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INTRODUCTION

The atlas is based on monthly mean data for the main climatic parameters: mean air
temperature, maximum temperature, minimum temperature, cloudiness, sunshine
duration, air pressure, wind, relative humidity, precipitation, and snow-cover depth,
recorded at 155 meteorological stations.

The WMO defines standard climatological normals as 30-year periods updated every
decade, while 1961-1990 remains an important reference period for assessing long-term
climate change. 1991-2020 is the most recent observed climatological normal, and 2021-
2050 is presented as a projection period constructed on the basis of RCP4.5 / CORDEX -
ALADIN.

RCP4.5 is a stabilization pathway used in CMIP5/CORDEX climate experiments. In this atlas
it provides the forcing scenario under which the regional projections are interpreted. The
CORDEX-ALADIN family consists of high-resolution regional climate models (RCMs)
developed by adapting the ALADIN numerical weather prediction model for long-term
climate simulations within the international CORDEX initiative. The outputs for 2021-2050
are derived from simulations specifically configured to capture high-resolution
atmospheric processes. These data provide a detailed representation of local climate
interactions and extreme events, offering a robust foundation for regional impact
assessments.

Chapters 2-5 of the atlas comprise 780 maps at various scales, 35 tables, and 95
profiles/graphs distributed by specific parameters and across the three climatological
normal periods. Chapter 6 includes summary data tables for the three normal periods for
each analyzed climate parameter across 62 meteorological stations, accompanied by
indices to capture the changes between normal periods and their statistical significance.
Tables for the remaining 93 meteorological stations are also available and can be accessed
via the specified link.

We would like to believe that the scientific content is relevant and of interest to
researchers, specialists, students, and institutions interested in the fields of climatology,
geography, environmental science, and climate change.

The development of this atlas was made possible through the support of the “Geographia
Technica” Association.

INTRODUCERE

Atlasul se bazeaza pe date medii lunare pentru principalii parametri climatici: temperatura
medie a aerului, temperatura maxima, temperatura minima, nebulozitatea, durata de
stralucire a Soarelui, presiunea atmosferica, vantul, umiditatea relativa, precipitatiile si
grosimea stratului de zapada3, inregistrate la 155 de statii meteorologice.

OMM defineste normalele climatologice standard ca perioade de 30 de ani actualizate o
data la fiecare deceniu, in timp ce 1961-1990 raméane o perioada importanta de referinta
pentru evaluarea schimbarilor climatice pe termen lung. 1991-2020 este cea mai recenta
normala climatologica observata, iar 2021-2050 este prezentata ca perioada de proiectie
construita pe baza RCP4.5 / CORDEX - ALADIN.

RCP4.5 este un scenariu de stabilizare utilizat in experimentele climatice CMIP5/CORDEX.
in acest atlas, acesta oferd scenariul de fortaj in functie de care sunt interpretate
proiectiile regionale. Familia CORDEX-ALADIN grupeaza modele climatice regionale (RCM)
de inalta rezolutie, dezvoltate prin adaptarea modelului numeric de prognoza meteo
ALADIN pentru simulari climatice pe termen lung in cadrul initiativei internationale
CORDEX. Rezultatele pentru perioada 2021-2050 sunt derivate din simulari configurate
specific pentru a surprinde procese atmosferice la rezolutie inalta. Aceste date ofera o
reprezentare detaliata a interactiunilor climatice locale si a fenomenelor extreme,
constituind o baza robusta pentru studiile de impact regional.

Capitolele 2 -5 ale atlasului insumeaza 780 de harti la diferite scari, 35 de tabele si 95 de
profile/grafice distribuite pe parametrii specifici si pe cele 3 perioade normale. Capitolul
6 cuprinde tabele de date sintetice pe cele 3 perioade normale pentru fiecare parametru
climatic analizat de la 62 de statii meteorologice, insotite de indicii pentru a surprinde
schimbarea dintre perioadele normale si semnificatia ei statistica. Exista tabele si pentru
celelalte 93 de statii meteorologice si pot fi accesat prin linkul specificat.

Avem incredere ca acest continut stiintific va fi de o reala relevanta si un real interes
pentru cercetatori, specialisti, studenti si institutii active in domeniile climatologiei,
geografiei, stiintei mediului si schimbarilor climatice.

