje klimatskih obiljezja nekog pod-
ru¢ja potrebni su pouzdani nizovi podataka klimatskih
elemenata. Oni se mjere u meteoroloskim postajama
prema smjernicama Svjetske meteoroloske organizaci-
je i nadleznih meteoroloskih institucija (WMO, 1998;
Pandzi¢, 2008), kako bi podaci bili usporedivi. Kako
bi promjene u nizovima podataka odrazavale promjene
klime, mjerni instrumenti i sama meteoroloska postaja
trebala bi biti smjeStena tako da sve promjene u oko-
liu u blizini postaje §to manje utjeCu na mjerenje. Za
tako dobiven niz podataka, ¢ije su promjene uzrokovane
samo promjenama vremena i klime, kaze se da je ho-
mogen (Penzar i Makjani¢, 1980). Na vecinu klimatskih
elemenata ¢ija se mjerenja biljeze kroz duze vremensko
razdoblje djeluju i neklimatski ¢imbenici zbog kojih ti
nizovi podataka nisu dovoljno reprezentativni da bi se iz
njih mogle ocijeniti stvarne promjene vremena i klime.
Ti ¢imbenici mogu biti promjene mjernih instrumena-
ta, njihove lokacije, pravila mjerenja, kao i promjene u
okolisu same postaje (Pandzi¢ i Likso, 2010). Svi oni
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ture data series measured at the weather station in Vitina, Bosnia and
Herzegovina, for the period 1992-2011. The Vitina weather station does
not belong to the network of institutional meteorological stations. To eval-
uate the reliability of data series from Vitina, they were compared with
data obtained from measurements at nearby weather stations at Imotski
and Siroki Brijeg, for which there are reliable data series. For this pur-
pose, the homogeneity of each data series was examined. The relative
homogeneity method was used to compare all the data series. The study
showed that the data series are relatively homogeneous in most cases.
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were recorded and therefore the data from Vitina must be corrected for use
in the regional climate analysis, which requires additional measurements.
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INTRODUCTION

For the determination of the climatic properties of an
area, reliable data series of climatic elements are necessary.
These data are measured in weather stations in accordance
with the guidelines of the World Meteorological Organisation,
and the competent meteorological institutions (WMO, 1998;
Pandzi¢, 2008), to ensure comparability of data. Furthermore,
to ensure that changes in data series reflect changes in climate,
the measuring instruments and weather stations in particular
must be positioned in such a manner that any changes in the
immediate environment of the station have minimum effects
on measurements. Such data series, where the changes are
caused only by changes to weather and climate, are considered
homogenous (Penzar & Makjani¢, 1980). For most climatic
elements that are measured over long time periods, other non-
climatic factors also have an influence, and those data series
are insufficiently representative to properly assess true chang-
es to weather and climate. These factors can include changes
to measuring instruments, their location, measuring rules, and
changes in the environment around the station itself (Pandzi¢
& Likso, 2010). All these factors cause inhomogeneity of cli-
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uzrokuju nehomogenost nizova klimatoloskih podataka
te mogu dovesti do pogresne interpretacije klimatskih
obiljezja nekog podrucja. Neke se neklimatske promje-
ne mogu lako uociti kao nagla promjena u nizu podata-
ka, dok se neke promjene, kao one nastale postupnom
promjenom okoliSa postaje, teze uocavaju te se mogu
zamijeniti za lokalne klimatske varijacije. Za svaku je
meteorolosku postaju potrebno biljeziti sve promjene
koje mogu imati utjecaj na izmjerene vrijednosti. Kako
bi se niz klimatskih podataka mogao pravilno koristiti iz
njega je potrebno odstraniti nehomogenosti ili je potreb-
no znati koje greske u njihovoj interpretaciji mogu biti
uzrokovane nehomogenoséu.

Za otkrivanje nehomogenosti nizova podataka u
klimatoloskim istrazivanjima postoje razliciti statistic-
ki testovi. Ti se testovi razlikuju ovisno o klimatskom
elementu ¢ija se homogenost ispituje, prostornoj i vre-
menskoj varijabilnosti koja ovisi o dijelu svijeta gdje se
postaja nalazi, duljini i potpunosti nizova, dostupnosti
metapodataka i gustoéi razmjeStaja postaja (Peterson
i dr., 1998). Ovisno o tome ispituje li se homogenost
niza samo jedne postaje ili nizova podataka susjednih
postaja testovi se mogu podijeliti u dvije skupine: ap-
solutni i relativni (Pandzi¢ i Likso, 2010). Apsolutni
testovi ispituju homogenost vremenskog niza izmjere-
nog u jednoj postaji. Medutim, u tom sluc¢aju promje-
na u nizu podataka, odnosno nehomogenost, moze biti
uzrokovana i stvarnom varijacijom klime i vremena
(Peterson i dr., 1998). Posebno je to tesko utvrditi za
one postaje za koje ne postoji popis ¢imbenika koji su
mogli utjecati na homogenost izmjerenih podataka. Za
odredene izolirane postaje ne mogu se primijeniti me-
tode relativne homogenosti te je za njih potrebno kori-
stiti razli¢ite metode apsolutne homogenosti (Rhoades
i Salinger, 1993).

U nekim sluc¢ajevima nehomogenost niza moze biti
posljedica prekida mjerenja uslijed izvanrednih dogada-
ja, kao $to su prirodne nepogode i ratovi. Za vrijeme
rata u Bosni i Hercegovini od 1992. do 1995. godine
zbog ratnih operacija rad brojnih meteoroloskih posta-
ja je privremeno bio prekinut. Nakon rata u nekima su
ponovo pocela mjerenja, dok su druge s radom pocele
na novoj lokaciji. Stoga su svi podaci prikupljeni u rat-
nom razdoblju od velike vrijednosti za klimatologe, ali
i druge znanstvenike, koji pomoc¢u njih mogu odrediti
klimatska obiljezja, kao i ocijeniti trend promjene klime
odredenog podrucja.

Pri analizi regionalnih klimatoloskih obiljezja, uz
sluzbena mjerenja mogu posluziti i podaci prikupljeni na
postajama izvan mreze institucionalnih meteoroloskih
postaja, ako su prikupljani prema smjernicama Svjetske
meteoroloske organizacije. Rad institucionalnih meteo-
roloskih postaja u nadleznosti je drzavnih (hidro)mete-
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mate data series, and can result in the incorrect interpretation
of the climatic features of an area. Some non-climatic changes
can easily be observed, such as sudden shifts in a data series,
while other changes, such as those caused by gradual changes
of environment around the weather station, are more difficult
to observe and can be mixed with local climatic variations.
For each weather station, it is necessary to record all changes
that could have an impact on the measured values. In order to
ensure that climate data series are usable, any inhomogene-
ities must be removed from the data series, or it is necessary
to know which errors in their interpretation could be caused
by inhomogeneity.

Various statistical tests can be applied to detect inho-
mogeneity in data series in climate studies. Those tests dif-
fer based on climatic element for which the homogeneity is
being tested, the spatial and temporal variability, which de-
pends on the part of the world where the station is located,
the length and continuity of the data series, the availability
of metadata, and the density of the station network (Peter-
son et al., 1998). Depending on whether the homogeneity
of a series of just one station, or data series of neighbour-
ing stations is being tested, the tests can be divided into two
groups: absolute and relative (Pandzi¢ & Likso, 2010). Ab-
solute tests determine the homogeneity of time series mea-
sured at a single station. However, in that case, any changes
to the data series, or inhomogeneity, can be also caused by
real variations of climate and weather (Peterson et al., 1998).
It is particularly difficult to determine homogeneity for those
stations that do not have a record of factors that had possible
impact on the homogeneity of the measured data. For iso-
lated stations, it is not possible to apply methods of relative
homogeneity, and there are a various of methods for absolute
homogeneity required (Rhoades & Salinger, 1993).

In certain cases, the inhomogeneity of data can be the
result of interruptions in measurements due to extraordinary
events, such as natural disasters or wars. During the war in
Bosnia and Herzegovina from 1992 to 1995, the operation of
numerous weather stations was temporarily ceased due to war
circumstances. Following the war, some stations resumed op-
erations, while for others, operation was commenced at new
locations. Therefore, all the data collected during the war pe-
riod are of great significant for climatologists and other scien-
tists, as they can be used to determine climatic features and to
assess trends of a climate change in a given area.

In an analysis of the regional climatic features, in ad-
dition to official measurements, data measured at stations
outside the network of institutional weather stations can also
be used, if those data are collected in accordance with the
guidelines of the World Meteorological Organisation. The
operation of the institutional weather stations is under the
competence of the state (hydro)meteorological services,
whose operation is governed by the laws of individual coun-
tries. In the Republic of Bosnia and Herzegovina, meteoro-
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oroloskih tijela ¢iji je rad propisan zakonima pojedine
drzave. U Republici Bosni i Hercegovini meteorolosku
djelatnost obavljaju Federalni hidrometeoroloski zavod
BiH te Republicki meteoroloski zavod. Osim mjerenja
meteoroloskih elementa na mrezi institucionalnih po-
staja, mjerenja za vlastite potrebe obavljaju i mjeritelji
— amateri na neinstitucionalnim meteoroloskim postaja-
ma. Biljezenjem rezultata takvih mjerenja mogu nastati
viSegodis$nji nizovi podataka.

Ovaj se rad temelji na analizi podataka o tempera-
turi zraka koji su dobiveni amaterskim mjerenjima na
postaju u Vitini kod Ljubuskog u terminima motrenja 7,
14 121 sat od 1992. do 2011. godine. Na tom podruéju
ne postoje meteoroloske postaje Federalnog hidromete-
oroloskog zavoda BiH te podaci s te postaje mogu bitno
pridonijeti poznavanju lokalnih klimatskih obiljezja tog
podrucja. Posebna je vrijednost tih podataka $to su oni
mjereni i za vrijeme rata u Bosni i Hercegovini. Cilj je
rada ispitati koliko su podaci prikupljeni u Vitini pouz-
dani u odnosu na podatke najblizih institucionalnih me-
teoroloskih postaja.

