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promjene i varijabilnost u Hrvatskof RG JOREDOQLK XWMHFDMD GR ORNLE
(CroClimGoGreen) 2YR LVWUDALYDQMH GLR MH SURMHROWAD +UYDW
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JHOHQLK UMHAHQMD &UR&OLP*R*UHHQ



Zahvala

,JUDGD RYH GRNWRUVNH GLVHUWDFLMH QH EL ELOD PRJX
LQVWLWXFLMD =DKYDOMXMHP LQVWLWXFLMDRMD PLWOQWXD S F

X 'UADYQL KLGURPHWHRYRORSDIQMH RFPMHUHQLK SRGDW

postaja

x Grad Zagreb, Gradski ured za strategijsko planiranje i razvoj gtadaustupanje
SRGDWDND YLVLQH WHUHQD L SRYUALQD WH WRSRJUD

X 'UADY QD KaHuipr&atayavno dostupnoj ortofoto karti iz 1968. godine
x Deutscher Wetterdienstna ustupljenom kodu modela MUKLIMO_3
x EURO-CORDEX grupazza dostupne podatke regionalnih klimatskih simulacija.

+YDOD 'UADYQRP KLGURPHWHRURORANRP |[DYRGX QD SUX:

kao i svim kolegama i prijateljima koji su bili dio tog procesa.

=DKYDOMXMHP pODQRYLPD SRYMHUHQVWYD ]D REFMHQX (
%YHQFHWLUO SOBLUGU]YVF ODML 7HOL&PDQ 3UWHQMDN L GU V

I sugestijama koji su doprinijeli kvaliteti ovog rada.

9HOLNR KYDOD PHQWRULFL L]Y SURI GU VF ,YDQL +H
prenesenom iskustvu i znanju te izniRNXJRGQRM L PRWLYLUDMXURM UDGQR

1DMYHUH |DKYDOH PRMRM RELWHOML NRMD PL MH QDMY
PRMLP URGLWHOMLPD 48WR VX RG VDPLK SRpHWDND PRJ aNR
+YDOD VHVWUDPIOLPPUDWXKYH @HHIVQH L EH]JEULAQH WUHQX\
UDJ]GREOMH X ALYRWX 1D NUDMX KYDOD PRP %RULVX QD
WUHQXFLPD NDGD PL MH WR QDMYLAH WUHEDOR



aLYRWRSLYV

,UHQD 1LPDF URYVHQD MH SAagrabu.QTRUWU magistréd ke Q H X
JHRILJLNH VWHNOD MH X OLSQMX JRGLQH -@gebfidikeQ ]|DYUa
PrirodoslovnePDWHPDWLpPNRJ IDNXOWHWD X =DJUHEX ,VWH JRC
'UADYQRP KLGURPHWHRURGQRANRP PHYWRHRURKRKOREANL LVWUD:
Poslijediplomski doktorski studij fiziket smjer geofizika upisuje 2014. godine. U svojim
LVWUDALYDQMLPD EDYL VH VWDWLVWLpPpNRP DQDOL]JRP YUHP
YULMHGQRVW L atskib | éatijpdliWnpK ténpdrdure zraka, kratkotrajne oborine,
RSWHUHUHQMD VQLMHJRP 'LR UH]XOWDWD WLK LVWUDALYC
L VWUXpQLP UDGRYLPD X GRPDULP L PHYXQDURGQLP pDVI

GRPDULPuhardirim radionicama i konferencijama te je na konferenciji Europskog

PHWHRURORAGNRJ GUXaWYD (06 JRGLQH GRELOD (06 7U
]JD SUHIJHQWLUDQL UDG QD WHPX RELOMHAMD L SURPMHQD
LVWYD®OMD X VLMHpQMX GRGDWQR VH XVDYU&DYDOD

(ZAMG). Uz potporu Europske agencije za eksploataciju satelita (EUMETSAT) sudjelovala je

QD QHNROLNR PHYXQDURGQLK UDGLRQLFD L NR@HUHQFLM
NOLPDWVNLP DQDOL]DPD WH MH X VWXGHQRP NDR GL
1MHPDpNRM PHWHRURORANRM VOXAEL ':' 2VLP NDR VXGLR
znanstvenoVWUXPpQRJ VNXSD V PHYXQDURWERR REREMHORYDQ!
OHWHRUROR aNJuradipik j& NaL projektu Hrvatske zaklade zzamnost Klimatske

promjene i varijabilnost u Hrvatskof RG JOREDOQLK XWMHFDMD GR ORNLE
(CroClimGoGreen) yODQ MH +UYDWVNRJ PHWHRUR2®RA olide GUXaw
zaposlena je na projek&tratoClim: HIHQHU &HQWUD ]D NOLPX L JOREDOQH

u Grazu, Austrija.
=QDQVWYHQL UDGRYL X pDVRSCMieRRCotenGEHNVLUDQLP X ED]L
Objavljeni radovi:

1. Nimac,l. &LQGULUO .DOLQ . B5HQNR 7 9XMQRYLUOU 7 L +RL
of summer 2020 urban flood in Zagreb (Croatia) from hydeseorological point of
view. Natural hazards1-25. https//doi.org/10.1007/s1106922-0521064

2. Nimac, I, Herceg% XOLU ,-$@RYNEBDO L 4JHOD O ,PSDF
Atlantic Oscillation and drought conditions on summer urban heat padse study for

Zagreb.International Journal of Climatologyttps://doi.orgl0.1002/joc.7507



https://doi.org/10.1007/s11069-022-05210-4
https://doi.org/10.1007/s11069-022-05210-4
https://doi.org/10.1002/joc.7507
https://doi.org/10.1002/joc.7507

3. Nimagc, I., Herceg% XOLUO &LQGULO MDAl 0 L SHUP&EKDQJIHYV
extreme air temperatures in the rsided European city situated on southern base of a
mountain (Zagreb, Croatia)lTheoretical and Applied Climatologyl46, 429441.
https://doi.orgl0.1007/s00704€21-036898

4, IDNDWRV 0 6]JHQWHV 2Nimé&d. QiGW.L(2021p @halysis.of Sub
Daily Precipitation for the PannEx RegionAtmosphere 12, 7; 118.
https:/Hoi.org/10.3390/atmo0s12070838

5. AROMDQ 9 %HOXK]INimas$, |. islrURY8): MicreScale Properties of
Different Bora TypesAtmospherg9, 4; 116, 25https://doi.org/D.3390/atmos9040116

6. Nimac,l. L SHUpHF 7DGL0O O &RPSOHWH DQG KRPRJHC
series for construction of the new 198010 climatological normals for Croatia.
Geofizika 34, 2; 225249.https://doiorg/10.15233/9fz.2017.34.13

7. Nimac,l. L +HUFHJ %XOLUO $Q LOQOWHUPHGLDWH FRPS
climate response to a doubling of atmospheric carbon dicRielefizika 34, 1; 5-197.
https://doi.orgl0.15233/gfz.2017.34.8

Radovi u postupku recenzije:

1. Nimac, I, Herceg% X O LU , -Aloiae MHModzlling the ircrease in urban heat
load in Zagreb (Croatia) since the 1960s due to urbanization and changes in climate

conditions.Climatic Changdprvi krug recenzije).

2. IXNDpHYLUO , &LQIBHEAULBOBUPHF 7DGLU 0 *URXQG VQRZ
for greenhase structures in Croati@old Regions Science and Technoldyygi krug

recenzije).
=QDQVWYHQL UDGRYL X GUXJLP pDVRSLVLPD

1. &LQGUWNimac, . *DMDSBSND L 5XELQLUO - 9UHPHQVNI
kratkotrajnih jakih oborina u razdoblju 1955. ]D 6SOLW Hn&aBBkeDaES L Q
pDVRSLV ]D YRGQR JRVSBGDUVWYR

Znanstveni radovi u zbornicima skupova:

1. 3HUpHF 7D Biinéc, 10(200 .OLPDWROR&GNH NDUWH PMHVHpPQF
SURFMHQRP SRX]GDQRVWL +LGURORJLMD X VOXAaEeL ]D


https://doi.org/10.1007/s00704-021-03689-8
https://doi.org/10.1007/s00704-021-03689-8
https://doi.org/10.3390/atmos12070838
https://doi.org/10.3390/atmos12070838
https://doi.org/10.3390/atmos12070838
https://doi.org/10.3390/atmos9040116
https://doi.org/10.3390/atmos9040116
https://doi.org/10.15233/gfz.2017.34.13
https://doi.org/10.15233/gfz.2017.34.13
https://doi.org/10.15233/gfz.2017.34.8
https://doi.org/10.15233/gfz.2017.34.8

poplavnih rizika- VXYUHPHQL WUHQGRYL L SULVWXSL 5XELQ]I
%XaHOLU *RUGDQD MR KEGURBRORaAMBRYGWANAWY R

2. Nimac,l. L 3HUpHF 7DGLUO 0 2010 climdtdlogical normals for Croatia
and comparison to previous 194D90 and 1972000 normals. Proceedings from
GeoMLA conference. Beograd: University of Belgradeéaculty ofCivil Engineering,
79-85.

3. Nimac, I. &LQGULUO .DOLQ . SHUpHIFSRDGIOO O L *BODOL]
PDNVLPDOQLK WURGQHYQLK NROLPLQD RERULQH X +U
YRGDPD V PHYXQDURGQLP VXGMHORY D Q MatuPZbatriky DW V N H
radova, Opatija, 20. VYLEQMD %LRQGLU 'DQNR +ROMHYLI
Hrvatske vode, 2015. 15160.

6WUXpPpQL UDGRYL X JERUQLFLPD VNXSRYD

1. Nimac, |. L 3HWEHFLG O .OLPDWVNH SULOLNH *UREQL
NDUWDPD .OLPDWVNRJ DWODVD +UYDWVNH *UREQLpPNL
6DQMD XU 5LMHND .DWHGUD yDN-R26VNRJD VDERUD *U

2. 6RNRO -XUNiIRaCLIUL % L QK@lid,Kii(2019): O metodi i problemima izrade
krivulja intenzitetatrajanja tpovratnog razdoblja. 7. hrvatska konferencija o vodama
V PHYXQDURGQLP VXGMHORYDQMHP A+UYDMbDoKIK YRGH

UDGRYD %LRQGLU 'DBkQ;NiRner+Ramjdi(brY. IOjpatijdd Hrvatske Vode.
76-83.



.UDWNL VDaHWDN

=ERJ NRULAWHQMD XPMHWQLK PDWHULMDOD X JUDGQML
X RGQRVX QD SULURGQH PDWHULMDOH X JUDGVNLeR VUHGL(
SURPMHQD X KLGURORANRP FLNOXVX VDVWDYX DWPRVIHUH
IHQRPHQ W]Y XUEDQRJ WRSOLQVNRJ RWRND NRML VH RG
L]JIJUDYHQRP GLMHOX JUDGD X XVSRUHGEL V UXUDOQRP RNR

8 RYRP WNanWahBlizitanav X RELOMHAMD L SURPMHQH XUEDQH N
PMHUHQMD V PHWHRURORAGNLK SRVWDMD PRGHOLUDQMD
VDWHOLWVNLK SRGDWDND 8 SUYRP GLMHOX RYRJ UDGD G|
kime naWHPHOMX SRGDWDND PMHUHQMD V pHWLUL SRVWDMH
2019. Drugi dio analize urbanog toplinskog otoka Zagreba se temelji na rezultatima urbanog
NOLPDWVNRJ PRGHOLUDQMD L DQDOL]L XW MiH BkalM Ras URFHV
MHGDQ RG PRJXULK PRGLILNDWRUD XUEDQH NOLPH =DJUHE
Sjeverne$WODQWVND RVFLODFLMD 18%2 ,VWUD&HQ MH XWMH
JLPVNLK L OMHWQLK 1%$2 GRJDYDMDRGD LRQUVRARM HRFHW IH INHDUILHDQ
5H]XOWDWL LPSOLFLUDMX YODAQRVW WOD NDRLI@EhDMBIAM
liethe urbane klime. Ta je pretpostavka provjerena analognom analizom s obzirom na
vrijednosti standardiziranog oborinskog evapotramasfjskog indeksa (SPEI). Nadalje,
procijenjen je do LQRV XWMHFDMD ORNDOQLK SURPMHQD X QDPM
JRGLQH L SURPMHQD X NOLPDWVNLP XYMHWLPD QD XNXSQ>
.RQDpPQR NRULaWHQM H BkihU $indulaRi@ DhtodelaKiz NEORGAROEX
LQLFLMDWLYH SURFLMHQMHQR MH RpHNLYDQR WRSOLQVNR
NOLPH |]D VFHQDULMH HPLVLMD VWDNOHQLPNLK SOLQRYD 5¢

. O M X b Q HuldanMdplki otok, Sjeverneatlantska oscilacija (NAO), standardizirani
RERULQVNL HYDSRWUDQVSLUDFLMVNL LQGHNV 63(, PRG

promjene, klimatske varijacije.



Extended abstract
1. Introduction

With the usage of artificial materials construction, urban areas are experiencing changes
in albedo, emissivity, thermal capacity and surface roughness compared to rural surrounding.
Due to landatmosphere interactions through the exchanges of energy and water, any change in
land cover can malt alterations in surface energy and water balance. Consequently,
temperatures in bu#iip areas can be significantly higher compared to rural surroundings, a

phenomenon known as an Urban Heat Island (UHI).

The urban climate is under the influence abqasses on different spatial and temporal
scales such as global warming, Ne#tlantic oscillation (NAO), heat waves, drought, etc.
Besides, climate factors as mountains, hills, oceans, seas, lakes and rivers also affect urban
climate. However, due to theteractions and feedbacks within the climate system, UHI can
affect processes related to mentioned factors such asdplownslope circulation, sebreeze
circulation, fog formation, etc. Characteristics of lander in the cities also have an imgort

role in modifying urban climate.

Besides largscale drivers (e.g., teleconnections, atmospheric blocking) and feedbacks
(e.g. landatmosphere interactions), initial conditions (e.g. soil moisture, sea surface
temperature, snow cover) are also impairfar development of extreme events. For example,
several studies found that extremely warm European summers were preceded by winter

precipitation deficit over Mediterranean area.

Therefore, for specific purposes such as the estimation of the efficigncgrtain
adaptation and/or mitigation measures, it is important to include as many as possible of the
PHQWLRQHG SURFHVVHYVY DQG IDFWRUV ,Q WKLV UHVHDUEFK
some global and local modifiers was investigated. Firstacheristics and changes in climate
classes were determined using meteorological measurements. Further, changes in extreme air
temperatures and related indices were analysed. The influence of different combinations of
winter and summer NAO on the urban tilead in Zagreb was examined from the perspective
of its direct (summer NAQO) and indirect (winter NAO) effect. Similarly, the importance of
drought conditions not only during but also during preceding summertime was considered. The
effects of local impastwere studied through the contribution of urbanization and changes in
climate conditions to total heat load change from late 1960s. Finally, future urban heat load was

estimated for two climate change scenarios using regional climate projections.



2. Dataand methods

General characteristics and changes in the urban climate of Zagreb were analyzed using
meteorological measurements, urban climate model and satellite data. Daily data measurements
from stations Zagrelr UL p X U E D MaksmhirJ&ubliEban), @grebPleso (suburban) and
Puntijarka (mountain) in the period 198019 were used. Temporal changes in temperature

DQG SUHFLSLWDWLRQ SDUDPHWHU V-Ggiget Gildade tiRIdedwmigrel HV W L
examined, as well as possible changes in céroktsses. For the same set of the stations in the

same time period, characteristics and changes in extreme air temperatures were examined by
both stationary and nestationary generalized extreme value (GEV) distribution. For non
stationary models, lineaemporally dependent location and/or scale parameters were chosen.
/ILQHDU WUHQGY LQ H[WUHPH WHPSHUDWXUH LQGLFHV ZHI
VLIJQLILFDQFH ZDV WHVWHG ZLWK 0DQQ .HQGDOOTV WHVW

Modeling of the urban climate was performed gsimban climate model MUKLIMO_3
(dynamical part) combined with cuboid method (statistical part). Such approach enabled spatial
and temporal evaluation of the urban heat load and involving of mentioned climate factors and
processes that affect the urbamaie. Satellite Lands& land surface temperature (LST) data

were compared with some of the modeled results.

To investigate winter and summer NAO effect to the climate of Zagreb, principal
component based NAO index in the period 12019 was used. Drought conditions were
defined by standardized precipitation evapotranspiration index (SPEI) calculated using
meteaological data from station Zagrédaksimir in the period 1942019. Preceding drought
conditions were defined by SPEI calculated for the period JaiMiayy while current

conditions referred to Jurugust period.

To examine the contribution of urbaniett and changes in climate conditions to total heat
load change in Zagreb from late 1960s, tasd data describing city situation in the years 1968
and 2012 were used. Corresponding climate conditions were defined by meteorological data in
the periods 1964990 and 199%020.

Future climate conditions were extracted from EUBORDEX data for three selected
regional climate models (RCM) initialized by two global climate models (GCM). Two
representative concentration scenarios (RCP) were selected: moderRstebRnd worstase
RCP8.5. Period 1982010 was used as a reference climate, while expected changes were
estimated for two future periods: 202040 and 204%2070.



3. Results
3.1. Climate characteristics and changes of the area of study

The analysis of ltanges in climate characteristics at four meteorological stations in the
period 19612019 revealed that all stations experienced transition in climate class based on the
GHILQLWLRQGE&der. |[h& fit§ change from bordalest to moderate climateai
occurred at mountain station Puntijarka due to an increase in temperature of the coldest month
(January). At lowland stations, observed changes in climate class were associated with an
increase in air temperature of the warmest month (July). Henceetteclimate shift was
detected at the urban station ZagrebLp ZKHUH PRGHUDWH FOLPDWH ZLWK
to moderate climate with hot summer. At the other two stations, climate shift occurred around

10 years later.
3.2. Observed changes in extremar temperatures

Based on the data for the same period, differences in characteristics of extreme air
temperatures at selected stations were depicted. The strongest cold and warm extremes were
found at the airport ZagrePBlesostation. This was a result of specific weather situations, as
well as characteristics of the station. The lowest minimum air temperatures at the mentioned
station could be explained by common winter temperature inversions over Zagreb. On the other
hand, he highest maximum air temperatures at this station were the result of several factors
like openness of station in terms of its skgw factor, as well as being surrounded by lawns.
Similar characteristics were observed at the suburban station Adgkemir. The highest
minimum air temperature values at the urban station Zagighp ZHUH SDUWLDOO\ C
location and characteristics which are not fully following measuring standards defined by
World Meteorological Organization. The lowest maximumntemnperatures are observed at the
mountain station Puntijarka. The exceedance of maximum (minimum) air temperature above
(bellow) the correspondingyear return value revealed more (less) frequent occurrence of such
events in the later compared to the iearime period. Consequently, return level curves for
nonoverlapping 3&year periods showed that for both minimum and maximum air
temperatures, higher values correspond to the later period. Additionally, employing non
stationary GEV distribution confirngthe necessity of including temporally dependent location
parameter in estimating extreme air temperature return values. Generally, including linear
location parameter showed to be more important for maximum than for minimum air

temperature. The trend dysis results gave a clear signal of a significant increase in warm and



decrease in cold indices. Besides, it was shown that the selection of reference period used for
percentilebased indices affects the results of trend analysis by enhancing increasagep

in warm (cold) indices when period 198D10 (19611990) was used as a reference. Sitill,
regardless of period used as a reference, increasing trend in warm summer indices was

considerably stronger than corresponding trend in winter indices.
3.3. The effect of North-Atlantic oscillation and drought conditions on the urban heat load

In the first part, the influence of Northtlantic Oscillation (NAO) on summer climate
conditions in Zagreb area was investigated. The combinations of different phaseteoand
summer NAO were examined in terms of indirect (lagged) and direct effect. Based on the data
measurements from Zagrdlbaksimir station, it was found that the largest heat load is obtained
when positive winter NAO is followed by negative summek@\ and the lowest for the
opposite combination. On the other hand, combinations of the same polarity of winter and
summer NAO phases resulted in lower changes compared to the mean state, due to its opposing
effect over this area. Simulations with MUKLIM® model showed generally good agreement
with the station data for the period 192010. The highest heat load was simulated in-oilt
areas, while the lowest was obtained for areas with vegetation and water bodies. Analysis of
NAO effect indicated similaconclusions to those based on the analysis of the station data: the
highest heat load increase compared to the mean state was found for positive-magteive
summer NAO combination and the strongest decrease was obtained for the opposite situation
(negative wintertpositive summer NAO). Our results indicated that not only the amplitude of
the heat load, but also its spatial variability is affected by NAO. Thus, for witgemmer
NAO combination associated with longer dry conditions, a higherasera heat load was
simulated over regions with vegetation, probably due to suppressed evapotranspiration cooling
effect. This result points to soil moisture as a potential factor that affects cooling efficiency of
areas with vegetation. This assumptioasvadditionally investigated in a similar way as for
NAO events, but with drought conditions using standardized precipitation evapotranspiration
index (SPEI) applied on the Zagrbtaksimir station data. Similarly, as for NAO, the lagged
(direct) effect onthe summer heat load was examined using SPEI calculated for the period
JanuaryMay (JuneAugust) period. The results of SPEI analysis supported the conclusions
based on the analysis of NAO effect and pointed to the soil moisture as an important factor
linking atmospheric conditions and cooling efficiency of green infrastructure. Similar analysis

of satellite data of land surface temperature upholded this result.



3.4. The effect of urbanization and changes in climate conditions on the urban heat load

Thesecond part of the modeling analysis was focused on the estimation of contribution of
changes in climate conditions and laugk modifications to changes in the heat load. For these
purposes, two city landse situations were defined: earlier city statelaon the city structure
for the year 1968 and more recent state for the year 2012. Corresponding climate conditions
were defined for two standard climatological periods: 1690 and 199#020. It is
important to mention that climate conditions defirtleid way consist of both climate change
and climate variability components. It was shown that changes in climate conditions dominantly
contributed to the amplitude of heat load change, while-lesgdmodifications influenced its
spatial variability. The cdiinges in heat load due to climate effect were significant over the whole
domain, but for landise effect significant changes were found only over limited areas, mainly
those where some modification in lange has occurred. Besides, changes in climatetm sl
resulted in a relatively uniform increase of heat load over lowland parts of the city, while the
changes due to langse modifications were found to be both positive and negative. Generally,
an increase in heat load was observed for areas whereddime vegetation classes were
replaced by buitup classes and vice versa. Also, obtained results indicate the importance of
location of the landise change (due to its interaction with the surrounding) as well as its form
(i.e., grouped or scattered).h&h analyzing climate effect on changes in heat load, dependence
on landuse class was still obtained. Also, slight differences in the heat load response to the
changes in landse were detected for different climate conditions. This result indicatekithat
to the nonlinear interactions within the system it is not possible to separate climate and land
use effects on changes in heat load.

3.5. Expected future urban heat load

To estimate the heat load in future climate conditions, selected RCMs from EURO
CORDEX initiation were used. Bias correction of RCM data was performed using quantile
mapping method in comparison to measurements from meteorological station-Kedpeinir
for the reference period 19&1010. All three variables needed for cuboid methad (a
temperature, relative humidity and wind speed) were corrected. Comparison of results of urban
climate modeling based on the raw and corrected RCM data revealed the importance of bias
correction. Generally, cooler and windier simulated conditions of RCMad to
underestimated amplitude of heat load and much lower spatial variability compared to the
control field obtained using measurements from meteorological station. On the other hand, after
bias correction, heat load field in the reference period welkrepresented for all selected



models. The estimation of expected heat load in a future climate revealed a general increase in
heat load, however with differences in the amplitudes of projected increase for different RCMs.
The increase is expected togieonger in the later projection period (26G2070) compared to

the earlier one (201:2040), as well as for RCP8.5 compared to RCP4.5.

4. Conclusion

The results shown in this research point to significant changes in urban climate of Zagreb
which generallypecame warmer. These changes are partially result of climate change and
climate variation, as well as due to urbanization and local changes in the city. Detected climate
changes, as well as expected increase in the future heat load point to a neceslaiate
adaptation and mitigation measures. The analysis of changes hudanshowed that the
strongest heat load increase was related to areas where some vegetation areas were replaced by
built-up classes, and the strongest decrease for the opptsitgos. Such results indirectly
indicated the efficiency of green infrastructure in mitigating urban heat load which was widely
commented in the literature. As shown in this research, the cooling efficiency of the vegetation
depends on the soil moisturenditions. This finding is especially important from the aspect of
the predictability of such situations (e.g., via winter and summer NAO modes) which helps in
better preparedness of the irrigation system. Besides, expected drier future conditionist highlig

the importance of welblanned water management and irrigation system.

Key words: urban heat island, Norhtlantic Oscillation (NAO), standardized precipitation
evapotranspiration index (SPEI), lande modifications, ochate change, climate variability.
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1. UVOD

Prema UN X JUDGVNR VWDQRYQLAWYR pLQL RNR XN
SUHPD SURMHNFLMDPD RpHNXMH VH GD UH WDM XGLR GR
RpHNLYDWL GDOMQMH 4LUHQMH SRVWRMHULK i razdVWDQDN
JUDGRYD L]J]QLPQR YDabDQ L SUHGVWDYOMD MHGDQ RG VH
KWWSV VGJV XQ RUJ JRDOV 2VLP WRJD L QHNL RG GUX
ALYRWD X JUDGRYLPD .RULAWHQMHP X MDWEKWOD]K UIDN B YWVQR
(kapacitet i konduktivnost) i radijacijska (albedo i emisivnost) svojstva u usporedbi s prirodnim
PDWHULMDOLPD PLMHQMDMX VH NDUDNWHULVWLNH =HPOMI
L KLGURORANL FLN OX(vprXBovmnkaY suUp. 2015HHaim@yD Bur. 2021, Oleson i
VXU 3DXOHLW L VXU ,JJUDYHQD SRGUXpMD WLMH
SDN WLMHNRP QRUOUL VSRULMH RWSXaWwWDMX .DR SRVOMHGL]
Urban Heat Island, 8+, NRML RGUDA&DYD JQDWQR YLdH WHPSHUDW X
JUDGD X RGQRVX QD RNROQR UXUDOQR SRGUXpMH 2NH L V
YHUHJ XGMHOD QHSURSXVQLK SRYU&ALQD X XUBRO@LIP VUHGL
WUDQVSLUDFLMRP 7DNRYyHU X JUDGVNLP VUHGLQDPD FLU|I
GLUHNWQR RVODEOMHQL ]JERJ YLVRNLK L JXVWR L]JJUDYHQ
aAaXYH@ORLVH LOL SDN LQGLUH NMhipRntEiRdA&MDsuiacijedD YULMI
1LWLV L VXU 2VLP WRJD JERJ YHOLNRJ XGMHOD QH!
XUEDQLK SRSODYD WDNRYyHU MH YHUD SRJRWRYR X JUDGRY

detektirana intenzifikacija kratkotrsg oborine (npr. Hammond i sur. 2015, Nimac i sur.
2022a).