Realizarea acestui atlas a fost posibila cu sprijinul acordat de Asociatia ,Geographia
Technica”






MAPS AND PROFILES OF MULTIANNUAL MEAN PARAMETERS



Combined elevation and mean annual temperature profile Difference maps






Combined elevation and maximum annual temperature profile Difference maps






Combined elevation and minimum annual temperature profile Difference maps
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Combined elevation and mean cloud cover profile Difference maps
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Combined elevation and annually cummulated sunshine duration profile Difference maps
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Combined elevation and mean atmospheric pressure profile Difference maps
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Combined elevation and mean wind speed profile Difference maps
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Combined elevation and mean relative humidity profile Difference maps
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Combined elevation and annually cummulated precipitation profile Difference maps
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Combined elevation and annually cummulated snowdepth profile Difference maps
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EXPLANATION

The main cartographic source consists of maps for each climatic parameter for the periods 1961-1990,
1991-2020, and 2021-2050, tables showing the areas of legend classes, combined climate-parameter-
altitude profiles, and maps of differences between periods.

The analysis follows three complementary levels: the spatial distribution of each parameter in 1961-
1990, the observed change in 1991-2020 compared with 1961-1990, and the projected signal for 2021-
2050 compared with 1991-2020. For each parameter, both the transfer of areas between legend
classes and the logic of the vertical climate-parameter-altitude profile were examined. This dual
criterion is important because Romania has a concentric and highly contrasting morphological
structure: the Carpathians form the main orographic core, surrounded by hills, plateaus, and plains,
while altitudinal differences strongly modify temperature, pressure, cloudiness, precipitation, and
Snow cover.

In order to compare parameters expressed in different units, a simple index of area redistribution
between legend classes was calculated: half of the sum of the absolute area differences between two
periods, divided by the total area. The indicator does not directly measure the physical intensity of
change; rather, it shows how much the cartographic class structure changes. It is useful for identifying
the parameters for which the maps undergo the strongest reorganization.

Table 1. Area redistribution index by legend class

Parameter Observed Projected Total

redistribution (%) | redistribution (%) | redistribution (%)
Multiannual mean relative humidity 34.9 62.8 71.6
Multiannual mean wind speed 14.8 41.9 30.6
Multiannual mean precipitation amount 4.1 25.9 21.8
Multiannual mean atmospheric pressure 0.5 11.2 11.6
Multiannual maximum temperature 14.9 7.8 16.8
Multiannual minimum temperature 24.9 7.2 30.4
Multiannual mean temperature 16.2 5.4 20.2
Multiannual mean cloudiness 10.6 5.3 15.1
Multiannual mean sunshine duration 27.8 4.7 31.2
Multiannual mean snow-cover depth (October-April) 1.8 0.3 1.7

Legend for Table 1. Observed redistribution = class structure change between 1961-1990 and 1991-2020. Projected redistribution =
class structure change between 1991-2020 and 2021-2050. Total redistribution = class structure change between 1961-1990 and
2021-2050, calculated directly between the two extreme periods.

The formula used is: R = 1/2 X Y|A;(t;) — A;(t)|/Avorar X 100, where A represents the area. Total redistribution is not the
arithmetic sum of the observed and projected redistributions, as class transfers may partially offset each other between intervals.

In the observed change from 1961-1990 to 1991-2020, the largest redistributions occur for relative
humidity, sunshine duration, minimum temperature, and mean/maximum temperature. This
combination shows that the recent period is characterized not only by warming, but also by a radiative-
hygric modification: more insolation, lower relative humidity, and higher minimum temperatures.
Precipitation has a smaller observed redistribution at national scale, which does not exclude important
regional differences, while snow cover shows a relatively small areal change, although it remains
climatically important at medium altitudes.

In the 2021-2050 projection compared with 1991-2020, the order changes. Relative humidity becomes
by far the parameter with the largest redistribution, followed by wind speed and precipitation. This
triad indicates a possible drier regime, with less humid air, lower mean annual precipitation, and a
wind field reorganized toward moderate speeds. Temperature continues to change, but the transition
between classes is smaller than in 1991-2020 because much of the country is already within warm
classes. Cloudiness and sunshine duration continue the tendency toward atmospheric clearing, but
with more moderate class changes than those observed in the recent past.
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EXPLICATII

Sursa cartografica principald consta in harti pentru fiecare parametru climatic, pentru perioadele 1961-
1990, 1991-2020 si 2021-2050, tabele care prezinta suprafetele claselor de legenda, profile combinate
parametrul climatic-altitudine si harti ale diferentelor dintre perioade.