PODACI I METODE

U radu se vrednuje pouzdanost podataka prikupljenih
mjerenjima u Vitini (Tab.1.). Podatke je mjerila i biljezila
osoba koja se time bavi amaterski, a meteoroloska kuéica
nije u potpunosti uredena prema smjernicama meteorolos-
kih institucija (SI. 1). Ku¢ica je u obliku kvadra sa stranica-
ma od Zaluzina te stoji na ¢etveronoznim nogarima. Instru-
ment kojim se mjerila temperatura na mjernom mjestu u
Vitini je Assmannov aspiracijski psihrometar. On se nalazi
na visini od dva metra objesen na precki unutar meteoro-
loske kucice. Ipak, potrebno je spomenuti zamjerke kon-
strukciji 1 smjestaju meteoroloske kuéice (SI. 1.). Naime,
njezin krov zbog boje i materijala (jednostruke salonitne
ploc¢e) od kojeg je izraden, najvjerojatnije ne pruza dovolj-
nu izolaciju. Krov kuéice treba biti dvostruk i bijele boje
(Pandzi¢, 2008). Takoder, u odredenoj mjeri na izmjerene
temperature moze utjecati i smjestaj meteoroloske kucice.
Ona se nalazi u vrtu koji se obraduje, pa iako u blizini nema
drvec¢a, mogu¢ je utjecaj ugrijanog tla u toplom dijelu go-
dine. Naime, zemljiste obraslo vegetacijom ima veéi albe-
do u odnosu na neobraslo, a sunc¢evo zracenje se dodatno
tro$i i na fotosintezu. Stoga obradeno zemljiste apsorbira
vise energije i razdoblju hladenja zagrijava zrak iznad te
se, u prosjeku, mogu ocekivati vise temperature nego sto bi
one bile iznad neobradenog zemljista. Prema smjernicama
Svjetske meteoroloske organizacije zemljiste iznad koje se
mjeri temperatura zraka i gdje je smjeStena meteoroloska
kucéica treba biti obraslo niskom travom, a ako trava u tom
podrucju na raste, treba biti isto kao i prirodno zemljiste u
okolini (Pandzi¢, 2008).

logical service is performed by the Federal Hydrometeoro-
logical Institute of Bosnia and Herzegovina, and by the Re-
public Meteorological Institute. Besides the measurement of
meteorological elements within the network of institutional
meteorological stations, there are measurement for personal
use by amateur weather observers at non-institutional (pri-
vate) weather stations. The recording of results of such mea-
surements can result in multiyear data series.

This study provides an analysis of the air temperature
data obtained by amateur measurements at the Vitina weath-
er station near the city of Ljubuski. Measurements were
taken at 7 a.m., 2 p.m. and 9 p.m. from 1992 to 2011. In this
area, there are no official weather stations of the Federal Hy-
drometeorological Institute of Bosnia and Herzegovina, and
therefore the data from this station could contribute to better
understanding the local climatic features. The particular val-
ue of these data is that the data were continuously measured,
even during the war period in Bosnia and Herzegovina. The
objective of this paper is to test the reliability of the data col-
lected at the Vitina weather station in relation to the data of
the nearest institutional weather stations.

DATA AND METHODS

This study evaluates the reliability of data collected in
measurements at the Vitina measuring station (Table 1). The
data were measured and recorded by an amateur weather ob-
server, and the weather shelter is not fully equipped accord-
ing to official meteorological guidelines (Fig. 1). The weather
shelter is a rectangular box with louvered sides and stands on
four-legged stand. The instrument used to measure tempera-
ture at the Vitina station is an Assmann aspiration psychrom-
eter. The device is positioned at a high of 2 metres, hung from
a bar inside the weather shelter. There are few remarks to the
construction and positioning of the weather shelter that should
be noted (Fig. 1). Due to the colour and material (single layer
asbestos roof tiles) of the roof; it likely does not provide suf-
ficient insulation. The shelter roof is required to be a double
layer and white (Pandzi¢, 2008). Also, the positioning of the
shelter can have a certain impact on the measured tempera-
tures. It is positioned within a garden that is cultivated, and
though there are no trees nearby as it is required, it is possible
that the heated soil during the summer months can have an im-
pact. Land under plant cover has a higher albedo than bare soil,
and solar radiation is furthermore absorbed for photosynthesis.
Therefore, cultivated soil absorbs more energy and heats the air
during cooling periods so, on average, higher temperatures can
be expected over cultivated soils than over non-cultivated soils.
According to the guidelines of the World Meteorological Or-
ganisation, the ground over which the weather station is posi-
tioned and air temperature measures should be covered in low
grass, or if grass is not native to that area, it should be the same
as the natural soils in the surrounding area (Pandzic, 2008).
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Sl. 1. Meteoroloska kuéica mjerne postaje u Vitini

Fig. 1. Meteorological shelter of the measuring station in Vitina

Tab. 1. Koordinate meteorologkih postaja Imotski i Siroki Brijeg te mjernog mjesta u Vitini.

Tuble 1. Coordinates of the Imotski and Siroki Brijeg meteorological stations and the Vitina measuring station

Rb. postaja geografska Sirina geografska duZina nadmorska visina (m)
No. station latitude longitude altitude (m)

1 Imotski 43°27 17°13° 535

2 Vitina 43°14°33” 17°28°24” 74

3 Siroki Brijeg 43°22°53” 17°35°33” 270

Izvor: 1 — DHMZ; 2 — GPS koordinate izmjerili autori; 3 — FHMZ BiH
Source: 1 — CHMS; 2 — GPS coordinates measured by authors; 3 — FHMI BiH

Kako bi se istrazilo koliko dobiveni podaci dobro
prikazuju klimatoloska obiljezja i kolika je relativna
homogenost, analiza je napravljena na mjese¢nim vri-
jednostima. U tu su svrhu izracunate srednje mjesecne
temperature za 7, 14 i 21 sat za svaku godinu od 1992.
do 2011. U nizu podataka za tu postaju ne postoje po-
daci za veljacu 2001. godine za sva tri termina mjere-
nja te su oni interpolirani nakon provedenog testiranja
homogenosti.
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In order to determine whether the obtained data ac-
curately reflect the climatic features and to determine the
relative homogeneity of the data, an analysis of monthly
values was conducted. For that purpose, the mean monthly
temperatures measured at 7 a.m., 2 p.m. and 9 p.m. for each
year from 1992 to 2011 were calculated. In the data series,
data for all three readings times for the month of February
2001 were lacking, and therefore these data were interpo-
lated after conducting the homogeneity test.
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Kako bi se ispitalo koliko su podaci prikupljeni na
postaji Vitina pouzdani potrebno je utvrditi pouzdanost
mjerenja, a zatim ih usporediti sa podacima mjerenja
na susjednim institucionalnim postajama. Usporedbe
susjednih postaja vr$e se jer su razlike izmedu mjesec-
nih ili godiSnjih srednjaka na dvije susjedne postaje
manje promjenljive nego sami srednjaci na jednoj po-
staji (Penzar i Makjani¢, 1980). Pri tome je potrebno
uzeti one postaje koje su relativno blizu ili za koje se
moze pretpostaviti da imaju sli¢na klimatska obiljezja
kao i promatrana postaja. Postaja Vitina nalazi se oko
7 km sjeverozapadno od Ljubuskoga (SI. 2.). Smjeste-
na je u Ljubuskom polju — tipicnom primjeru krskog

In order to test the reliability of the data collected at the
Vitina station, it was first necessary to determine the reliability
of measurements, and then to compare them to data measured
at neighbouring institutional weather stations. A comparison
of the neighbouring stations is conducted because the differ-
ences between monthly or yearly means at two neighbouring
stations is less variable than the means at a single station (Pen-
zar & Makjanic, 1980). For the comparison, it is necessary to
take those stations that are relatively close, or for which can
be assumed to have similar climatic features as the observed
station. The Vitina measuring station is situated about 7 km
northwest of Ljubuski (Fig. 2). It is situated in Ljubusko Polje,
a typical example of a karst polje. The position in inter-mon-

17°15

Vinjani

Gornji Vinjani

43° 26" N,
| Crveno jezero h_f' 17:0 13'E

2

‘0‘ »

Osoje

Batin

‘43"25‘

-
> | i .
I'u
.y i WGoria 9
. Britvica vl
%. - a} '

Izbiéno -

4

-

‘F : » - PR 1
- % .
h " jonji G
m / : \ Wﬂ%‘;
» . ’ - . N
Zmijavei :’ ~ ,3;?) . - : /
. ! R o 43° 22'N KN
N‘ Ljubotiéi 1 e 40
/A ~ g 17°35E TN ,
. \
Koterin Ad
Runovic *, Y ] ..
\.. o Siroki«Brijeg
e -y ornji Mamiéi Prival]
Podosoje - .
Blazevici A - & €
.
P %, ‘ . Y \ \ Duboko
& 4.4 Drinove o (g Mokro
i % Dragiéina Puzies
N - 50 . —
- ) “ . b Ruzici Donji Mamici (A
# % . ‘f‘ ¥
& slivio i v
4 - 1 i g
‘ Rasno
Buhavo
Tihaljina
. -
>
— Borajna \\ ~
) T O
o M Grljevidi
g ’ ’ Klobuk Hamziéi
=) " i
J
Vojnie z
u]mml-*' 43° 14'N e o
0 g
< 1 288
Sipovaca
o~
Veljaci ot
Proboj
Giok Radizidi, O 5

Gradska

oy
o

Grabovnik

e

km)

S1. 2. A) Geografski smjestaj i koordinate meteoroloskih postaja u Imotskom i Sirokom Brijegu te mjerne postaje u Vitini; B) Pregledna

karta s istrazivanim podru¢jem (crveni kvadrat)

Fig. 2. A) Location and coordinates of the meteorological stations in Imotski and Siroki Brijeg and the measuring station in Vitina; B)

Overview map with the researched area (red square)

83



Acta Geogr. Croatica, vol. 41/42 (2014./2015.), 79-102, 2018.

M. Maradin, D. Oresi¢, I. Madzar, J. Putica: Procjena pouzdanosti

neinstitucionalnog mjerenja temperature zraka u Vitini, BIH, u razdoblju 1992.-2011.

polja. Kotlinski smjesStaj ima utjecaj na godis$nji hod
temperature u odnosu na okolni poviseni prostor. U
zavalama se u hladnom dijelu godine nakuplja hladan
zrak, te su one Cesto hladnije od visih dijelova reljefa
(Segota, 1988). Anticiklone, koje uzrokuju nastanak
magle, naglasSavaju to stanje te dolazi do pojave inver-
zije temperature. Ljeti se u kotlinama nakuplja topli
zrak te su one toplije od okolnog prostora. S obzirom
na dinamiku reljefa u istrazivanom su prostoru moguce
relativno velike razlike u temperaturi u odnosu na veli-
¢inu prostora. Lokalni klimatski modifikatori u jednoj
kotlini mogu imati relativno mali utjecaj u drugoj kotli-
ni. Takoder, njihov se utjecaj ne mora osjec¢ati na visSim
dijelovima reljefa. Stoga i relativno blize postaje mogu
imati odstupanja u hodu temperature $to treba uzeti u
obzir pri analizi podataka.

Kako je za analizu potrebno uzeti one postaje na koje
djeluju donekle sli¢ni klimatski modifikatori kao i na po-
staju u Vitini za usporedbu nisu pogodne obliznje postaje
koje su pod znacajnim utjecajem mora, kao §to su mete-
oroloske postaje Metkovi¢ ili Mostar. Najblize postaje u
Hrvatskoj su klimatoloske postaje Imotski i Vrgorac, me-
dutim, zbog nedostaju¢ih podataka postaja Vrgorac nije
uzeta u obzir. Premda u ukupnim nizovima podataka za tu
postaju nedostaje relativno mali broj podataka (7,1 % od
ukupnog broja podataka), u nekim mjesecnim nizovima
nedostaje i do tre¢ine podataka za termin mjerenja u 21
sat, Sto je previse za pouzdanu analizu mjesec¢nih vrijed-
nosti. Zbog rata u Bosni i Hercegovini za brojne postaje
u toj drzavi ne postoje neprekinuti nizovi podataka koji
bi posluzili za analizu. Najbliza postaja koja odgovara
smjeStajem 1 za koju postoje raspolozivi nizovi podata-
ka u razdoblju od 1992. do 2011. godine je meteorolos-
ka postaja Siroki Brijeg. Stoga je pouzdanost podataka
prikupljenih u Vitini analizirana na nizovima podataka iz
postaja u Imotskom i Sirokom Brijegu (Tab. 1., Tab. 2.).
Podaci u Tab 2. prikazuju osnovna statisticka obiljezja
analiziranih nizova podataka za sve tri postaje. Osnovna
obiljezja nizova podataka za sve tri postaje prikazana u
Tab. 2. ne pokazuju ocigledna odstupanja ili nelogi¢nosti.
Daljnja analiza podataka iz Vitine pokazala je koliko po-
daci izmjereni u toj postaji odstupaju od podataka u ostale
dvije analizirane postaje.