SUEDQD NOLPD MH SRG XWMHFDMHP UD]JOLpLWLK SURFH
globalno zatopljenje (npr. Oleson i sur. 2015), Sjevathantska oscilacija (engNorth-
Atlantic Oscillaton, NAO), El Ni»o- M adoscilacija, zatim regionalnih klimatskih faktora
SRSXW NOLPDWVNLK JRQD QSU S3$UQILHOG L QDYHGHQH

WRSOLQVNLK YDORYD QSU )RXQGD L 6DQWDRIRXULYV

IDNWRUD PHYyX NRMH VSDGDMX SODQLQH L PRUD X QHSRVU
QSU +ROHF L VXU =KRX L VXU LWG yDN L XPMHW
QD NOLPDWVNH XYMHWGE DR N RO QRDINDSIE GogaX phddinterakcija i
SRYUDWQLK VSUHJD NOLPDWVNRJ VXVWDYD L XUEDQL WR:
navedenim prirodnim faktorima poput obalne cirkulacije (npr. Bauer 2020), cirkulacije obronka
QSU 1LWLV L VXUWprrtenjakL7W)XOUL aPDQ SRMDYH PDB@hakQSU 7H



VXU L VO 7DNR VX QSU 7HOLaPDQ SUWHQMDN L VXU

OHGYHGQLFH ULMHNH 6DYH L XUEDQRJ GLMHOD =DJUHED P
i cirkulaciju olronka. lako atmosferski procesina makvONDOL XWMHpX QD SURFHV]
WM QD PHIJRVNDOQH SURFHVH NRMD SDN XWMHpX QD RQH
PHYXVREQLK LQWHUDNFLMD SURPMHQH QD PDGBRM VNDOL X

6LJQDO JOREDOQRJ |DWRSOMHQMD PRAH X SRMHGLQLP
RYLVQR R UHJLRQDOQLP NOLRRWEKN bit. foEaktGreddjé kdbalbe L |D N
WHPSHUDWXUH JUDNH X RGQRVX QD SUHGLQ 2na¥kupnd MVNR C
WDM SRUDVW WHPSHUDWXUH MR& LJUDAHQLML WH L]J]QRVL R
SRND]DOD VX VH NDR SRVHEQR Wd®R §0t§) DNPHYyXUWX DN YWLRPNN
SRGUXpMH 6UHGR]JHPOMD *LRUJLSRUDWWRNRODIEHX W CRCEI\AW D
VXaQLK WWMDGRESU 7UDPEOD\ L VXU VSRPHQXWR SRGU>
QHJDWLYQH XpLQNH VX&d8H 5HJLRQDOQL VLJQDO JOREDOQRJ
ili oslabljen na manjoj lokain M VNDOL 7DNR VX QSU SUHPD QHNLP L\
SRGUXpMD RVMHWOMLYLMD QD NOLPDWVNH SURPMHQH X XV
QLAH QDGPRUVNH YLVLQH QSU -XQJR L %HQLVWRQ £

reference, Scaini and Leopardi 2019).

,DNR VH LVWUDALYDQMD NOLPDWVNLK SURPMHQD YHULQR
NOLPDWVNLK SDUDPHWDUD XSUDYR VX SURPMHQH X YDULN
(npr.Katzi%o UR ZQ L6 ¥ K I ,DNR VX aLYD ELUD VSRVREQD
na nove klimatske uvjete, upravo nagle i dugotrajne ekstremne situacije mogu izazvati ozbiljne
AWHWH =DQLQRYLUO LGHWWHBWDNDYWL VX SRYHUDQX VPUWQRYV
YDORYD WH NRPHQWLUDMX NDNR MH WDM XWMHFDM L]JUDA&H
SRGUXpMX JGMH MH SULVXWDQ UDVKODYyXMXuL XWMHFDM P
NDNR MH VPUWQRVW SRYH]DQD V WRSOLQVNLP YDORYLPD Y

EKVWUHPQL GRJDYDML PRJX ELWL GHILQLUDQL QD UD]OLpL
na rezultate analize (Sulikowska i Wypych 2020, Yosef i sur. 2020). U skladu s time, Svjetska
PHWHRURORAND R Wdr Qetkbrélagitd Orgaidafior WM 2 SUHSRUXpLOD
set ETCCDI (englExpert Team on Climate Change Detecliodeksa ekstrema vezanih uz
WHPSHUDWXUQH L RERULQVNH SULOLNH :02 L QDYHGH
porast toplih i smanjenje hladnih indeksa na globalnom (Al@eai sur. 2006), regionalnom
(Klein Tank i Konnen 2003, Moberg i sur. 2006, Spinoni i sur. 2015) kao i na nacionalnom
nivou (Bartholy i Pongratz 2007, Kioutsioukis i sur. 2010, Nemec i sur. 2013, Santo i sur. 2014).
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Ipak, malo je radova u kojima je dam@aQDOL]D LQGHNVD HNVWUHPD |D PL
gradskog.

.OLPDWVND YDULMDELOQRVW (XURSH-aSRjecaVNpAD&QLP MH
UHIOHNWLUD VH X UD]OLpLWLP PHWHRURORANLP SDUDPHWU
putanja Atlantskih alja (npr. Woolings i sur. 2015). lako se NAO manifestira tijekom cijele
JRGLQH QDMYHUL MH IRNXV Q&k&ibjB 3amp poiaaMa¥ i hieR MtjHdajJ 1$2
QDML]JUDAHQLML +XUUHOO L VXU L UHIHUHQFHgWDPR Q
NAO-D MX&QD (XURSD MH VXaQLMD L WRSOLMD QHJR LQDpH
lako je znatno slabiji i prostorno manji u usporedbi sa zimskim NR® OMHWQL 1$2 WDN
XWMHpPpH QD NOLPX X (XURSL )ROODQaNAO faxaje povezand D NR SR
WRSOLP VX&aQLP L YHGULP DQWLFLNORQDOQLP OMHWQLP X
WDGD L]IQDG 6UHGR]JHPOMD L MXJRLVWRpPQH (XURSH SUHYO
uvjeti. Suprotna veza vrijedi za negativhzdajetnog NAQa. Povezanost ljethog NA@ i
OMHWQLK NOLPDWVNLK HNVWUHPD SRSXW WRSOLQVNLK YDC
radova (npr. Folland i sur. 2009, Vicererrano i sur. 2011). Osim izravnog utjecaja ljetnog
NAO-a na liethu KLPDWVNX YDULMDELOQRVW SRVWRML L QHL]JUD®
zimskogNAGD QD NOLPDWVNH SULOLNH QDGROD]JHUHD BR&WOMHU |
ELWL RVWYDUHQ SXWHP SURFHVD NRML XNOMXpXMX VSRU
moUVNRJ OHGD VQMHAQRJ SR®URYD LWRBKIDBRND +HWLRPHJIL
Rigor i sur. 2002). Zbog toplinskog kapaciteta tih komponenti, anomalije generirane zimskim
NAO-om mogu perzistirati dulje vrijeme i tako utjecati na ljetnu atmoktecgkulaciju. Tim
SXWHP JLPVNL 1%$2 PRAH SRVSMHA&ALWL UD]JYRM L SHU]JLVWH
Europi (Fischer i sur. 2007, Ogi i sur. 2003, Vautard i sur. 2007).

SUHPD 6LOOPDQQ L VXU ]D UD]JYRM QHWRdJ HNVWU
QDYHGHQLK XYMHWD WUHEDMX ELWL |[DGRYROMHQL SRSXW
VQMHAQL SRNURY SRYU3ELQVND WHPSHUDWXUD PRUD S
DWPRVIHUVND EORNLUDMXUD SROMD pregh . infexakeih hoH]JH  OF
DWPRVIHUD L VWRKDVWLpPNLK SURFHVD QSU a&ax~p OHYyX H
QD RNROLaAa L GUXaWYR VSDGDMX L WRSOLQVNL YDORYL NRNM
(WMO i WHO 2015). Porast u maksimalnomajanju toplinskih valova detektiran je nad
SRGUXpMHP (X0BBWD'HOWODU NDR L QDG +UYDWVNRP
6SLQRQL L VXU 7TRSOLQVNL YDORYL VX RSUHQLWR
VLWXDFLMH WLMHNRPPpNR K LK MiH QRHHXD QRGAIXFQQHER L VOD



7LMHNRP WDNYLK VLWXDFLMD L NYDOLWHWD JUDND Mt
X] SURL]JYRGQMX SROXWDQDWD WH VX pHVWH L YLVRNH N
(Vautard i sur. 1IHNROLNR UDGRYD SRND]J]DOR MH NDNR PDQ
Sredozemlja u kasnu zimt SUROMHUH JERJ VPDQMHQH YODJH X WOX ¢
toplih ljeta u Europi (DellaMarta i sur. 2007, Fischer i sur. 2007, Vautard i sur. 2007). Stoga
uvjeti u tlu mogu utjecati na intenzitet i trajanje toplinskih valova (Cassou i sur. 2005, Folland
L VXU 8WMHFDM WRSOLQVNLK YDORYD QD 8+, YHU MH
+HUEHO L VXU 7THZDUL L VXU HQMHRDRD]OWHPUWLK L]RRILU
I metoda, neki od radova diskutiraju sinergijsku interakciju toplinskih valova i-dJ&&
JUDGRYH X UD]JOLpLWLP GLMHQ&d20R3) RdnfdoidrthyVi Bed€)dS U /L L

=D SRGUXpMH 6UHGR jtHiredNtdda UXIR tHjek@m koplinSR Vdlbva
(Founda i Santamouris 2017, Pyrgou i sur. 2020). S druge strane, Richard i sur. (2021) nisu
QDAMDNYX YH]X ]D JUDG 'LMRQ )UDQFXVND +HUEHO L V
SRYUA&L @wvaRAp@opb YUHGQD SRGUXpMD EH] YHIJHWDFLMH X &¢
YULMHPH HNVWUHPQR VQDAaQRJ WRSOLQVNRJ YDOD 'DNOH
UHI-D QLMH X SRWSXQRVWL REMDaQMHQD ,SDN RYD WHPIL
Sredozemljai WRLVWRpPQH (XURSH JGMH VH X EXGXUQRVWL RpHN
valovi (Meehl i Tebaldi 2004).

2VLP XWMHFDMD YHUH SURVWRUQH VNDOH L ORNDOQL ID
Tako npr. neki prirodni faktori poput reljefa (npr.Bwa i sur. 2015, Holec i sur. 2020, Schau
1RSSHO L VXU -$ORLABWH HOD EOL]LQAOIsRULD), jeéz¥ra Hrizka
(npr. Schaul RSSHO L VXU -$0 R LAXH H O RAldixeyi Sud R017) mogu utjecati
na magnitudu toplinskog optefiHQMD 2VLP SULURGQLK IDNWRUD ND
NDUDNWHULVWLNH JHPOMLAQRJ SRNURYD XWMHpPpX Q@D WRSO
1RSSHO L VXU =QDpDMQLMH SURPMHQH X JHPOMLAQR
urbanizacije. KaQ D\ L &DL VX SRND]DOL NDNR MH SRORYLFD
WHPSHUDWXUQH DPSOLWXGH X NRQWLQHQWDOQRP GLMHO.
XUEDQL]DFLMRP L GUXJLP SURPMHQMNBdpel Q BRMEBERH JHPON
komentiraju kakoMH WRSOLQVNR RSWHUHUHQMH JXVWR L]JJUDYHQR
VLPXODFLML V L]JUDYHQLP JUDGRP |]D VNRUR YHUL X X
EH] LIJUDYVHQRJ JUDGD 7DNRYHU NR P-H gspdletive MagnMUdeN R M H
SsXWMHFDMHP NOLPDWVANOKLSUHRPMH@®MB [OXMHOWLLYQL JUDG .L
lokacijom i strukturom odgovara gradu Dubrovniku), pokazala kako dodavanje zidina i



JUDYHYLQD UH]J]XOWLUD SRUDVWRP WRSOLQVMN®MISRBWHUHUL
VLWXDFLMX EH] L]JJUDYHQRVWL JUDGD .0ODLUO L VXU V.
XUEDQL]DFLMH =DJUHED PR&H RPHNLYDWL VPDQMHQMH EL
primijenjen, dok promjene u strujanju nad ostatkom domedMeXi ]|QDpDMQH 2VLP KLSF
simulacija, analiziran je i utjecaj stvarnih promjena struktura grada na gradsku klimu. Tako su
QSU &$0ORQBH L VXU QD WHPHOMX NDUDWD JUDGD %H|
grada analizirali utjecaj urbadnlDFLMH QD WRSOLQVNR RSWHUHUHQMH
XUEDQL]DFLMH L |DKYDWL SRSXW UHJXODFLMH 'XQDYD PRJ>
VXU VX |D VLWXDFLMH |JHPOMLAQRJ SRNURYD JUDGD %

godini detektirali zatopljenje uzrokovano urbanizacijom.

2YLVQR R YUVWL NRULAWHQLK SRGDWDND DQDOL]JH NOL
SRGLMHOLWL QD RSVHUYDFLMVNH L PRGHOLUDQHsitu2ZSVHUY I
mjerenjimas metecor@ RANLK SRVWDMD NR MR HGEYWNR ULHP]RWMD X ELROM X VI
QL]D LOL QD VDWHOLWVNLP SRGDFLPD pLMD MH SUHGQR
REXKYDUDMX UHODWLYQR NUDWNR YUHPHQVNR UD]JGREO
RPRJIXUBWDAMX DQMD XWMHFDMD SRMHGLQDpPQLK SURPMHQD
u sastavu atmosfere, temperaturi mora/oceana, temperaturi tla, promjena u biljnom i
JHPOMLAQRP SRNURYX LWG QD NOLPDWVND R3¥ob&® MHaMD
Climate Model *&0 VDVWRMH VH RG QL]D PRGHOD SRYH]DQLK
NOLPDWVNRJ VXVWDYD PRGHO RSUH FLUNXODFLMH DWPRVI
u tlu i vegetacije, model ledenog pokrova, itd.) koji opisuju stanje klime n&dJpog M X FLMHO|
=HPOMH %XGXuL GD SRNULYDMX YHOLNR SRGUXpMH bH\
YUHPHQVNX UH]JROXFLMX SD QLVX SULNODGQL J]D YHULQX U
radi se prilagodba (englodnscaling NRMD PRaH ELWLIDMNMPISUWILNMNINRIRMD VI
QD SULPMHQL SRMHGLQLK VW DXILYMHPHNIYXD ONMWRGDQHEL BG
klimatskih modela (engRegional Climate ModeRCM). RCMRYL SRNULYDMX PDQMH
u usporedbi s GCMvima, no u pravilu imaj znatno bolju prostornu i vremensku rezoluciju.
, SDN SRWUHEQH SRpHWQRYL QXBPHAIXHMGEG &R EBENX RG *&
klimatski modeli (englUrban Climate Model,8 &0 VSXawWDMX VH SDN QD VNDO
MR&a ILQLMX SURV\8pBRredQix REMRRQRBLMERIXDPpXQDOQH |DKWM
SRWUHEQLK ]D LIJUDpXQ NOLPDWVNLK YDULMDEOL QD WDNR
RJUDQLpHQH QD YUOR PDOR SRGUXpMH L LOL NUDUH YUHPH



analilD ]bD GXOMH YUHPHQVNR UD]J]GREOMH PRJXUH LK MH N
VWDWLVWLpPpNLP PHWRGDPD )UK L VXU

-HGQD RG SUHGQRVWL NOLPDWVNLK PRGHOD MH GD VH R
klimatskih uvjeta. S tom svrhom, potrebordH SUHWSRVWDYLWL VFHQDULMH
VWDNOHQLpPNLK SOLQRYD NRMH SUDWH GUXawWwWYHQL L HNR
VFHQDULML XNOMXpH XGIHOD pXP®R INKQI HP B XG\BENUIFRM R RVFDLQYWHD ENKO
Scenariji koncentracije sSMOHQLPpNLK S GépeEeNMtbtive HOQntentration Pathways
5&3 VX SXWDQMH NRQFHQWUDFLMD VWDNOHQLpPNLK SOLQRY
5&3 5&3 5&3 L 5&3 6FHQDULM 5&3 MH QDMRSWL
predstavljaumjereni scenarij, dok je scenarij RCP8.5 najgori. Ipak, scenarij RCP8.5 postaje sve
PDQMH YMHURMDWDQ GRN MH VFHQDULM 5&3 LSDN UHDO

Izvori neizvjesnosti rezultata klimatskin modela kriju se prirodnoj varijabilnosti
NOLPDWVNRJ VX HAQROMDL QBVPYW#NLK PRGHOD WH QHSRX]
NRQFHQWUDFLMD VWDNOHQLpPpNLK SOLQRYD +DZNLQV L 6X'
PRGHOD SUHSRUXpD VH X DQDOL]DPD NRULVWLWL VNXS UI
simulacija. U tuVYUKX pHVWR VH ]D SRWUHEH LVWUDALYDQMD X
SURPMHQH NRULVWH VLPXODFLMH NRMH VX GRORDESQH NUR
(engl.Coordinated Regional Climate Downscaling ExperimgBtiropean Domain Rezultati
simulacja unutar inicijative EUR©& 25'(; pHVWR QH PRJX ELWL NRULaAWHQL
modele utjecaja (engimpact modelspa je prije toga potrebno korigirati podatke u odnosu na
izmjerene podatke nekim od metoda korekcija pristranosti (biagl.correctio.

'DNOH YUHPHQVNH SURPMHQH NOLPDWVNLK SDUDPHWI
SURFHVD WH ]JERJ WRJD QLMH MHGQRVWDYQR RGUHGLWL
DQDOL]JLUDQL VX QHNL RG QDYHGHQLK XWMHFDM® QD WI
SRGLMHOMHQD X SHW WHPDWVNLK FMHOLQD WH VH RYLVQRF
GLMHOD DQDOL]D LIPMHUHQLK SRGDWDND V PHWHRURORA
dobivenih primjenom urbanog klimatskog modela. U prvom dijelyudisane su vremenske
SURPMHQH L NDUDNWHULVWLNH NOLPDWVNLK RELOMHAaMD ¢
QD DQDOL]J]L RELOMHAMD L SURPMHQD HNVWUHPQLK WHPSH!

UDGX 1LPDF L VXU H FDHWL LV S DRVMAUFOMHP YHUH SURVWI
RSWHUHUHQMH JUDGED L NVRK@QRUKWQIRHWD L GLR RYLK UH]XC
1LPDF L VXU E 8 pPHWYUWRP GLMHOX LVWUDAHQ MH GI
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]IDGQMHP GLMHOX DQDOL]JLUDQR MH WRSOLQVNR RSWHUH
primjenom simulacija dobivenih unutar inicijative EURTDRDEX.
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3RGUXPWMUHDBLYDQMD REXKYDUD 8LUH SRGUXpPpMH =DJUHED
X VUHGLAQMHP NRQWLQHQWDOQRP GLMHOX V MX&QH VWUD
+UYDWVNH XWMHpX W U L- Ran@skN hiziday BidaddDilMadahskoikBoka Q H
OLMHYR JERJ QMHJRYRJ SRORA&ADMD QD SRGUXpMX =DJI
WLSD 'RGDWQR QD NOLPX RYRJ SRGUXpMD XWMHpX L ORND
6DYH L YUVWH SRYUALQVNRJ SRN lgdi¢Dimas @iuNibgu u GHVQF
PRGLILFLUDQMX NOLPH JUDGD MHU RPRJXUDYD IRUPLUDQM
7HOLAPDQ 3UWHQMDN L VXU SRGXSLUH UD]YRM IH
9RODULI VSUMHp DY DDSVR & RIBIE HKIOD GORILYRMIMUL VX U
PLUQLK DQWLFLNORQDOQLK VLWXDFLMD SRVHEQR WLMHNR
SRMDYD X =DJUHEX /RQpDU

O9HOLNL GRSULQRYV SR]QDYDQMX NOLPH *UD GbalizimhJUHED C
100 JRGLAQMLK QL]JRYD UD]JOLpLWLK NOLPDWVNLK SDUDPHWL
LQVRODFLMD QDREODND PHWHRUROR&NH SRMDYH 1Haw
GRSXQLOL DQDOL]X NDUDNWHULVW a.NXihraBke'fMktudeije BrozZR G QR V C
QHAWR GXOMH YUHPHQVYN®R ahblivjréne BEWOddtbdjno u radu Penzar i sur.

(1992), dok je Juras (1985) dao analizu klimatskih promjena u razdoblju *9E380. u
usporedbi s ranijim 3RGLAQMLP UREG MEHOMLE® UDGRYD QD WHPX N
ELWQR MH VSRPHQXWL NDNR MH YHULQD WLHhUDGRYD REMD
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Slika2.1*HRJUDIVNL SRORabM +UYDWVNH OLMHYR WH SRORAL
GHVQR 60LNH VX LIJUDYyHQH SURJUDPRP *RRJOH (DUWK



3. PODACI

3UYL GLR DQDOL]H WHPHOML VH QD SRGDFLPD L]IPMHUHQI
KLGURPHWHRYRGCRANBUHNODSDMXUHP YUB19.QudeBUUD]GRI
VPMHaAWHQH X UD]JOLpLWLP GLMHORYLPD JUDGD NDR L QD |
3XQWLMDUND 381 SRVWDMD V QDMYLZEBGRVEDGPRUYNRP XA
postajaZagreeODNVLPLU =*0 QDMLVWRPQI=EMD HHOWIUIHEQD XUED
7TDEOLFD .RULAWHQL VX GQHYQL SRGFILQDFUD]G REWMH
na postaji PUN nedostaju podaci u rujnu 1991, a na postaji ZGP u razdgéafjutprosinac
=D RGUHYLYDQMH NOLPDWYV NceigervorD KfaBifikatljpbm@KotieR Q L K . | S
L VXU NRULAWHQL VX GQHYQL SRGDFL WHPSHUDWXUH
SURPMHQD HNVWUHPQLK WHPSH ichBlvg X thibimidlReUterapatrat@eHd G QH®

zraka.

1D JRWRYR VYLP SRVWDMDPD WHPSHUDWXUD JUDND PMH

P RVLP =** JGMH VH NXULFD QDOD]L QD VMHYHUQR RULM
aWwWR MH X YULMHPH XWSBSNRNWDYRMIHYWR WAHUSBRYDUD L VXU
MHGQD RG WUL +UY D Vitvljsthih BdRtdjs\pbavath Bd-sirane WMD NRULAWHQL
MH L X RYRM DQDOL]L ,SDN WUHED LPDWL QD XPX NDNR UH
utjecati nasame amplitude parametara, dok bi relativne vrijednosti i trendovi ipak trebali biti
XVSRUHGLYL V RQLPD QD RVWDOH WUL SRVWDMH 7DNRYHL
podataka ECA&D (Klein Tank i sur. 2002).

Tablica3.12ELOMHAMD PpdstelafR URORA&ANL

Naziv postaje Oznaka Tip H (m) IRQ f IDW f
Zagreb*ULDp GG Urbana 157 15.9719 45.8144
ZagrebMaksimir ZGM Suburbana 123 16.0336 45.8219
ZagrebPleso ZGP Suburbana 106 16.0539 45.7292
Puntijarka PUN Planinska 991 15.9683 45.9075

+RPRJHQRVW VUHGQMLK PMHVHPQLK PLQLPDOQLK L PDNY\
R paketomClimatol *XLMDUR NRML VH SRND]DR XVSMHaQLP X L
VUHGQMLK PMHVHpPQLK WHPSHUDWXUD ]UD N DoKiverid ¥D WV N R N\
NDNR SRVWDMD =** LPD SUHNLG X KRPRJHQRVWL PDNVLPD¢

godine, dok postaja ZGM ima prekid u homogenosti minimalne temperature zraka u studenom



1995. Ipak, njeRGUDYHQD NRUHNFLMD SRGDWDRNDFEME XRIRAG DX SOR
XWMHFDM XUEDQL]J]DFLMH X SRGDFLPD &4WR MH YUOR YMH
3DQGALU L /LNVR "HWHNWLUDQL SUHNLGL X KRPRJHQI

rezultata.

S obzirom da je za izradu podloga pot@gh K |D SRNUHWDQMH PRGHOD ELOR
SRGDWNH GLJLWDOQRJ PRGHOD UHOMHID GLJLWDOQRJ PR
podacima  dobivenima  od Grada  Zagreba i Urbanog  Atlasa 2012
(https://land.copernicus.eu/local/urbattas/urbaratlas-2012) kreirane su podloge digitalnog
PRGHOD UHOMHID 6OLND 6 X SULORJX NODVH QDPMHQH
7TDEOLFD 6 X SULORJX 7DNRYHU ]D RSLV L]JJUDYVHQRVWL
karte koje odgovaraju situgigjrada iz 1968. godine (https://geoportal.dgu.hr/) na temelju kojih
MH LIUDYHQD RGJRYDUDMXuD NDUWD NODVD QDPMHQH JHPC
YULMHGDQ L]YRU LQIRUPDFLMD WH MH YHU NRULAQWHQ@QWIX Q
JRGLQH 3RGROV]NL L VXU LOL UDJRUQRJ SRWUHVD

blizini Zagreba.

Slika3.1.ODVH QDPMHQH JHPOMLaAWD SUHPD VWDQMX JUDGD L]

Naziv i opis pojedine klase dani su u Tablici S1 u prilogu.

.DNR EL VH LVWUDALR XWMHFDM SURFHVD YHOLNH VNDOF
analize odabran@jprema maksimalnoj duljini niza na postaji ZGM, 1949019. Za analizu
utecaja NAGD QD RYR SRGUXpMH NRULAWHQ MH LQGHNV GHII
komponente koja se dobije analizom empirijskih ortogonalnih funkcija primijenjenih na
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anomalijetlaka zraka na morskoj razini iznad Atlantika u razdoblju 1942019. (Hurrell i

sur. 2003). Zimski NAO je ovdje definiran za sezonu prostacHOMDpPpD GRN VH OMH'
na sezonu lipanjt kolovoz. Standardizirani oborinski evapotranspiracijski irsde€XPEI

(Vicente 6HUUDQR L VXU NRULAWHQ MH ]D RSLV VXaQLK XY
se na procjeni vodne bilance, tj. razlici oborine i evapotranspiracije koja je kasnije
standardizirana. Prednost indeksa SPEI u usporedbi s drugim ifdeks¥ XaH MH WR &WR X
REJLU L HYDSRUDFLMX WH VH PRaH UDpXQDWL QD UD]OLpLW
koja je prethodila ljetu opisue-PMHVHpPQL LQGHNV 63(, HxvibaR]RQX VI
0D\63(, NRML RPRJXUDYD DQIDVMDL | X]HEOYRWHRW W KRAOMH M H D (
3PMHVHPQRJ LQGHNVD 6 34kolguz VAdgEREIR). @d g arerv referentne
HYDSRWUDQVSLUDFLM B RNQRAUH.IEW/KIROD MPHH WIR@GPDWH PMHVHpPCQC
minimalne, maksimalne temperaturekaabrzine vjetra na 2 m (procijenjene iz brzine vjetra

QD P NDNR MH RSLVDQR X $0O0OHQ L VXU UHODWLY
VXQpHYRJ JUDPpHQMD L WODND JUDND 5HIHUH@WQRNUPNGIRE
razdiobe je standd GQR NOLPDWROR a8$00Uniam BWpdddci s postaje ZGG

za razdoblje 1981+ NRULAWHQL ]D YDOLGDFLMX UH]XOWDWD P
63(, NRULR pake(PHIKBegueria i VicenteéSerrano 2017). Osim podataka modela,
korLAWHQL VX L VDWHOLWY/NNR. VRGRNFIUADQBGNDWHPSHUDWXU
JUDND QD P UuD]OLpLWL SDUDPHWUL LSDN MH WHPSHUD
WHPSHUDWXUH 3RYUA3ALQVNL 8+, NR-NDL YNHHI Gkiiaé@AOGR Q YULM
RSLVDQ X ]QDQVWYHQLP UDGRYLPD QSU *HOHWLpPp L VXU
sur. 2018, Pongracz i sur. 2010).