Analiza urmareste trei niveluri complementare: distributia spatiala a fiecarui parametru in 1961-1990,
schimbarea observata ih 1991-2020 fata de 1961-1990 si semnalul proiectat pentru 2021-2050 fata de
1991-2020. Pentru fiecare parametru au fost examinate atat transferul suprafetelor intre clasele de
legenda, cat si logica profilului vertical parametrul climatic-altitudine. Acest criteriu dublu este
important deoarece Romania are o structura morfologica concentrica si foarte contrastanta: Carpatii
formeaza nucleul orografic principal, inconjurat de dealuri, podisuri si campii, iar diferentele
altitudinale modifica puternic temperatura, presiunea, nebulozitatea, precipitatiile si stratul de
zapada.

Pentru a compara parametri exprimati Tn unitati diferite, a fost calculat un indice simplu de
redistribuire a suprafetelor intre clasele de legenda: jumatate din suma diferentelor absolute ale
suprafetelor claselor dintre doua perioade, impartita la suprafata totala. Indicatorul nu masoara direct
intensitatea fizica a schimbarii; el arata mai degraba cat de mult se modifica structura cartografica pe
clase. Este util pentru identificarea parametrilor pentru care hartile sufera cea mai puternica
reorganizare.

Tabelul 1. Indicele de redistribuire a suprafetelor pe clase de legendd

Parametru Redistribuire Redistribuire Redistribuire
observata (%) | proiectata (%) totala (%)

Umiditate relativda medie multianuald 34.9 62.8 71.6
Viteza medie multianuala a vantului 14.8 41.9 30.6
Cantitatea medie multianuala de precipitatii 4.1 25.9 21.8
Presiunea atmosferica medie multianuala 0.5 11.2 11.6
Temperatura maxima multianuala 14.9 7.8 16.8
Temperatura minima multianuala 24.9 7.2 30.4
Temperatura medie multianuala 16.2 5.4 20.2
Nebulozitatea medie multianuala 10.6 5.3 15.1
Durata medie multianuala de stralucire a Soarelui 27.8 4.7 31.2
Grosimea medie multianuala a stratului de zapada (oct-apr) 1.8 0.3 1.7

Legendd pentru Tabelul 1. Redistribuire observatd = schimbarea structurii pe clase intre 1961-1990 si 1991-2020. Redistribuire
proiectatd = schimbarea structurii pe clase intre 1991-2020 si 2021-2050. Redistribuire totald = schimbarea structurii pe clase intre
1961-1990 si 2021-2050, calculatd direct intre cele doud perioade extreme.

Formula folositd este: R = 1/2 X Y|A;(t3) — A;(t )|/ Asorar X 100, unde A reprezintd aria. Redistribuirea totald nu este suma
aritmeticd a redistribuirii observate si a celei proiectate, deoarece transferurile dintre clase se pot compensa partial intre intervale.

n schimbarea observata de la 1961-1990 la 1991-2020, cele mai mari redistribuiri apar la umiditatea
relativa, durata de stralucire a Soarelui, temperatura minima si temperatura medie/maxima. Aceasta
combinatie arata ca perioada recenta este caracterizata nu numai prin incalzire, ci si printr-o modificare
radiativ-higrica: mai multa insolatie, umiditate relativa mai scazuta si temperaturi minime mai ridicate.
Precipitatiile au o redistribuire observata mai mica la scara nationala, ceea ce nu exclude diferente
regionale importante, iar stratul de zapada arata o schimbare areala relativ redusa, desi ramane
important climatic la altitudini medii.

n proiectia 2021-2050 comparats cu 1991-2020, ordinea se modifici. Umiditatea relativd devine de
departe parametrul cu cea mai mare redistribuire, urmata de viteza vantului si de precipitatii. Aceasta
triada indica un posibil regim mai uscat, cu aer mai putin umed, precipitatii medii anuale mai reduse
si un camp al vantului reorganizat spre viteze moderate. Temperatura continuad sa se modifice, dar
tranzitia intre clase este mai mica decat in 1991-2020, deoarece o mare parte a tarii se afla deja in
clase calde. Nebulozitatea si durata de stralucire a Soarelui continua tendinta catre o atmosfera mai
senina, dar cu schimbari de clasa mai moderate decéat cele observate in trecutul recent.



Figure 1. Observed and projected redistribution of areas by legend class.