Podaci za Imotski dobiveni su od Drzavnog hidrome-
teoroloskog zavoda u Zagrebu. Za Imotski nedostaju vri-
jednosti srednjih mjeseénih temperatura za sijeanj 2004.
godine u 7 sati, koje su interpolirane metodom linearne in-
terpolacije. Podaci za postaju Siroki Brijeg podaci su Fede-
ralnog hidrometeoroloskog zavoda Bosne i Hercegovine.
U nizu srednjih mjesecnih vrijednosti za tu postaju nije bilo
nedostajucih podataka.

Kako bi se analizirala pouzdanost nizova podata-
ka izmjerenih u Vitini prvo je analizirana homogenost
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tane basin has an influence on the annual course of tempera-
ture in comparison to surrounding higher grounds. In the in-
ter-montane basins, colder air accumulates in the cold part of
the year, and they are often colder than in surrounding higher
areas (Segota, 1988). Anticyclones, which cause the creation
of fog, enhance this effect, and temperature inversions occur.
In the summer, hot air accumulates in the basins, so they are
warmer than the surrounding areas. Considering the dynamics
of the terrain in the study area, there are relatively large differ-
ences in air temperature possible, with regard to the size of the
area. The local climatic modifiers in one inter-montane basin
can have a relatively small impact in another basin. Further-
more, their influence cannot have impact on temperature in
higher areas of the relief. Therefore, relatively close stations
can have significant variations in the course of temperature,
which should also be considered during data analysis.

For the comparison, it is necessary to include weather
stations that have relatively similar climatic modifiers as
the measuring station in Vitina, so weather stations under
a strong maritime influence, such as the weather stations at
Metkovi¢ or Mostar are not suitable for comparison. The
nearest weather stations are those in Croatia, at Imotski
and Vrgorac, however, the Vrgorac weather station was
not suitable for comparison due to lacking data. Relatively
few data were lacking in the overall data series (only 7.1%
of the total number of data), though in some months, up
to one-third of the data were lacking for the 9 p.m. read-
ing time, which is too much for a reliable analysis of the
monthly values. Due to the war in Bosnia and Herzegov-
ina, numerous weather stations lack an uninterrupted data
series that could be used for analysis. The nearest station
that is suitable in terms of position and for which there are
reliable data series for the 1992 — 2011 period is the weath-
er station at Siroki Brijeg. Therefore, the reliability of data
collected at Vitina was analysed using the data series from
the weather stations at Imotski and Siroki Brijeg (Tables
1 and 2). Table 2 shows the basic statistical parameters of
the analysed data series for all three stations. The basic pa-
rameters of the data series presented for all three stations
(Table 2) does not show any obvious deviations or illogi-
cality. Further analysis of the Vitina data series indicate the
deviation of these data from the data from the two other
analysed stations.

The data for Imotski were obtained from the Croatian
Meteorological and Hydrological Service in Zagreb (Croatia).
For Imotski, the mean monthly temperature for January 2004
was lacking for the 7:00 a.m. reading, and this was thus inter-
polated using the linear interpolation method. The data for the
station Siroki Brijeg are the data of the Federal Hydrometeo-
rological Institute of Bosna and Herzegovina. No data were
missing in the data series of monthly averages for that station.

In order to analyse the reliability of data series mea-
sured in Vitina, the homogeneity of the data series for
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Tab. 2. Osnovna statisti¢ka obiljeZja analiziranih nizova podataka u 7, 14 i 21 sat za postaje u (a) Vitini, (b) Imotskom i (c) Sirokom
Brijegu u razdoblju od 1992. do 2011. (SDEV - standardna devijacija, CV — koeficijent varijacije, a3 — koeficijent asimetrije)

Table 2. Basic statistical parameters of the analysed data series at 7:00 a.m., 2:00 p.m. and 9:00 p.m. for the stations at (a) Vitina, (b)
Imotski and (c) Siroki Brijeg in the period 1992-2011 (SDEV — standard deviation, CV — coefficient of variation, a3 — coefficient of
asymmetry)

(a) Vitina

7h I II 11 v v VI VIl VIII IX X XI XII
SDEV 1,78 * 1,94 1,47 1,30 1,38 0,93 1,62 1,15 1,13 1,77 2,02
AVRG 2,05 * 6,70 11,16 16,26 21,38 23,53 22,78 16,79 11,51 6,75 3,61
CVv 0,868 * 0,290 0,131 0,080 0,064 0,039 0,071 0,069 0,098 0,263 0,559
a3 0,01 * 1,19 -0,59 -0,74 1,76 -0,26 0,30 0,75 -0,36 0,05 -0,01
14 h I II 11 v v VI VII VIII IX X X1 XII
SDEV 1,44 * 2,07 1,59 1,70 1,48 1,12 2,62 3,19 1,87 1,58 1,32
AVRG 9,62 * 14,78 19,34 24,87 29,62 32,58 32,15 26,51 20,83 14,75 10,43
()% 0,150 * 0,140 0,082 0,068 0,050 0,034 0,082 0,120 0,090 0,107 0,127
a3 0,53 * 0,57 0,37 0,78 1,38 0,23 0,07 2,06 0,49 0,26 -0,53
21h I II II1 v A% VI VII VIII IX X XI XII
SDEV 1,87 * 2,09 1,70 1,30 1,64 1,04 2,02 1,69 1,62 2,08 1,86
AVRG 3,33 * 8,68 13,61 19,66 25,03 28,24 27,61 20,79 14,40 8,46 4,77
Cv 0,562 * 0,241 0,125 0,066 0,065 0,037 0,073 0,081 0,113 0,246 0,389
a3 0,38 * 1,26 -0,02 -0,19 0,97 -0,14 0,16 0,70 0,04 -0,25 -0,09

*nije izracunato zbog nedostaju¢ih podataka / not calculated due to missing data

(b) Imotski
7h I I I v \% VI VI VIII IX X XI X1
SDEV * 2,01 1,47 1,40 1,11 1,09 0,82 1,51 1,53 1,15 1,41 1,30
AVRG * 3,29 5,98 10,16 15,38 19,03 21,34 | 21,27 16,13 12,12 7,72 4,46
cv * 0,610 | 0246 | 0,138 | 0,072 | 0,057 | 0,039 | 0,071 | 0,095 | 0,095 | 0,183 | 0,291
a3 * -0,48 0,60 -1,37 -0,51 0,58 0,42 -0,30 0,22 -0,07 -0,09 -1,22
14h I I I v \% VI VI VIII IX X XTI X1

SDEV | 1,54 2,43 1,73 1,76 1,64 1,77 111 2,55 2,30 1,83 1,68 1,30
AVRG | 8,12 928 | 12,54 | 16,74 | 22,63 | 26,53 | 29,72 | 30,29 | 23,96 | 19,15 | 12,86 | 8,60
CV | 0,190 | 0261 | 0,138 | 0,105 | 0,073 | 0,067 | 0,037 | 0,084 | 0,09 | 0095 | 0,131 | 0,151

a3 -0,03 0,23 0,37 0,55 -0,04 0,72 0,73 -0,48 0,01 0,18 -0,33 -0,67
21h I II 11 v v VI Vil VIII IX X XI XII
SDEV 1,39 2,01 1,56 1,62 1,30 1,30 0,80 1,88 1,79 1,29 1,44 1,38

AVRG 4,56 4,95 7,75 11,55 16,72 20,51 23,06 23,22 17,86 13,76 8,85 5,30
Ccv 0,305 0,406 0,201 0,140 0,078 0,063 0,035 0,081 0,100 0,094 0,163 0,261
a3 -0,02 -0,33 0,37 -0,73 -0,11 0,80 0,17 -0,26 0,38 -0,02 -0,09 -1,11

* nije izracunato zbog nedostajucih podataka / not calculated due to missing data
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(c) Siroki Brijeg

7h I | 11 v % VI VII | VII IX X XI XII
SDEV | 1,95 1,99 1,77 139 | 097 1,09 1,12 1,30 1,25 1,20 1,93 1,75
AVRG | 0,46 123 | 467 | 958 | 14,64 | 1886 | 21,01 | 19,76 | 14,11 | 960 | 548 | 248

CV | 4227 | 1,617 | 0379 | 0,145 | 0,067 | 0,058 | 0,053 | 0,066 | 0,089 | 0,125 | 0352 | 0,705

a3 0,04 | -063 | 106 | -1,60 | 0,06 1,02 | 0,16 | 029 | -007 | 046 | 011 | -068

14h I | 1| v % VI VII | VII IX X XI XII
SDEV | 1,54 | 2.6l 1,73 1,86 1,66 1,68 1,10 | 239 | 220 1,74 1,60 1,41
AVRG | 832 | 9,07 | 12,81 | 1734 | 22,65 | 26,80 | 2999 | 29,88 | 24,02 | 1920 | 13,30 | 9,12

CV | 0,18 | 0288 | 0,135 | 0,107 | 0,073 | 0,063 | 0,037 | 0,080 | 0,091 | 0,091 | 0,120 | 0,155

a3 0,01 0,02 | 056 | 000 | 027 | 019 | 043 | -028 | 054 | 049 | -022 | -0,52

21h I | I v % VI VII | VII IX X XI XII
SDEV | 1,90 | 228 1,52 1,52 1,12 1,66 1,88 | 2,03 1,86 1,67 1,52 1,58
AVRG | 292 | 366 | 7,62 | 11,89 | 16,57 | 20,49 | 2325 | 22,99 | 17,55 | 12,19 | 7,09 | 3,82

CV | 0,651 | 0,623 | 0200 | 0,128 | 0,068 | 0,081 | 0,081 | 0,088 | 0,106 | 0,137 | 0215 | 0414

a3 20,17 | -0,11 | 036 | -0,82 | -061 | 075 123 | 005 | -004 | -072 | 031 | -0,77

Izvor: podaci neinstitucionalnog mjerenja u Vitini; podaci DHMZ za Imotski i FHMZ BiH za Siroki Brijeg
Source: Data from non-institutional measurements in Vitina; data of the CHMS for Imotski, and FHMI BiH for Siroki Brijeg

koristenih nizova podataka za sve postaje. U tu je svrhu
upotrijebljen Wilcoxonov neparametarski test, kod cije
se primjene oblici rasporeda razmatranih skupova ne
pretpostavljaju unaprijed. Testiranje Wilcoxovim testom
provodi se tako da se iz ukupnog niza podataka od n=n,
+n, izdvaja originalni niz s n, ¢lanova i modificirani niz
s n, ¢lanova (Zugaj, 2015). Dokazano je da suma rango-
va modificiranog niza velikih skupova slijedi normalnu
raspodjelu, a takva aproksimacija je prihvatljiva kada su
n, in, ve¢i od 7 (Mood i Graybill, 1963). Nultoj se pret-
postavci, da u nizu podataka nema znacajnih promje-
na, suprotstavlja alternativna, tj. da znacajne promjene
postoje, bilo da su one uzrokovane prirodnim ili nekim
drugim naéinom. Uz uvazavanje razine povjerenja o =
0,05 granice prihvaéanja nulte pretpostavke usvajaju
se prema normalnoj raspodjeli: — 1,96 < U < 1,96 gdje
je U, standardno jedini¢no odstupanje koje se odreduje
izrazom:

_ So— Es
UO - )

Os
gdje je S, suma rangova modificiranog niza, E , oce-
kivana vrijednost sume rangova modificiranog niza, a o,
je standardno odstupanje sume rangova modificiranog
niza.