$QDOL]D XWMHFDMD SURPMHQD QDPMHQH JHPOML&AWD L S
WRSOLQVNR RSWBYGIMHQRMHVE@ ]D GYD X]DVWRS£1990NIOLPDWR
1991. + 2YD GYD NOLPDWROR&GND UD]JGREOMD SUHSRUXpH
SRWUHEH SUDUHQMD NOLPH

6 FLOMHP DQDOL]H OMHWQRJ XUEDQRJ WRAi@JkKiMENRI RSW
NRULAWHQL V> ISRIROCARBRXONIcijative za lokaciju postaje ZGM (Tablica
3.2). Spomenuti RCMvi forsirani su GCMovima CMIP5 (engl. Coupled Model
Intercomparison Project Phase 5 2GDELU PRGHOD WHPHOMLRiNiWH QD U
SRGDWDND SRWUHEQLK ]D NXERLGQX PHWRGX %XGXuL GI
CORDEXD XJODYQRP VDGUAL SRGDWNH VSHFLILpQH YODaQRV
WHPHOMX WHPSHUDWXUH JUDND VSHFLIL pdartHodvu@@za@a RV WL L
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odabir modela je tzv. puna matrica, odnosno da za odabranedR€Nmamo iste GChbve.
.RQDpPQR RGDEUD@D LOALPNMDGIEIQUDQD -» @WER WM OLH VDIV
ansamblom od 6 realizacija (Tablica 3.2). Odabrana su dva §demaD HPLVLMH VWDN
SOLQRYD SRYROMQLML 5&3 L QHSRYROMQLML 5&3
povijesnipodaci u razdoblju 1981+2005. te podaci scenarija RCP 4.5 za razdoblje 2806.

=D DQDOL]X EXG XU & gdadbr@araRbdvaVvatdoklja MMiérszdoblje 2a11.

L EXGXUH UD]|678.deci polja modela za lokaciju ZGM dobiveni su na
GYD QDpLQD ELOLQHDUQRP LQWHUSRODFLMRP L X QDMEOL
su razlike u podama za te dvije metode vrlo male, odabrana je bilinearna interpolacija kako
EL VH LIEMHJOH PRJXUH ORNDOQH QHVWDELOQRVWL

Tablica 3.2 3RSLV NOLPDWVNLK PRGHOD NRUL&GWHQLK X DQDO
KRULIRQWDOQD UD]J]OXpLYRVW L UHIHUHQFD

Kratica Model +RU UD]O. Referenca
EURO-CORDEX regionalni klimatski modeli
CLM CLMcom-CCLM4-8-17 fi f Rockel i sur. (2008)
RCA SMHI-RCA4 fi f Samuelsson i sur. (2011)
REG DHMZ-RegCM42 NP 1 Giorgi i sur. (2012)
CMIP5 globalni klimatski modeli
CN CNRM-CERFACSCM5 f 1 ]
MP MPI-M-MPI-ESM-MR(LR) f1 ]

12



4. METODE

.DR SUYL XYLG X NOLPDWVNH NDUDNWHULVWLNH SRGL
PHWHRUROR&GNLK SRVWDMD RGUHYHQH VX SBEEIY¥OVWODMXUH
klasifikaciji .RWWHN L VXU 7R MH WLS NOLPDuysMrBHaNODV LIL
temelji se na temperaturnim i oborinskim karakteristikama u toplom i hladnom dijelu godine.

Opis i definicija pojedinog simbola relevantnog za Hrvatsku dani su u Tablici 4.1. Klimatska
NODVD RGUHYHQD MH SUYR QD W6B. RROOOM X z&iR GzB $VakdNdD |D UD]
JRGLAQMH NOL]J]QR UDJ]GREOMH V SRPDNRP RG JRGLQH &L

vremenske promjene u klimatskoj klasi te u kojem je razdoblju nastupila promjena.

Tablica 4.1 .ULWHULML ]D R G u3gigerdavid ivinidtskihSk&asaQrelevantnih za
SRGUXpMH +UYDWVNH

1. simbol xglavni tip klime

C Umjerena Twm f& Lf& 7TFP i
D 6QMHAQR axXl Twm e f& L 7TFPf&
2.simbol tRERULQVNL UHALP

S Suha ljeta Psdm< 40 mm i < 1/3 Pwwm

w Suhe zime Pwdm < 1/10 Pswm

f 1HPD VXaQH Vv Ako kriteriji si w nisu zadovoljeni

3.simbol t WHPSHUDWXUQL UHALP

a uUXuD OMH Twm e f&

b Topla ljeta 7ZP f& ZP ! f&

c Hladna ljeta Ako kriteriji ai b nisuzadovoljeni
Twm +temperatura najtoplijeg mjeseca Psdm+*NROLPLQD RERULQH QDMVX&AQLMHJ
Tcm +temperatura najhladnijeg mjeseca Pswm+NROLpPLQD RERULQH tepbdvtilielazyuiink! H J

T4wm tWHPSHUDWXUD pHWYUWRJ QDNPWdm+NROLpPLQD RERULQH QDMVX&AQLMHJ
Pwwm tNROLPLQD RERULQH QDMNLAQLMH.

U svrhu analize vremenskih promjena minimalne i maksimalne temperature zraka,
NRULAWHQL VX LQGHNVL (7&&', 2GDEUDQR MH RVDP LQGHN
ekstremno toplim i hladnim temperaturnim uvjetima te su definirani s obzirom na apsolutne
vrijednosti, fiksne pragove ili percentilne pragove (Tablica 4.2). Indeksi s fiksnim pragom
SULNODGQLML VX ]D XVSRUHGEX SRVWDMD VD VOLpPQLP N
definirani percentilnim pragom predstavljaju anomalije u odnosu na lokdimu pa su
SULNODGQLML ]D XVSRUHGEX SRVWDMD X UD]JOLPLWLP NOLF
ELWL SRYH]DQL V XYMHWLPD NRML VX QHXJRGQL ]D aLYD EL
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=D L]J]UDPXQ SHUFHQWLO QLK RLch@&ékporcBroh&ugH. B oiP&rifiMm H SDNH

Climate Impacts Consortium NRML XNOMXpXMH L PHWRGX SRQRY(

bootstrap) SUHSRUXpHQX RG =KDQJ L VXU 7TDNRYyHU MH LV

UDJ]GREOMD ]D R G U H jragoiadeNiHodzbtan i eaxsidbaQstakdadno (1961.

1990.), recentno (1981£2010.) i kompletno (1960+2019.). Standardno razdoblje 1964.
QDMpHaUH VH NRULVWL X DQDOL]DPD SHUFHQWW L OQLK L

2010. preporp HQR ]|D SRWUHEH SUDUHQMD NOLPH :02

Tablica 4.2 Definicija odabranih indeksa temperaturnih ekstrema.

Indeks Simbol Definicija

Apsolutni indeksi
Minimalna temperatura  Tmin *RGLAQMD PLQLPDOQD WHP!
Maksimalna temperatura Tmax *RGLAaQMD PDNVLPDOQD WH!
Indeksi definirani u odnosu na fiksni prag

Ledeni dani ID %URM GDQD V GQHYQRP 7PL
Mrzli dani FD %URM GDQD V GQHYQRP 7PL
Ljetni dani SuU %URM GDQD V GQHYQRP 7PL
7URSVNH QRUL TR %URM GDQD V GQHYQRP 7PL
Indeksi definirani u odnosu na percentilni prag
Hladni dani CD Postotak broja dana s dnevnom Tmax < Tmax
+ODGQH QRUL CN Postotak broja dana s dnevhom Tmin < Tminl
Topli dani WD Postotak broja dana s dnevnom Tmax > Tmax
7TRSOH QRUL WN Postotak broja dana s dnevhom Tmin > Tmin€

*RGLAQML DSVROXWQL PLQLPXPL L PDNVLPXPL WHPSHUD
RS UH U Dek&reRa&E(BnglGeneralized Extreme Valu€EV). To je teorijska razdioba za
PRGHOLUDQMH HNVWUHPD L pHVWR VH NRULVWL X PHWHI
.LRXWVLRXNLV L VXU 9 QPxena IEdidsii (2007)R fihkigija razdiobe
GEV ima oblik:

2:T: L AT@ATHEUT; 0A (1)

JGMH MH 3 [ YMHURMDWQRVW GD TwHdihaGaRx) Rdutiredd&® RVMHpPpQRF
varijata:
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uL FH@F—?A 2)

Procjena ekstremne vrijednosti za povratno razddblilgVvM SRYUDWQD YULMHGQ!
kao:

Ti L T, FyisFUP @)
gdje jexo parametar lokacije, parametar skale,,laSDUDPHWDU REOLND 8 VOXpDM
PRGHOD *(9 SDUDPHWUL ORNDFLMH L VNDOH VDGUAaH GRGD
‘D EL VH WHVWLUDOD J]QDpDMQRVW XRIOQOMX\pHPDKNDWERGL
vjerodostojnosti (engLikelihood Ratig LR) (Coles 2001; Wilks 2006). Prema Colesu (2001),
statistika odstupanja (enddeviance statisticD) definirana je kao:

&L tkH:/ 5, FH:/ 4;0 @
gdje sulO(MO) i 11(M1) maksimizirane logyvjerodostojnosti (engllog-likelihoody za model
MO (ovdje stacionarni GEV) M1 QHVWDFLRQDUQL *(9 =D RGDEUDQL C
(ovdje 5%),akoj® YHUL RG NULWLpPpQH Y VraddidBeQrb¥EVOLMRIGRIGIE Bl HHQL ]
odnosnaMil VH SULKYDUD

ZD SULODJRGEX UD]GLREH *(Blocknaximaikoy H€ temédji U LV W X S
RGUHYyLYDQMX HNVWUHPQH YULMHGQRVWL XQXWDU GHILQL!
blok odgovara kalendarskoj godini. Parametri razdiobe GEV procijenjeni su metodom
maksmalne vjerodostojnosti (enghaximum likelihood estimation : L O NV EXGXuUL GL
ta metoda prikladna i kada promatrani parametar nije stacionaran (Klein Tank i sur. 2009). Za
SRWUHEH PRGHOLUDQMD Raf&exREEEE(I8laNdR Khatlz206)Q M H

=D SRWUHEH SURFMHQH OLQHDUQRJ WUHQGD NRUL&AWHQ
REJLURP GD MH VSRPHQXWD PHWRGD RWSRUQLMD QD VvwU
OLQHDUQRP UHJUHVLMRP 3UYR VH L]JUDpXQD VHW OLQHDUC
@L TPFTBEaFFE&s EOF J
®)
gdje jed nagib,x analizirana varijablay duljina niza, a i j indeksi. Senov nagib se zatim dobije

kao medijan svih vrijednosti.

Nadalje je Mann Kendallov test (Hipel i McLeod NRUL&AWHQ ]D WHVWLUDQ
trenda. Statistika testa MK je dana kao:
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1?5
<r ilL— =

(6)

<giLra&/=4br -

1>5 _
“eil oV =9 (8)

SUL pHPX MH 6 MHGQDN
5L AP A5 O CKIK F Tyo ©)
gdje jesgnfunkcija predznaka, dok je varijanca od S jednaka:
R=N5 c:JFsi:tJEw F Ao B kR F sokt B E wog 10)
gdje jeg ukupan broj povezanih grupaijpaEURM pODQRYD X@XWDU VYDNH JUX

7UHQG VH RFMHQMXMH ]QDpDMQLP DNR MH ]D RGDEUDQL
vrijednostZwe YHUD RG NULWLPQH YULMHGQRVWL RGUHYHQH L]
]JODpDMQRVWL RYLVL R VDPRM PDJQLWXGDSNMHL [YHD\UW R DVEH.
QD WDM QDpLQ GRND]DWL SULVXWQRVW YUHPHQVNLK SURP

=QDpDMQRVW SURPMHQD X WRSOLQVNRP RSWHWHUHQMX
testom za razliku u srednjoj vrijednosti (Wilks 2006). Test se tem8jih]UDpXQXtSDUDPH
prema relaciji:

pL 2%
§ kee >ae 004 (11)

gdje sux1i x2 SURVMHPQH YULMHGQRVWL VY D N HHsRRGG WRHWDAILDUIMDXQILH
standardne devijacije, a GXOMLQD QL]J]D 2VQRYQD KLSRWH]D MH GD
srednjih vrijednosti, a ukoliko je parametarY HiL RG RGUHYHQH NULWLPQH YL
EURMX VWXSQMHYD VORERGH L QLYRX J|QDpDMQRVWL KLSRK
YULMHGQRVWL VH PRaH RGEDFLWL

Za potrebe urbanog klimatskog modeliran@®N RULaAWHQ MH PRGHO3D8./,02B
Mikroskaliges Urbanes KLImaMOdell 7R MH Q H K L-&o0drRinai CRANLSD (¢hgl.]
RaynoldsAveraged NavieStokey mikroskalni model razvijen s ciljem simuliranja polja
atmosferskog strujanja uz prisustvo zgraddJ( K L VXU 6LHYHUYV DQG =G Xt
Sievers 1995). Osnovne karakteristike modela opisane su u radovima danim u Tablici 4.3. Kako
EL VH SRMHGQRVWDYLR [IDKWMHYDQ SURFHV L]JUDPpXQD XUE
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medij u kojem pore pred DYOMDMX SURVWRU L]RPMHSiKulddijg,dshdvna=D SRW
YHU]JLMD PRGHOD SRRSUHQD MH PHWRGRP VWUXMQH IXQNFL
UD]J]OXpLYRVW PRAH ELWL X LQWHUYDOX RG GR P WH P
izgUDYHQLP SRGUXpMLPD UD]J]OXpLYRVW SRYHUDQD D JUXEON
S9HUWLNDOQD UD]J]OXpLYRVW MH X LQWHUYDOX RG GR
3RpHWQL X-DMimiaciju] Bu dobiveni iz-1 VLPXODFL M hreliD@R ad W
definiUDQH VHWRP SRpHWQLK WHPSHUDWXUD JUDND UHODWL
VLWXDFLMH NRMH RGJRY DU DMixiser20K’/R Deétdtjadn shehialRki Grikaz & X Y H C
metode dan je na Slici 4.1. Ulazna polja za model MUKOIN3 su digitalni model reljefa
6OLND 6 X SULORJX L /8 6OLND pLMD MH KRUL]JRQWDC
LU-a dodatno je opisano tablicom tdJu kojoj su definirane karakteristiksvake od klasa.
ORGHO 08./,02B YHU MH NRHg kdoWwp. aXrad¢priuQuijecaja urbanizacije
QD SURPMHQH WRSOLQVNRJ RSWHUHILR®®HO Q SUWX U+R O HFa KX X
$ORLVH L VXU SURFMHQX HILNDVQRVWL LPSOHPHQWDI
sur.2021,Gel®vLp L VXU 6WUDND L-$GRG\RK G LV X U-Aldbixey MADHO I
L VXU SURFMHQX RPpHNLYDQRJ WRSOLQVNRJ RSWHUHI
VXU *HOHWLp L VXU E 2-NappeDiGurl 2028, rbit | Galé F KD X
7TDNRYyHU PRGHO MH XVSMHaAQR SULPLMHQMHQ X SURJ
(Holl ysi i sur. 2021).

Tablica 4.30snovne karakteristike modela MUKLIMO _3.

Proces Referenca
.UDWNRYDOQR JUDpHQMH 6LHYHUV L )
'XJRYDOQR JUDPHQMH L XW Moller (1954), Zdunkowski i sur. (197!
SDUDPHWUL]DFLMD VWUXML Gross (1989
Turbulencija Sievers (2012
Vegetacijski model Siebert i sur. (1992
Model tla Sievers i sur. (198:

=D SURFMHQX WRSOLQVNRJ RSWHUHiHQMD NUR] GXOMEF
NXERLGQD PHWRGD )U+BORVYXH L VXWXYHODXERLGQD PHWR
VWDWLVWLPND WHKQLND NRMD VH WHPHOML QMRY¥DP LGH
NRMH REXKYDiUDMX VLWXDFLMH X NRMLPD VH MDYOMD WRS
80D]QL SRGDFL ]D NXERLGQX PHWRGX VX GQHYQH YULMHGQ
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WH EUJLQH L VPMHUD YMHWUD & ¢lz8 5vaki @ab Kaba |eQiNeéwa S R O D
vrijednost temperature zraka iznad minimalne temperature definirane kao granice za kuboidnu
PHWRGX RYGMH f& =D VYDNL GDQ UDpXQDMX VH RGJR
trilinearnu interpolaciju) ovisnoo vriie QRVWLPD WHPSHUDWXUH JUDND UHO
YMHWUD X RGQRVX QD YULMHGQRVWL NRMH RGJRYDUDMX Y
SUHYODGDYDMXuD VPMHUD YMHWUD X]GX& OHGYHGQLFH
WRSOLQV N Rd&iidransl j tHaveh@Qrditi kao broj ljetnih dana (Tx25), odnosno kao broj
GDQD V PDNVLPDOQRP WHPSHUDWXURP YHURP LOL MHGQD!
definicija Tx25 razlikuje od ljetnih dana definiranih od strane ETCCDI (SU) koji su topliji od

25 f&

Slka 4.1 'LMDJUDP WRND PRGHOLUDQMD XUEDQRJ WRSOLQVN
UDJGREOMH 8 SUYRP NRUDNX GLQDPLpNRP ]JD VYDNX
kuboida primjenjuje se model MUKLIMO _3 kako bi se simulirala polja temperatgre (T
UHODWLYQH YODAaQRVWL UK L EUJLQH YMHWUD 2ZV 8 C
LOQOWHUSRODFLMRP VH |D VYDNL GDQ NDGD MH VUHGQMD
kreiraju polja maksimalne temperature zraka (Tmax). Zadnji korak je damabrada
SRGDWDND X NRMHP VH |]D VYDNX JRGLQX UDpXQD EURM

f&

Metoda korekcije pristranosti podataka R@Memelji se na pretpostavci stacionarnosti,
RGQRVQR GD VH YH]D L]IPHYyX PMHUHQMPHLPRMGDMID X EXGLM
'DNOH SUYR VH QD WHPHOMX SRGDWDND X RGDEUDQRP UHI
veza koja se zatim primjeni na izlazna polja R@MIobivena za povijesno i projekcijsko
razdoblje. Nekoliko je vrsta ove metode koje seidterza korekciju tempetare kao npr.
linearno skaliranje, skaliranje varijance te mapiranje razdiobe (Teutschbein i Seibert 2012 i u
UDGX QDYHGHQH UHIHUHQFH 'RN MH OLQHDUQR VNDOLU
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vrijednosti, skaliranjem varijand NRULJLUDMX VH L SURVMHPQD YULMHGC(
ODSLUDQMHP UD]GLREH NRULJLUD VH IXQNFLMD GLVWULE)>
VWDWLVWLpNLK NDUDNWHULVWLND UD]J]GLREH YDULMDEOH
magpranja razdiobe poput mapiranja vjerojatnosti (enmybbability mapping i mapiranja

kvantila (engl.qunatilequantile mappinyg Teutschbein i Seibert (2012) pokazali su kako se
XSUDYR PDSLUDQMH UD]JGLREH SRND]DOR NDRat@®MXpLQNI
oborine simulirane RCMRYLPD 6WRJD MH X RYRP UDGX NRULaAWHQD
2YD VH PHWRGD WHPHOML QD XVSRUHGEL NXPXODWLYQLK
UDJ]GREOMLPD ]D NRMD VX ]DWLP PHWRG Rt @drailtDNAQH UHJ
RYDM QDpLQ RVLP NRUHNFLMH SULVWUDQRVWL UH]XOWDWL
prilagodba.

$QDOL]D SRGDWDND L YL]XDOL]DFLM BR(RGoteD§ah@IoOMH X SU
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5. REZULTATI

8 LGXuUuLP UH SRIJODYOMLPD ELWL SUHGVWDYOMHQL UH]XC
X UDGRYLPD 1LPDF L VXU L ILPDF L VXU E D SRY
JubDGD =DJUHED L QMHJRYLP WRSOLQVNLP RSWHUHUHQMHP

5.1 Klimatskaobi OMHaMD SURPDWUDQRJ SRGUXpMD

SURVMHpPQH WHPSHUDWXUQH L RERULQVNH SULOLNH

7THPSHUDWXUQH L RERULQVNH NOLPDWVNH SULOLNH QD S
PHWHRURORANLK PMHUHQMD QD SRVWDMDPD QDYHGHQLP X
VYH pHWLUL SRVWDMH LPD PDNVLPXP X VUSQMX L PLQLPXP .
SRVWDMDPD MDYOMD VH SUL RGUHYLYDQMX WRSOH L KODG
razdoblje od svibnja do listopada, a na nizinskim gradskim pmstapd travnja do rujna. Kad
VH SURPRWUH UD]JOLNH X WHPSHUDWXUL L]JPHYyX WUDYQMD |
WD UD]JOLND YHUD QHJR QD JUDGVNLP SRVWDMDPD RGQR\
temperature u travnju i listopadu podjednake.

2ERULQVNL UHALP LPD SULPDUQL PDNVLPXP X OLSQMX \
maksimume u rujnu i studenom. Minimum oborine na postajama ZGG i ZGM javlja se u
YHOMDpL GRN MH QD SRVWDMDPD 381 L =*3 X VLMHpQMX

Slika5.1.1 * RGLAQML KRG WNPSHUMWMXBD UINROLpLQH RERULQH
Zagreb*ULp =** =M2aWdurit EZGM), ZagrekPleso (ZGP) i Puntijarka (PUN) u
razdoblju 1960.+ BUHPD YULMHGQRVWLPD VUHGQMLK PMHVH|

je podijeljena na topliju (crvena hladniju (plavo) polovicu.
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3UHPD NULWHULMLPD ]D RGUHYLYDQMH NOLPDWVNH NOD\
60 JRGLAQMHP UD]JGREOMX MHGLQR SRVWDMD =**QfeD XPMH
GRN MH QD SUHRVWDOH ijdrens tepiaWiddsHoplim e mgf(Fablica/ W L p Q D
'DNOH VLPERO NRML pLQL UD]JOLNX PHyX SRVWDMDP
PMHVHFD NRML MH QD SRVWDML =** YLAL RG SUDJD RG f&

SURPMHQH WHPSHUDWXUQRJ UHALPD
'RGDWQR M Hesu Va klibatsk€kRiséimijenjale u promatranom razdoblju i kakve

VX ELOH HYHQWXDOQH SURPMHQH SDUDPHWDUD SRWUHEC
QDMWRSOLMHJ QDMKODGQLMHJ PpHWYUWRJ L a4HVWRJ QDN
mjesec ukojem se one javljaju za klizna 3 0RGLAQMD UD]J]GREOMD 1D VYH WI
srpanj je u svim kliznim razdobljima bio najtopliji mjesec, dok je na postaji PUN srpanj bio
WDNRYyHU QDMWRSOLML DOL MH SRV OMHm®Gayslika 51IRE)L QD NR (
1D VYLP SRVWDMDPD XRpHQ MH X]OD]JQL WUHQG WHPSHUDW
X VYLP UDJGREOMLPD L QD VYLP SRVWDMDPD ELR MH VLMH
SURVMHPQH WHPSHUDW XU Hajtoglip imeEec na pBstaji PN ¥ WL Q
razdobljima bio je rujan, dok je na postaji ZGG tek za posljiednjatd B0GLAQMD UD]J]GREO
VYLEDQM D X RVWDOLPD UXMDQ 1D SUHRVWDOH GYLMH SR\
mjesec bio je rynGRN MH X GUXJRM SRORYLFL WR XJODYQRP ELR
najtopliji mjesec na nekim postajama dolazi do promjene, dok je na postaji PUN za sva klizna
UDJ]GREOMD WR ELR OLVWRSDG 6OLND G 1Dz RVWDMD
UDJ]GREOMD aHVWL QDMWRSOLML PMHVHF RVLP X QHNROL/
WHPSHUDWXUH ELOH LSDN YL&AH RG WUDYDQMVNLK 1D SRV
topliji od travnja, osim pred kraj prve dekade i u cijelojlmamjoj dekadi kada su travanjske
WHPSHUDWXUH LSDN QHa&AWR YLaAH 8 QDVWDYNX DQDOL]JH N

godine odabrano razdoblje travatijujan.

3URPMHQH RERULQVNRJ UH&LPD

IDMVXEQLML PMHVHF X WRSOL MpoRajana M H @otovd RGm. QH MH
UD]J]GREOMLPD ELR WUDYDQM 6O0OLND D -HGLQR MH QD
UXMDQVND NROLpPLQD RERULQH ELOD QHAWR QLAD QD SRVW
WUDYDQMVNH NROLpPLQH RaEkjijeLnajistakntijivid phoRtaf RUMASRIMEEP D
VWUDQH QDMNL&AQLML PMHVHF X WRSOLMHP GLMHOX JRGLQ
MH X SRVOMHGQMRM GHNDGL WR XJODYQRP ELR UXMDQ 60L
godinejenaSSRVWDMDPD =*0 L =*3 XJODYQRP ELOD YHOMDpPD GRI
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SRYUHPHQR QDMVXaQLML 6OLND F 1D SRVWDML 381 M
GRN MH YHOMDpD ELOD WHN X SDU UD]GREOWdodveXraQLMD 1
postajama PUN i ZGG je uglavnom bio studeni te u tek par razdoblja listopad (Slika 5.1.3d). S

GUXJH VWUDQH QD GUXJH GYLMH SRVWDMH QDMNLaQLML
NLAQLML VDPR X SRpHWNX UD]GR&EOMD L SRYUHPHQR X ]DGC

Slika5.1.23URVMHpPpQH YULMHGQRVWL WHPSHUDWXUH JUDND D
QDMWRSOLMHJ L G d4HVWRJ QDRMOULRKVILIMBID SN EDOHAD X J D
* 2GJRYDUDMXuL NDOHQGDUYV Nimb&a bk blofik RB@Qdlap HQ M H

odgovara pojedinoj postaiji.
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Slika 5.1.3 3URVMHpPQH YULMHGQRVWL NROLPLQH RERULQH D C(
WRSOLMRM SRORYLFL JRGLQH WH F QDMVX&3QLMHJ L G
godine zaklizn80- JRGLAQMD UD]JGREOMD X UOJRRPOMMXiL NDOH
PMHVHF R]QDpHQ MH ERMRP VLPEROD GRN REOLN VLPER

5.1.4 Promjene klimatskih klasa

S obzirom na kriterije u Tablici 5.1.1, za svako klizne BRGLAQAWEOMH RGUHYHQ
NOLPDWVND NODVD 3UYD SURPMHQD X NODVL XRpHQD MH ]
VQMHXPRNH NOLPH VDilRIB@ premiEMidwwiifereno toplu klimu s toplim
lietimaCfb 7DEOLFD , G X U [ j&2 RA3MsUHAT B oXdspaldifke promatranog
razdoblja kada je klima iz umjereno tople s toplim ljet@fh SRVWDOD XPMHUHQR WRS
lietima Cfa. Na preostale dvije postaje promjena je detektirana u istom razdoblju, eko 10
JRGLQD QDNRQ SURPMHQH QD SRVWDM ICflzd Cfa kinstskuM H X R p
NODVX 'DNOH SURPMHQD X NOLPDWVNRM NODVWLaQD QDM
temperature najhladnijeg mjeseca na vrijednosti izhadf & GRN MH QD QL]JLQVNLP
SRVWDMDPD WHPSHUDWXUD QDMWRSOLMHJ PMHVHFD SRUD"
]JERJ SURPMHQD RERULQVNRJ UHALPD RGVa@XaHdi QH X SURP|
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Tablica 5.1.1 . | S S HO®igerove klimatske klase za u-@0RGLAQMHP UD - 2RE O M X
(KG60) te detektirane promjene klasa za klizhaBRGLAQMD UD|JGREOMD L R

vremensko razdoblje promjene.