Spatially, the largest changes with potentially high impact are concentrated in low and intermediate
units: the Romanian Plain, the Western Plain, the Moldavian Plateau, the Dobrogea Plateau, the
Danube Delta, and the Getic Plateau. These units have low or medium elevations, high temperatures,
long sunshine duration, declining relative humidity, and a projected reduction in precipitation. In these
areas, the risk of climatic aridization may intensify, especially when temperature increase is combined
with the decrease in relative humidity and the expansion of the <400 mm precipitation class.

In mountainous units, the changes are expressed differently. The Southern Carpathians, Eastern
Carpathians, and Apuseni Mountains remain the coldest, cloudiest, most humid areas, richest in
precipitation and snow cover, but the thresholds shift altitudinally. Cold thermal classes contract, very
high precipitation classes decrease sharply in the projection, and thick snow-cover classes decline
slightly after 1991-2020. Thus, the mountains do not become similar to the plains, but they lose part
of the climatic contrast that differentiates them.

The Subcarpathians, the Western Hills, the Transylvanian Plateau, and the Getic Plateau are transition
zones and, for this reason, are sensitive to threshold migration. A temperature increase or a
precipitation decrease can shift these units from a relatively favorable climatic regime toward a more
pronounced water-stress regime. In terms of snow, the critical zone is not necessarily the highest
summit, but the medium altitudinal belt, where slight warming changes the snow/rain ratio and the
duration of snow-cover persistence.

In conclusion, the largest projected changes cannot be reduced to air temperature alone. The
dominant signal is a combination of warming, greater sunshine, much lower relative humidity, and
reduced mean annual precipitation. The smallest areal changes occur for snow cover and, in the
observed period, for atmospheric pressure; however, these parameters are strongly linked to altitude
and may have important local effects. The atlas therefore shows a Romania that is climatically warmer,
sunnier, and potentially drier in the lowlands, while the mountain domain remains distinct but with
climatic belts shifted toward higher altitudes.
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Figura 1. Redistribuirea observatd si proiectatd a suprafetelor pe clase de legendd

Spatial, cele mai mari schimbari cu impact potential ridicat se concentreaza in unitatile joase si
intermediare: Campia Romana, Campia de Vest, Podisul Moldovei, Podisul Dobrogei, Delta Dunarii si
Podisul Getic. Aceste unitati au altitudini joase sau medii, temperaturi ridicate, durata mare de
stralucire a Soarelui, umiditate relativd in scidere si o reducere proiectatd a precipitatiilor. in aceste
regiuni, riscul de aridizare climatica se poate intensifica, mai ales atunci cand cresterea temperaturii
se combina cu scaderea umiditatii relative si cu extinderea clasei de precipitatii <400 mm.

n unitdtile montane, schimbdrile se exprima diferit. Carpatii Meridionali, Carpatii Orientali si Muntii
Apuseni raman cele mai reci, mai noroase, mai umede arii, cele mai bogate in precipitatii si strat de
zapada, dar pragurile se deplaseaza altitudinal. Clasele termice reci se contracta, clasele cu precipitatii
foarte ridicate scad accentuat n proiectie, iar clasele cu strat gros de zapada se reduc usor dupa 1991-
2020. Astfel, muntii nu devin asemanatori campiilor, dar pierd o parte din contrastul climatic care fi
diferentiaza.

Subcarpatii, Dealurile de Vest, Podisul Transilvaniei si Podisul Getic sunt zone de tranzitie si, din acest
motiv, sunt sensibile la migrarea pragurilor. O crestere a temperaturii sau o scadere a precipitatiilor
poate deplasa aceste unitati de la un regim climatic relativ favorabil catre un regim de stres hidric mai
pronuntat. in ceea ce priveste zdpada, zona criticd nu este neapérat varful cel mai nalt, ci etajul
altitudinal mediu, unde o usoara incalzire modifica raportul ninsoare/ploaie si durata persistentei
stratului de zapada.

n concluzie, cele mai mari schimbdri proiectate nu pot fi reduse doar la temperatura aerului. Semnalul
dominant este o combinatie intre incalzire, insolatie mai mare, umiditate relativd mult mai scazuta si
reducerea precipitatiilor medii anuale. Cele mai mici schimbari areale apar la stratul de zapada si, in
perioada observata, la presiunea atmosferica; totusi, acesti parametri sunt puternic legati de altitudine
si pot avea efecte locale importante. Atlasul arata, asadar, o Romanie climatic mai calda, mai nsorita
si potential mai uscata in zonele joase, in timp ce domeniul montan ramane distinct, dar cu etaje
climatice deplasate catre altitudini mai mari.