Relativnim testom testira se homogenost vremen-
skog niza odredene postaje u odnosu na referentni niz
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all three stations was first analysed. The non-parametric
Wilcoxon test was used, as this test does not require that
the distribution of the analysed data series be assumed in
advance. The Wilcoxon test uses the entire data series of
n=n, +n, and separates the original series with n, pairs
and the modified series with n, pairs (Zugaj, 2015). It
has been proven that the sum of the ranks of the modi-
fied series of large data series has a normal distribution,
and this approximation is acceptable when n, and n, are
greater than 7 (Mood & Graybill, 1963). The null as-
sumption is that the data series do not have significant
changes contrary to the alternative, i.e. if significant
change exists, it would be caused by natural or other
causes. By setting the confidence limits at a = 0.05, the
confidence limits of the null assumption are adopted ac-
cording to the normal distribution: -1.96 < U < 1.96,
where U is the standard deviation determined by the
equation:

Uy = So— Es
Os

where S is the sum of the modified series ranks, E , is
the expected value of the sums of the modified series ranks,
and o_is the standard deviation of the sum of ranks of the
modified series.

The relative test analyses the homogeneity of the time
series of a certain station in relation to a reference series



Acta Geogr. Croatica, vol. 41/42 (2014/2015), 79-102, 2018

M. Maradin, D. Oresi¢, I. Madzar, J. Putica: Evaluation of reliability

of non-institutional measurement of air temperature in Vitina, BIH, for 1992-2011 period

za kojeg se pretpostavlja da je homogen i da pokazuje
istu varijaciju vremena i klime (Panzi¢ i Likso, 2010).
Referentni niz podataka sluzi da bi se odredio klimatski
signal svojstven odredenoj regiji te da bi se izdvojile
neklimatske promjene, a koje se ne pojavljuju u refe-
rentnom nizu. Testovi relativne homogenosti pogodni
su za analiziranje nestacionarnih nizova podataka te se
u zadnje vrijeme sve CeSce koriste. Nestacionarni vre-
menski nizovi su nizovi kojima tijekom vremena moze
do¢i do znacajnih promjena karakteristi¢nih vrijedno-
sti (srednjak, koeficijent varijacije 1 dr.) te ih je tesko
opisati modelima i prognozirati. Niz testova apsolut-
ne i relativne homogenosti opisali su Penzar i Makja-
ni¢ (1980), Rhoades i Salinger (1993), Peterson i dr.
(1998), Aguilar i dr. (2003), te Cao i Yan, (2012). Da-
nas cesto koriSten test relativne homogenosti je Stan-
dard Normal Homogeneitiy Test (SNHT) koji je razvio
Alexandersson (1986), a primijenjen je u nizu radova
(Vincent i Gullet, 1999; Tuomenvirta, 2001; Li i dr.,
2004; DeGaetano 2006; Reeves i dr., 2007). U Hrvat-
skoj su navedeni test za testiranje homogenosti nizova
podataka o temperaturi zraka koristili Likso (2003) te
Pandzi¢ i Likso (2010). Osim njega, pri testiranju rela-
tivne homogenosti koriste se i drugi testovi (Easterling
i Peterson, 1995; Lanzante, 1996; Begert i dr., 2005;
Mamara, 2013; Vertaénik i dr., 2015).

Za usporedbu niza podataka izmjerenih u postaji u
Vitini s podacima institucionalnih meteoroloskih postaja
ispitana je relativna homogenost niza podataka u Vitini u
odnosu na niz podataka s postaja u Imotskom i Sirokom
Brijegu. Takoder, ispitana je i relativna homogenost ni-
zova podataka u postajama Imotski i Siroki Brijeg, kako
bi se utvrdilo postoje li statisti¢ki znacajna odstupanja
u mjerenjima za te postaje. Ukoliko su nizovi relativno
homogeni oni su sinkroni, §to se moze i graficki prika-
zati. Slike 3. i 4. pokazuju da se moze ocekivati da ce
relativna homogenost analiziranih postaja biti veéa u
srpnju nego u sijecnju. Bilo kakve varijacije temperature
trebale bi biti vidljive na svim promatranim postajama
u obliku slicne promjene u nizovima podataka, koje bi
trebale biti istog intenziteta za sve postaje. Temperatura
je, u odnosu na neke druge klimatske elemente, kao $to
su padaline, prostorno manje varijabilna te se s obzirom
na udaljenost postaja i naéin njihovog odabira mogu
ocekivati sli¢ne promjene temperature u nizu podataka
od 1992. do 2011. god. U slucaju bilo kakvih lokalnih
utjecaja na vrijednosti koje su izmjerene u postaji Vitina
ili greske u mjerenjima, to bi se trebalo ocitovati u rela-
tivnoj nehomogenosti u nizu podataka. Pri tome problem
moze predstavljati sustavna greska u mjerenju podataka,
zbog ¢ega temperature u Vitini mogu biti manje ili vece
nego u Imotskom i Sirokom Brijegu u svim terminima
mjerenja, a smjer promjena od godine do godine isti.

for which is assumed to be homogenous and to shows the
same variation of weather and climate (Panzi¢ & Likso,
2010). The reference series serves to determine the cli-
matic signal characteristic for a particular region, and to
distinguish out the non-climatic changes which do not ap-
pear in the reference series. Tests of relative homogeneity
are suitable for analysing non-stationary data series and
are becoming more commonly used. Non-stationary time
series are series which over time can experience signifi-
cant changes of characteristic values (median, coefficient
of variation, etc.) and is difficult to describe in models and
forecasts. Tests of absolute and relative homogeneity have
been described by Penzar & Makjani¢ (1980), Rhoades
& Salinger (1993), Peterson et al. (1998), Aguilar et al.
(2003), and Cao & Yan (2012). Today, a commonly used
test for relative homogeneity is the Standard Normal Ho-
mogeneity Test (SNHT) developed by Alexandersson
(1986) and applied in a series of studies (Vincent & Gul-
let, 1999; Tuomenvirta, 2001; Li et al., 2004; DeGaetano
2006; Reeves et al., 2007). In Croatia, this test was used
to test the homogeneity of data series for air temperature
by Likso (2003) and Pandzi¢ & Likso (2010). Addition-
ally, other tests were used to test relative homogeneity
(Easterling & Peterson, 1995; Lanzante, 1996; Begert et
al., 2005; Mamara, 2013; Vertacnik et al., 2015).

To compare the data series measured at the station in
Vitina with the data from the institutional weather stations,
the relative homogeneity of the data series from Vitina
was tested in relation to the data series from the stations
at Imotski and Siroki Brijeg. Additionally, relative homo-
geneity of the data series from the stations at Imotski and
Siroki Brijeg was also tested, to determine whether there
were statistically significant deviations of the data mea-
sured in those two stations. If the data series are relatively
homogenous, then they are synchronous, which can also be
graphically depicted. Figures 3 and 4 show that the relative
homogeneity of the analysed stations can be excepted to be
stronger in July than in January. Any variations in tempera-
ture should be visible at all analysed stations in the form of
similar changes in the data series, which should be of the
same intensity for all stations. Temperature, in comparison
to other climatic elements such as precipitation, is less spa-
tially variable. Given the distance between stations and the
manner of their selection, similar changes in temperature
in the data series for 1992 — 2011 period can be expected.
In the case of any local influences on the values measured
at the Vitina station, or errors in measurements, that would
be evident in the relative inhomogeneity of the data series.
Systematic errors in data measurement can represent a pro-
blem, because the temperature measured in Vitina would
be lower or higher than in Imotski and Siroki Brijeg at all
measurement readings, and the direction of change would
be the same from year to year.
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podaci neinstitucionalnog mjerenja u Vitini; podaci DHMZ za Imotski i FHMZ BiH za Siroki Brijeg)

Fig 3. Changes of January air temperature at 7:00

a.m., 2:00 p.m. and 9:00 p.m. at Vitina, Siroki Brijeg and Imotski for the 1992—2011

period (source: Data from non-institutional measurements in Vitina; data of the CHMS for Imotski, and FHMI BiH for Siroki Brijeg)
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SI. 4. Promjene srpanjske temperature zraka u 7, 14 i 21 sat u Vitini, Sirokom Brijegu i Imotskom od 1992. do 2011. godine (izvor:
podaci neinstitucionalnog mjerenja u Vitini; podaci DHMZ za Imotski i FHMZ BiH za Siroki Brijeg)

Fig 4. Changes of July air temperature at 7:00 a.m., 2:00 p.m. and 9:00 p.m. in Vitina, Siroki Brijeg and Imotski for the 1992-2011
period (source: Data from non-institutional measurements in Vitina; data of the CHMS for Imotski, and FHMI BiH for Siroki Brijeg)
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Relativna homogenost u radu je ispitana Spear-
manovim rang testom. Taj test je osjetljiv na nagle i
postupne promjene razine oko koje su ¢lanovi vremen-
skog niza rasporedeni. On je inace poznat kao test za
stacionaranost, odnosno za trend, a temelji se na vrijed-
nosti pojedinog ¢lana niza i polozaju doti¢nog ¢lana u
nizu. Ako postoji trend, onda bi se vrijednosti trebale
kronoloski uglavnom povecavati ili smanjivati (Pen-
zar 1 Makjani¢, 1980: 124). Spearmanov rang test se
provodi tako da se za svaki ¢lan niza racuna razlika
izmedu njegovog ranga i njegovog rednog broja u nizu.
Ta razlika, za i-ti ¢lan niza iznosi d, = m, — 1. Zatim se
odreduje 7 i u:

3 6 Tdf
T NNE DD
N -2

1— 72

u =7y

Veli¢ina u je u slucaju relativne homogenosti za ni-
zove koji imaju vise od 8 ¢lanova razdijeljena po Studen-
tovoj razdiobi s N-2 stupnjeva slobode. Najcesce se uzi-
ma da je razina povjerenja o = 0,05, pri ¢emu su granice
prihvacanja nulte pretpostavke — 2,101 <u < 2,101 za niz
s 20 ¢lanova, odnosno — 2,110 < u < 2,110 za niz s 19
¢lanova.