Postaja KG60 Promjena klase Razdoblje
GG Cfa Cfb : Cfa 1977. £2006.
ZGM Cfb Cfb : Cfa 1987. £2016.
ZGP Cfb Cfb : Cfa 1987. £2016.
PUN Cfb Dfb : Cfb 1963. £1992.
5.1.5 Diskusija

Prema izmjerenim klimatskim parametrima za razdoblje 192M19. pokazalo se kako
MH SRGMHOD JRGLQH QD WRSOLMX L KODGQLMX SRORYLFX
tako na postaji PUN topliji dio godine od svibnja do listopada, dok jestaditm postajama od
WUDYQMD GR UXMQD &aWR RGJRYDUD YHIJHWDFLMVNRP UD]
listopada su jako male na nizinskim postajama za razliku od planinske, gdje je listopad ipak
znatno topliji od travnja. U prosjeku je na svim pgaina najtopliji mjesec bio srpanj,
QDMKODGQLML VLMHpDQM QDMNLEQLML OLSDQM GRN MH V
druge dvije postaje. U promatranom-@@RGLAQMHP UD]JGREOMX SRND]DOR V
SRVWDMD S UGeR&ovihSkriatgkim klasama klima umjereno topla s toplim ljetima.
-HGLQR MH QD XUEDQRM SRVWDML =** XPMHUHQR WRSOD V
YDULMDFLMH L SURPMHQH VSRPHQXWLK NOLPDWVNLK SDUD
klasa. Tako je nprza klizna30JRGLAQMD UD]J]GREOMD SRVOMHGQMLK JRC
ELR WRSOLML RG VUSQMD 6OLpQR VH XRpDYDMX SURPMHQH
SRVWDMD 2VLP SURPMHQD RGJRYDUDMXUHJ prrtdtvaHeFD S UL
WHPSHUDWXUQH SDUDPHWUH 2ERULQVNL SDUDPHWUL WDN
WDNR MH QSU QD VYLP SRVWDMDPD QDMNLAQLML PMHVHEF

bio srpanj, dok je u posljednjoj dekadi to rujan.

U skladu & spomenutim promjenama amplituda temperaturnih i oborinskih parametara,
XRpHQH VX SURPMHQH NOLPDWVNLK NODVD QD VYH pHWLU
QDMYLARM SRVWDML 381 X NDPEDREOGMXKOL®POPVNRQMHEBEPRNOL
prHAOD X XPMHUHQR WRSOX NOLP Xak dggdnaRasijeRa&Iddd liMaG R IR G
QD SRVWDML =** SURPLMHQLOD L] XPMHUHQR WRSOH V WHF

24



ljietima. Ista tranzicija detektirana je i na drugim dvjema nizinskim posggjalinlGak godina
kasnije.

'RELYHQL UH]XOWDWL X VNODGX VX V GUXJLP LVWUDALYD
klimatskih klasa prema sjeveru 2 HUWLNDOQL SRPDN X SODQLQVNLP SRG
2018,Ceglar i sur. 2019;\O Kdur 2010 3URPMHQH NOLPDWVNLK NODVD XF
SRGUXpMX G5XEHO L VXU JGMH MH XRpHQ L YHUWLND
projekcijskom razdoblju. -\OKD L VXU QDSRPLQMX NDNR VH R
NOLPDWVNRP VFHQDULMX PRaH RpHNLYDWL SURPMHQD SUF
]D pDN SRORYLQX GR GYLMH WUHULQH SRGUXpMD (XURSH

S promjenama klimatskih klas® R J X V Hvalt pgtoljene ekosustava, a samim time |
SRWHQFLMDOQLP SUHQRVLRFLPD EROHVWRUBERISUX.\2018USHOMI

Brugger i Rubel 2013). Osim toga, promjene u klimatskim klasama mogu rezultirati i

promjenama u poljopriviednim kikkUDPD 2PD]JLU L VXU 7TDNRYyHU PR
SURPMHQH SRpHWND L WUDMDQMD SHOXGQH VH]JRQH WH Y
SRND]DQR NDNR NRQFHQWUDFLMH DOHUJHQD RYLVH R PHWI

VXU marHRi&rgak i sur. 2012).
S obzirom da se pokazalo kako je na nizinskim gradskim postajama do promjena
NOLPDWVNLK NODVD GRaAOR ]JERJ SRUDVWD WHPSHUDWXUH

temperature najpladoMHJ PMHVHFD QDVWDYDN DQDOL]H XVPMHUH
ekstremnih minimalnih i maksimalnih temperatura zraka. Upravo takve situacije mogu biti

opasne po ljudsko zdravlje i biosferu, ali i infrastrukturu.
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S8RpHQH YUHPHQVNH SHidrpédatu€atdradaN VW UHP Q

5.2.1 Apsolutni ekstremi temperature zraka

SUHPD LIPMHUHQLP SRGDFLPD NOLPDWVNLK SDUDPHWDU
]JDELOMHAHQL X VLMHpQMX QHAWR PDQMH pHEUH X SURVLC
RAXMNX 6OLND 6 D X SULORJX 6 RE]JLURP &G@jarQIP9ISRVWDM
PLQLPDOQD YULMHGQRVW QD LVWRM SRVWDML NRULaAWHQI
QLNDGD QLMH ELR |DELOMH&HQ X WRP PMHVHFX 1B SRVWD
prosinac 1991. pa je nakon detaljnije analize i minimainMd LMHGQRVW QD SRVWDML
EXGXuL GD MH GHWHNWLUDQL PLQLPXP WH JRGLQH ELR X

gradske postaje.

I1DMMDpL KODGQL HNVWUHPL ]DELOMHAHQL VX WHN X
nadmorskom visinom (& N D D 8 RVWDOLK VOXpDMHYD 7PLQ
=*3 L =*0 2YDM UH]XOWDW PRA&H ELWL REMDaAQMHQ pHVWLP
AWR XND]XMX L VRQGDAaQL SRGDFL GRVWXSQL QD LQWHUC
(dostupnL ]D =DJUHE RG JRGLQH 1DMYL&H PLQLPDOQH WH
SRVWDML =** awR MH GMHORPLpPQR L JERJ XWMHFDMD RN
LIPMHUHQD QD VYH pHWLUL SRVWDMH LVWL GDQ e&JODYQF
QDGDOMH SUHPD %LOWHQX 'UADYQRJ KLGURPHWHRURORAN
VSHFLILPpQL GRJDYyDML XJODYQRP VX YH]DQL X] DQWLFLNOF
JUDND L] VMHYHUQLK SRGUXpMD

*RGLAQML WRSOL HNVW HIRLXYWUBQRIK UXNFDER ORIXA PDQM
vrlo rijetko u svibnju i rujnu (Slika S2b u prilogu). S obzirom da je maksimum u 1991. godini
SUHPD GRVWXSQLP SRGDFLPD QD SRVWDMDPD 381 L =*3 (
postajama ZGG i ZGM, itajpod DN NRULAWHQ MH X DQDOL]L HNVWUHPL

1DMMDpL WRSOL HNVWUHPL WDNRYyHU VH XJODYQRP MDY
PDQMH pHVWR QD SRVWDMDPD =*0 L =** 6OLNI
7PD[ MDYOMDMX VH QD SOWWMDMVMLMIBTYP®[ QDVOXH pHWLUL SR
GDQ L WDNYL GRJDYyDML VX XJODYQRP YH]DQL X] DQWLFLNC
WRSORJ JUDND L] MXaQLK NUDMHYD

Stacionarnim GEYom primijenjenim na cijeli 60JRGLAQML QL] RERGHEHERA®D M
povratna vrijednost (xT5) za apsolutnu maksimalnu i minimalnu temperaturu zraka. Kao
referentni prag odabrana e BRGLAQMD SRYUDWQD YULMHGQRVW EXG
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UDJ]GREOMX X SURVMHNX PRaH RpHNLYDWL RNRjeiuSUHPDAI
.LRXWVLRXNLV L VXU =DWLP VX SURPDWUDQL SUHPDA3
LVSRG L]QDG VSRPHQXWH [7 YULMHGQRVWL NDNR EL VH XF
8RPpHQD MH QHMHGQROLND XpHVWR G aWteWiijdmatipME) RGIRY
i za Tmin (Slika 5.2.1a) i Tmax (Slika 5.2.1b). Vidi se kako je u prvomd®GLEAQMHP UD]GRE
SUHPD&aDM RGJRYDUDMXuUH [7 YLAH PDQMH XpHVWDR ]D 7F
X SRVOMHGQMLK JRGIEQHRQLYR L JB [ XOpWBWLLBRWVLRXN
]D QHAWR GUXJDpLMH L NUDUH YUHPHQVNR UD]J]GREOMH

Slika5.2.1*RGLaAaQMH DSVROXWQH D PLQLPDOQH L E PDNVLPDO
Zagreb*ULp =**  =Maksurit EZGM), ZagrekPleso (ZGP) Puntijarka (PUN) u
razdoblju 1960. + 2GJRYDUDMEILHQMH SRYUDWQH YULMHGQ
LVSUHNLGDQRP OLQLMRP GRN VX SUHPDaDML WRJ SUDJL

IHMHGQROLND XpHVWDORVW SUHPDAaADMD [7 XND]XMH
ekstremnittemperatura. Kako bi se detaljnije analizirale vremenske promjene u Tmin i Tmax,
u prvom je koraku zasvako30RGLaAaQMH SRGUD]J]GREOMH JDVHEQR SULOD
*(9 1D VYDNL SDUDPHWDU L |D VYDNX RG SRNMdaj Dob® OLND
WHPSHUDWXUQD SDUDPHWUD GHWHNWLUDQ MH SRPDN NUL"
YULMHGQRVWLPD 2YDNDY UH]XOWDW XND]XMH QD SRUDV)
ekstrema u posljiednjem 3 0RGLAQMHP UD ]G Rd&@thiXvrij8dudst pdstieplica su

promjena parametara lokacije i skale razdiobe GEV (Tablica 5.2.1).

Za odabrana povratna razdoblja od 2, 5, 10, 25 i 50 godina (Slika 5.2.2a), razlika
RPHNLYDQLK 7PLQ L]PHYX GYD SRGUD]GREO®OMD MK’ P@HINRD |C
za ZGP i ZGM (2.6 f& 2YDNYD UD]JOLND UH]XOWDW MH SURPMF
SURPMHQH SDUDPHWUD VNDOH XJODYQRP XVSRUHGLYH PH}\
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SDUDPHWUX VNDOH QHAWR Y H({ND OHDEILYMN H 33 R SDWW/D MDU D3
MH QDMPDQML QD 381 fé&

5D]JOLNH RpHNLYDQLK 7PD[ LIPHYyX GYD SRGUD]J]GREOMD V.
* f& EXGXuL GD VX UD]JOLNH SURPMHQD SDUDPHWDUD C
(Tablica 5.2.1) ,SDN QDMMDpL SRUDVW SDUDPHWUD ORNDFLMH
QDMPDQML f& QD SRVWDML 381 7DNRyHU SRUDVW SDL
UDJ]GREOMX UH]XOWLUDR MH YHURP ]DNULYOMHQRA&UX NULY

Slika 5.2.2Krivulje povranih vrijednosti a) minimalne i b) maksimalne temperatura zraka
SURFLMHQMHQH NRULAWHQMHP UD]GLREH:1989.i/199QH S UH N (
+2019. na postajama ZagrebU Lp =**  =Maksintt EZGM), ZagrekPleso (ZGP)

i Puntijarka (PUN).

-R&MHGDQ QDpLQ DQDOL]H YUHPHQVNLK SURPMHQD HN
nestacionarnog modela GEV. Tri zasebna nestacionarna modela su primijenjena na podatke:
GEV.Loc (parametar lokacije linearno ovisan o vremenu), GEV.Sc (parametar skale linearno
ovisan o vremenu) i GEV.LocSc (simultana linearna ovisnost parametra lokacije i skale o
YUHPHQX 6YDNL RG PRGHOD XVSRUHYHQ MH VD VWDFLF
XNOMXpLYDQMD OLQHDUQR RYLVQLK SDUDPHWDUD WHVWLIL
RHIXOWDWL WHVWD /5 SRND]XMX NDNR L ]D 7PLEkxbolie 7PD[ NF
opisuje podatke u usporedbi sa stacionarnim @EV(Tablica 5.2.2). Izuzetak je postaja PUN
JGMH ]D 7PLQ VWDFLRQDUQL *(9 GRYROMQR G Bodatith RSLV XN\
SDUDPHWDUD QH SREROM&DYD |]QDpDMQR SULODJRGEX PF
RYLVQRJ SDUDPHWUD VNDOH SRND]DR VH ]1QDpDMQLP MHGL
LPDOD L QDMYHUX SURPMHQX WRJ SDUDgdMWAQRIMD ] PBY&RE DI
(Tablica 5.2.1). lako su vrijednosb VWDWLVWLNH |]D *(9 /RF6F QHaAWR Y
*(9 /RF RGJRYDUDMXUH NULWLPpQH YULMHGQRVWL RYGMH
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VORERGH YHUH 7DNR VH XNOMXpLY Dakadijd i glale YaxaydloQH RY L
]ODpDMQLP ]D 7PLQ MHGLQR QD SRVWDMDPD =*3 L =*0 GRN
SRVWDMDPD 'DNOH PRAHPR |DNOMXpLWL NDNR QHVWDFLRC(
ORNDFLMH J]DGRYROMDYDMXuUH R pdraiuxaM Hakd ks ] BWtentnikhN VW U H
vremenskim porastom. Ovi rezultati su u skladu s onima koje navode Kioutsioukis i sur. (2010)

NRML NRPHQWLUDMX NDNR VX SURPMHQH X WHPSHUDWXU C

promjene u parametru lokacije.

Tablica 5.2.1Procijenjene parametri razdiobe GEV: lokacija (X0), skala (alfa) i oblik (k) za
PLQLPDOQX 7PLQ L PDNVLPDOQX 7PD[] WHBBBAUDWXUX
(P6089) i posljednjem 199&2019. (P9019) 3WRGLAQMHP UD]J]GREOMX L QML
na postjama Zagreb*ULp =** Maldutit HZGM), ZagrebPleso (ZGP) i
Puntijarka (PUN).

Postaja Tmin Tmax
P6089 P9019 a P6089 P9019 a
X0
GG -9.3 -8.2 1.1 32.3 34.5 2.2
ZGM -14.3 -12.0 2.3 32.6 34.5 1.9
ZGP -16.4 -13.8 2.6 33.0 34.8 1.8
PUN -14.3 -13.8 0.5 25.9 27.3 14
GG -3.1 -2.6 0.5 1.3 1.7 0.4
ZGM -4.2 -3.7 0.5 14 1.7 0.3
ZGP -4.6 -3.9 0.7 1.3 1.9 0.6
PUN -2.8 -2.3 0.5 1.1 1.8 0.7
k
GG 0.2 0.2 0.0 0.0 0.2 0.2
ZGM 0.3 0.4 0.1 0.1 0.1 0.0
ZGP 0.4 0.3 -0.1 0.0 0.3 0.3
PUN 0.3 0.2 -0.1 0.0 0.1 0.1

Vremenski ovisan parametar lokacije nestacionar@d)/-a relativno je u skladu s
promjenama parametra lokacije stacionarnog &@Exa dva podrazdoblja (Tablica 5.2.3). Za
SRVWDMH =*3 L =*0 SURPMHQD SDUDPHWUD ORNDFLMH YHI
GUXJH GYLMH SRVWDMH REUQXWRG 6MMLPBRURGRA RO RRRNQ K
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SDUDPHWDU ORNDFLMH QDMYHUL MH ]D 7PLQ QD SRVWDM

vrijednosti za oba parametra su na postaji PUN.

Tablica 5.2.2 56 H] XOWDWL WHVW RPMHUD YMHURGRVWRMQRVWL I
linearnim vremenski ovisnim parametrom lokacije (GEV.Loc), skale (GEV.Sc) i oboje
(GEV.LocSc) u usporedbi sa stacionarnim G&Y (GEV) za minimalnu (Tmin) i
maksimalnu (Tmax) tempaturu zraka na postajama ZagrélyLp =** =DJUHE
Maksimir (ZGM), Zagreb3OHVR =*3 L 3XQWLMDUND 381 6WDWLV\

na nivou 5 % su podebljane.

Postaja GEV.Loc vs GEV GEV.Sc vs GEV GEV.LocSc vs GEV
Tmin

ZGG 4.8 0.7 5.4

GM 9.2 3.7 10.4

ZGP 7.2 4.4 9.2

PUN 1.2 0.5 1.4
Tmax

ZGG 29.6 3.8 29.6

ZGM 19.7 24 19.7

ZGP 12.7 1.9 13.1

PUN 12.7 3.1 15.3

Tablica 523 9ULMHGQRVWL OLQHDUQRJ YUHPHQVNL RYLVQRJ SI
minimalnu (Tmin) i maksimalnu (Tmax) temperaturu zraka na postajama Zadsdbp
(ZGG), ZagrebMaksimir (ZGM), ZagrebPleso (ZGP) i Puntijarka (PUN).

Postaja Tmin Tmax
ZGG 0.5 0.7
ZGM 0.8 0.6
ZGP 0.6 0.5
PUN 0.2 0.4

5.2.2 Indeksi temperaturnih ekstrema definirani fiksnim pragom

BUHPD SRGDFLPD V PHWHRURORANLK SRVWDMD OHGHQLE
381 JGMH VH WDNYL GDQL ELOMHaH RG VWXGHQRJ GR R&axw
WDNDY GDQ |]DELOMHAHQ X WUDY QM X idingRiln past&Bria @deni6 O LN D
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VH GDQL MDYOMDMX X JLPVNLP PMHVHFLPD WH ULMHWNR L
OHGHQLK GDQD QD VYLP SRVWDMDPD ELOMHAL X VLMHpPpQMX
u razdoblju od listopada do travnjakdee na PUN rijetko mogu javiti i u svibnju (Slika S3c).

1DMYLAH WDNYLK GDQD ELOMHAL VH X VLMHpQMX QD VYLP
GLMHOX JRGLQH SUL pHPX QD QL]JLQVNLP SRVWDMDPD X UL
travnuL OLVWRSDGX 6OLND 6 E 1D SRVWDML 381 OMHWQL C
PMHVHFLPD 1DMYL&H OMHWQLK GDQD QD VYLP MH SRVWD]I
NDUDNWHULVWLND REDOQRJ GLMHOD +UYDWVNHQRMBYRAIGM
WDNYLK GRJDyDMD GRN VX QD RVWDOH WH WUL SRVWDMH
GRJDYyDMD |DELOMHAHQR MH QD QL]JLQVNLP SRVWDMDPD X V

*RGLAQML QL]JRYL WHPSHUDWXUQLK LQGHMNeDaSNB]XMX Q
2SUHQLWR VH QD VYLP SRVWDMDPD XRpDYD JQDpDMI

indeksa. Amplitude indeksa definiranih preko Tmax podjednake su na nizinskim gradskim
SRVWDMDPD GRN VX QD SRVWDML 3&1 OO R Q 8 HN\LL \G |
SRPRUX 7PLQ UD]JOLNXMX VH QD SRVWDMDPD =** L 381 X RG
60OLND F LG IDMYHUH VPDQMH®IVID EURNM R QO HELHDMILHKA I
SRVWDMD 381 JGMH M Hdbk {@ Devidrriafrtdnjivi® po3tdjikz VI3 xBna/10
JRG .DGD VH SURPRWUH LIQRVL UHODWLYQRJ WUHQGD X F
QDMMDpPpL QD -8RVAN driMdjklabifi ha PUNG.5 %). S druge strane, smanjenje broja
mrzlihdanaQDMMDpH MH QBb48ahy\M@ybdl), dok & ono najmanje na postaji ZGP
(- GDQD JRG 8 VPLVOX UHODWLYQLK YULMEBGBRRVWL W
najslabiji na postaji PUN-( IDMYHUL SRUDVW EWRMPROWIBDWQ LK**GD
dana / 10 god), dok je porast najmanji na postaji PUN (2.6 dana / 10 god). U odnosu na
RGIJRYDUDMXiUH SURVMHPQH YULMHGQRVWL SRUDVW EURMLEL
najslabiji na ZGP (8.0 %). Porast broja tropskinino QDMYHuUL MH QD SRVWDML ="
JRG GRN VH QD RVWDOLP SRVWDMDPD WDNYH QRUL MDYON
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Slika 5.2.3*RGLAQML EURM D OHGHQLK GDQD ,' E OMHWQLK
WURSVNLK QRiUL 71gre®dPUSR VWD M CiBRIiSikHDEZGM), Zagreb
Pleso (ZGP) i Puntijarka (PUN) u razdoblju 196£2019. Podebljana linija odgovara 5
JRGLAQMRM NOL]JQRM SURVMHPQRM YULMHGQRVWL GRN V
trenda dane u svakom od p&od® SUL pHPX MH ]QDpDMDQ WUHQG QI

zvjezdicom (*).

Analiza trenda napravljena je i zadva3RGLAQMD QHEDHGIRHDGENMM X8RpDY |
QHAWR MDpH VPDQMHQMH EU-RNDGCRHEGMXLK FEDORIR XMB Pl R S
L WURSVNLK QRUL X UHFHQWQRP UD]J]GREOMX T7DEOLFD
razlike predznaka trenda za dva podrazdobfjgparzitivnog (PUN, ZGM) ili bez trenda (ZGP)

GR MDNRJ SDGDMXUHJ WUHQGD X SRVOMHGQMHP UD]J]GREOM
RVLP OHGHQH GDQH MH WUHQG SRVOMHGQMLK JRGLQD ]
JRGLAQMHP UD]J]GREOMX

Kako b se bolje razumjele detektirane razlike, za svaku postaju i pojedini temperaturni
subJ SURFLMHQMHQ MH RGJRYDUDMXuL SHUFHQWLO 7DNR
12. percentil na postaji PUN, dok je na nizinskim gradskim postajama to 5. ercent
ODNVLPDOQD WHPSHUDWXUD RG f& QD JUDGVNLP SRVWDI
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SHUFHQWLOX OLQLPDOQD WHPSHUDWXUD RG f& RGJRY
GR 381 GRN PLQLPDOQD WHPSHUDWXNMD BHUFH & WL ¥ YH

'‘DNOH SRMHGLQL SUDJRYL NRULAWHQL SUL GHILQLUL
predstavljaju repove razdioba, odnosno ekstremne situacije. Kako bi se analizirale ekstremne

situacije, definirani su i analizirani temperaturni indelestemelju percentilnih pragova.

Tablica 5.2.4Dekadni trend (dana / 10 god) broja ledenih (ID), ljetnih (SU), mrzlih dana (FD)
L WURSVNLK QRUL 75+ X SRPHWQIRPDY U3aQ®RP. (P9019)
360 JRGLAQMHP UD]GRE O Mrgb Q. pS RA*W D MNRRINHHZGM),
Zagreb3BOHVR =*3 L 3XQWLMDUND 381 6WDWLVWLpPNL ]JQD

podebljane.
Postaja ID SuU FD TR
P6089 P9019 P6089 P9019 P6089 P9019 P6089 P9019
ZGG -4.1 -2.5 0.4 9.0 -2.2 -5.3 1.8 8.2
ZGM -3.8 -3.3 1.6 8.1 0.6 -9.0 0.0 2.5
ZGP -4.1 -3.0 1.3 6.6 0.0 -8.1 0.0 1.2
PUN -2.9 -1.3 1.0 5.1 2.9 -6.9 0.0 0.4

5.2.3 Indeksi temperaturnih ekstrema definirani percentilnim pragom

U nastavku je analiziran utjecaj odabira referentnog razdoblja za procjenu percentilnih
SUDJRYD QD UH]XOWDWH WUHQGRYD .DR UHIHUHQWQD UD
(1961. £1990.), recentno (1981+2010.) i cijelo razdoblje (1960+2019.).Analiza toplih i
KODGQLK GDQD L QRiUL QDSUDYOMHQD MH VDPR QD JLPVNX I

indeksa za pojedino referentno razdoblje prikazani su na Slikar8& 84rilogu.

Neovisno o0 odabiru referentnog razdoblja za procjenu pekc@M LK SUDJRYD ]JQD
X]OD]QL VLOD]QL WUHQG WRSOLK KODGQLK LQGHNVD ]DI
8RpDYD VH NDNR VX OMHWQH YULMHGQRVWL WUHQGD YHUH
indekse. Kada se kao referentno razdobljgbede standardno (hladnije) 19641990., i 10. i

SHUFHQWLO PDNVLPDOQLK L PLQLPDOQLK WHPSHUDWXL
UHIHUHQWQD UD]J]GREOMD .DR UH]XOWDW SRUDVW VPDQM
,SDN EXGXWR GD]JBREOMH QD SRpHWNX DQDOL]JLUDQRJ QL]
EURMD GDQD LOL QRUL SR VH]IRQL PDJQLWXGD SDGDMXuUHJ
pbDN LIRVWDQNRP WDNYLK GDQD QRuUL X UHFHQW@RjE WRSOL
1981. + QDOD]L VH SULEOLAQR X VUHGLQL SURPDWUDQRJ Q
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LQGHNVD PR&H ELWL RpHNLYDQD SULMH L SRVOLMH WRJ U
usporedbi s onim za 196%1990. razdoblje, pa je poskeLpQR WDGD L VODELML SF
VPDQMHQMH KODGQLK LQGHNVD MH MDpH

Kako bi se obuhvatilo i hladnije i toplije razdoblje, za procjenu percentilnih pragova
odabrano je i kompletno razdoblje analize 1960. 5H]XOWDWL VX YUOR VOL
recernno razdoblje 1981+ X] QHAWR MDpL VODELML SRUDVW VF
indeksa (Slika 5.2.4).

Neovisno o odabiru referentnog razdoblja za procjenu percentila, analiza trenda za dva
QHSUHNODS®GILEAD®MD UD]GREOMDD3RNDHDPIBDY X HU ]ENR E DML R
OMHWQH LQGHNVH SUL pHPX MH X SRVOMHGQMHP UD]JGREO
l1HAWR MDpH SURPMHQH KODGQLK OMHWQLK LQGHNVD WD
neovisno o odabiru referentnog niza. Zazbld LQGHNVH UD]JOLNH L]JPHYX GYD
WROLNR LJUDAaHQH NDR ]D OMHWQH

34



Slika5.24'HNDGQL WUHQG JRG EURMD D KODGQLK JLPVN
F KODGQLK JLPVNLK GDQD G WRSOLK ]JLPViNIliegilGDQD H
QRiUL F KODGQLK OMHWQLK GDQD G WRSQORK=OMHWOQL
ZagrebMaksimir (ZGM), ZagrebPleso (ZGP) i Puntijarka (PUN) u razdoblju 1960.

2019. ovisno o odabiru referentnog razdoblja: 1961990. (6190), 1981+2010. (8110)
i 1960. + 6WDWLVWLpPpNL ]QDpDMDQ WUHQG QD QLY
SRSXQMHQLP WRpNDPD
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5.2.4Diskusija

1DMMDpL WRSOL L KODGQL HNVWUHPL QD SRVWDML =*3
PRJX EDUHP GM HSjedrta manke zadkloeéhoss postaje okolnim objektima. Dok
VX SRVWDMH =*3 L =*0 VPMH&AWHQH QD OLYDGDPD EH] YHULK
VH RNUX&HQD JLGRYLPD ]JJUDGH GRN MH SRVWDMD 381 R
VWDFLRQDUQRIMREBBERPNVW|GHPD *(9 ]D GYRGQLHAQWHN OMD]SORNE
SRND]DOD MH NDNR VH SRMHGLQL WRSOL KODGQL HNVWUL
razdoblju u odnosu na prethodno. Navedeni rezultati ukazuju kako je pri analizi ekstremnih
tempeDWXUD ELWQR XNOMXpLWL L YUHPHQVNH SURPMHQH
8NOMXpLYDQMH YUHPHQVNL RYLVQRJ SDUDPHWUD ORNDFL
QHVWDFLRQDUQRJ PRGHOD *(9 X XVSRUHGEL VD VWWDFLRQD!
YL&H LJUDA@HQR ]D 7PD[ QHJR ]D 7PLQ 8QNDA&aAHYLU L VXU
SURVMHPQLK OMHWQLK WHPSHUDWXUD X %HRJUDGX SRYH
PDNVLPDOQLK WHPSHUDWXUD 1HRYLVQR R RGDRBR&UX PHW
HNVWUHPQLK WHPSHUDWXUD GHWHNWLUDQ MH ]D SRVWDM X
SRSXW QDGPRUVNH YLVLQH RNROQH aXPH LWG

2SUHQLWR MH XRpHQ ]QDpDMDQ SRUDVW XpHVWDORVWL !
hladnh LQGHNVD 6OLpQR MH XRpHQR L ]D RNROQH JHPOMH O
$XVWULMX 1HPHF L VXU L 6UELMX 8QNDaHYLU L 7RA&LU

8RpHQH VX L UD]J]OLNH WUHQGRYD LQGHNVD WHPSHUDW)
fiksnih pragova. Kod imrpretacije ovih rezultata treba biti oprezan jer pragovi spomenutih
indeksa ne odgovaraju istim percentilnim vrijednostima na svim postajama. Za jednak porast
WHPSHUDWXUH RGQRVQR SRPDN UD]JGLREH XGHVQR SURP

percetilne pragove.