MAPS AND PROFILES OF MULTIANNUAL MEAN PARAMETERS FOR THE MAXIMA AND MINIMA MONTHS
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Combined elevation and mean temperature profile - July Difference maps
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Combined elevation and mean temperature profile - January Difference maps
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Combined elevation and maximum temperature profile - July Difference maps
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Combined elevation and maximum temperature profile - January Difference maps
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Combined elevation and minimum temperature profile - July Difference maps
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Combined elevation and minimum temperature profile - January Difference maps
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Combined elevation and mean cloud cover profile - December Difference maps
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Combined elevation and mean cloud cover profile - August Difference maps
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Combined elevation and cummulated sunshine duration profile - July Difference maps
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Combined elevation and cummulated sunshine duration profile - December Difference maps
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Combined elevation and mean atmospheric pressure profile - October Difference maps
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Combined elevation and mean atmospheric pressure profile - April Difference maps
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Combined elevation and mean wind speed profile - March Difference maps
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Combined elevation and mean wind speed profile - August Difference maps
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Combined elevation and mean relative humidity profile - November Difference maps
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Combined elevation and mean relative humidity profile - August Difference maps
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Combined elevation and cummulated precipitation profile - June Difference maps
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Combined elevation and cummulated precipitation profile - February Difference maps
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Combined elevation and cummulated snow depth profile - February Difference maps
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Combined elevation and cummulated snow depth profile - April Difference maps
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Combined elevation and cummulated snow depth profile - October Difference maps
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EXPLANATION

The main cartographic source consists of maps for the maximum and minimum months of each
climatic parameter for the periods 1961-1990, 1991-2020, and 2021-2050, tables showing the areas
of legend classes, combined climate-parameter-altitude profiles, and maps of differences between
periods.

For temperature, the months analyzed are July and January; for cloudiness, December and August; for
sunshine duration, July and December; for pressure, April and October; for wind, March and August;
for relative humidity, November and August; for precipitation, June and February; and for snow cover,
February, October, and April. The 2021-2050 period is treated as an RCP4.5 / CORDEX - ALADIN climate
projection, not as an observed normal.

The interpretation of the changes is based on three elements: the displacement of areas between
legend classes, the difference maps 1991-2020 minus 1961-1990 and 2021-2050 minus 1991-2020,
and the combined parameter-altitude profiles.

For a synthetic comparison of the parameters, an indicative redistribution index between classes was
calculated: half of the sum of the absolute changes in class areas, divided by the total map area. The
indicator does not represent a pixel-by-pixel change, but rather the intensity of the movement of areas
between legend classes. High values indicate that a large part of the national territory shifts into other
climatic classes between 1961-1990 and 2021-2050.

The largest changes occur for relative humidity and wind speed. Relative humidity provides the most
coherent climatic signal: a massive decrease in August and an important reduction in November. Wind
shows a very large numerical redistribution, but it is also the parameter most sensitive to model
resolution and parameterizations, and must therefore be checked carefully against station data and
the climate products used.

Table 2. Area redistribution index by climatic significance

Parameter GG LT 2 s R S Climatic significance
>2021-2050
Relative humidity =71% largest change; strong aridization, especially in August
Wind speed very large redistribution in the projection; cautious
=57% interpretation is required because of the sensitivity of wind

modeling
Minimum ~A5% strong warming of nights, reduction of frost and of cool
temperature summer nights
Mean temperature =40% general warming, especially in winter
Maximum ~36% increase in summer maxima and positive winter maxima
temperature
Precipitation =30% drying in June and February; contraction of wet classes
Sunshine duration =27% increase in sunshine, especially in summer and in December
Cloudiness =20% moderate decrease in cloudiness, clearer in August
Atmospheric pressure =10% limited changes; dominant altitudinal control
Snow cover ~6% small national areal change, but altitudinally important in the

Carpathians

Legend for Table 2. The total redistribution index between 1961-1990 and 2021-2050 represents the direct comparison between the
class distribution of the 1961-1990 reference period and the class distribution of the 2021-2050 projection. The index does not indicate
an annual redistribution, nor does it represent the sum of the changes from 1961-1990 - 1991-2020 and 1991-2020 - 2021-2050.
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EXPLICATII

Sursa cartografica principald consta in harti pentru lunile de maxim si de minim ale fiecarui parametru
climatic, pentru perioadele 1961-1990, 1991-2020 si 2021-2050, tabele care prezinta suprafetele
claselor de legenda, profile combinate parametrul climatic-altitudine si harti ale diferentelor dintre
perioade.