REZULTATI I RASPRAVA

TESTIRANJE HOMOGENOSTI NIZOVA PODATAKA
U VITINI, IMOTSKOM I SIROKOM BRIJEGU

Budu¢i da za postaju u Vitini ne postoji historijat po-
dataka potrebno je provjeriti jesu li nizovi podataka za raz-
doblje od 1992. do 2011. godine homogeni. Meteoroloska
kucica u Vitini nije mijenjala svoj polozaj u razdoblju mje-
renja podataka, niti je doslo do promjene mjernih instru-
menata. Ne postoje podaci o promjenama u samoj okolici
postaje koji su mogli utjecati na sustavne promjene u iz-
mjerenim podacima. Homogenost je ispitana i za mjesecne
vrijednosti ostalih postaja koje su koristene u radu kako bi
se vidjelo postoje li podudaranja u homogenosti, odnosno
nehomogenosti nizova podataka. Nehomogenost u poje-
dinim analiziranim postajama moze ukazivati na lokalne
utjecaje na nizove podataka.

Ispitivanje homogenosti pokazalo je da je veéina ni-
zova podataka homogena (Tab. 3.). Svi nizovi mjeseénih
podataka za Siroki Brijeg su homogeni. Za Imotski neho-
mogenost pokazuju podaci za 7121 satu travnju. Povecane
vrijednosti Wilcoxonovog neparametarskog testa su izra-
cunate za Vitinu za termine mjerenja u 14 i 21 sat u rujnu.
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Relative homogeneity in the paper was tested using the
Spearman rank test. This test is sensitive to sudden and grad-
ual changes in values around which the members of the time
series are distributed. This is a well known test for stationary
data and for trends, and is based on the values of individual
members of the series and the position of that member in
the series. If there is a trend in a data series, then the val-
ues should chronologically increase or decrease (Penzar &
Makjani¢, 1980: 124). The Spearman rank test is conducted
in a way that for each member of the series the difference
between its rank and its ordinal number in the rank is calcu-
lated. That difference, for the ith member of the series, is d, =
m, — 1. Then, », and u are determined by the equations:

6 2d?
N(N2 —1)

N -2
@ 1— 12

The value of u, in the case of relative homogeneity
for series having more than 8 members, is distributed ac-
cording to the Student’s distribution with N-2 degrees of
freedom. The confidence level is usually set to a = 0,05,
whereby the limits of acceptance of the null hypothesis are
-2.101 <u <2.101 for a series with 20 members, or -2.110
<u <2.110 for a series with 19 members.

rs =

u =

RESULTS AND DISCUSSION

HOMOGENEITY TESTING OF DATA SERIES IN
VITINA, IMOTSKI AND SIROKI BRIJEG

Since there are no historical data for the measuring
station in Vitina, it is necessary to determine whether the
data series for the period 1992 to 2011 is homogeneous.
The measuring station in Vitina did not change its location
throughout the measurement period, nor were there any
changes of the measuring instruments. There are no data
on changes to the environment surrounding the station that
may have impact the systematic changes in the measured
data. Homogeneity is tested for the monthly values of other
stations used in this study, to determine whether there are
similarities in the homogeneity, or inhomogeneity in the
data series. Inhomogeneity at individual stations may indi-
cate local influences on data series.

The homogeneity testing showed that the majority of
data series are homogenous (Table 3). All series of month-
ly data for Siroki Brijeg are homogenous. Data series for
Imotski, for the 7:00 a.m. and 9:00 p.m. readings in April
are inhomogeneous. Relatively high values of the Wilcox-
on non-parametric test are obtained for Vitina for the 2:00
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Tab. 3. Rezultati Wilcoxonovog neparametarskog testa za mjesecne nizove podataka u 7, 14 i 21 sat za postaje u (a) Vitini, (b)

Imotskom i (c) Sirokom Brijegu u razdoblju od 1992. do 2011.

Table 3. Results of the Wilcoxon non-parametric test for monthly data series at 7:00 a.m., 2:00 p.m. and 9:00 p.m. for the stations at
(a) Vitina, (b) Imotski and (c) Siroki Brijeg for the 1992—-2011 period

(a) Vitina
I I 1011 v \% VI VIII IX X XTI X1
7h 0,45 -0,16 0,53 0,76 1,06 0,15 0,45 -0,60 1,21 0,08 0,30 0,83
14h -0,53 0,98 0,08 1,21 1,29 -0,45 0,76 0,53 2,49% 1,13 1,66 0,30
21h -0,30 -0,16 -0,83 -0,23 0,83 -1,36 -0,08 0,00 2,27* 0,08 0,38 0,30

*niz nije relativno homogen uz razinu povjerenja o. = 0,05 (data series is not relatively homogeneous at the confidence level o = 0.05)

(b) Imotski

I II 11 v v VII VIII IX X XI XII
7h -0,73 0,15 0,30 1,97* -0,30 0,53 0,38 -1,59 0,23 -1,66 0,38 0,76
14h -1,29 -0,91 -0,60 0,98 -0,76 -0,15 0,60 -1,21 0,08 -0,98 0,98 -0,08
21h -0,83 0,00 0,30 2,12% 0,08 1,06 1,81 -0,53 0,15 -1,06 0,91 0,60

*niz nije relativno homogen uz razinu povjerenja a. = 0,05 (data series is not relatively homogeneous at the confidence level o = 0.05)

(c) Siroki Brijeg

I 11 1 v v vil VIII IX X XI XII
7h 0,76 -0,30 0,53 0,68 1,13 -0,23 0,00 -1,59 0,53 0,38 0,68 0,08
14 h -0,23 1,13 0,30 0,83 0,00 -0,83 0,08 -0,23 1,29 0,53 1,74 0,45
21h 0,15 0,91 0,53 0,91 -1,74 -1,44 -0,08 -1,21 0,15 0,30 1,51 0,76

*niz nije relativno homogen uz razinu povjerenja o = 0,05 (data series is not relatively homogeneous at the confidence level a = 0.05)

S obzirom da su nehomogeni nizovi za razlicite termine
mjerenja u istim mjesecima otkriveni samo u pojedinim
postajama, moze se pretpostaviti da je na to utjecao odrede-
ni lokalni faktor kojega je naknadno tesko utvrditi, greska
u mjerenjima ili biljezenju izmjerenih podataka. Stoga ce
se na te podatke morati obratiti paznja pri analizi relativne
homogenosti.

TESTIRANJE RELATIVNE HOMOGENOSTI
Relativha homogenost nizova podataka u 7, 14 i 21 sat

Kako bi se ocijenila pouzdanosti podataka o tem-
peraturi zraka izmjerenih u Vitini koriStena je metoda
relativne homogenosti. Prvo je analizirana relativna ho-

p.m. and 9:00 p.m. readings in September. Considering that
the inhomogeneity for the different time series in the same
month are detected only at individual stations, it can be as-
sumed that this is due to local factors that are difficult to
ascertain subsequently, errors in measurements or errors in
the recording of measured data. Therefore, using those data
in the analysis of relative homogeneity require caution.

RELATIVE HOMOGENEITY TESTING

Relative homogeneity of data series for 7:00 a.m., 2:00
p.m. and 9:00 p.m. readings

In order to assess the reliability of air temperature data
measured in Vitina, the method of relative homogeneity is
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mogenost nizova podataka dvije institucionalne postaje
Imotski i Siroki Brijeg. Pokazalo se da su najveca odstu-
panja relativne homogenosti za vrijednosti temperature
u 14 sati (Tab. 4). Velika se odstupanja u tom terminu
mjerenja javljaju od sije¢nja do ozujka te od kolovo-
za do listopada. Ve¢ se na Sl. 3. i 4. uocava da je veéa
podudarnost nizova podataka u srpnju nego u sijecnju,
odnosno u razdoblju najvece zagrijanosti u odnosu na
hladni dio godine. Uzrok tome mogu biti razlic¢iti ¢imbe-
nici koji utjecu na temperaturu, uzimajucéi u obzir da se
odstupanja javljaju u susjednim mjesecima. Osim toga,
moguca je i pogreska u mjerenju ili instrumentima. S
obzirom da je rije¢ o institucionalnim postajama mete-
oroloskih zavoda u obje drzave, vjerojatnost za gresku
u mjerenjima je manja (ali se, naravno, ne moze isklju-
¢iti). Ukoliko je rije¢ o ¢imbenicima koji za posljedicu
imaju statisticki znacajnu razliku u godi$njem nizu po-
dataka za 14 sati, tada bi se sli¢na razlika mogla primi-
jetiti 1 u nizu podataka za postaju Vitina u odnosu na
obje postaje. Dijelom bi se dobiveno odstupanje moglo
objasniti utjecajem nadmorske visine u hladnom dijelu
godine, medutim, slicno odstupanje nije dobiveno za
Imotski i Vitinu (Tab. 6.). Za razliku od temperature u
14 sati, relativna homogenost nizova podataka u 7 i 21
sat je sli¢nija te se statistiCki zna¢ajna odstupanja u hodu
temperature javljaju u svibnju za temperaturu u 7 sati, te
u srpnju i kolovozu za temperaturu u 21 sat.

used. First, the relative homogeneity of data series of the two
institutional stations Imotski and Siroki Brijeg are analysed.
The largest deviation of relative homogeneity is found for air
temperature readings at 2:00 p.m. (Table 4). Large deviations
at this time reading are also obtained from January to March,
and from August to October. In Figures 3 and 4, a larger sim-
ilarities of data series are evident in July than in January, i.e.
in the period with the highest temperatures in comparison
to the cold part of the year. This could be caused by vari-
ous factors that influence temperature, taking into account
that the deviations appear in consecutive months. Further-
more, measurement error or instrumental error is also pos-
sible. However, since these stations are institutional stations
of meteorological services in both countries, the probability
of measurement error is small (although of course cannot be
completely excluded). If these factors are causing the statis-
tically significant differences in the annual data series for the
2:00 readings, then similar differences could be expected in
the data series for Vitina in comparison to other two stations.
Partially, the obtained deviations could be explained by the
influence of altitude in the cold part of the year, however,
similar deviations are not obtained for Imotski and Vitina
(Table 6). Unlike the 2:00 p.m. temperature readings, rela-
tive homogeneity for the data series at 7:00 a.m. and 9:00
p.m. is more similar, and statistically significant deviations
in the temperature course are obtained for the 7:00 a.m. read-
ing in May, and the 9:00 p.m. reading in July and August.