Analiza trendova percentilnih indeksa pokazala se ovisnom o odabiru referentnog
UDJGREOMD X VPLVOX L]QRVD WUHQGD GRN MH QHRYLVQR
SRUDVW WRSOLK L VPDQMHQMH KO D G Qanttardn@g(Hadiijeg) X RE Mt
razdoblja 1961.+ UH]XOWLUD MDpLP VODELMLP SRUDVWRP
indeksa i obrnuto kada se recentno (koje je i toplije) razdoblje 12&D10. koristi kao
UHIHUHQWQR *HQHUDOQR VXROMHWMXJIWU HIQRORMIK MBR L R~
LQGHNVH ]JERJ LJUDAHQRJ SRUDVWD X SRVOMHGQMLK JRG
QSU 6XOLNRZVND L :\S\FK <RVHI L VXU '"RELYH
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trendova na odabir referentnog rablj@ u skladu je s rezultatima koje su dobili Yosef i sur.
(2020).

'RELYHQL UH]XOWDWL XND]XMX QD SRYHUDQ VPDQMHQ W
OMXGL X OMHWQLP JLPVNLP PMHVHFLPD %XGXuL GD VX KO
kKkRML SRIRGXMX VWYDUDQMX SROHGLFH L PUD]D VPDQMHQ
VWUDQH SR]JLWLYQH XpLQNH QD SURPHW GRN V GUXJH VWU
PRaAH ELWL SR]JLWLYDQ L QHJDWLYDQ 8Nrfjd ferfefakgd RJ YLA&LLE
XVOLMHGL PUD] WDNDY GRJDYyDM SRWHQFLMDOQR PRAaH X]
WRSOLK LQGHNVD PR3AH LPDWL QHJDWLYQH SRVOMHGLFH QI
UH]XOWDWL XND]XMX QD PRQXIDQWR \DW SGINWWDQ WBIB LIRQMDWDR 3D F L
]D JULMDQMH L KODYHQMH %XGXiuL GD MH SRUDVW OMHWQ
VPDQMHQMH JLPVNLK KODGQLK LQGHNVD NDR L MDpL WU]I
odnosu na minimalnu, MaH VH RpPpHNLYDWL GD EL SRWUHED HQHUJ
QbGgPDaLWL XawWHGX HQHUJLMH SRWUHEQH ]D JULMDQMH L

6 REJLURP GD VX SULND]DQL UH]XOWDWL XND]DOL QD L]\
nastall X LVWUDALYDQMD IRNXV MH QD PRGHOLUDQMX OMH
NRULAWHQMHP XUEDQRJ NOLPDWVNRJ PRGHOD
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5.3. Utjecaj SjeverneDWODQWVNH RVFLODFLMH L VXaQLK X\
RSWHUHUHQMH JUDGD
5.3.1 Veza indeksa NAO i klimatskih parametara a postaji Zagreb-Maksimir

8 SUYRP GLMHOX NRULVWH-IL SIRGDLWRNSH. \RX MGIGHRIGY X UL H
D L SURVMHpPpQH YULMHGQRVWL NROLPpLQH RERULQH SURYV
zraka na postaji Zagreldaksimir u razdoblju 1949+£2019. ispitana je povezanost NADI
RGDEUDQLK SDUDPHWDUD ,]JUDpXQDWL VX NRHILFLMHQWL N
NAO i zimskih (DJF), proljetninh (MAM), kasno zimskiproljetnin (JFMAM) i ljetnih (JJA)
oborinskih i temperaturnih paramear NDNR EL VH GHWHNWLUDR HYHQWXD
utjecaj zimskog NAGD QD QDGROD]J]HUH OMHWR =D OMHWQL 1%$2 NI
RGQRVX QD OMHWQH WHPSHUDWXUH L NROLpLQX RERULQH

U usporedbi s ljethom sezonom, korelacija dobivena za zim6kUlRQ X MH YHUD 7D
5.3.1). Zimi, korelacija sa zimskim NARP MH QDMMDpPpD L ]1QDpDMQD QD QL
oborine ¢ L SURVMHpPpQX PDNVLPDOQX WHPSHUDWXUX ]JUDN
NRUHODFLMD GRELYHQD MH |DDWXRWXMHpPQX.BVQLRMHOX S WRHT
1$2 MH L GDOMH ]QDpDMQR NRUHOLUDQ V PDNVLPDOQRP W
NRHILFLMHQWRP QHJR JLPL 3DUDOHOQR X SUR@NHUH UD
minimalne temperature zraka (0.27) koj@st® SRVWDMH L VWDWLVWLpPNL J]QDpL
JLPVNL 1$2 YL4A4H QLMH ]QDpDMQR NRUHOLUDQ V NROLPLQRF
SURPDWUDMX |DMHGQR NDR MHGQD VH]RQD VYD WUL SDU
NAO-om. Dok temperattL SDUDPHWUL ELOMHAH VODE SRUDVW NR
VHIRQX WR QLMH VOXpDM ]D NROLPLQX RERULQHai3R]JLWLY
OMHWQLK PDNVLPDOQLK WHPSHUDWXUD JUDMNDaVjereHULUD |
temperature. SSURWQD NRUHODFLMD MH G&ikimatdkthpatapietataX O M H W
RGQRVQR QHIJDWLYQD MH NRUHODFLMD GRELYHQD ]D WHPS

maksimalnu temperaturu zraka), a pozitivha za oborinu.

%XGXUL GD 1%$2 XWiMaéa fehpesddiduD @ abQiRu, za daljnju je analizu
RGDEUDQ LQGHNV 63(, 3UHPD 7DEOLFL -ai 2iskodDdI QD NR!
liethog NAOa je dobivena za sve promatrane sezone. Korelacija zimskogad\iddimskog
SPEID MH VWDWMWOL pNQHIDMWLYQD X] NRHILFLMHQW XVSRUH
SURVMHPpQX PDNVLPDOQX WHPSHUDWXUX JUDND 6WDWLVWL
L X SUROMHUH XJODYQRP ]ERJnaXtévderafubuMda j¢ LkBrslatikRdoila $ 2

38



znDpDMQD L X VHJRQL -)0$0 /M Hojd fazh RAGHE OM K IVOWDWWL B BY(L. p N L
SUL pHPX MH SRJLWLYQD |]D JLPVNL D QHJDWLYQD ]D OMHW

Tablica5.3.1 .RHILFLMHQW NRUHODFLMH L]JPHYX JLPVNRJ Z1%$2 L
te SURVMHpQH PDNVLPDOQH P7PD[ L PLQLPDOQH P7PL(
oborine (Prec) i standardiziranog oborinskog evapotranspiracijskog indeksa (SPEI) na
postaji ZagrebODNVLPLU X JLPX '-) SUROMHSHROMHUINDVOQXO]L
i lieto (JJA u razdoblju 1949+ 6WDWLVWLpPpNL ]QDpDMQH YULMHGQ!

VX SRGHEOMDQH XNRaHQH

WNAO SNAO

DJF MAM JFMAM JIA JIA

mTmax 0.40 0.37 0.46 0.24 -0.33
mTmin 0.17 0.27 0.27 0.20 -0.18
Prec -0.40 -0.18 -0.28 -0.17 0.21
SPEI -0.40 -0.26 -0.35 -0.25 0.24

.DNR VH SRND]DOR GD MH SURVMHpPQD PDNVLPDOQD WHP
zimskim i s lietnim NAGRP LVWUDAHQD MH SRYH]DQRV Wa.PteRMD OMH!

6OLFL QL] 7/[ RELOMHADYD ]QDpDMDQ wiDdot)xéL OLQH
GXJRSHULRGLpPQH L NUDWNRSHULRGLpQH RVFLODFLMH 8Rp!
YDORYLPD X (XURSL QSU UHJLVWUL!

KorelacijaindeksaNAOD L 7] SRND]DOD Q/Hp U WQ R/ER \MMHLGHINQR] ][D OMHYV
koeficijent poprima vrijednost0.32 (Tablica 5.3.2). lako je korelacija sa zimskim NA@

VODED QMHIJRYR XNOMXpPLYDQMH X YLAHVWahX@ X OLQH
UH]XOWLUDOR YHULFD MOQLWD WRMWERLWMIHQPWRP NRUHODFLMH
samo ljetni NAO. Korelacije Tx25 i SPEHD VX MDpH QHJR RQH V -&RPELQD
=QDpDMQD QHIJDWLYQD NRUHODFLMD GRE LXé&sqoRinhkdgL [P Hy X -
proljetnog (0.37) i lietnog ¢0.48) SPEID 3RQRYR XNOMXpLYDQMH RED SI
YLAHVWUXNX OLQHDUQX UHJUHVLMX UH]XOWLUDOR MH MDE
Tx25 (0.53).
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Slika5.3.1*RGLAQML EURM OMHWQLK-GRQDaQML SXQRPMLLQN @ D]C
(podebljana linija) i linearni trend (isprekidana linija) prema podacima s postaje Zagreb
Maksimir u razdoblju 1949+2019.

Tablica5.3.2-HGQDGAED OLQHD®BU QHNRHJIUAHMLMAW -NRUHODFLMH
ljietnih dana na postaji Zagrédaksimir i: prethodnih xp (zimski NAO i kasno zimski
proljetni SPEI), trenutnihxe OMHWQL 1$2 L OMHWQL 63(, WH JGUXAaHC

NAO i SPEI uvjeta u razdojol 1949. + 6WDWLVWLpPpNL ]QDpDMQH 5 YU
]QDpDMQRVWL VX SRGHEOMDQH XNR&HQH
NAO SPEI
JLR R JLR R
Prethodni 78.0 + 3.0% 0.19 77.7-6.0% -0.37
Trenutni 78.7-5.1% -0.32 76.0- 6.4x% -0.48
Oba 78.7 + 3.5% - 5.5x% 0.39 76.1- 3.8% - 5.4% 0.53

1DGDOMH UH]XOWDWL XND]XMX GD MH UDVWXiUL WUH!(
WHPSHUDWXUH JUDND ]QDpDMDQ X VYLP SURPDWUDQLP VH
=QDpPDMQRVW W UH QG R¥EsaSREN [LLQHH RPERRIDIID BLIW L SRWYUVH

%XGXuL GD MH QD WHPHOMX SRGDWDND V SRVWDMH =*0
GRJDyDMD L 7] X QDVWDYNX MH NRULaAWHQ XUEDQL NOL
detaljnije ispitala ta povezanost. Prvi korak j@ivalidacija rezultata modela prema podacima
mjerenja s postaja ZGM i ZGG u razdoblju 1981. 7R UDJ]GREOMH MH RGDEUD
MH VLWXDFLMD JUDGD V REJLURP QD NODVLILNDFLMX NRULA
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Za obje postaje, yHQR MH PDOR SRGFMHQMLYDQMH PRGHOD V RG\
postaji ZGG i 1.6 dana (2.0 %) na postaji ZGM. Prema iznosu koeficijenta korelacije, model
GREUR RSLVXMH PHYyXJRGLaAQMX YDULMDELOQRVW SDUDPHW
(0.958).

Tablica 5.3.3 Dekadni linearni trend srednje maksimalne (mTmax) i minimalne (mTmin)
WHPSHUDWXUH JUDND NROLPLQH RERULQH S3UHF
evapotranspiracijskog QGHNVD 63(, X JLPX '-) SUROMHUH 0%$0
SUROMHUH -)0$0 L OMHWR +2019. Ka pdsthjb Fagradekximir.
6WDWLVWLpPpNL ]QDpDMQH YULMHGQRVWL WUHQGD QD Ql

XNR&AHQH
DJF MAM JFMAM JJA
P7PD[ f& < 0.29 0.36 0.34 0.37
P7PLQ f& 0.38 0.47 0.50 0.54
Prec (mm/ 10 god) -1.17 -0.93 -1.36 -4.59
SPEI (1 /10 god) -0.07 -0.07 -0.07 -0.12

SHIHUHQWQD VLWXDFLMD RYGMH MH SUHi@bivDY OMHQD
JRGLAQMHP UD]JGREOMX 2YH VLPXODFLMH RGJRYDUDMX KL
VWDQMHP WM EH] SURFHVD XUEDQL]DFLMH 3UHPD 60L!
SURPDWUDQRP UD]JGREOMX L]QRVL GWRIXSSEDL BHPK]INXDQ
SRGUXPMX D QDMQLAH X SRGUXPMX V YHIJHWDFLMRP L YR
XQXWDU SRMHGLQLK /8 JUXSD QSU WRSOLQVNR RSWHUHiH
/8 L MDNR JXVWR L]JUD Y H Quirfa (L) lu@dpededbidaTs@dje PLUB)L. M H O R
LOL PDQMH JXVWR /8 L /8 L]JJUDYHQLP SRGUXpMLPD 60
SRGUXPMLPD aXPD /8 X XVSRUHGEL V GUXJLP JHOHQLP NO
SRGUXPMLPD QL&L QHJR RGUWOHMH. RXRULBOPOLND LJPHyX J)
SRGUXpMD V YHJHWDFLMRP EH] aXPD L]QRVL GDQD 60
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Slika 5.3.2Modelirani referentni broj ljetnih dana (Tx25) u razdoblju 1949019. za svaku
/8 NODVX '",)) SUHGVWDYOMD UD]JOLNX 7] LIPHYyX QDMJX
/18 L JHOHQLK SRYU&ALQD EH] axXxrPD /8 /8 /8 /18 L /8
innMD RGJRYDUD SURVMHPQRM YULMHGQRVWL 7]
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5.3.2 Utjecaj zimskih i ljetnih NAO uvjeta

%XGXUL GD VH SRNDMNIOR ORNRQL]LB2 ]QDPpDMQR XWMH|
oborinske parametre, kao i korelacija sa SPEI indeksom (Tablica 5.3.2), utjeceg N&AIQ25
MH GHWDOMQLMH DQDOL]JLUDQ 2GYRMHQL VX 1%$2 GRJDYDN
OMHWQLK LQGHNVD YHULK RG WH VX SRGLMHOMHQL X pH
tih indeksa: poZWLYQL JLPVNL 1$2 SRSUDUH®OQH (ANWhegddunP OMHW
JLPVNL 1%$2 SUDUHQ QHJIJDWRFQUR OMRWWILFK QUS2ILPVNL 1$-
pozitivnim lietnim NAORP 33 L QHJDWLYQL JLPVNL 1%$2 SUPHQ SR]L
(NP) (Slika 5.3.3a). Prema podacima s postaje ZGM, u prosjeku séldiv EURM 7] GDQ
MDYOMD ]D NRPELQDFLMX 31 GDQD GRN LK MH QHaAWR

E 1DMPDQMH 7[ GDQD MH XRpHQR ]D NRPELQDFLMX 13
za situaciju PP (73.1 dan). Za godine s odgovadat RP NRPELQDFLMRP JLPVNRJ L
D SROMD JRGLAQMLK 7] GRELYHQD XUEDQLP NOLPDWVNLP |
NRPSR]JLWH =D VYDNL NRPSR]LW L]JUDpXQDWR MH SURVM
Exp.NAO_PN, Exp.NAO_PP, Exp.NAO_NNExp.NAO_NP.

Slika533D *RGLQH NRULAWHQH X DQDOL]L L RGJRYDUDMXUH
odgovara zimskom NA@ (WNAO), a drugo slovo ljethom NAQ (sNAO) koji je
pozitivni (P) ili negativni (N) i b) veza s brojem ljetnih dana na postaji @aljtaksimir
JGMH ERMD WRpDND RGJR:PPBUED NYDUWLOQRM NODVL 3

S5HIXOWDWL QXPHULPNLK VLPXODFLMD SRND]XMX GD MH ]
GRPHQH GRELYHQ SURVMHpPpDQ SRUDVW EURMD GDQD 7[ ]D
534a i 60LND ,SDN WDM SRUDVW QLMH VYXJGMH MHG
YHIHWDFLMRP X XVSRUHGEL V QDMJX&UH LJUDYHQLP GLMHO!
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jezgrom (LU7) 4WR GRYRGL GR VPDQMHQMP WIMLHKIRYPHD U Q HIVLHNGIQ |
WHPSHUDWXUH JHOHQLK L L]JJUDYyHQLK GLMHORYD JUDGD V
SRGUXpMD =D HNVSHULPHQW ([S 1$2B11 GRELYHQ MH VOL]
pa su i razlike vrlo male (Slika 5.3.4upotno od Exp.NAO_PN, ovdje je simulirano
]IDWRSOMHQMH X L]JJUDYHQRP SRGUXpMX L VODER |JDKODYHC
MDpDQMD WHPSHUDWXUQRJ JUDGLMHQWD PHYyX WLP SRGUX|
smanjenjem Tx25 (~3%)uuspUHGEL V ([S 5HI X] WHN QHaAWR VODELML
X RGQRVX QD JHOHQH SRYU&A4LQH 8WR SUDWL VO®OEA SRUDV)
Exp.NAO_NP je dobiveno uglavnom jednoliko smanjenje Tx25 za oko 16 % u usporedbi s
Exp.Ref (Slika5.3.4d). lako su vrijednosti ljetnog i zimskog NAD ]D ([S 1$2B13 QHaWI
YHUH X XVSRUHGEL V RQLPD ]D ([S 1%$2B31 VDPD DPSOLWXC
(Slika 5.3.3a).

Slika 5.3.4Promjena broja ljetnih dana (Tx25) u odnosu na referentnu suu&cip.Ref) za:
a) pozitivni zimski i negativni ljetni NAO (Exp.NAO_PN), b) oba negativha
(Exp.NAO_NN), c) oba pozitivna (Exp.NAO_PP) i d) negativni zimski i pozitivni ljetni
1$2 ([S 1%$2B13 GRJDYyDM 2YGMH G',)) SUHGVWDYOMD S|
nDMJXauH L]JJUDYyHQLK NODVD /8 /8 L /8 L ]JHOHQLK NOD
LU27 i LU29).
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Rezultati eksperimenata, osifD ([S 1$2B31 SRND]XMX GUXJDpPLML R(
aXxXpPDPD /8 X XVSRUHGEL V GUXJLP NODVDPdnh pertASGLQR M1
7] X @&XPVNURPpMREBD YHUL L RG RQRJ X LJJUDYHQRP GLMHO X

5HIXOWDWL HNVSHULPHQDWD V UD]OLpLW-aBupbkReRdiLQDFL M
NDNR 7] X JUDGX QH RYLVL VDPR L]JUDYQR R uwetimribBQXWQLP
povezanim s NA@m tijekom kasne zimprROMH 0 D IHL]JUDYQD NOLPDWVND
QDGROD]HUHJ OMHWD PRAH ELWL RVWYDUHQD SURFHVLPD N
VXVWDYD 6 REJLURP GD 1$2 XWMHpHNVE D HOHPS HUDID XML K R
SULND]DQLK X 7DEOLFL L 7TDEOLFL YODAaQRVW WOI
WRPH .RQNUHWQRSYROMBAIMVAL]IXFWINHRVL RPRJIXUXMX VNODGL
XWMHFDWL QD WHPSHMBWXUSXW KM G R P pIiW PKOSURFHVD C

5.3.3 Utjecaj kasno zimskihkSUROMHWQLK L OMHWQLK VXaQLK XYMHWD

8 RYRP GLMHOX DQDOL]H SULND]DQL VX UH]XOWDWL DQ
LQGHNVRP 63(, NRML MH L]UdppstaeZB®M.SARE0g0XNSIR GuijédajN D
NAO-D UD]JOLpLWH NRPELQDFLMH VXaQLK XYMHWD V DSVRO
RG JUXSLUDQH VX X pHWLUL JUXBOIM NRH $RYXWOR O M &HOWF
zma+SUROMHUHWRYV X3aQRXG@BURPMHIUH L YODaAaQR OMHWR ':
SUROMHUH L YODAQR OMHWR :: ODQML EURM :" L ': VOX}|
rezultata za ove dvije kombinacije (Slika 5.3.5a). Prema podacima s postaje ZGM prikazanim
naSlici5.3 E QDMYHUL EURM GDQD 7] GRELYHQ MH ]D NRPELC
SURVMHNX QDMPDQMH X VOXpDMX :: GDQD SRGMHGQDN
! GDQD L ': GDQ =D JRGLQH V RGJIR-¥BuabMI XURP N
LIGYRMHQD SROMD 7] GRELYHQD XUEDQLP NOLPDWVNLP
YULMHGQRVW |]D VYDNL RG NRPSR]JLWD L R]JQDpHQD ND
Exp.NAO_WD i Exp.NAO_WW.
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Slika5.35D *RGLQH NRUL&AWHQH X DQD O ISRE}a gajSskRYdDslowM X i H N
RGQRVL QD VXaQRVW ' LOL Y:+#DEQdysREL (MaNIPEIQRI JLPVN
drugo slovo ljetnog SPEd (AugSPEI3) i b) veza s brojem ljetnih dana na postaji Zagreb
ODNVLPLU JGMH ERMD WRpDND FEJiRYDUD NYDUWLOQRM I

5HIXOWDWL QXPHULpPpNLK VLPXODFLMD ]D ([S 63(,B'" XNDJ]>
RGQRVX QD ([S 5HI XVSRUHGL 6OLNX D L 60LNX
SRGUXpMLPD V YHIJIHWDFLMRP X XVSRUHGd#tira¥maen@dhkR L]JUD
WHPSHUDWXUQRJ JUDGLMHQWD PHYyX QMLPD 1DMVODELML
NODVDPD /8 L /8 L VWDURM JUDGVNRM MH]JUL /8 JGM
RSWHUHUHQMH YLGL 60OLNX upbirgAi0 W B VEXP.NADORPN HNV S H
EXGXiuL GD VX RED HNVSHULPHQWD YH]IDUFROMHNRRAREVQROHERI
7DNRYHU RED HNVSHULPHQWD XND]JXMX QD VPDQMHQMH
([S 63(,B:" XRpHQ MH VODE SRUDVWI3[Exp.Ref g sporedi Rliki VSR UH
5.3.6b i Sliku 5.3.2), koji je mnogo slabiji nego u Exp.SPEI_DD (usporedi Sliku 5.3.6a i Sliku

E 2pLWR MH RKODYXMSBWIR ®W MIHF XHE OME.RQH WRSOMHQ |
Ovdje su razlike promjene Tx25 iy X /8 NODVDPD XVSRUHGLYH V RQLPL
Rezultati za Exp.SPEI_DW pokazuju slabo smanjenje Tx25 za oko 15 % u odnosu na Exp.Ref
60OLND F 6PDQMHQMH MH X SURVMHNX QDMVODELMH X
staroj gradskoj jezgri LU7 GRN MH QDMMDpH X SRGUXpMX aXPD /8 L
vD 1QDpDMQLP XGMHORP YHIJHWDFLMH /8 awR UH]XOWLU
Exp.SPEI_WW je dobiveno smanjenje Tx25 za oko 28 % u usporedbi s Exp.Ref (Slika 5.3.6d).
Ipak, s T DQMHQMH X JXVWR L]JJUDYHQRP SRGUXpMX /8 L VWDU
VODELMH QHJR X JHOHQLP SRGUXpMLPD &@&WR UH]XOWLUD V
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SBRQRYQR RG]JLY aXPVNLK NODVD /8 SRND]DRelehitin GUXJIDDp

klasama.