Pentru temperatura, lunile analizate sunt iulie si ianuarie; pentru nebulozitate, decembrie si august;
pentru durata de stralucire a Soarelui, iulie si decembrie; pentru presiune, aprilie si octombrie; pentru
vant, martie si august; pentru umiditatea relativa, noiembrie si august; pentru precipitatii, iunie si
februarie; iar pentru stratul de zapada, februarie, octombrie si aprilie. Perioada 2021-2050 este tratata
ca proiectie climatica RCP4.5 / CORDEX - ALADIN, nu ca normala observata.

Interpretarea schimbarilor se bazeaza pe trei elemente: deplasarea suprafetelor intre clasele de
legenda, hartile diferentelor 1991-2020 minus 1961-1990 si 2021-2050 minus 1991-2020, precum si
profilele combinate parametrul climatic-altitudine.

Pentru o comparatie sintetica a parametrilor, a fost calculat un indice indicativ de redistribuire intre
clase: jumatate din suma schimbarilor absolute ale suprafetelor claselor, impartita la suprafata totala
a hartii. Indicatorul nu reprezinta o schimbare pixel cu pixel, ci intensitatea deplasarii suprafetelor intre
clasele de legenda. Valorile ridicate indica faptul ca o mare parte a teritoriului national trece in alte
clase climatice intre 1961-1990 si 2021-2050.

Cele mai mari schimbari apar la umiditatea relativa si la viteza vantului. Umiditatea relativa ofera cel
mai coerent semnal climatic: o scadere masiva in august si o reducere importanta in noiembrie. Vantul
arata o redistribuire numerica foarte mare, dar este si parametrul cel mai sensibil la rezolutia modelului
si la parametrizari, motiv pentru care trebuie verificat cu atentie in raport cu datele de la statii si cu
produsele climatice utilizate.

Tabelul 2. Indicele de redistribuire a suprafetelor dupd semnificatia climatica

Indice de redistribuire totala
Parametru intre 1961-1990 si 2021-2050 Semnificatie climatica
(%)
- o cea mai mare schimbare; aridizare puternica,
Umiditate relativa =71% . N P
mai ales Tn august
redistribuire foarte mare in proiectie; este
Viteza vantului =57% necesara o interpretare prudenta din cauza
sensibilitatii modelarii vantului
. Tncalzire accentuata a noptilor, reducerea
Temperatura minima =45% N .. . ,p' <
inghetului si a noptilor racoroase de vara
Temperatura medie =40% incdlzire generala, mai ales iarna
L cresterea maximelor de vara si a maximelor
Temperatura maxima =36% e L
pozitive de iarna
e uscaciune mai accentuata in iunie si februarie;
Precipitatii =30% . ’
contractia claselor umede
o . cresterea duratei de stralucire a Soarelui, mai
Durata de stralucire a Soarelui =27% ’ o .
ales vara si in decembrie
. scadere moderata a nebulozitatii, mai evidenta
Nebulozitate =20% N ’
in august
Presiune atmosferica =10% schimbari limitate; control altitudinal dominant
. . schimbare areala mica la scara nationala, dar
Strat de zapada =6% . N L
importanta altitudinal in Carpati

Legendd pentru Tabelul 2. Indicele de redistribuire totald intre 1961-1990 si 2021-2050 inseamnd comparatia directd dintre distributia
pe clase din perioada de referintd 1961-1990 si distributia pe clase din proiectia 2021-2050. Indicele nu indicd o redistribuire anuald si
nu reprezintd suma schimbdrilor 1961-1990 -> 1991-2020 si 1991-2020 -> 2021-2050.



The thermal group shows large and consistent changes. Minimum temperatures change most strongly,
which means a reduction in the frequency and intensity of cold nights and an increase in warm summer
nights. July maxima increase mainly through the emergence of the class above 30 °C, while January
maxima increase through the expansion of positive classes. This signal is particularly clear in the
Romanian Plain, the Western Plain, Dobrogea, the Danube Delta, and the Moldavian Plateau.