Tab. 4. Rezultati Spearmanovog rang testa za mjeseéne nizove podataka u 7, 14 i 21 sat za postaje u Imotskom i Sirokom Brijegu

Table 4. Results of the Spearman rank test for monthly data series at 7:00 a.m., 2:00 p.m. and 9:00 p.m. for the stations at Imotski and

Siroki Brijeg

7 sati 14 sati 21 sat

I 0,8725 -2,4250% -0,5141
I 1,2116 -3,5790%* -0,7316
111 -0,7717 -3,3885%* -0,8728
I\Y 0,5795 0,0191 1,0657
v -2,8187* -1,8434 -0,3263
VI 0,4621 1,2288 1,4120
VII 0,7382 0,3070 4,1152*
VIII 0,7116 -3,9477* 3,7287*
IX 0,9685 -3,2963* 0,3650
X -1,0657 -4,8833* -1,6340
XI -0,0447 -1,7534 -0,2236
Xl 0,6190 -1,8186 0,1149

*nizovi nisu relativno homogeni uz razinu povjerenja o = 0,05 (data series are not relatively homogeneous at the confidence level a = 0.05)
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Tab. 5. Rezultati Spearmanovog rang testa za mjeseéne nizove podataka u 7, 14 i 21 sat za postaje u Vitini i Sirokom Brijegu

Table 5. Results of the Spearman rank test for monthly data series at 7:00 a.m., 2:00 p.m. and 9:00 p.m. for stations at Vitina and Siroki

Brijeg

7 sati 14 sati 21 sat
I 0,3328 -1,9017 -1,1715
II 0,7765 -3,0503* -1,3638
111 -1,2867 -2,4056%* -2,6261%*
I\Y -0,3715 -0,5076 -1,6973
A% -0,6983 1,3971 1,2216
VI 0,0893 2,8745% 0,6850
VII 1,5485 2,7858%* 1,6418
VIII 2,5240%* 2,0298 2,5849%*
IX 1,2722 0,6983 1,8434
X 0,3715 -0,6917 -1,2794
XI -0,7650 -1,6576 2,0823
Xl 0,7049 -1,4120 -1,6576

*nizovi nisu relativno homogeni uz razinu povjerenja o = 0,05 (data series are not relatively homogeneous at the confidence level a = 0.05)

Tab. 6. Rezultati Spearmanovog rang testa za mjesec¢ne nizove podataka u 7, 14 i 21 sat za postaje u Vitini i Imotskom

Table 6. Results of the Spearman rank test for monthly data series in at 7:00 a.m., 2:00 p.m. and 9:00 p.m. for the stations at Vitina

and Imotski
7 sati 14 sati 21 sat
I 0,6143 0,4361 0,2236
I 0,1883 2,0523 0,3850
111 0,2813 0,1660 -0,8796
I\Y -0,7784 -1,4420 -2,2726%*
A% 0,6255 2,1989%* 0,3585
VI -0,7316 -0,6124 -3,1696*
VII -0,1532 0,3006 -2,0625
VIII 0,8457 3,9640%* 0,7316
IX 0,0319 1,8104 1,1431
X 1,9270 1,8599 0,2300
XI 0,4946 0,0638 -0,5533
Xl -0,2364 0,0319 -0,5353

*nizovi nisu relativno homogeni uz razinu povjerenja o = 0,05 (data series are not relatively homogeneous at the confidence level a = 0.05)
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Analiza relativne homogenosti mjesecnih vrijedno-
sti pokazala je vecu slicnost podataka izmedu Vitine i
Imotskog nego izmedu Vitine i Sirokog Brijega (Tab. 5.
16.). Mjesecni nizovi podataka za sva tri termina motre-
nja u Sirokom Brijegu i Vitini nisu relativno homogeni u
ljetnim mjesecima te u veljaci i ozujku (Tab 5.). Nizovi
podataka u Imotskom i Vitini nisu relativno homogeni u
proljetnim (travanj i svibanj) i ljetnim (lipanj i kolovoz)
mjesecima (Tab 6.). Prema dobu dana, najveéa odstu-
panja u nizovima podataka javljaju se u 14 ili 21 sat, a
samo u jednom slucaju u 7 sati. Relativha nehomogenost
najcesce se javlja u toplom dijelu dana i godine. Sred-
nje mjesecne temperature odnosnih mjeseci pokazuju da
je u svim sluc¢ajevima relativne nehomogenosti srednja
mjesecna temperatura izmjerena u Vitini bila visa od
temperature izmjerene u Sirokom Brijegu i Imotskom
(Tab. 2.).

Faktori koji su utjecali na viSu temperaturu izmjerenu
u Vitini mogu biti razliciti, ali jedan od njih moze biti i
spomenuta neodgovarajuca izolacija i smjestaj meteorolos-
ke kudice. Zbog toga dolazi do veéeg zagrijavanja zraka
unutar kucice pa su izmjerene temperature vise. Tijekom
toplog dijela dana i godine to moZe utjecati na nesto vise
izmjerene temperature od onih izmjerenih u Sirokom Bri-
jegu i Imotskom. To u odredenim atmosferskim prilikama
dolazi do izrazaja te se javlja relativna nehomogenost po-

onalnih postaja.

Relativha homogenost srednjih dnevnih temperatura

S obzirom da je analiza relativne homogenosti za
termine motrenja u 7, 14 1 21 sat pokazala da postoje
statisti¢ki znacajna odstupanja, iz raspolozivih podata-
ka izracunate su srednje dnevne vrijednosti temperature,
kako bi se vidjelo pokazuju li dnevne vrijednosti vecu
razinu podudarnosti u odnosu satne vrijednosti. Srednje
mjesecne temperature u razdoblju od 1992. do 2011. go-
dine u Vitini i Imotskom relativno su homogene u svim
mjesecima (Tab 7.). U navedenom razdoblju srednje
mjeseéne temperature u Vitini i Sirokom Brijegu nisu
homogene u sijecnju, veljaci, ozujku i kolovozu. I u tom
su slucaju srednje dnevne temperature u Vitini vise od
srednjih dnevnih temperatura u Sirokom Brijegu. Nizovi
podataka za Imotski i Siroki Brijeg relativno su homoge-
ni u svim mjesecima osim u srpnju i kolovozu, §to znaci
da hod srednje dnevne temperature ne pokazuje toliko
odstupanja, kao hod za termine mjerenja u 7, 14 i 21 sat
za te dvije postaje.

Relativna homogenost srednjih dnevnih tempe-
ratura za Vitinu i Imotski ukazuje na ¢injenicu da te
vrijednosti u Vitini mogu biti dovoljno pouzdane za
ocjenu klimatskih obiljezja tog podrucja. Ipak, postav-
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The analysis of relative homogeneity of the monthly
values show a greater similarity of the data between Vitina
and Imotski, than between Vitina and Siroki Brijeg (Tables
5 and 6). The monthly data series for all three reading times
in Siroki Brijeg and Vitina are not relatively homogenous
in the summer months, and in February and March (Table
5). The data series in Imotski and Vitina are not relatively
homogenous in the spring (April and May) and summer
(June and August) months (Table 6). In terms of time of
readings, the largest deviations in the data series are ob-
tained for the 2:00 p.m. and 9:00 p.m. readings, and only in
one case for the 7:00 a.m. reading. The relative inhomoge-
neity appears mostly in the warm part of the day and year.
In all months when the relative inhomogeneity is obtained,
the mean monthly temperatures measured at Vitina is high-
er than the mean monthly temperatures measured at Siroki
Brijeg and Imotski (Table 2).

The factors that caused the higher temperatures mea-
sured at Vitina may be diverse, though one might be the
mentioned lack of insulation and the positioning of the mea-
suring shelter. These shortcomings result in greater heating
of the air within the shelter, thus resulting in higher recorded
temperatures. During the warm part of the day and year, this
could have cause somewhat higher temperatures than those
measured in Siroki Brijeg and Imotski. Under specific at-
mospheric conditions, this becomes prominent, and result in
relative inhomogeneity between the temperatures recorded
at Vitina and those at the institutional stations.

Relative homogeneity of the mean daily temperatures

Considering that the analysis of relative homogeneity
for the reading times at 7:00 a.m., 2:00 p.m. and 9:00 p.m.
showed that there is a statistically significant deviation, the
available data are used to calculate the mean daily tempera-
ture values, to determine whether the daily values have a
higher level of similarity in comparison to the hourly values.
The mean monthly temperatures in the 1992 —2011 period at
Vitina and Imotski are relatively homogenous in all months
(Table 7). During this period, the mean monthly tempera-
tures at Vitina and Siroki Brijeg are not homogenous in Janu-
ary, February, March and August. In those months, the mean
daily temperatures in Vitina are higher than the mean daily
temperatures at Siroki Brijeg. The data series for Imotski and
Siroki Brijeg are relatively homogenous in all months except
July and August, indicating that the course of the mean daily
temperatures does not show the same level of deviation as
the course for the reading times at 7:00 a.m., 2:00 p.m. and
9:00 p.m. for those two stations.

The relative homogeneity of the mean daily tempera-
tures at Vitina and Imotski indicate that the values at Vitina
could be sufficiently reliable to assess the climatic features
of that area. However, the relative inhomogeneity in rela-
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Tab. 7. Rezultati Spearmanovog rang testa za dnevne srednjake mjeseénih nizova podataka za postaje u Vitini i Sirokom Brijegu, Vitini

i Imotskom te Imotskom i Sirokom Brijegu

Table 7. Results of the Spearman rank test for average daily values of monthly data series for the stations at Vitina and Siroki Brijeg,

Vitina and Imotski, and Imotski and Siroki Brijeg

Vitina/S. Brijeg Vitina/Imotski Imotski/S. Brijeg
I -2,2540% 0,3046 -1,9237
I -2,9010%* 1,5361 -1,8186
I -2,6470%* -0,2493 -1,3013
v -1,4046 -1,7132 1,1431
\% 0,9000 0,6519 -1,0447
VI 1,4195 -1,9185 1,6576
vl 1,8269 -0,4621 2,3384*
VIII 2,7317* 1,6734 0,4167
IX 1,8434 1,1644 -0,4102
X -0,7918 0,9892 -2,1716*
XI -1,9439 -0,3135 0,2300
XII -1,2649 -0,1852 0,0638

*nizovi nisu relativno homogeni uz razinu povjerenja o = 0,05 (data series are not relatively homogeneous at the confidence level a = 0.05)

lja se pitanje relativne nehomogenosti s podacima u
Sirokom Brijegu, koja je veca i u slu¢aju temperatura
u7i2l,apogotovo u 14 sati (Tab 5.). To moze biti po-
sljedica lokalnih utjecaja na temperaturu izmjerenu u
postaji Siroki Brijeg. Pri tome je zanimljivo spomenuti
da je postaja u Vitini bliza Sirokom Brijegu (oko 18
km), nego Imotskom (oko 30 km). Takoder, potrebno
je spomenuti bitno viSe temperature koje se u toplim
dijelovima godine i dana javljaju u Vitini i odnosu na
Imotski i Siroki Brijeg o ¢emu ¢e vise rijeéi biti u slje-
de¢em poglavlju.

Na pojavu relativne nehomogenosti u nizovima poda-
taka izmedu analiziranih postaja moze utjecati nehomoge-
nost nizova podataka za bilo koju postaju. Medutim, to se
odnosi samo na jedan slucaj — relativau nehomogenost u
hodu temperature travnja u 21 sat u Vitini i Imotskom, §to
se moze objasniti nehomogenoséu niza podataka u Imot-
skom za isti termin mjerenja.