Slika 5.3.6Promjena broja ljetnih dana (Tx25) u odnosu na referentnu situaciju (Exp.Ref) za:
a) suhu kasnu zmbUROMHUH L VXKR OMHWR ([S 63§BROMHMOD
suho ljeto (Exp.SPEI_WD), c) suhu kasnu ZilBW ROMB DA QR OMHWR ([S 63(,|
G RED YODAQD ([S 63(,B:: 2YGMH G',)) SUHGVWDYOMD
QDbMJXauH L]JUDYHQLK NODVD /8 /8 L /8 L JHOHQLK NO
LU27 i LU29).
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5.3.4 Odnos amplitude i varijabilnostitRSOLQVNRJ RSWHUHUHQMD

Kako bi se detaljnije ispitala veza uvjeta povezanih s Noh®i SPElem i toplinskog
RSWHUHUHQMD GHILQLUDQRJ NDR 7] WH SURVWRUQRJ Wi
UD]JOLND 7] L]PHYyX JXVWR L]JUDyHIHVKDFREGBRRp MBI |LASR G U X]
je godinu odnos spomenutih varijabli prikazan na Slikama 5.3.7a i 5.3.7b. Rezultati pokazuju
kako kombinacije PN (za NAO), odnosno DD (za SPEI) rezultiraju temperaturnim gradijentom
PDQMLP RG SURVMHpPQH WUVYKRHGIRRH WAL MHOD@OW RO ODFLMFE
VXJHULUD GD SRUDVW 7] WLMHNRP WDNYLK XYMHWD PF
JUDGLMHQWRP .RPELQDFLMH 13 ]D 1%2 WM :: ]D 63(, S
UH]XOWDWH SUL plgRivhaM&NARUHO DFERDWHYQD 1D 63(,
SRILWLYQD NRUHODFLMD ]D 63(, XND]XMH NDNR VH SRUD
WHPSHUDWXUQRJ JUDGLMHQWD 2GQRVQR NDGD MH VODE
gradijent manjiod pros HpQRJ OHyYyXWLP X XYMHWLPD NDGD VH JUDC
VH L]JUDYyHQD SRGUXpMD ]DJULMDYDMX MDpH RG YODAaQLt
SURVWRUQRJ JUDGLMHQWD WRSOLQVNRJ RSWHUHUHQMD =(
NP QLMH PRJOD ELWL SRWYUYyHQD GMHORPLPQR L JERJ PDQ

1$2 L ': 1D 63(, GDOH VX VOLpQH UH]XOWDWH V NRHILFLMH
PRAH VH RpHNLYDWL L SRUDVW SURVW R ko@hBrdacjeJNNG2aM H Q W D
1$2 L :' ]D 63(, GRELYHQL VX PHYXVREQR VXSURWQL UH]X

1$2 L SRIJLWLYQRP |D 63(, ,SDN WHANR MH GDWL SRX]GDQH
RGUHYHQLK GRJDYyDMD NDR L VXi&id ROMOMAca\KahuZnuG M H O R
SUROMHIiUH L OMHWR
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Slika 5.3.79H]D L]PHyX EURMD OMHWQLK GDQD 7[ L UD]JOLNH
L]JJUDYHQLK NODVD /8 /8 L /8 L SRGUXpMD V YHJHWD
/8 /8 L /8 V REJLURP QD D 1$2 L E 63(, XYMHWH L
korelaciie (R 6LYD KRUL]JRQWDOQD OLQLMD RGJRYDUBD SURVM
JRGLAQMHP UD]JGREOMX 6WDWLVWLpPNL ]QDpDMDQ NRHIL
R]QDpHQ MH VLPERORP

5.3.5 Prostorna varijabilnost na temelju satelitskih podataka
PreWKRGQL UH]XOWDWX3QWK HFDWND. KY QDARRWQLK XYMHWL
=DJUHEX WHPHOMH VH QD SRGDFLPD QXPHULPNLK VLPXODEF
analiza provedena na temelju satelitskih podataka-&ST). procijenjen je irnzitet
SRYUEGaLQV-MRX RGUHYHQLP VLWXDFLMDPD 3RMHGLQL GDW
godinama povezani sa situacijama DD (DD2015 i DD2017), WD (WD2016) i WW (WW2014)
su odabrani za analizu. Recentne godine su odabrane iz razloga da se izbjegje utje
XUEDQL]J]DFLMH L VWUXNWXUDOQLK SURPMHQD X JUDGX QI
%XGXiuL GD MH YUHPHQVNR UD]J]GREOMH ]|D RGDELU VLWXDFI
satelitskih podataka, nema reprezentativne godine za situaciju RWta@ je razloga situacija
o X]HWD X RE]JLU XQDWRpPp WRPH &\WaRnavijalodEEVIRaR, W& D Y U L
VX RG JODYQRJ VX LQWHUHVD GRJDYyDML '"" L :" MHU VX RQL
7TDNRYHU QLMH ELOR PBaRijgXa idotpuQoDish kilehbBri¥ildav \svakoj od
DQDOL]JLUDQLK JRGLQD SD VX RGDEUDQL UDVSRORALYL GF
SRPHWNX VUSQMD 3URVDMMHEQOYNQDMHD QRHWpHWLUL VLWXE
f& ]D ' GR f& 1D " 7DEOLFD %XGXUL GD R
D RYLVH R DWPRVIHUVNLP XYMHWLPD ]D RGDEUDQH GDQH
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vrijednosti nije od velike koristi. Standardna devijacija E&Je manja za situacije DD2017
2 f& L f& X XVSRUHGEL V :: f& L : f

Tablica5.346 UHGQMD YULMHGQRVW 6UHG L VWDQGDUGQD GHY
tla za odabrane situacije

WWwW2014 DD2015 WD2016 DD2017
6UHG f[& 30.6 29.1 29.5 31.4
6W'HY f[& 3.3 2.9 3.4 2.7

8 VNODGX V UH]XOWDWLPD XUEDQRJ PRGHOD SUHPD V
LIJUDYHQRP GLMHOX JUDGD VUHGLQD GRPHQH dbaQLaL X
LQWHQ]LWHWD &RSWRRDODMWBRD @H ,pHWLUL VLWXDFLMH G6OLNEL
UD]J]OLNH X L]JJUDYHQRP SRGUXpMX VUHGLaAWH GRPHQH RV
PDQMLK SDUNRYD L |JHOHQLK SRGUXpMD XQXWDU L]JJUDYHQL
upodrupMLPD V YHIJHWDFLMRP 7DNR MH-aLDMWAL2010 WMBDEDLIEW HW S|
60OLND DL F VLWXDFLML X XVSRUHGEL V "' L "
aXPVND SRGUXpMD QD VMHYHUQRP GLMHOX ®R&zhQtd L SRGL

QL&H YULMHD QRVMLL]UDYHQD SRGUXpPpMD X VUHGLQL GRP
LQWHQ]JLWHWRP SRYUALQVNRJ 8+,
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Slika 5.3.8 5D]J]OLND X SRYUALQVNRM WHPSHUDWXUL -&vZaaD /67
QDMJXauH L]JUDyHRH.WDzB dddbrai ljetni dan koji odgovara situaciji:
D YONODPRQOR B:: -WX¥QFERQR B'" FVXDPRAQR
B:'" L G WAIAXRR B"'

5.3.6 Diskusija
8 RYRP GLMHOX DQDOL]H LVWU Izt @IN NAR AWjdtel kKM [LPV N
kasno zimskhSUROMHWQLK L OMHWQLK VX4QLK YODAQLK XYMHW
Zagrebanatemef LIPMHUHQLK PRGHOLUDQLK L VDWHOLWVNLK SR
L VWDWLYVWL p Mdija]@aRdintaMexemperturel @aka i zimskog NAGok je ljeti
OMHWQL 1%$2 QDMYLa@H SRYH]DQ V PDNVLPDOQRP WHPSHUD)
VX GRELOL ]1QDpDMQX QHJIJDWLYQX SR]JLWLMOYIK NRUH
(hladnih) lietniKk HNVWUHPD QD SRGUXpMX BUELMH 1D&aL UH]XOWI
RGJRYHQL XWMHFDM QD WHPSHUDWXUX X] VWDWLVWLpPNL ]C
L --$ .DGD VH SURPDWUD VH]RQD -)0$0 pDN MDpD ]QDpDM!
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temperaturnih (oborinskih) parametara i zimskog N&{® dobivena nego kada se uzme u
obzir samo sezona MAM.

6 X a Q L s0Yibvbj'nalizi opisani indeksom SPEI, standardiziranom mjerom koja uzima
X REJLU NROLPpLQX RERULQH DLQIDELIRW HQPBPIpD MQOXQHIY D SR
LIPHYX JLPVN&RKRJSREBP MH GRELYHQD ]D VYH SURPDWUDQH V
SRILWLYQL JLPVNL 1%$2 SRWLpHSMXRQMBHIHM BW B \X LW RIQNLL] L@
NRUHODFLMD L]P Hg§Mjefofp SPEDI XIMSR]XMH QD RGIJIRYHQL XWMHF|
D QD VXd4QH OMHWQH XYMHWH 2YDM HIHNW -aMrd li@GRGDQ
NOLPDWVNH XYMHWH OH Yy X-8niarSPB W Buprétanhba GeNdezihQ Redni 1 $ 2
NAO povezan s pozitvim SPEtRP RGQRVQR YODAQLMLP XYasdWLPD
uvjeti su pod utjecajem ljetnog, ali i zimskog NAD 2GJRYHQL XWMHFRDW JLPVNF
OMHWQ@X VHIRQX MH QHL]J]UDYDQ WM RGYLMD VH SXWHP S
liethog NAO-a izravan i vezan uz izravne utjecaje atmosferske cirkulacije i oborine tijekom
ljeta. Stegehuis i sur. (2021) komentiraju kako trend smanjenja@hbHW QH YODAQRVWL W
RSLVXMH OMHWQR |DWRSOMHQMH X ]D S DvéligeRskhle(opldlpySL GRN
YHUL XGLR SRUDVWD OMHWQH WHPSHUDWXUH 6 JOHGLaAWI
PDNVLPDOQL XWMHFDM X VPLVOX SRUDVWD W RPAHNXUWNR ¥ Hr
X VLWXDFLMDPD NDGD MH SR ]iegatiwii@ LethinPNA®OM1$2 SRSUDUHQ

Prema rezultat D YDOLGDFLMH PRGHOD V SRGDFLPD V PHW
08./,02B VH SRND]DR XVSMH&aQLP X VLPXODFLML DSVROXWQ
PHYyXJRGLAQMRM YDULMDELQJPRUWNH &8SRRMHNDIH W R SSOURMAWMNRU (R
R NODVL QDPMHQH JHPOMLaWD &aWR MH GRELYHQR L ]D GUX
%RNZD L VXU -$OR&XMHLOYDXU -Aloise i suK 2H &), Klagenfurt (Oswald
i sur. 2020), Berlin (SUDND L 6RGRXGL JUDQNIXUW )UK L VXU
(SchaulRSSHO L VXU 3UDJ *HOHWLp L VXU %UQR 9
2018, 2019b, 2020), Krakow i Szeget (Bokwa i sur. 2019), Bratislava (Bokwa i sur. 2088, Hol
i sur. 2020) i Trnava (Holec i sur. 2020). Za razliku od prethodnih radova koji su se uglavnom
EDYLOL SURFMHQRP XpLQNRYLWRVWL RGUHYHQLK PMHUD DC
X XYMHWLPD EXGXUH NOLPH RYDM WDGDMHPID XQREVDP R S/

klimatske uvjete ili pojedini dan.

SUHPD UH]XOWDWLPD RYRJ UDGD WRSOLQVNR RSWHUHUF
GRN MH ]QDWQR VODELMH X SRGUXpMLPD V YHIJHWDFLMRF
urbanim klimatsk P PRGHORP L VDWHOLWVNLP SRGDFLPD 1D WRS(
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V YRGHQLP SRYUALQDPD ]QDpDMQR XWMHpX SDUDPHWUL |
WHPSHUDWXUD YRGH GRN VX QDMQL&H YULMHGQRVWL X
nadmorskH YLVLQH NDR L NRKHUHQWQH VWUXNWXUH &XPD X
NRKHUHQWQH VWUXNWXUH L P-BIM¢ i BLD BQ18HS¢haNApplODy HQMD
2020).

U ovoj analizi je pokazano da utjiecaj NAD QD WRSOLQVNRjegSIWHaUHUOHQM
FLMHORM JUDGVNRM GRPHQL .RQNUHWQR X VLWXDFLMDP
negativnim ljetnim NAGRP SRUDVW WRSOLQVNRJ RSWHUHUHQMD MH
QDMMDpPL SRUDVW GRELYHQ X ]HOH QpRludRBdsYioM lighih 8 WD
GDQD MH L GDOMH QDMYHUL X JXVWR L]JJUDYHQRP SRGUXpM
NAO-D MH MDpH LJUDAHQ X |JHOHQLP SRGUXpMLPD &@&WR UH]XO
6WRJD VH PR&H RpHN levzAdam lUHIa \RRioQ Mejedmdlikbg lugeddja NAD
MH EDUHP GMHORPLpPQR YODJD X WOX WM SURFHVL NRM
SRIJLWLYQL ]JLPVNL 1%$2 SRSUDiIHQRPHIJNWGDQRM®LOBRWQLF
temperature i smanjenje oborjng. smanjenje SPED 8 WRP VOXpDMX VXaQL X
UH]XOWLUDMX VPDQMHQLP LVSDUDYDQMHP V SRYUALQH L S
SRYUAGLQD %XGXuL GD L]JJUDYHQD SRGUXpMD XJODYQRP ND
isparavanje, siQL XYMHWL X WDNYLP SRGUXpMLPD QHPDMX ]QD}
RSWHUHUHQMD SD MH VWRJD L VDPD QMHJRYD SURPMHQD X
2YL UH]XOWDWL SRGXSLUX UDQLMH GRELYHQH-PEOMMDpPpH W
ZagreBODNVLPLU NRMH VX RNUXAaHQH OLYDGDPD SD MH PRJXIU
tople ekstreme na tim lokacijama.

U situacijama kada nakon negativhog zimskog NAGIijedi pozitivan ljetni NAO,
SRGMHGQDNR VPDQMHQMH dubiRvEerm In® &ijéldr doreSiV\ai &) iHanfde@ MD M+
amplitudom promjene u odnosu na suprotnu kombinaciju zimskog i ljetnoga&ASRuacije s
istim polaritetom zimskog i ljethog NAA SRND]DOH VX VODE XWMHFDM QD
JUDGD GMHORPL p QothBdruljeCajd hakt@np&dtukt i oborinu.

S obzirom da su rezultati pokazali da je utjecaj pojedinih faza ljetnog i zimskogaN#&O
WRSOLQVNR RSWHUHUHQMH SRYH]DQ VD VXaQLP RGQRVOQR
GHWDOMQLMLPMER\S URBIMHDVDMIHKP L] OMHWRLBEHI{X W\ /IS B R RV
GD WRSOLQVNR RSWHUHUHQMH RYLVL R VXaQLP XYMHWLPD
nacijieORM GRPHQL 3RQRYQR MH XWMHFDM VX&aQLK i MHWD Q
V YHIJHWDFLMRP QHJR X JXVWR L]JJUDYHQLP SRGUXpMLPD a
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XEODADYDQMX WRSOLQVNRJ RSWafe Ha KidavjEnje SpliRskéy UDV S
RSWHUHUHQMD WLMHNRP WRSOLQVNLK YDO.RPyrgouY Bui. MH SUL
2020, Richard i sur. 2021). T&f IHNW RYLVL L R YUVWL YHJHWDFLMH D
XRpHQ X SRGUXpMLPD V YLVRNRP YHIJHWDFLMRP WM AaXPD
AXPDPD X RGQRVX QD GUXJH JHOWOQ Hr MIDRDPVY i XPERAHR N HN R & M
XWMHFDMHP NURAQMH QD VWYDUDQMH VMHQH NRMD VQLa
]DGUADYDQMX YODJH X WOX ,SDNSXROMXKIH ISMBIRVK RG G ¥V X
SRUDVW WRSOLQVNRJ RRSWBUMHEBHRQOWER XH&ER @ UXSWRUDVWRP
NODVDPD D pDN PRA&H ELWL L YHUH QHJR X L]JJUDYHQRP
posliedicaGXJRWUDMQRJ VXaQRJ UDJ]GREOMD NDGD VH LVFUSL Y
XPDQMXMH HILNDQ@®VW REQWRP GD MH UD]J]OLpLW XWMHFD
RSLVDQ L X GUXJLP UDGRYLPD QSU 7HXOLQJ L VXU
MUKLIMO _3 dobro reproducira taj interesantan efekt.

=D UD]JOLNX RG HNVSHUL P H QddjarBaR\NAEH, 2&dkspekimeniz] O L b L W
SRPRUX NRMLK MH LVSLWDQ XWMB FBRUDNW LV RWQ K Q\VRNFREIL R
VXaQRAQH NRPELQDFLMH X RGQRYX 00N M PDLOWKHDFEM M H DM M OO
UH]XOWDW PRJDR FPHHWS®XHIQLDRGE]IOD VIXEIQLK XYMHWD QD 1$:
LopezMoreno i VicenteSerrano (2008).

1D SURPMHQH WRSOLQVNRJ RSWHUHUHQMDI SREBBLMHG R (
ukazuju izmjereni podaci nERVWDMDPD WRpPpNDVWL SRGDFL DOL L
SRGDFL ,DNR VX XRpHQH QHNH UD]JOLNH X DPSOLWXGL SL
NRPELQDFLMD GLQDPLpNRJ PRGHOLUDQMD 08./,02B VLP>
(kuboidna metoda) uydH&AQR UHSURGXFLUD WDNYH SURPMHQH QD V
SRGDWDND WM GQHYQH WHPSHUDWXUD JUDND UHODWLY(
zimskih i ljetnih uvjeta definiranih SPERP QD SURVWRUQL JUDGLMHQW WR
dodawW QR MH SRWYUYHQ DQDOL]RP VDWHOLWVNLK SRGDWDN
LOQWHQ]LWHW SRPYRLOYNBINEW,XDFLMH NRMLPD VX SUHWKR
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SWMHFDM SURPMHQD QDPMHQH JHPOMLAWD L N(
RSWHUHUHQMH
5 SURPMHQH QDPMHQH JHPOML&WD L NOLPDWVNLK XYMHMW
8 RYRP GLMHOX UDGD LVWUD&HQ MH XWMHFDM SURPMHQ
WRSOLQVNR RSWHUHUHQMH JUDGD 5DQLMH VWDQMH JUDG
aktualno stanje odgov& VLW XDFLML L] .DNR EL MDVQLMH UD]XP
SURPDWUDQLK SURPMHQD SUYR VX DQDOL]JLUDQH UD]JOLNH
te karakteristike pozadinskih klimatskih prilika.

SURPMHQH QDPMHQH ]JHP QWKL XW D SOIGMORLPE H M B 3XRPD G M H
VX ]JHOHQH SRYUALQH |DPLMHQLOD L]JJUDYHQD SRGUXpMD 6
6DYH NDR L PRGLILNDFLMD -DUXQD 8NXSQR MH SURPLMH
SRNULYHQRVWL SRMMHGLWQUBHNODWHR X S/URAXDRELML JUDGD XNI
JUDGD QDMEURMQLMD ELOMB SROMRSUALRN WXQDRSROE DX pJMD W
rezidencijalna nasell@a/8 a 60LND 7R VX XMHGQR L NODVH
LIPXy GYLMH VLWXDFLMH L]JJUDYHQRVWL JUDGD 8 QRYLM
UH]LGHQFLMDOQLK L]JJUDYHQLK SRGUXpMD XPMHUHQH L PDC
SULVXWDQ SRUDVW UH]JLGHQFLMDOQLK SRGUXpNMD N IHAGLRNIH
SRNURYD XRpHQH VX L ]D GUXJH HXURSVNH JUDGRYH QSU
2020, Pauleit i sur. 2005).

2VLP SURPMHQD X JHPOMLAQRM SRGRPRYEQWH W WNDRE® REWDRV
je i do promjena u klimatskim prilikam¥alja naglasiti kako je u ovom razdoblju uz globalno
zatopljenje prisutna i prirodna klimatska varijabilnost. Prema izmjerenim dnevnim podacima
QD SRVWDML =*0 XRpDYD VH NDNR MH YHUD XpHVWDORVW
LIPHYX f & Lla u raijefd ltazdoblju u usporedbi s recentnim razdobljem (Slika

D 6 GUXJH VWUDQH XpHVWDORVW GDQD V WHPSHUDW X
X QRYLMHP UDJ]GREOMX 5D]J]OLNH PHYyX UD]JGREOMLPD VX SR
TakRyHU UD]JGLREH UHODWLYQH YODAQRVWL WDNRYHU XND]»>
SUL pHPX MH UD]J]GLRED |]D QRYLMH UD]J]GREOMH SRPDNQXWD
QD RQX |D UDQLMH UD]J]GREOMH 60OLNDtalostdanas telAtivhdn ULMH p
YODAQRVWL PDQMRP RG X QRYLMHP UD]JGREOMX GRN Mt

YHUL X UDQLMHP UD]J]GREOMX 6 REJLURP QD EU]JLQX YMI
YLAH MH X QRYLMHP UD]GREENR GIRANH NKHUWD QDb MWH F MHDWGER E (
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‘DNOH SUHPD SRGDFLPD PMHUHQMD V SRVWDMH UDQLMH UL

u usporedbi s recentnim razdobljem.

Slika5418GLR SUHNULYHQRVWL SRMHG L&pjdgh@alir\i868Q RAM HQH ]F
JRGLQH 2SLV VYDNH NODVH QDPMHQH JHPOML&WD GDQ WM

8] GYLMH VLWXDFLMH QDPMHQH JHPOML&AWD L GYD VHW
eksperimenta (Tablica 5.4.1). Dva eksperimenta mogu se (barem @ossidtrati realnim
simulacijamazranije stanje grada u kombinaciji s ranijim klimatskim uvjetima (Exp.COLO) te
vDGDaQMH VWDQMH JUDGD X] VDGDaQMH NOLPDWVNH XYM
SUHGVWDYOMDMX KL5 R H&/ \s8 Hyrad/ e X Bviabl, Y & klimatske
varijacije/promjene su bile prisutne te scenarij s urbanizacijom uz nepromijenjene klimatske
XYMHWH 2YD GYD GRGDWQD HNVSHULPHQWD RPRJIJXUXMX G|
JHPOMLAWD L NOLPDWVNLK XWREBHOLDVBRRSRIEWHLRRIMIDQIX S |
UD]JOLND L]JPHYyX HNVSHULPHQDWD ([S &/ L ([S &/ B8WMH
SURPDWUDWL QD GYD QDpLQD NDR UD]JOLND X HNVSHULPH
SRGORJX QDPMHQH ]HPERMILEONNDNUE JEXP.COLO) te b) 2012. godine
([S &/ PLQXV ([S &/ $QDORJQR VH XWMHFDM SURPMHQD
QD RGJRYDUDMXuUD GYD QDPpLQD NDR UD]JOLND X HNVSHULP
JHPOMLAWD X] N OraRIBbiiVaN 196XM 8961 (Ekp.GOL1 minus Exp.COLO) i b)

1991. £2020. (ExpC1L1 minus Exp.C1LO0).
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Slika 54.2 $SVROXWQH XpHVWDORVWL VUHGQMH GQHYQH D W

YODAaQRVWL L F EUJLQH YMHWU DvnaPtempejdur&Da®eH N D G D
f& X UD]GREfQMX (plavo) i 1991.£2020. (crveno) na postaji Zagreb
Maksimir.

Tablica 541 .RPELQDFLMH NOLPDWVNLK XYMHWD L VLWXDFLI
RGIJRYDUDMXuUL QD]JLY HNVSHULPHQWD

Klimatski uvjeti IDPMHQD JHPC Naziv eksperimenta
1961. +1990. 1968. Exp.COLO
1961. £1990. 2012. Exp.COL1
1991. +2020. 1968. Exp.C1L0
1991. £2020. 2012. Exp.C1L1

BURFMHQD L]QRVD L SURPMHQD WHRBOje QadRJ RSWHUH

5D]GLRED WRSOLQVNRJ RSWHUHUHQMD LVND]DQRJ NDR E
SR SRMHGLQLP NODVDPD QDPMHQH JHPOMLAWBDIRGLNQDGX I
UD]J]GREOMH 6O0OLNH L 3 U RAUNL MIHABRO R X WELR E B WHHQUHH (g
LIJUDYHQRP UH]LGHQFLMDOQRP SRGUXpMX /8 L /8 L VWDL
UD]JOLNH X DPSOLWXGDPD SUL pHPX MH SURVMHpPQR RSWH
Exp.C1L1 oko 83 dana. Postoje i razlike wgiornoj varijabilnosti polja koja za Exp.COLO
iznosi oko 13 dana, a za Exp.C1L1 oko 16 dana. Porast varijabilnosti u eksperimentu Exp.C1L1
SRVOMHGLFD MH EDUHP GMHORPLPpQR SRYHUDQH YDULMDE
PDOH JXVWR/BH /8 RED HNVSHULPHQWD VX SURVMHpPQH YUL
RWYRUHQLK SRGUXpMD YHUH RG VUHGQMH YULMHGQRVWL F
L YRGHQH SRYU4ALQH PDQMH
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Slika5433URVMHpPDQ EURM OMHWQLKOGDWIB VLW X XFX WNHWCLAPNDt
JUDGD L UDQLMLK NOLPDWVNLK XYMHWD ([S & / L E
UHFHQWQLK NOLPDWVNLK XYMHWD ([S & / &UQD KRUL

vrijednosti broja dana Tx25 za svaki od eksperiatan

BNXSQD SURPMHQD EURMD GDQD 7] LIPHYyX GYD HNVSH
SRGUXpMX L LIQRVL RNR GDQD 6OLND D awR MH
COLO. Ovaj porast nije jednolik na cijeloj domeni te postoje razlike u ppo@& M YULMHGQR)
YDULMDELOQRVWL XQXWDU SRMHGLQH /8 NODVH 8 SURVMH

JUDYHYLQVND SRGUXpMD /8 GRN MH QDMPDQML GDQ
QDMYHiUH SURPMHQH GR GRODOWQRPXOLWDGHQRBHIRGHEE
GDQD X SRGUXpMX &XPD /8 3URVWRUQD YDULMDEL

RSWHUHUHQMD L]JQRVL RNR GDQD V QDMYHURP YDULMDE
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UHJLGHQFLMDOQD SRGUXpM@DLMDE ILOY REIMP D @GDRP X VWDU
(LU7).

SURPMHQH WRSOLQVNRJ RSWHUHUHQMD ]JERJ SURPMHQ'
9UOR VOLpQH YULMHGQRVWL SURPMHQH WRSOLQVNRJ R
XYMHWLPD GRELYHQH VX [IDQUWD]@R G ML B\WD. W] XM IDNVHD @ CSARMU D
dana uz prostornu varijabilnost od oko 2 dana za cijelu domenu (Slika 5.4.4b i Slika 5.4.5).
7TROLNL SRUDVW pLQL RNR XNXSQH SURPMHQH 6OLND
jednolik iznad gradaWHN VX YULMHGQRVWL QHAWR QLAH QD SDGLC(
/IRNDOQR MH SRUDVW QDMYHUL GDQD X YUOR JXVWR L]JLU

MH QDMPDQML GDQD X SRGUXpMX axpb /8 2VLP ]C
varijabilnost XQ XWDU /8 NODVD RNR GDQD XRpDYD VH L ]D VL
UH]JLGHQFLMDOQD SRGUXpMD /8 L /8 .DUDNWHULVWLNH C

]JDMHGQLpPpNR LP MH GD LK VH PRa&H QDuUL QD SDGAQDPD 0
HYHQWXDOQD SRYH]DQRVW QDGPRUVNH YLVLQH L SURPMI
SURPMHQRP NOLPDWVNLK XYMHWD 6OLND 5DGL EROM]I
visine, na osi apscisa na Slici 5.4.6 dana je logaritamska vrijednosbrsk@nvisine. Odziv

polja Tx25 na promjenu klimatskih uvjeta uglavnom je pod utjecajem orografije tek nakon
YLVLQH RG RNR P 3URPMHQD X WRSOLQVNRP RSWHUHU
QHRYLVQD MH R QDGPRUVNRM YLVL @Qdgati@R Medrih gusndst aD SR
promjene broja ljetnih dana za oko 3 dana svakih 100 m. Ipak, i ovisnost o vrsti LU klase
GRQHNOH VH PRAH XRpLWL QD 6O0OLFL SUL pHPX VX QD |
SURPMHQH 7[ ]D SODYH 9BOMBHVRRYNHL JOONBHQLAH RG
L]JJUDYHQRP FURUH HOQWDWRIRNH SRGUXpMX 60LpQL UH]XO\
NOLPDWVNLK XWMHFDMD X] XYMHWH QDPMHQH JHPOML&WD |
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Slika 5.4.4a) Ukupna promjena broja ljetnih dana (Tx25) te doprinos od b) klimatskog utjecaja
LF SURPMHQD X QDPMHQL JHPOMLaAWD ]D VYDNX RG NOD
OLQLMD RGJRYDUD SURVMHPQRM YULMHGQRVWL SURPMH
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Slika 5453URPMHQD EURMD OMHWQLK GDQD 7] ]JERJ SURPMI
]JODpDMQRVW QD QLYRX FUQL VLPERO X] SRGORJX QDI
(LU1968) i b) recentno razdoblje (LU2012).

Slika 5.4.6Veza promjene brgj ljetnih dana zbog promjene klimatskih uvjeta i nadmorske
YLVLQH %RMD VLPEROD RGJRYDUD NODVL QDPMHQH ]JHPC

SBURPMHQH WRSOLQVNRJ RSWHUHUHQMD JERJ SURPMHQ
| rezultati analize utjecaja promjena u klasama nampHeP OMLaAWD X] UD]JOLpPpLW
XYMHWH VX UHODWLYQR VOLpQL SURVMHpPDQ SRUDVW 7]

RNR GDQD 60OLND FL60OLND 2YD SURPMHQD pLOQ
(Slika 5.4.4a i Slika 5.4.4c). U prosjgk MH SRUDVW QDMYHUL GDQD ]D
/8 GRN MH QDMQLAL GDQD X VWDURM JUDGVNRM MH]

1DMPDQMH SURVMHpPQH YULMHGQRVWL NDR L YDULMDELOQF
suzabranegradij L YHULK SURPMHQD X WRP SRGUXpMX NDR L UHC
VPLVOX QDGPRUVNH YLVLQH L RNUXaAaHQMD X NRMHP MH
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YULMHGQRVWL UD]JOLND JERJ SURPMHQD QDPMHQHUHPOMLA

rasponuod GDQD X SRGUXpMX JGMH VX axXPH /8 ]DPLMHQLOH
JXVWRUH /8 GR GDbQD JGMH VX SROMRSULYUHGQH SR
UH]JLGHQFLMDOQLP SRGUXpMLPD /8 =D UanpOusieXi RG S U

NOLPDWVNRJ XWMHFDMD SURPMHQD JERJ PRGLILNDFLMD QI
8] uUbDQLMH NOLPDWVNH XYMHWH ]J]QDpDMQH SURPMHQH WF
ukupne domene, dok je uz recentne klimatske uvjete taj udio 2Y ®EOLFD =QDpD
SURPMHQH XRpHQH VX XJODYQRP X SRGUXpMLPD JGMH VX
JUXSLUDQH WH VH X WLP SRGUXpMLPD MDYOMDMX L QDMY
GRPHQH JGMH MH GREAOR GR SWRP MNXJB BEL QIR MHHDH. | HRDM L
Tx25, uz raniju klimu iznosi 26 %, dok je uz recentne klimatske uvjete taj postotak 20 %. Ipak,
]QDpDMQH SURPMHQH XRpHQH VX L X RNROLFL VSRPHQXWLEK
RGUHYHQH SURPMIRMNJRYDONRYDPRIUH]XOWDW XSXUXMH QD P
QDPMHQH JHPOMLAWD QD WRSOLQVNR RSWHUHUHQMH L L]YC
YMHURMDWQR SRYH]DQ V ILILNDOQLP SURFHVLPD NRML XNC
je efetkW WHN QHAWR L]JUDAHQLML X] UDQLMH NOLPDWVNH XYM
klimu (1 %).