Precipitation shows a smaller change than temperature or relative humidity, but it remains climatically
very relevant: wet classes retreat in June and February, while dry classes expand. Combined with
higher temperatures, greater sunshine, and lower relative humidity, this indicates an intensification of
water deficit in lowland and plateau areas. The Carpathians maintain their role as a pluviometric core,
but even there the very wet areas contract in the projection.

Smaller changes are observed for pressure and, at the national-area level, for snow. For pressure, the
explanation lies in the strong altitudinal control, which remains stable. For snow, national areas may
appear little changed because small classes dominate the map, but in the mountains the changes are
important: in February, moderate classes contract; October remains almost snow-free outside the high
massifs; and April indicates persistence or late accumulations at high elevations in the Carpathians.

The integrated signal of the maps for maximum and minimum months is one of warming, increasing
sunshine, decreasing relative humidity, and reduced precipitation in the months analyzed. In lowland
and plateau areas, these changes overlap and indicate a stronger aridization tendency than would
result from analyzing temperature separately. In the Carpathians, the changes are expressed mainly
through the vertical shift of climatic belts: higher temperatures, contraction of cold classes and snow
at medium altitudes, but persistence of snow and pluviometric cores at high elevations.
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Grupul termic arata schimbari mari si consecvente. Temperaturile minime se modifica cel mai puternic,
ceea ce Tnseamna reducerea frecventei si intensitatii noptilor reci si cresterea noptilor calde de vara.
Maximele din iulie cresc in principal prin aparitia clasei de peste 30 °C, iar maximele din ianuarie cresc
prin extinderea claselor pozitive. Acest semnal este deosebit de clar in Campia Romana, Campia de
Vest, Dobrogea, Delta Dunarii si Podisul Moldovei.

Precipitatiile aratda o schimbare mai mica decat temperatura sau umiditatea relativa, dar raman foarte
relevante climatic: clasele umede se retrag in iunie si februarie, in timp ce clasele uscate se extind.
Combinate cu temperaturi mai ridicate, cu insolatie mai mare si cu umiditate relativa mai scazuta,
aceste schimbari indica intensificarea deficitului de apa in zonele de campie si de podis. Carpatii isi
mentin rolul de nucleu pluviometric, dar chiar si acolo ariile foarte umede se contracta in proiectie.

Schimbari mai mici se observa pentru presiune si, la nivelul suprafetei nationale, pentru zapada. Pentru
presiune, explicatia consta in controlul altitudinal puternic, care ramane stabil. Pentru zapada,
suprafetele nationale pot parea putin modificate deoarece clasele mici domina harta, dar in munti
schimbarile sunt importante: in februarie se contracta clasele moderate; octombrie ramane aproape
fara zapada in afara masivelor inalte; iar aprilie indica persistenta sau acumulari tarzii la altitudini mari
in Carpati.

Semnalul integrat al hartilor pentru lunile de maxim si de minim este unul de incalzire, crestere a
duratei de stralucire a Soarelui, scadere a umiditatii relative si reducere a precipitatiilor in lunile
analizate. in zonele de caAmpie si de podis, aceste schimbdri se suprapun si indicd o tendint3 de aridizare
mai puternica decat ar rezulta din analiza separat3 a temperaturii. In Carpati, schimbarile se exprima
in principal prin deplasarea verticala a etajelor climatice: temperaturi mai ridicate, contractia claselor
reci si a zapezii la altitudini medii, dar persistenta zapezii si a nucleelor pluviometrice la altitudini mari.



MAPS OF MONTHLY MEAN AVERAGE OF PARAMETERS
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EXPLANATION

This chapter brings together the monthly maps of the main climatic parameters analyzed in the atlas
for three representative time intervals: the climatic reference period 1961-1990, the recent period
1991-2020, and the projected interval 2021-2050. Through the cartographic organization of monthly-
scale information and by maintaining the same comparative structure for each parameter, the material
provides a synthetic view of how Romania's climate regime manifests seasonally, spatially, and
temporally.

The set of maps includes ten climatic parameters essential for characterizing the atmospheric
environment: mean air temperature, mean maximum temperature, mean minimum temperature,
mean cloudiness, mean sunshine duration, mean atmospheric pressure, mean wind speed, mean
relative humidity, mean precipitation amount, and mean snow-cover depth. These indicators make it
possible both to highlight regional climatic features determined by relief, altitude, geographical
position, and continental or Pontic influences, and to trace the changes that occur between successive
climatic periods.