Ovdje valja napomenuti da je stupanj pouzdanosti o =
0,05 relativno visok. U vecini statisticki znacajnih odstupa-
nja vrijednosti standardnog jedini¢nog odstupanja (U,) su
relativno blizu grani¢nih vrijednosti relativne homogenosti
(Tab. 4., 5., 6.1 7.). To pokazuje da, premda postoje stati-
sticki znaCajna odstupanja u relativnoj homogenosti, ona
nisu tolika da bi vrijednosti temperature izmjerene u Vitini
bile, uz odredenu zadrSku, u potpunosti neprihvatljive za
ocjenu klime tog podrucja.

tion to the Siroki Brijeg station data series that are high for
the 7:00 a.m. and 9:00 p.m. readings, and especially for the
2:00 p.m. reading, must be taken into account (Table 5). This
may be the effect of the local impacts on temperature mea-
sured at the Siroki Brijeg station. It is interesting to note that
the Vitina station is closer to Siroki Brijeg (about 18 km),
than to Imotski (about 30 km). Furthermore, the significantly
higher temperatures measured in the warm parts of the year
in Vitina in comparison to Imotski and Siroki Brijeg deserve
special attention, and will be addressed in the next chapter.

Inhomogeneity of the data series in any of the stations
could result in the appearance of relative inhomogeneity
in the data series between the analysed stations. However,
this is found only in one case — the relative inhomogene-
ity in the temperature course for the 9:00 p.m. reading in
April at Vitina and Imotski, which can be explained by the
inhomogeneity of the data series in Imotski for the same
reading time.

It should be noted that the confidence level of a = 0.05
is relatively high. In most statistically significant devia-
tions, the values of the standard unit of deviation (U ) are
relatively close to the limit values of relative homogeneity
(Tables 4, 5, 6 and 7). This indicates that though there are
statistically significant deviations in relative homogeneity,
they are not so high that the temperature values measured
at Vitina would be completely unacceptable, with a certain
amount of reserve, for assessing the climate of that region.
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Zbog dobivenih vrijednosti relativne homogeno-
sti koji pokazuju vecu sli¢nost nizova podataka u Vitini i
Imotskom nedostajuéi podaci u Vitini interpolirani su po-
mocu nizova podataka u Imotskom (za koju je ve¢ utvrde-
na veca korelacija s Vitinom). Interpolirani su nedostajuci
podaci za vrijednosti temperature u 7, 14 i 21 sat. Nedosta-
ju¢i mjesecni srednjak Y, za postaju u Vitini nadomjesten
je prema izrazu:

1
Y= X+ 250 - X)),

gdje je X. mjesecni srednjak postaje u Imotskom, a
Y, - X su razlike vrijednosti svih raspolozivih parova s
obje postaje.

Relativha homogenost srednjih godisSnjih temperatura
u 7, 14, 21 sat te srednjih dnevnih godisnjih tempe-
ratura

Interpolacijom nedostaju¢ih podataka dobiveni su ni-
zovi podataka te su izracunate srednje godiSnje tempera-
ture za 7, 14 1 21 sat i srednje dnevne godisnje vrijednosti
temperature za razdoblje od 1992. do 2011. godine za sve
tri postaje. Analiza relativne homogenosti ovih podataka
pokazala je da su nizovi podataka za Vitinu u odnosu na
Siroki Brijeg i Imotski relativno homogeni (Tab 8.). Ipak,
godisnji niz podataka za srednju godiSnju temperaturu u
Imotskom i Sirokom Brijegu u 14 sati je relativno neho-
mogen, §to znaci da su se razlike koje se javljaju u mje-
secnim nizovima podataka za temperaturu tih postaja u 14
sati odrazile i na godisnji niz podataka u tom terminu. Ove
razlike mogu se objasniti bitno razli¢itim polozajem tih
dviju postaja. Postaja Siroki Brijeg se nalazi u kotlini na
270 metara, dok se Imotski nalazi na brijegu na 535 metara
nadmorske visine (Tab. 1.).

Since the obtained values of relative homogeneity show
a greater similarity of the data series in Vitina and Imotski, the
missing data for Vitina are interpolated using the data series
from Imotski weather station (for which a higher correlation
with Vitina is established). The missing data for the tempera-
tures values for 7:00 a.m., 2:00 p.m. and 9:00 p.m. readings are
interpolated. The missing monthly mean Y, for the Vitina station
is therefore substituted according to the following equation:

1
Y= X+ 220 - X,

where X is the monthly mean of the station at Imotski,
and Yj — Xj the differences of values of all available pairs
from both stations.

Relative homogeneity of mean annual temperatures at
7:00 a.m., 2:00 p.m. and 9:00 p.m., and the mean daily
annual temperatures

By interpolating the missing data, data series were ob-
tained and the mean annual temperatures for the 7:00 a.m.,
2:00 p.m. and 9:00 p.m. readings, and the mean daily annual
temperature values are calculated for the 1992 — 2011 period
for all three stations. The analysis of relative homogeneity of
these data indicate that the data series for Vitina in comparison
to Siroki Brijeg and Imotski are relatively homogenous (Table
8). However, the annual data series for the mean temperatures at
Imotski and Siroki Brijeg for the 2:00 p.m. reading are relatively
inhomogeneous, indicating that the differences occurring in the
monthly data series for temperature readings at 2:00 p.m. reflect
on the annual data series for that reading. These differences can
be explained by the different positions of these two stations. The
station at Siroki Brijeg is located in an inter-montane basin at an
elevation of 270 m, while the Imotski station is located on a hill
at an elevation of 535 m (Table 1).

Tab. 8. Rezultati Spearmanovog rang testa za godiSnje nizova podataka u 7, 14 i 21 sat te godiSnje vrijednosti za postaje u Vitini i

Sirokom Brijegu, Vitini i Imotskom te Imotskom i Sirokom Brijegu

Table 8. Results of the Spearman rank test for average annual data series at 7:00 a.m., 2:00 p.m. and 9:00 p.m. for the average daily
values for the stations at Vitina and Siroki Brijeg, Vitina and Imotski, and Imotski and Siroki Brijeg

Vitina/S. Brijeg Vitina/Imotski Imotski/S. Brijeg
7 sati 0,2685 0,5468 -1,2360
14 sati -0,0702 1,6893 -2,6679%
21 sat 0,9754 -0,4038 0,9205
Dnevna / daily 0,6917 -0,0319 -0,3586

*nizovi nisu relativno homogeni uz razinu povjerenja oo = 0,05 (data series are not relatively homogeneous at the confidence level a. = 0.05)
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RAZLIKE U TEMPERATURI IZMEDU VITINE,
SIROKOG BRIJEGA I IMOTSKOG

Interpolacijom nedostajucih podataka dobiven je niz
podataka koji omogucuje izracunavanje srednjih mjesec¢nih
temperatura za 7, 14 i 21 sat te srednjih mjese¢nih tempera-
tura u Vitini (SI. 5.). Godi$nji hod temperature za razdoblje
od 1992. do 2011. godine u Vitini je pravilan — maksimum
se javlja u srpnju, a minimum u sijecnju. Srednja godisnja
temperatura iznosi 15,6 °C. Srednja godiSnja temperatura u
7 sati 12,1 °C, u 14 sati 20,5 °C, au 21 sat 14,9 °C. Srednje
mjesecne vrijednosti za sve termine motrenja su ocekivane
(Tab. 2.).

Kako bi se ocijenila pouzdanost dobivenog godis-
njeg hoda temperatura u 7, 14 i 21 sat te srednjih mjesec-
nih temperatura za Vitinu, one su usporedene s godiSnjim
hodom u ostale dvije analizirane postaje. Srednja godis-
nja temperatura u Vitini je visa od srednje godisnje tem-
perature u Imotskom za 1,5 °C i Sirokom Brijegu za 2,2
°C. U godi$njem hodu veéina je mjeseci u Vitini toplija
od istih mjeseci u ostale dvije postaje (Sl. 6.). Posebno to
do izrazaja dolazi u toplom dijelu godine — od ozujka do
rujna temperature u Vitini su vise nego u Imotskom i Si-
rokom Brijegu, $to je najvise naglaseno za temperature u
21 sat. U doba najvece zagrijanosti, u 14 sati, temperature
izmjerene u Vitini u svim su mjesecima vise od tempera-
tura u Imotskom i Sirokom Brijegu. Zimi je (od studenog
do veljace) Imotski topliji od Vitine, a sli¢no vrijedi i za
temperature u 71 21 sat.

TEMPERATURE DIFFERENCES BETWEEN VITINA,
SIROKI BRIJEG AND IMOTSKI

Interpolation of missing data resulted in a data series that
enable the calculation of the mean monthly temperatures for
the 7:00 a.m., 2:00 p.m. and 9:00 p.m. readings, and the mean
monthly temperatures for Vitina (Fig. 5). The annual course of
temperature for the 1992 — 2011 period in Vitina is standard for
mid-latitudes, with the maximum occurring in July and the min-
imum in January. The mean annual temperature is 15.6 °C. The
mean annual temperature for reading times is: 12.1 °C at 7:00
a.m., 20.5 °C at 2:00 p.m., and 14.9 °C at 9:00 p.m. The mean
monthly values for all time readings are as expected (Table 2).

In order to assess the reliability of the obtain annual tem-
perature course for the readings at 7:00 a.m., 2:00 p.m. and 9:00
p-m. and the mean monthly temperatures for Vitina, these are
compared with the annual course at the two other analysed sta-
tions. The mean annual temperature at Vitina is higher than the
mean temperature at Imotski by 1.5 °C and at Siroki Brijeg by
2.2 °C. In the annual course, most months in Vitina are warmer
than the same months at the two other stations (Fig. 6). This is
even more evident in the warm part of the year — from March
to September, when the temperatures are higher at Vitina than
at Imotski and Siroki Brijeg, which is most pronounced for the
9:00 p.m. reading. At the warmest reading time, at 2:00 p.m.,
the temperatures measured at Vitina are higher than those at
Imotski and Siroki Brijeg for all months. In winter (from No-
vember to February), Imotski is warmer than Vitina, and this is
also the case for the 7:00 a.m. and 9:00 p.m. readings.

35 -

30 -
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20 -

15

10

7 sati/7 am.

—— 14 sati/2p.m.

o Vitina

| I 1l [\ \ \

Vi VI IX X X Xl

——21sat/9p.m. dnevna/ daily

S1. 5. Godisnji hod srednjih mjesec¢nih temperatura za 7, 14 1 21 sat te srednjih mjesecnih temperatura u Vitini za razdoblje od 1992. do
2011. godine (izvor: podaci neinstitucionalnog mjerenja u Vitini; podaci DHMZ za Imotski i FHMZ BiH za Siroki Brijeg)

Fig. 5. Annual course of average monthly temperatures for 7:00 a.m., 2:00 p.m. and 9:00 p.m., and the average monthly temperatures
in Vitina for the 1992-2011 period (source: Data from non-institutional measurements in Vitina, data of the CHMS for Imotski, and

FHMI BiH for Siroki Brijeg)
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SL. 6. Godignji hod temperature za 7, 14 i 21 sat te za srednje mjese¢ne vrijednosti u Vitini, Sirokom Brijegu i Imotskom u razdoblju
od 1992. do 2011. godine (izvor: podaci neinstitucionalnog mjerenja u Vitini; podaci DHMZ za Imotski i FHMZ BiH za Siroki Brijeg )

Fig. 6. Annual course of temperatures at 7:00 p.m., 2:00 p.m. and 9:00 p.m. and of the average monthly temperatures at Vitina, Siroki
Brijeg and Imotski for the 1992-2011 period (source: Data from non-institutional measurements in Vitina; data of the CHMS for

Imotski, and FHMI BiH for Siroki Brijeg)

U fazi najvece zagrijanosti u ljetnim mjesecima sred-
nje mjese¢ne temperature sliéne su u Imotskom i Sirokom
Brijegu, dok su vise u Vitini. Razlog tome je kotlinski po-
lozaj Vitine te znacajno niza nadmorska visina u odnosu
na ostale dvije postaje (Tab 1.), pa je ljetno zagrijavanje
izrazenije. Pri tome treba napomenuti da Imotski koji se
nalazi na vi$oj nadmorskoj visini od Sirokog Brijega ima
viSu temperaturu od njega. Razlog tome je kotlinski smje-
$taj meteoroloske postaje Siroki Brijeg, pa su jutarnje i
vecernje temperature u toj postaji nize nego u Imotskom,
$to posebno dolazi do izrazaja u zimskim mjesecima. Za
vrijeme najjace zagrijanosti u 14 sati srednje mjesecne
temperature su u Imotskom i Sirokom Brijegu vrlo sli¢ne,
dok je Vitina toplija u svim mjesecima. Niska nadmorska
visina i kotlinski polozaj jesu razlog tako visoke tempe-
rature u Vitini.