Slika 547 SURPMHQD EURMD OMHWQLK GDQD 7] ]JERJ PRGL
VWDWLVWLPpND ]QDpDMQRVW QD QLWRIWH ]IF U LSWRPEIRO U
&/ L E UHFHQWQR UD]JGREOMH &/ OMHVWD QD N
QDPMHQL |JHPOMLaAWD R]QDpHQD VX WRpPNDPD GRN VX PM
7 DOL EH] SULVXWQLK SURPMHQImbolgpgxPMHQL JHPOMLA

8 QDVWDYNX VX DQDOL]JLUDQD VDPR SRGUXpMD JGMH M
QDPMHQH JHPOML&WD 6O0OLND =ERJ MHGQRVWDYQRYV
JUXSLUDQD MH X aHVW RGJRYDUDMXULKMXEBDY QB ]LENDN
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SRGUXpMD RWYRUHQD SRGUXpMD ]JHOHQD SRGUXpMD L Y
VLWXDFLML JUDGD L] GRN MH VLWXDFLMD L] R]QDpDp
ranijoj situaciji grada bila u rezidencijalnojizBry HQRM JUXSL 6OLND D SRUL
JGMH VX WR VDGD L]JJUDYyHQD SRGUXpMD LOL RWYRUHQD SR
X NODVL QDPMHQH JHPOML&WD VX UH]XOWLUDOH L VPDQMH
vegetacijom ili vod®QH SRYUA&ALQH ]DPLMHQLOH UH]JLGHQFLMDOQD L]
VPDQMHQMH WRSOLQVNRJ RSWHUHUHQMD =D SRGUXpMD N

L]IJUDYHQD 6OLND E LOL RWYRUHQD SRGUXpk®dI 6O0LND
]D UH]JLGHQFLMDOQD L]JJUDYyHQD SRGUXpMD 6OLND D
SRYUAGLQH 6OLND G XRpHQ MH SRUDVW WRSOLQVNRJ

JHPOMLAWD 6PDQMHQMH MH XRpHQR W HMNU3D koj#iu PriiS RG U Xp
ELOD QHND RG GUXJLK JHOHQLK NODVD 7DNRYyHU SURPMHC
GUXJX NODVX QDPMHQH JHPOML&WD UH]XOWLUDOD MH SRU

SURPMHQD RSUHQLWR MDpD D SR EIGHHMALMD OQ®D E LMD ]t
vegetacijom.

Tablica 542 8NXSDQ XGLR UHOLMD GRPHQH NRMH ELOMH&H ]QD]
GRSULQRV UHOLMD ]D NRMH MH L NODVD QDPMHQH JHPOM
bez LU promjena (LU ist)L]PHyX VLWXDFLMH JUDGD L] L X] S
uvjete u razdoblju 1961+1990. (CL6190) i 1991+2020. (CL9120).

Klimatski uvjeti Ukupno /8 UD]OLpPLW LU isti
CL6190 28 % 26 % 2%
CL9120 21 % 20 % 1%
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Slika5483URPMHQD EURMD OMHWQLK GDQD 7] ]JERJ SURPMH
ORNDFLMH JGMH VX XRpHQH SURPMHQH X QDPMHQL JHPON
ranijoj situaciji grada iz 1968., dok recentna situacija grada iz 2012. godine oalgova

oznakama na osi apscisa.
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5.4.5 Diskusija

&LOM RYRJ GLMHOD DQDOL]H ELOD MH SURFMHQD GRSULC
XYMHWD SURPMHQL WRSOLQVNRJ RSWHUHUHQMD GHILQLUDC
JHPOMLAWD J\eBiiuaciehbik YIB& Bodine, dok recentno stanje odgovara 2012.
godini. Klimatski uvjeti koji opisuju raniju i recentnu klimu definirani su s dva uzastopna
NOLPDWRORAGND WNIWRIEIM. B2020. Valjda napomenuti kako doprinos
promjenaulOLPDWVNLP XYMHWLPD X] NOLPDWVNH SURPMHQH V

'"HWHNWLUDQH UD]JOLNH X QDPMHQL JHPOMLAWD L]JPHY:
RGIJRYDUDMX SURPMHQDPD NDUDNWHULVWLpPpQLP ]D SURFF
SRGUXYVYWDQMHQMH SRGUXpMD V YHIHWDFLMRP 6OLPpQH SUI
drugim gradovima (npr., Grigoras i Uritescu 2019; Harmay i sur. 2021; Holec i sur. 2020;
3DXOHLW L VXU 1D WHPHOMX PHWHRURORéENLK SRG
ODNVLPLU NOLPDWVNL XYMHWL X UHFHQWQRP UD]JGREOMX
usporedbi s onima u ranijem razdoblju. Topliji klimatski uvjeti u recentnom razdoblju u skladu
VX V GHWHNWLUDQLP |QDpDMQLP &uRlhbpraiiRipr. Wiék&n8eéd UD W X U |
VXU NDR L QDG SRGUXpMHP =DJUHED 1LPDF L VXU
DQEQDOL]LUDQLP SURPMHQDPD WHPSHUDWXUH JUDND YUHPH:
YMHWUD QLVX WROLNRMINWHD®MQF Q,I5 IYNXD DARMRYMHQX UHFHC
je se s rezultatima prikazanim u VicenleeHUUDQR L VXU JGMH MH XRpH
UHODWLYQH YODAaQRVWL WLMHNRP WRSOH VH]RQH QDG aL
YODAQRVWIp QRH LGSIRN\ORRWHGLFD SRUDVWD W H PGagdydaV X UH ] U
RYRP MHGQDGAERP 6WRJD EL X EXGXUQRVWL ELOR NRULYV
YDULMDEOL SRSXW VSHFLILpPQH YODAQRVWL wrRIptH@QR VPDQNMN
X NRML MH GHWHNWLUDQ L NRPHQWLUDQ X YLaAH VWXGLMD
8RpPHQH SURPMHQH NOLPDWVNLK XYMHWD WDNRYyHU RGJR)
UHODWLYQH YODAQRVWL L EUJLQH Y M idd\ptbEeshl &ibamizadile P R J X
QSU 20HVRQ L VXU . OAldisé 201Y)X U aXYHOD

'RELYHQR MH NDNR SRUDVW WRSOLQVNRJ RSWHUHUHQM|
NOLPDWVNLP XYMHWLPD L]JPHYyX GYD SURPDW WD iZJD]GREC
ranijeg razdoblja. Ovaj porast nije jednolik na cijeloj domeni i zamjetne su razlike ovisno o
NODVL QDPMHQH JHPOML&AWD 1DMYHUL SRUDVW ELOMHAH J)
QDMPDQML X SRGUXpMLPD V Y HskatoNdbaidskb| RRyri. QDINRP.B.WR aXP
YLGL VH NDNR GXJRSHULRGLpQD RVFLODFLMD XWMHpH QD
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Naime, broj ljetnih dana u razdoblju 19641990. je ispod, a u razdoblju 19912020. iznad

linije trenda. Dakle, dobiveniHODWLYQR YHOLNL SRUDVW WRSOLQVNF
GMHORPLpPQR L UHJRGWDOW RIGBDUGREOMD NRMD RGJRYDUD
GXJRSHULRGLpQH RVFLODFLMH

Utjecaj klimatskih uvjeta pokazao je dominantan doprinos pordasR SOLQVNRJ RSWHU
XNXSQRJ SRUDVWD 3URPMHQD JERJ NOLPDWVNLK XYME

jednolika i ovisna 0 nadmorskoj visini. Procijenjeno je daiznad visine od oko 160 m promjena
WRSOLQVNRJ RSWHUH{HQ MB 3SdarfaL®avii 101D G\ ézukaM& S R P
GMHORPLpQR L SRVOMHGLFD GHILQLFLMH WRSOLQVNRJ RS
dobiveno u drugom poglavlju rada gdje je porast ljetnih dana na postaji PUN slabiji nego na
drugim gradskim postajama (Slika E .DNR MH YHUO VSRPHQXWR PDNVLPI

f& QD SRVWDML 381 RGJRYDUD SHUFHQWt@® Xtogé RN MH
UH ]D LVWL SRUDVWDRDANWVDL RO WRPBNWGIJRYDUDMXUH UL
vrijednostimayezultirati manjim porastom broja ljetnih dana za postaji PUN.

%XGXuL GD VX SURPMHQH X QDPMHQL JHPOMLAWD SULVX
GRPHQH SURPMHQH X WRSOLQVNRP RSWHUHUHQMX VX WD
navode i drugi atori koji su ispitivali utjecaj implementacije zelene i plave infrastrukture (npr.

*DO L VXU *HOHWLDp L VXU - $DRZIDVAHG L L VXXUU LOXY
XUEDQL]DFLMH QD SURPMHQH WRSOLQVNR J-RopWIHEUH IHQMD

8 VNODGX V WLPH SURVMHpPQD SURPMHQD WRSOLQVNR
X XVSRUHGEL V SURPMHQRP JERJ NOLPDWVNLK XYMHWD EXC
nikakvu promjenu, kao i zbog prisutnih negativniht#iG QRVWL NRMH GRGDWQR VPCLC
YULMHGQRVW ,DNR MH GRSULQRV XWMHFDMD SURPMHQH Q
RSWHUHUHQMD UHODWLYQR VODE UDVSRQ WLK YULMHGQI
NOLPDWVNL XWMHFDM SR ODWHY WD RROQDMBM®HX L]JJUDYHQLP
VPDQMHQMH X SRGUXpMLPD V YHIHWDFLMRP 1D FLMHORM N\
RG SURPMHQD SRYH]DQLK V SURPMHQDPD JHPOMLAQRJ SRNI
do 3 dana. Dakle, DNR SURPMHQH NOLPDWVNLK XYMHWD ]QDpDMQ
WRSOLQVNRJ RSWHUHUHQMD QHJR SURPMHQH QDPMHQH ]H
WRSOLQVNRJ RSWHUHUHQMD MH XJODYQRP SRVOMHGLFD SL

Detaljna analizauf FDMD SURPMHQD QDPMHQH JHPOMLAWD QD S
SRND]DOD MH NDNR MH QMHJRY SRUDVW XJODYQRP J]DELOM
LOL YRGHQD NDR L RQLPD SUHWYRUHQLP X L]JJUDYHQH
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rezidenciafOQRJ GLMHOD MDYQLP JUDYHYLQDPD UH]XOWLUDOD
RSWHUHUHQMD 8RpHQL VX VOXpDMHYL JGMH MH LVWD SUF
UH]XOWLUDOD SR]JLWLYQRP D QD GUXJRP QHJDWLYQRP Sl
rHIXOWDW QDYRGL QD |IDNOMXpDN NDNR LVWD PMHUD X UD]O
'DNOH RVLP NRPELQDFLMD SURPMHQD NODVD QDPMHQH
LPSOHPHQWDFLMH PRAaAH SRMDpDWL LOL RVCOOHELWRUWR®YOL
VPDQMHQMH WRSOLQVNRJ RSWHUHUHQMD XRpHQR X SRGUX
ELOH YHUH NRXNWHKQWQHDVWDM QDpLQ MH SURPMHQD GRC
SRGUXpMD JGMH X SURPMHQH X QD P MeH@y4j j¢ rePulaviskiadd E L O H
V IDNOMXpFLPD NRMIORIDMRGH/ EXYHOD WH *NOteMhp L VXL
PMHVWLPD RNR SRGUXpMD V YHULP SURPMHQDPD QDPMHQH
JHPOMLAWD QR LSDN VX GHMWG®H V8 URPMHI Q/NV BWR IS\OW QP/NNLR J QR
SURGLUHQL VLJQDO JERJ LQWHUDNFLMH V RNROQLP SRGU>
uvjetima iz ranijeg razdoblja u odnosu na situaciju s uvjetima recentnije klime. Utjecaj
LOQWHUDNFLMH RINBOQGRO BRBYDXMWKMIIDLK PHWHRURORAGNLK XYM
AXYHOMRLVH L VXU -Aloise ROAXYHOD

6YL QDYHGHQL J]DNOMXpPpFL XND]XMX QD WR GD QD HILND
mnogo fakto©D SRSXW ORNDOQLK NOLPDWVNLK XYMHWD <X L V
RNROLQH LWG 1DGDOMH RYL UH]XOWDWL LVWLPpX YDAQRYV
NOLPDWVNLP XYMHWLPD NRULAWHQMHP UHJLRQ@IDEIQRLK NOLF
LHYHQWXDOQX NRUHNFLMX EU]JLQH YMHWUD D QH VDPR V
MH X LGXUHP NRUDNX DQDOL]JLUDQR RPHNLYDQR WRSOLQV
(toplije) klime.
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55 3URFMHQD WRSOLQVNRJ BEXEXBXHHHQMP XK XYMHYV

5.5.1 Korekcija pristranosti u modelima

=ERJ UDQLMH VSRPHQXWLK QHSRX]GDQRVWL X NOLPDW)\
DQVDPEO YL&H @&DGOMtPL WDKSRMMWUHEH VLPXODFLMD NOLPH JU
(toplije) kime NRULaAWHQH VX \liAixdjaiive EMROGERDEX. S obzirom da
uvijek postoji odstupanje modeliranih vrijednosti od izmjerenih, potrebno je modelirane
podatke korigirati s obzirom na izmjerene podatke u referentnom razdoblju. Ovdje su u tu svrhu
koULAWHQL SRGDFL V SRVWDMH =*I0DX6ODFGREOMSULND]DQ M
KRG WHPSHUDWXUH JUDND UHODWLYQH YODAQRVWL L EU]I
SRGDFLPD RGDEUDQLK PRGHOD 2SUHQLWR ¥rHuRIRakd, UHUL G
QR |D SRMHGLQH UHDOL]DFLMH X RGUHYHQLP PMHVHFLPD
RGVWXSDQMH QDMYHUH |]D UHJLRQDOQL PRGHO A* IRRNLUL
je najmanje za regionalni model RCA forsiran globalnim modef f& *HQHUDOQR
]D VYD WUL UHIJLRQDOQD PRGHOD RGVWXSDQMD RG PMHUHC
&1 ,SDN JRGLaAaQML KRG WHPSHUDWXUH JUDND X =DJUHEX
SRGDFLPD 6 GUXJH VWUDQUHH GROIBW MWWXBXD YU D AR YWUID BD]LQ X
UHODWLYQH YODAQRVWL QDMYHUD VX ]D UHJLRQDOQL PRC
(3.4 %), a najmanja za isti regionalni model forsiran globalnim modelom MP (<0.1 %). lako su
SURVMHDPQH Y ULMB GUHODNWL RGN WODRQMRVWL SULOLPQR PD
SULPMHUXMH NDNR MH WR SRVOMHGLFD YHUHJ SUHFMHQMI
GLMHOX JRGLQH 6YL PRGHOL VXVWDYQR SUHFMHQMXMX EL
odstupanjeQDMPDQMH ]|D UHJLRQDOQL PRGHO &/0 D QDMYHUH ]C
V QDYHGHQLP XRpHQLP RGVWXSDQMLPD NRUHNFLMD SULV

svaki model zasebno.

8 RYRP LVWUDALYDQMX NRULJLUDQD MeEratére zndh&,UD QR V
UHODWLYQH YODA&QR V \WaLPboddeisiilgpiraXida-sVeki mjekdc 5a&€bno te su
RGUHYHQL NRHILFLMHQWL UHJUHVLMH L]JPHYX 5&0 SRGDWI
dobiveni rezultati pokazali su da osim temperature zraRaODAQRVW NDR L YMHWD
WRSOLQVNR RSWHUHUHQMH .RUHNFLMD MH QDSUDYOMHQD
RG QMLK NRULaAWHQD NDR XOD] ]D PRGHO 08./,02B RGQRVC(
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Slika55.1*RGLAQML KRG SURVMHUPQNDD BN HMOHDUDIWXRWH YODAQR)
prema izmjerenim podacima na postaji Zagkédksimir (crna linija) i odabranih
regionalnih modela (linije u boji) za razdoblje 19842010.

Odnos sortiranih vrijednosti sva tri parametra u odnosu nanjs postaje prikazan je
na Slikama S$11 u prilogu za svaki regionalni model. Na osi apscisa dane su sortirane
vrijednosti varijabli iz modela, dok su na ordinati sortirane vrijednosti mjerenja s postaje.
8RpPpHQD VX RGVWXSDQMD UihQazpibhd Litad hdietr@dRivj&edbX® X O D
SURVMHNX VH XRpDYD SRGFMHQMLYDQMH PRGHOD ]D KO
temperature, dok za tople ekstreme modeli u prosjeku precjenjuju. Odstupanja simulirane
UHODWLYQH Y ODzam\sWitl DAHERMD QHJR ]D WHPSHUDWXUX ]
VYLP PRGHOLPD XRpDYD SRGFMHQMLYDQMH ]D QLVNH YULME
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YULMHGQRVWL 1DNRQ &WR VX RGUHYHQL NRHILFLMHQWL C
pristranost HPSHUDW XUH JUDND UHODWLYQH YODAaQRVWL L EU]L

svaki od modela.

SURFMHQD WRSOLQVNRJ RSWHUHUHQMD X UHIHUHQWQR

8 SUYRP VX NRUDNX L]JYRUQH YULMHGQRVWL UHJLRQDOQ
kuboLGQX PHWRGX QD WHPHOMX pHJD MH ]D VYDNX RG 5&0
razdoblju 1981 .+ .RQWUROQR SROMH SUHGVWDYOMD WRSOLQV
kuboidnoj metodi kao ulaz koriste mjerenja s postaje ZGM. Na Slici 5.5.2 seakdij& za
pojedine regionalne modele relativho dobru reproducirana srednju vrijednost broja ljetnih dana
na promatranoj domeni u odnosu na kontrolno polje, dok je prostorna varijabilnost u svim
PRGHOLPD VPDQMHQD a8WR MH GMHBRPQNMPR]|SBND MHRSL KM L
YMHWUD VLPXOLUDQLK UHJLRQDOQLP PRGHOLPD 1DMYHUH
UHIJLRQDOQL PRGHO 5(* IRUVLUDQ JOREDOQLP PRGHORP &1
YDULMDELOQRVW SROMBHYRGWDYQVMRIWRFS YBMMHEHERMBRGFM
JUDND WH SUHFMHQMLYDQMD UHODWLYQH YODAQRVWL L EL
izmjerene vrijednosti s postaje ZGM (Slika 5.5.1). Kada se usporede polja Tx25 za svaku
realizaciju u odnosna izmjerene vrijednosti (Slika 5.5.3) razlike su u prosjeku negativne, osim
]D UHIJLRQDOQL PRGHO 5(* IRUVLUDQ JOREDOQLP PRGHORF
RGVWXSDQMD SR]JLWLYQD 3UHFMHQMLYDQMH SROMD 7]
precLMHQMHQH WHPSHUDWXUH JUDND L SRGFLMHQMHQH UHOL
5.5.1).

IDNRQ NRUHNFLMH SULVWUDQRVWL VYD WUL SDUDPHWUI
RGQRVX QD NRQWUROQR SROMH 2VLP Ddg&/8 pisioidd ]QDW
YDULMDELOQRVW %XGXuL GD MH SRND]DQR GD IRUVLUDQMF
RCM-ova rezultira simulacijama koje vjerno reproduciraju simulirano polje koje je dobiveno
uz forsiranje modela izmjerenim podacima, ista je korekgijenijenjena i na podatke u

projekcijskom razdoblju.
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Slika 55.20RGHOLUDQL SURVMHpPDQ EURM OMHWQLK GDQD 7]
1981. £2010. kada se kao ulazni podaci u kuboidnu metodu koriste mjerenja s postaje
ZagrebMaksimir (OBS), izvorni podaci regionalnih modela (ORG) te korigirani podaci

regionahih modela (BC).

Slika 55.3 5DJ]OLND PRGHOLUDQRJ SURVMHPQRJ EURMD OMHWQ
podataka regionalnih modela (ORG) te nakon korekcije pristranosti (BC) u odnosu na
kontrolno polje dobiveno na temelju podataka mjerenja s postajgeBEMaksimir u
razdoblju 1981.+2010.
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SURFMHQD WRSOLQVNRJ RSWHUHUHQMD X XYMHWLPD E’

8 SUHWKRGQRP SRIJODYOMX SRND]DQR MH NDNR SULVWU
DSVROXWQH YULMHGQRVWL PRGHOLUDRQIR progjeraM@lja 8 QDV
WRSOLQVNRJ RSWHU H toMeQ MdjekiciiskR a0l @&ble> @lzirédn. 13a pristranost
X PRGHOLPD 2GQRVQR DNR VH SURFMHQMXMH VDPR RpHNI
EXGXUQRVWL LPD OL SRWUHEH Stv§aGsu Wd. SItIRAbH NoFKakéXxe SUL V!
SURPMHQH WRSOLQVNRJ RSWHUHUHQMD ]D VFHQPMAL M 5&3
1 2041. £2070. u odnosu na referentno razdoblje 1984010., dok je na Slici 5.5.5 prikazano
isto, ali za scenarijRCP85.BUYRP SURMHNFLMVNRP UDJ]GREOMX SURPN
SURFLMHQMHQH QD WHPHOMX L]JYRUQLK SRGDWDND UHJL
promjenama dobivenim uz korigirane podatke za oba promatrana scenarija. lzuzetak je
regionalni model RCAgdgMH SURPMHQD X RSWHUHUHQMX EH] NRUHNF
SURMHNFLMVNRP UDJ]GREOMX UD]JOLNH VX LSDN QH&WR L]U
SURPMHQH QDMYHUH MH ]D UHJLRQDOQL PRGHO 5&% IRUVL
scenarijRCP8 QDMYHUH SRGFMHQMLYDQMH ]D UHJLRQDOQL PRGI
03 9HUH SRGFMHQMLYDQMH RpPHNLYDQRJ RSWHUHUHQMD >
regionalni model RCA forsiran globalnim modelom MP te regionalni model REG forsiran

globalnimmodelom CN.

Prema scenariju RCP4.5, u razdoblju 20%1. PRJX VH RpHNLYDWL SURPN
lietnih dana od oke3 dana do 18 dana (Slika 5.5.4 gore). Rasap projekcija modela je za ovu
VLWXDFLMX SULOLPQR LJUDA&HQ S UrbipadifeXedivhbl®G tddialaV Q D M |
RCA, dok je za regionalni model CLM forsiran globalnim modelom CN promjena Tx25 na
GLMHORYLPD GRPHQH pDN QHJDWLYQD 8 GDOMPRASURMHN
RpHNLYDWL MR& MDpL SRUDVW RNRHRSDE®HBE SB WN\HNVG@RD M NEL
regionalni model RCA forsiran globalnim modelom MP, a najslabiji za regionalni model REG
IRUVLUDQ JOREDOQLP PRGHORP &1 =D VYD WUL UHJLRQDO

uvjete iz globalnog modela MP.

Uz scaarij RCP8.5, promjene u prvom projekcijskom razdoblju usporedive su s
RGJRYDUDMXuLP SURPMHQDPD ]D VFHQDULM 5&3 GRN M
LIUDAHQLML 6OLND GROMH 3t/HPDPR&H VHK RIIDHE REDW X
T™X25 RG RNR GDQD GR SUHNR GDQEQD , RYGMH MH QDMYH
forsiran globalnim modelom MP, a najslabiji za regionalni model CLM forsiran globalnim

modelom CN.
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Slika 554 2pHNLYDQD SURPMHQD PRGHOLUDQtenelf irioMib WRSOL
(ORG) i korigiranih (BC) podataka regionalnih modela za scenarij RCP4.5 u razdoblju 2011.
+2040. (P1) i 2041.£2070. (P2) u odnosu na referentno razdoblje 1984010. (PO).

, VSUHNLGDQH OLQLMH RGJRYDUDM Xe & R¥eHdo@atke i Y ULMH

korigirane podatke.
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Slika 555 2pHNLYDQD SURPMHQD PRGHOLUDQRJ EURMD WRSOL
(ORG) i korigiranih (BC) podataka regionalnih modela za scenarij RCP8.5 u razdoblju 2011.
+2040. (P1) i 2041.£2070.(P2) u odnosu na referentno razdoblje 1982010. (PO).

, VSUHNLGDQH OLQLMH RGJRYDUDMX SURVMHpPpQLP YULMH

korigirane podatke.

5.54 Diskusija

Usporedba podataka odabranih regionalnih modela s izmjerenim podaciméajiaZ@id
u referentnom razdoblju (198+% SRND]DOD MH RSUHQLWR SRGFMHQMI
L SUHFMHQMLYDQMH EU]JLQH YMHWUD GRN MH |]D UHODWLY
dijelu godine i podcjenjivanje u toplijem. Korekcija pratosti dnevnih podataka napraviljena

je za svaki mjesec i svaki model zasebno.

9DAaQRVW NRUHNFLMH SULVWUDQRVWL SRND]DQD MH QD -
NRPELQDFLML V NXERLGQRP PHWRGRP X] NRULAWHQMH L]
XVSRUHGEL V NRQWUROQLP SROMHP WRSOLQVNRStagSWHUHZU
=*0 =ERJ MDpHJ YMHWUD X UHJLRQDOQLP PRGHOLPD ]D
SURVWRUQD YDULMDELOQRVW SROMD MH J]QDWQR PDQMD
UHJLRQDOQH PRGHOH NRG NRMLK MH XRpHQ@KRibapgliudadd QLMH ¢
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SROMD WRSOLQVNRJ RSWHUHUHQMD MH ELOD QL&D RG RpH!
GRELYHQLK SROMD WRSOLQVNRJ RSWHUHUHQMD VX SRVWDC

Analiza utjecaja pristranosti u regionalnim klimatskim maudelina procjenu promjene
WRSOLQVNRJ RSWHUHUHQMD X XYMHWLPD EXGXUH NOLPH
GRELYHQLK QD WHPHOMX L]YRUQLK L NRULJLUDQLK SRGDW
UHDOL]DFLMH UHJLRQDOQLK PRGOIVOD RRHNODRDPRIHSBBDBVW
RSWHUHUHQMD GRELYHQRJ QD WHPHOMX L]JYRUQLK SRGD\
DQVDPEOD UHODWLYQR VX VOLpPpQH X UDQLMHP SURMHNFLM\
razdoblju za scenarij RCP8.5 te razlgezamjetne.

=D RGDEUDQH UHDOL]DFLMH UHJLRQDOQLK PRGHOD GREL
X SURVMHNX VYL PRGHOL XND]XMX QD SRUDVW RSWHUHUt
NDVQLMHP SURMHNFLMVNRP UD]GREOGRXDWW RVR MODLbQV®RUFR
X XYMHWLPD EXGXUH NOLPH GRELYHQ MH L |]D GUXJH HXUR
sur. 2019b, Oswald i sur. 2020, Schdoppel i sur. 2020, Skarbit i Gal 2016), no ipak valja
spomenuti kako postoje razlike u odatiegionalnih modela, kao i referentnog te projekcijskih
razdoblja. Osim razlika u odabranim modelima i razdobljima analize, valja istaknuti i razlike u
metodama korekcije pristranosti. Tako npr. SeNappel i sur. (2020) koriste izvorne podatke
regionanLK SURMHNFLMD UDpXQDMX UD]JOLNH X RGQRVX QD R
pridodaju reprezentativnom polju dobivenom na temelju podataka mjerenja. Oswald i sur.
(2020) koriste metodu mapiranja kvantila za korekciju temperature zraka, dok relativn
YODAaQRVW SURFMHQMXMX SRPRUX NRULJLUDQH WHPSHUDW

'RELYHQL UH]XOWDWL XND]XMX QD YDAQRVW NRUHNFLM
modelima, posebno u analizama u kojima je fokus na apsolutnim vrijednostija&an npr.
SUL SURFMHQL XpLQNRYLWRVWL LPSOHPHQWDFLMH SRMHG
2pHNLYDQD SURPMHQD WRSOLQVNRJ RSWHUHUHQMD QD Wt
SRGFLMHQMHQD WHN ]D VLW XD F L M(KasXijeNpRopKeijgkoMiazdddlpeH N L Y D C
uz scenarij RCP8.5), dok su u preostalim situacijama te razlike male. Kako je pokazano da su
pouzdane vrijednosti sva tri parametrtA HPSHUDW XUH JUDND UHODWLYQH Y
YDaQH |]D A4WR SRXEBOEAXUIMX SYRHFHMHQXYGUXAHQD NRUHNFLMI
EXGXUQRVWL ELOD EL RG YHOLNRJ MH ]1QDpDMD L ]D GUX.
SDUDPHWDUD QHRSKRGQD MH SUL SURFMHQL VXaQLK XYMH
procjenuosiep XJRGQRVWL 3RWRQMH MH SRVHEQR LQWHUHVDQW

valovi predstavljaju situacije opasne po ljudsko zdravlje.
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6.2$./-8Y%.
8 RYRP VX UDGX DQDOL]JLUDQD RELOMHAMD XUEDQH NOLI

podataka na mRURORANLP SRVWDMDPD VLPXOLUDQLK SRGDWD
modelom MUKLIMO _3 te satelitskih podataka.

$QDOL]D SURPMHQD NOLPDWVNLK RELOMHAMD QD pHWLUL
1961. +2019. pokazala je kako je nasvimposja GRaA4OR GR SURPMHQH X NOLP
GHILQLUDQLP SUHPDHURSYSRHMD NODVLILNDFLML 7DNR MH SlU
SODQLQVNRM SRVWDML 3 XQWLMDUND JGMH MH GR SURPMHC
PMHVHFD SD MH NI SUYNDMHXQOQRPMHUHQX NOLPX ,GXUuD
urbanoj postaji ZagredbULp XVOLMHG SRUDVWD WHPSHUDWXUH QDM
XPMHUHQR WRSOH V WRSOLP OMHWLPD SRVWDa&odneMHUHQ |
kasnije,istaMH SURPMHQD XRpHQD MH L QD SUHRVWDOH GYLMH S
V WRSOLP OMHWLPD X XPMHUHQR WRSOX V YUXULP OMHWL

fokus je bio na analizi toplih i hladnih ekstrema temperature zraka.

Na temdu izmjerenih podataka u istom 60RGLAQMHP UD]JGREOMX XRpHC
RELOMHAMLPD HNVWUHPQLK WHPSHUDWXUD JUDND QD SRM
KODGQL HNVWUHPL ]DEL CBNDHHAMHRQW ) ¥ LIBARY W D Mh Ry 8HUH I H G Q |
ODNVLPLU 3RVOMHGLFD MH WR RGUHYHQLK YUHPHQVNLK VI
7DNR VH QSU QDMQLA&H PLQLPDOQH WHPSHUDWXUH ]JUD
WHPSHUDWXUQLP LQYHU]JLMDPD QD SRGUXpMXmaBeJUHED
temperature zraka posljedica su nekoliko faktora od kojih su neki otvorenost postaja, kao i
RNUXa8HQRVW SRVWDMD OLYDGDPD 1DMYL&H PLQEBD®QH W
AaWR MH GMHORPLPQR SRVOMHGLFDo¥\WW® standaida hiekdmja.S RV W D
1DMQLAaH PDNVLPDOQH WHPSHUDWXUH JUDND ]DELOMHAHQH
VX UD]OLpLWD QDpLQD DQDOL]JLUDQH YUHPHQVNH SURPMH:
rezultati ukazali na porast minimalne i makaine temperature zraka na svim postajama. Prvi
LQGLNDWRU SURPMHQD MH PDQMD YHUD XpHVWDORVW SL
RGIJRYDUDRMKXLEMD SRYUDWQD YULMHGQRVW |D PLQLPDOQ?
recentnom razdoblju u uspaita s ranijim. Drugi pokazatelj vremenskih promjena je porast
SRYUDWQLK YULMHGQRVWL SURFLMHZ)INMRAUHKUD] @RIEQMN O DD
SURYMHUD NRULAWHQ MH QHVWDFLRQDUQL PRGHO RSUOH |
X N O M X Had#tBo@ Wdbnenski ovisnog parametra lokacije pri procjeni povratnih vrijednosti
HNVWUHPQLK WHPSHUDWXUD JUDND 3UHPD VWDWLVWLDPN
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RSUDYGDQRVWL SULPMHQH QHVWDFLRQDUQRJ PRGHOD RSU
YUHPHQVNLK SURPMHQD LPD MDpL XWMHFDM QD PDNVLPD!
LQGHNVD WHPSHUDWXUQLK HNVWUHPD SRND]DOD MH NDNR
indeksa. Osim toga, pokazano je kako odabir referentnog razdoblja zanpracpeksa
GHILQLUDQLK SHUFHQWLOQLP SUDJRYLPD XWMHpPH QD UH]X
1961. £1990. hladnije od razdoblja 198%. VWRJD VX L RGJRYDUDMXUL
]D PDNVLPDOQX L PLQLPDOQX Wnhiraz&liebljuDix\togljeXailoga NopasQ LaL X
WRSOLK VPDQMHQMH KODGQLK LQGHM2XD.|(96D#BN)LML NDG
RGDEUDQR NDR UHIHUHQWQR UD]J]GREOMH 2VLP WRJD L VD
RJUDQLpPpHQ 1D L Hedefixifad WsiadjehRaMie i hladnijem razdoblju), u novijem
WRSOLMHP UD]J]GREOMX pHVWR X SRWSXQRVWL L]RVWDM)>
UHIHUHQWQRJ UD]JGREOMD WUHQG OMHWQLK WRSOLK LQ
R G JRY DnurBndofnizimskih hladnih indeksa.

U nastavku analize fokus je bio na toplim situacijama definiranim maksimalnom
WHPSHUDWXURP JUDND RGQRVQR SDUDPHWDU NRML MH NRK
EURM OMHWQLK GDQD =D SWRFRQBQSRZBIPMRYVNREL R SWHUH
urbani klimatski model MUKLIMO_3 u kombinaciji s kuboidnom metodom. Analizirani su
XWMHFDML SURFHVD UD]J]OLPpLWLK SURVWRUQLK L YUHPHQVN

Analiziran je utjecaj Sjevernatlantske oscilacije (2 QD RELOMHAaMD XUEDQH
,VWUDAHQ MH XWMHFDM NRPELRQRDXFNVVHVIQRVNRL] WD KR W QRRG
LIJUDYQRJ XWMHFDMD %URMQD VX GRVDGD&aQMD LVWUDALY
zimskog NAGD QD SRGUXpMSHMXAGQHGRJWHP OMD PRJX RpHNLYDWL
prosjeka zimski uvjeti, i suprotno za negativnu fazu. Tijekom pozitivne faze ljetnogd\A®
LVWRP VH SRGUXpMX PRJX RpHNLYDWL KODGQLML L NL&aAQLN
Na temelju podataka izmjerenih na postaji Zagidlaksimir pokazano je kako je toplinsko
RSWHUHUHQMH QDMYHUH |]D RQH JRGLQH NDGD MH SR]JLWLYI
NAO-om, a najmanji je za suprotnu kombinaciju. S druge strane, promjene toplinskog
opterHUHQMD WLMHNRP LVWRYMHW-QLRK XDED DAPIVAVRR M I M H YWK®D
XpLQND WLK WDWL 5S3REDYHQL PRGHORP 08./,02B SRND]DO
podudaranje s podacima izmjerenim na postajama Zagk¢éh p L =NDaBdinhirEl razdoblju
1981. + IDMYHUH WRSOLQVNR RSWHUHUHQMH MH GRELYHC
PDQMH WDNMDKXGFRI®GYRpMX V YHIHWDFLMRP-dn¥tBn@ERIP $QDC
UH]XOWDWD PRGHOLUDQMD GDOD MH UHODWLYQR VOLPQH LU
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SRVWDMH 1DMMDpL SRUDVW WRSOLQVNRJ RSWHUHUHQMD
kombinaciju pozitivnog zimskog i negativhog ljethog NAD GRN MH QDMMDPpH VF
GRELYHQR ]D VXSURWQX VLWXDFLMX 2VLP SURPMHQD DP S
neke promjene prostorne varijabilnosti polja ovisno 0 NAO uvjetima. Tako jembikaciju

NRMD RGJRYDUD GXaLP VXaQLP XYMHWLPD XRpHQ MDpL SF
YHIHWDFLMRP YMHURMDWQR NDR SRVOMHGLFD VPDQWN
HYDSRWUDQVSLUDFLMH 2YD WH]D LVWUD aMNA&®a,Mdsa@eD VOLPI
su na temelju podataka s postaje ZageebNVLPLU SURFLMHQMHQL VXaaQl
VWDQGDUGL]LUDQLP RERULQVNLP HYDSRWUDQVSLUDFLMVY!
svibanj te ipaffNRORYR] 1D VOLpDQ QDb LaJe BrDR L] L] D DXQWXAMAHN B KD M
XYMHWD NRML VX SUHWKRGLOL OMHWX WH VXaQLK XYMHWD
SPEI, potvrdili su ranije dobivene rezultate analize utjecaja NAO 8 RpHQ XWMHFDM V
uvjeta od prosjeka koji su prethodiljelu na prostornu varijabilnost polja toplinskog
RSWHUHUHQMD SURYMHUHQ MH L X] SRPRU VDWH-OMMIYNLK S
WHPSHUDWXUQL JUDGLMHQW ]D VLWXDFURIGMW IvHO B AL PRXIH
situacijama kadeMH OMHWX SUHWKRGLOR VXaQR UD]J]GREOMH

8 GUXJRP GLMHOX DQDOL]H UH]XOWDWD QXPHULpPNLK
REXKYDUHQR MH LVSLWLYDQMH XWMHFDMD SURPMHQD X N
SURPMHQH WRSOLQVNRJ RSWHUMDIQ@M\DH 5/ @/LXNDH LMWARIPQ @1 B1P.
iz 1968. godine, dok recentnijoj situaciji grada odgovara stanje iz 2012. godine. Klimatski uvjeti
GHILQLUDQL VX ]D GYD VWDQG DU GIPB0. NIIYIPHRORRERFN D UD]G
ovdje naglasiti kako takGHILQLUDQL NOLPDWVNL XYMHWL VDGUaH GR
klimatske varijabilnosti te su i rezultati pod oba utjecaja. Dobiveno je kako promjene klimatskih
XYMHWD GRPLQDQWQR GRSULQRVH DPSOLWXGL SRUDVWD
GRSULQRVH SURVWRUQRM YDULMDELOQRVWL XNXSQH SURP
WRSOLQVNRJ RSWHUHUHQMD ]J]ERJ NOLPDWVNLK XWMHFDMD
PRGLILNDFLMD QDPMHQH JHPOMLAWD ]1QDpD MR WXp MDPR
XJODYQRP JGMH MH GRA4OR GR SURPMHQD X QDPMHQL 3URI
promjenom klimatskih uvjeta uglavnom su ovisne o nadmorskoj visini, dok su promjene zbog
PRGLILNDFLMD QDPMHQH JHPOML&AWD RpHhpbk,.YDQ@mlizRYLVQH
klimatskih utjecaja pokazalo se kako je na istim nadmorskim visinama promjena toplinskog
RSWHUHUHQMD RYLVQD R QDPMHQL JHPOMLaAWD RGQRVQR
RSWHUHUHQMD QHAWR YHUD X L]JUD jasQeégetaSigrsilddoM.LPD QF
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,DNR MH XWMHFDM SURPMHQD QDPMHQH JHPOML&AWD X SUR
UDVSRQ YULMHGQRVWL MH PQRJR YHUL WH SRSULPD L SR]L
klimatskog utjecaja koji se manifestras&®nNDR VDPR SRUDVW WRSOLQVNRJ |
ORNDOQL SRUDVW WRSOLQVNRJ RSWHUHUHQMD J]ERJ SURPM
JGMH VX SROMRSULYUHGQD SRGUXpMD |DPLMHQMHQD L]JJU
QDMYHUH VPRAMAQWHIGM MH UH]JLGHQFLMDOQR L]JJUDYHQ
2SUHQLWR VH PRaH |[DNOMXpLWL GD MH |]DPMHQD JHOHQLK
SRUDVWRP WRSOLQVNRJ RSWHUHUHQMD GRN MH X REUQXW
PokazDOR VH NDNR MH ELWDQ L QDpLQ L]YUAHQLK SURPMHQD
JUXSLUDQLK SURPMHQD XpLQDN MDpL QHJR NDGD VX RQH O
PDQMH UD]JOLNH X UH]XOWDWLPD DQDOL]JH X\ NDFO MIL WH
NOLPDWVNH XYMHWH 7DNR MH XGLR ]QDpDMQLK SURPMHQ
YHUL X] NOLPDWVNH XYMHWH L] UDQLMHJ UD]J]GREOMD 2V
RSWHUHUHQMD XRpHQH VX L QD PMHWXWQPPMMI) IN RWARE D L@ WN
LIPLMHQMHQD SRGUXpMD X QHSRVUHGQRM EOL]JLQL 2YL U
XWMHFDMD NOLPDWVNLK XYMHWD R NODVDPD QDPMHQH ]H
RGYRMLWL WD GYD XWMH BieiM DpdEanih $pregax DakE Qi irotjenw H U

XpLOQNRYLWRVWL LPSOHPHQWDFLMH RGUHYHQH PMHUH SUL
NRULVWLWL RGJRYDUDMXiUH NOLPDWVNH XYMHWH WM SUF
PRAH GDWL QHAWIKGWRWH IOMHR NDGD VH NRULVWH EXGXUL

=D SRWUHEH SURFMHQH RPpHNLYDQRJ WRSOLQVNRJ RSWEF
NRULAWHQH VX VLPXODFLMH GRVMREEYHa sceraweDdmisij® LFLMELC
VWDNOHQLpPNLK iSRCREHRKAD rde&ehtno razdoblje odabrano je 1982010.,
GRN MH EOLAD EXGXUQRVW SUHG VWD YADNDHITID EXEREAREROMWNA P
1D WHPHOMX XVSRUHGEH SRGDWDND R WHPSHUDWXUL ]U
odabranih egionalnih modela s izmjerenim podacima na postaji Zalytaksimir u razdoblju
1981. £2010., pokazano je kako je simulirana temperatura zraka uglavnom podcijenjena u
XVSRUHGEL V PMHUHQMLPD QR LSDN VX ]D YHULQX RGDEULI
5SHODWLYQD YODaQRVW X SURVMHNX MH SUHFLMHQMHQD
toplijem. Brzina vjetra je u svim modelima tijekom cijele godine precijenjena. Zbog navedenih
RGVWXSDQMD L]YUEGHQD MH NRUHNFL NeBecxbasebnV Re2auidiV WL |C
modela MUKLIMO_3 u kombinaciji s kuboidnom metodom gdje su kao informacija o
NOLPDWVNLP XYMHWLPD NRUL&WH®L XNDNRUVXJIQDD QYD AQYRGE IV
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SULVWUDQRVWL UH]XOWDWD PRGHODMHRQWURW®YQ R BRIOMWDR
NOLPDWVNL XYMHWL NRULGAWHQLODRMHRIHQ L3RG BMHD RSRM
WRSOLQVNRJ RSWHUHUHQMD ]QDWQR SRGFLMHQMHQD NDR
je manja prostorna varijabilnost poljaisporedbi s kontrolnim poljem rezultat prejakog vjetra.
I1DNRQ NRUHNFLMH SULVWUDQRVWL |]D VYH UHJLRQDOQH PF
UHODWLYQR MH VOLPQR NRQWUROQRP SROMX 'RGDWQR MH
naproFMHQX SURPMHQD WRSOLQVNRJ RSWHUHUHQMD 2SUHQL
RpHNLYDQRP RSWHUHUHQMX SURFLMHQMHQRP NRULaAWHQMH
modela, osim za scenarij RCP8.5 u kasnijem projekcijskom razdoblju kadaszlike ipak
LIJUDAHQLMH 8 SURVMHNX VYL PRGHOL XND]J]XMX QD SRUDV
SUL pHPX MH SRUDVW L]UD&aH Q#2070. teluzsdenat) REAR8.3JD]GREOMH

'DNOH GHWHNWLUDQH SURPMHQH XOMOLREWIBDUHHEQ WD K
WRSOLMRM NOLPL XND]XMX QD SRWUHEX GRQRaAHQMD PM
SURPMHQD EXGXuL GD NOLPD D VDPLP WLPH L QMHQH SUF
SRSXW J]JGUDYOMD 7RPDVRYLU L VRNLV =DREYRYEKX L (BB
HQHUJLMH QSU &YLWDQ L 6RNRO -XUNRYLU .RORNRWU
sur. 2020), turizam (Matzarakis i sur. 2012), infrastrukturu (Croce i sur. 2019), itd. Jedna od
PRIXUQRVWL MH JOREMN@RIVMDVYDMNAMW HBLVLMH VWDNOHQLpT
SRNXabwL VOLMHGLWL 5&3 VFHQDULM 'UXJL QDpLQ MH S
ODN&H XWMHFDWL 1D WHPHOMX UHDOQLK VLWXDFLMD QDI
razdobOMX SRND]DQR MH NDNR MH QDMYHUL SRUDVW RSWHUHZU
VYHIHWDFLMRP |IDPLMHQMHQD L]JUDYHQLP NODVDPD GRN I
SURPMHQX QDPMHQH JHPOMLaAWD 7L UH]XOWDRaéhe LQGLU
LQIUDVWUXNWXUH QD VPDQMHQMH WRSOLQVNRJ RSWHUHUH
QDPMHQH JHPOMLAWD NDR L VDPD ORNDFLMD XWMHpPpX QD D
VH SRYH]DWL V UH]XOWDWAIdtse i SW.L(RDD | DIGLMPH XMEX GIREDY HQL
XPLOQNRYLWRVW JHOHQH LQIUDVWUXNWXUH X VLWXDFLMDPD
LVWRP SURPMHQRP DOL NRMD MH GLVORFLUDQD QD YLa&H X
RYRP LVWUDALYDQMXPNRH XVORD Q Bl LWWXIA Xlp XO'NRMWLMW RVW JHOH
MH SUL SODQLUDQMX WDNYLK PMHUD YDaAaQR RVLIJXUDWL VX
YRGRP EXGXuL GD VH QD SRGUXpMX =DJUHED X EXGXUQRVW
prosicka (MDULQRYLU L VXU 2VLP WRJD YHuUL XGLR JHOH
propusnog tla, doprinosi smanjenju rizika od urbanih poplava. To je posebno bitno i za Zagreb
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JGMH MH GHWHNWLUDQD J]QDpDMQD LQWHQ]LIbNiDavliiaM D N U D \
u toplijem dijelu godine (Nimac i sur. 2022a).

SURYHGHQR LVWUDALYDQMH L RYGMH SULND]DQL UH]XO
JubGD =DJUHED NRMD MH RSUHQLWR SRVWDOD WRSOLMD '
globalnog zatopljeja, a drugim dijelom uslijed urbanizacije i lokalnih promjena u gradu.
1DGDOMH WRSOLQVNR RSWHUHUHQMH SRG XWMHFDMHP MH
utiecaj NAGD L VXA4QLK UD]JGREOMD D WDNRYHU PR&aHPR RpHI
opteUHUHQMD X EXGXUQRVWL 6WRJD MH QXaQR YRGLWL UL
SRYH]DQLK QHAHOMHQLK SRVOMHGLFD 2YDM MH UDG XND]D
NRMH XEODaDYDMX QHXJRGQH NOLPDWVNH XYKHWH LPpOQDL
YRGH |]D QMLKRYR QDYRGQMDYDQMH WLMHNRP VXaQLK UD]C

2YLP MH UDGRP GRWDNQXW QL] YDAQLK SUREOHPD YH]D
SURPMHQH L IDNWRUH NRML QD QMX An¢ Mtrbpl¥ nea GoyaX JH VW
SLWDQMD 2VLP GXJRURpPQLK L VHIRQVNLK XWMHFDMD DQDO
EL DQDOL]D XWMHFDMD UD]JOLpLWLK YUHPHQVNLK WLSRYD
pomogli u trenutnoj reakcijisustavaX VPLVOX XSR]JRUHQMD V RE]JLURP QD N
SURJQR]X 7DNRYyHU X RYRP MH UDGX DQDOL]JLUDQ XWMHFL
XYMHWLPD X RGQRVX QD VLWXDFLMX X SURAORVWL 2G LQW
EXGXWQRWPDMXiUL X REJLU RpHNLYDQH SURPMHQH VWUXNYV
mjera prilagodbe) i klimatske promjene.
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8. PRILOZI

TablicaS1.ODVH QDPMHQH JHPOMLAWD QD SRGUXpMX =DJUHED
L

Opis LU Opis
klasa klasa
1 |[SHJLGHQFLMDOQD SRGU| 16 |AHOMH]QLFH
JXVWRiUH L]JJUDYHQRV WL
2 |5SHJLGHQFLMDOQD SRGU| 18 2GODJDOLAWD
L]JJUDYHQRVWL
3 |5H]JLGHQFLMDOQD SRGU| 19 *UDGLOLAWD
L]JJUDYHQRVWL
4 |5H]LGHQFLMDOQD SRGU| 20 Zemljabez namjene
LJIJUDYyHQRVWL
5 |5HJLGHQFLMDOQD SRGU| 21 Parkovi
L]JJUDYHQRVWL
' 6 |OMHERYLWD UBRGUWQME 22 Groblja
| 7 |[Staragradska jezgra 23 |6SRUWVNL REMHNWL V
8 |ndustrija 24 6SRUWVNL REMHNWL E
\ 9 \Poslovnazona 25 |3DAQMDFL
| 10 [*6KRSSLQJ" FHQWUL 26 |[3BROMRSULYUHGQD SRG
o1 \Javne institucije 27 |[3BROMRSULY UH@GgRCIHR G
| 12 Vojni objekti 28 |aXPH
. 13 [Energetski objekti 29 Grmolika vegetacija
14 [Ceste 31 |Vode
15 [3DUNLUDOLAWD

97



Slka S1'LJLWDOQL PRGHO UHOMHID KRULJRQWDOQH UH]ROXF|
klimatskog modeliranja.

SliknS28pHVWDORVW SRMDYOMLYDQMD DSVROXWQLK D PLQLP
na postajama ZagrebULp =** Maldintt E(ZGM), ZagrebPleso (ZGP) i
Puntijarka (PUN) u razdoblju 196#2019.
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Slika S38pHVWDORVW SRMDYOMLYDQMD D OHGHQLK GDQD '
) L G WURSVNLK QRiUL 75*Wip SKRVW CiMNpRsSEE EZEG\)U H E
ZagrebPle® (ZGP) i Puntijarka (PUN) u razdoblju 19662019.
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Slika S4 QUHPHQVNL QL] EURMD D JLPVNLK KODGQLK QRUuUL E
KODGQLK GDQD G JLPVNLK WRSOLK GDQD H OMHWQLK K
hladnih dana iKk OMHWQLK WRSOLK GDQD GHILQLUDQLK SUHPD
referentnog razdoblja 1961 1990. na postajama ZagrebULp =** Malddintit E
(ZGM), ZagrebPleso (ZGP) i Puntijarka (PUN) u razdoblju 1962019.
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Slika S5Vremenski nzEURMD D JLPVNLK KODGQLK QRUOL E ]JLPVNL
KODGQLK GDQD G JLPVNLK WRSOLK GDQD H OMHWQLK K
KODGQLK GDQD L K OMHWQLK WRSOLK GDQD GHILQLUDQ
referentnog razdoblja 1981+2010. na postajama ZagrebULp =** Malddintit E
(ZGM), ZagrebPleso (ZGP) i Puntijarka (PUN) u razdoblju 1962019.
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Slika S6 QUHPHQVNL QL] EURMD D JLPVNLK KODGQLK QRUuUL E
hladnihdaQD G JLPVNLK WRSOLK GDQD H OMHWQLK KODGQL
KODGQLK GDQD L K OMHWQLK WRSOLK GDQD GHILQLUDQ
referentnog razdoblja 19612019. na postajama ZagrebULp =** Malddhil E
(ZGM), ZagrebPleso (ZGP) i Puntijarka (PUN) u razdoblju 1962019.
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Slika S7Zimski (lijevo) i ljetni (desno) indeks Sjeveratlantske oscilacije (NAO) u razdoblju
1949.2019. Crna linijja predstavlja3RGLaAQML NOL]QL ELQRPQL VUHGQMEL

Slika S8Zimsko-proljetni (lijevo) i ljetni (desno) standardizirani oborinski evapotranspiracijski
indeks (SPEI) procijenjen na temelju podataka s postaje Zap&bimir u razdoblju
1949.2019. Crna linija predstavlja3 RGLaAQML NOL]QL ELQRPQL VUHGQMEL
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Slika S9a Odnos sortiranih vrijednosti temperature zraka iz regionalnog modela CLM
forsiranog globalnim modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti

S postaje ZagreMaksimir u razdoblju 1981+2010.

Slika S9b Odnos sortiranih vrijednostiemperature zraka iz regionalnog modela RCA
forsiranog globalnim modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti
S postaje ZagreMaksimir u razdoblju 1981+2010.

104



Slika S9c Odnos sortiranih vrijednosti temperature zraka iz regmowlmodela RCA
forsiranog globalnim modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti

S postaje ZagreMaksimir u razdoblju 1981+2010.

Slika S10a 2GQRYV VRUWLUDQLK YULMHGQRVWL UHODWLYQH Y
forsiranog ¢pbalnim modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti
S postaje ZagreMaksimir u razdoblju 1981+2010.
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Slika S10b 2GQRV VRUWLUDQLK YULMHGQRVWL UHODWLYQH Y(
forsiranog globalnim modelom CN (liye) i MP (desno) u odnosu na izmjerene vrijednosti

S postaje ZagreMaksimir u razdoblju 1981+2010.

Slika S10c 2GQRV VRUWLUDQLK YULMHGQRVWL UHODWLYQH Y
forsiranog globalnim modelom CN (lijevo) i MP (desno) u odnasizmjerene vrijednosti
S postaje ZagreMaksimir u razdoblju 1981+2010.
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Slika S11aOdnos sortiranih vrijednosti brzine vjetra iz regionalnog modela CLM forsiranog
globalnim modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti gegposta
ZagrebMaksimir u razdoblju 1981+2010.

Slika S11bOdnos sortiranih vrijednosti brzine vjetra iz regionalnog RCA forsiranog globalnim
modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti s postaje Zagreb
Maksimir u razdoblju 1981+2010.
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Slika S11cOdnos sortiranih vrijednosti brzine vjetra iz regionalnog modela REG forsiranog
globalnim modelom CN (lijevo) i MP (desno) u odnosu na izmjerene vrijednosti s postaje
ZagrebMaksimir u razdoblju 1981+2010.
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