S obzirom na nadmorsku visinu u ljetnim bi mjeseci-
ma temperatura u Sirokom Brijegu trebala biti nesto niza
od temperature u Imotskom. Zbog veceg utjecaja kotlin-
skog efekta i izrazenijeg utjecaja kontinentalnosti tempe-
ratura je u tom godisnjem dobu podjednaka. U razdoblju
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In the warmest period in the summer months, the mean
monthly temperatures are similar in Imotski and Siroki Bri-
jeg, while they are higher in Vitina. The reason is the position
of Vitina in inter-montane basin, and the significantly lower
elevation of this station in comparison to the two others (Ta-
ble 1), and therefore, summer heating is more pronounced. It
should also be noted that Imotski which is at a higher eleva-
tion than Siroki Brijeg have higher temperatures. The reason
for this is the basin position of the weather station at Siroki
Brijeg, so the temperatures in the morning and evening of
that station are lower than at Imotski, which is particularly
pronounced in the winter months. During the warmest time
of day, at 2:00 p.m., the mean monthly temperatures are very
similar at Imotski and Siroki Brijeg, while Vitina is warmer
in all months. The lower elevation and basin position are the
reason for the high temperatures in Vitina.

With regard to its elevation, the summer temperatures
at Siroki Brijeg should be somewhat lower than at Imotski.
Due to the greater influence of the inter-montane basin po-
sition and the more pronounced continentality, temperature
in that season is similar in both stations. During cold peri-
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ohladivanja, u drugoj polovici godine, Siroki Brijeg je
hladniji od Imotskog, Sto opet ukazuje na kontinentski po-
lozaj te postaje. To je vidljivo posebno u 7 sati, manje u 21
sat, a uopce se ne zapaza u 14 sati, zbog jakog zagrijavanja
tog prostora suncevom radijacijom.

Vitina je najtoplija od analiziranih postaja. U go-
diSnjem hodu to je slucaj u svim godi$njim dobima osim
zimi (SI. 6.). U zimskim je mjesecima Vitina hladnija od
Imotskog, a toplija od Sirokog Brijega. Uzrok tome je u
vecem utjecaju kontinentalnosti te kotlinskom efektu. To
potvrduju i sliéni odnosi temperature u dnevnom hodu
za 21, a pogotovo 7 sati. Srednje mjesecne temperature
u Vitini su u svim ljetnim mjesecima vise od ostale dvije
postaje, §to znaci da je u najtoplijem dijelu dana glavni
modifikator nadmorska visina, a utjecaj je kotlinskog po-
lozaja manji.

lako se vise temperature u Vitini u odnosu na re-
ferentne postaje u Imotskom i Sirokom Brijegu mogu
barem dijelom pripisati kotlinskom polozaju i nadmor-
skoj visini mjernog mjesta u Vitini, valjda ipak postaviti
pitanje pruza li meteoroloska kucica u kojoj se nalazi
termometar u postaji Vitina dovoljnu izolaciju, odnosno
u kojoj je mjeri dodatno zagrijan difuznim zra¢enjem
koje dio njega dopire. To bi, dijelom, moglo objasniti
tako visoke vrijednosti temperature koje su zabiljezene
u Vitini u odnosu na postaje Imotski i Siroki Brijeg. Te
visoke vrijednosti temperature posljedica su sistematske
pogreske koja toliko ne dolazi do izrazaja pri testiranju
relativne homogenosti, jer su nizovi podataka uglavnom
sinkroni u najve¢em dijelu godine. Kako bi se utvrdilo u
kojoj su mjeri mogli utjecati nesavrSeni uvjeti mjerenja
potrebno je nastaviti mjerenja na mjernoj postaji u Vitini
uz bitno poboljsane uvjete, tj. postavljanjem nove mete-
oroloske kucice s novim instrumentima. Ve¢ nakon ne-
koliko godina vidjelo bi se jesu li potrebne korekcije do-
sadasnjih podataka o temperaturi zraka na nize i u kojoj
su mjeri razmjerno visoke temperature zraka izmjerene
u Vitini posljedica kombiniranog utjecaja kotlinskog po-
lozaja i nadmorske visine.

ZAKLJUCAK

U radu je ispitana pouzdanost podataka izmjerenih u
mjernoj postaji Vitina koja je izvan sustava institucionalnih
mjernih postaja drzavnih hidrometeoroloskih tijela, kori-
Stenjem podataka s institucionalnih postaja u Imotskom i
Sirokom Brijegu. Ispitivanje relativne homogenosti svih
postaja pokazalo je najveéa odstupanja u 14 sati, u razdo-
blju najvece zagrijanosti. Relativna homogenost mjesec-
nih vrijednosti u 7, 14 i 21 sat pokazuje je vecu sli¢nost
podataka izmjerenih u Vitini s Imotskim nego sa Sirokim
Brijegom, te su podaci s postaje u Imotskom koristeni za

ods, in the second half of the year, Siroki Brijeg is cooler
than Imotski, again a feature of the continental position of
this station. This is most evident for the 7:00 a.m. reading,
less for 9:00 p.m., and not observed for 2:00 p.m., due to
the strong solar radiation heating of this area.

Vitina is the warmest of the analysed stations. In the
annual course, this is the case for all seasons, except for
winter (Fig. 6). In the winter months, Vitina is cooler than
Imotski, and warmer than Siroki Brijeg. The reason lies in
the greater influence of continentality and the position in
inter-montane basin. This is confirmed by the similar tem-
perature relations in the daily course for the 9:00 p.m. read-
ing, and particularly at 7:00 a.m. The mean monthly tem-
peratures in Vitina are higher than in the other two stations
for all summer months, indicating that the most important
modifier in the warm months is elevation, while the influ-
ence of the basin position is less pronounced.

Though the higher temperatures in Vitina in compari-
son to the reference stations in Imotski and Siroki Brijeg can
partially be attributed to the position in inter-montane basin
and elevation of the measuring station in Vitina, it should be
discussed whether the measuring shelter in Vitina provides
sufficient insulation to a thermometer within, i.e. to what
extent it may be additionally warmed by diffuse radiation
reaching it. This could, in part, explain the high temperatures
measured at Vitina in comparison to the stations at Imotski
and Siroki Brijeg. These high values are the result of sys-
tematic error which is not as evident when testing relative
homogeneity, since the data series are mostly synchronous
for most of the year. In order to determine to which extent
the imperfect measurement conditions may have affected
these readings, it is necessary to continue measurements at
the Vitina measuring station, with significantly improved
conditions, i.e. the installation of a new weather shelter with
new instruments. Within several years, it would be evident
whether any corrections are necessary to the measured air
temperature data, and to what extent these higher air tem-
peratures measured at Vitina are the result of a combined
effect of the basin position and elevation.

CONCLUSION

This study tested the reliability of data measured at the
Vitina measuring station, which is not a part of the institu-
tional network of weather stations of national meteorology
institutions, using the data from the institutional stations at
Imotski and Siroki Brijeg for comparison. Testing of relative
homogeneity of all stations showed the highest deviations
for 2:00 p.m. readings, in the period of the highest tempera-
tures. Relative homogeneity of the monthly values for the
readings at 7:00 a.m., 2:00 p.m. and 9:00 p.m. showed great-
er similarity of the data measured in Vitina with Imotski than
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interpolaciju nedostajucih vrijednosti u Vitini. Utvrdena su
statisticki znacajna odstupanja u relativnoj homogenosti iz-
medu Imotskog i Sirokog Brijega, pogotovo u temperaturi
za 14 sati.

Usporedba godiSnjeg hoda temperature za sve
tri analizirane postaje pokazala je da su temperatu-
re u Vitini bitno vise u odnosu na Imotski i Siroki
Brijeg, pogotovo u toplom dijelu godine, S§to se moze
objasniti kotlinskim polozajem i nadmorskom visinom
Vitine, ali vrlo vjerojatno i pogreskom u mjerenjima
zbog konstrukcije meteoroloske kucéice i njezine oko-
line. Stoga je, u nedostatku drugih mjerenja, barem
srednjake temperature zraka u Vitini moguce uvjetno
ocijeniti kao dovoljno reprezentativne za regionalna
klimatska istrazivanja toga prostora, uz oprez zbog
moguce visokih vrijednosti izmjerenih u toplom di-
jelu godine. Ipak, nuzna su daljnja mjerenja u Vitini
te postavljanje nove meteoroloske kucice, kako bi se
ispitao stvarni uzrok visih temperatura izmjerenih na
tom mjernom mjestu.
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with Siroki Brijeg, and therefore the data from the Imotski
station were used to interpolate the missing values for the
Vitina station. A statistically significant difference in relative
homogeneity was obtained for Imotski and Siroki Brijeg sta-
tions, particularly for temperatures at 2:00 p.m.

A comparison of the annual course of temperature for
all three analysed stations showed that temperatures in Vi-
tina are substantially higher than in both Imotski and Siroki
Brijeg, particularly in the warm part of the year. This can
be explained in part by the basin position and elevation
of the Vitina station, but also likely to measurement error
due to the construction of the shelter and its environment.
Therefore, due to the lack of official measurements, at least
the mean air temperature in Vitina can be conditionally as-
sessed as sufficiently representative for regional climatic
research of this area, with caution due to the possibility of
high values measured in warm parts of the year. Further
measurements at Vitina are needed, and the installation of a
new meteorological station is recommended to test the real
cause of the higher temperatures measured at this station.
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IZVORI

1. Drzavni hidrometeoroloski zavod (DHMZ), Za-
greb, Hrvatska, podaci za temperaturu zraka u
Imotskom u 7, 14 i 21 sat za razdoblje od 1992. do
2011. godine

2. Federalni hidrometeoroloski zavod Bosne i Her-
cegovine (FHMZ BIH), Sarajevo, Bosna i Herce-
govina, podaci za temperaturu zraka u Sirokom
Brijegu u 7, 14 1 21 sat za razdoblje od 1992. do
2011. godine

3. Podaci neinstitucionalnog mjerenja temperature
zraka na mjernom mjestu u Vitini, Bosna i Herce-
govina, u 7, 14 i 21 sat za razdoblje od 1992. do
2011. godine
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