The ensemble of monthly maps clearly highlights the seasonal, regional, and evolutionary character of
Romania's climate. Comparing the three analyzed periods indicates a gradual but coherent
modification of the main climatic parameters, expressed differently depending on season and
geographical unit. Beyond local variations, the common element structuring the interpretation is the
general shift toward warmer, sunnier, and, in certain regions and months, drier conditions.

Overall, the monthly maps confirm that interperiod statistical change does not occur uniformly, but
through changes differentiated by season, relief, and region. The warming signal is the most coherent
and easiest to follow cartographically, whereas water-related parameters - relative humidity,
precipitation, and snow cover - express greater complexity, determined by the interaction between
temperature, atmospheric circulation, and local conditions. The most sensitive regions occur in the
low extracarpathian areas, especially in the south, southeast, and east of the country, where increasing
temperatures, declining relative humidity, and longer sunshine duration may accentuate seasonal
water stress.
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EXPLICATII

Acest capitol reuneste hartile lunare ale principalilor parametri climatici analizati in atlas pentru trei
intervale de timp reprezentative: perioada climatica de referinta 1961-1990, perioada recenta 1991-
2020 si intervalul proiectat 2021-2050. Prin organizarea cartografica a informatiei la scara lunara si prin
mentinerea aceleiasi structuri comparative pentru fiecare parametru, materialul ofera o imagine
sintetica asupra modului in care regimul climatic al Romaniei se manifesta sezonier, spatial si temporal.

Setul de harti include zece parametri climatici esentiali pentru caracterizarea mediului atmosferic:
temperatura medie a aerului, temperatura maxima medie, temperatura minima medie, nebulozitatea
medie, durata medie de stralucire a Soarelui, presiunea atmosferica medie, viteza medie a vantului,
umiditatea relativa medie, cantitatea medie de precipitatii si grosimea medie a stratului de zapada.
Acesti indicatori permit atat evidentierea particularitatilor climatice regionale determinate de relief,
altitudine, pozitie geografica si influente continentale sau pontice, cat si urmarirea schimbarilor care
apar intre perioade climatice succesive.

Ansamblul hartilor lunare evidentiaza clar caracterul sezonier, regional si evolutiv al climatului
Romaniei. Compararea celor trei perioade analizate indica o modificare treptata, dar coerentd, a
principalilor parametri climatici, exprimata diferit in functie de sezon si de unitatea geografica. Dincolo
de variatiile locale, elementul comun care structureaza interpretarea este deplasarea generala spre
conditii mai calde, mai insorite si, Tn anumite regiuni si luni, mai uscate.

Tn ansamblu, hartile lunare confirma ca schimbarea statisticd interperiodicd nu se produce uniform, ci
prin modificari diferentiate in functie de sezon, relief si regiune. Semnalul de incalzire este cel mai
coerent si cel mai usor de urmarit cartografic, in timp ce parametrii legati de apa - umiditatea relativa,
precipitatiile si stratul de zapada - exprima o complexitate mai mare, determinata de interactiunea
dintre temperaturg, circulatia atmosferica si conditiile locale. Regiunile cele mai sensibile apar in ariile
extracarpatice joase, mai ales in sudul, sud-estul si estul tarii, unde cresterea temperaturilor, scaderea
umiditatii relative si durata mai mare de stralucire a Soarelui pot accentua stresul hidric sezonier.



MAPS OF SPATIAL INDICES
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Air Pression — Annual — Interpolated maps of spatial
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Air Pression — October — Interpolated maps of spatial
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Air Pression — April — Interpolated maps of spatial indices
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Wind — Annual - Interpolated maps of spatial indices
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Wind — March - Interpolated maps of spatial indices
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Wind — August — Interpolated maps of spatial indices
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EXPLANATION

Spatial indices add important supplementary information: they no longer describe only the climatic
value or the area occupied by a class, but the spatial organization of values, namely autocorrelation,
regional coherence, the concentration of hot spots and cold spots, and the change of these cores from
one period to another.

5.1. The role of spatial indices: autocorrelation, hot spot, cold spot, and AGI

Local Moran |, Local G, and AGI add a structural dimension to map interpretation. Local Moran |
highlights local autocorrelation: areas where values are similar to their neighborhoods have positive
values and form coherent cores. These cores frequently occur in mountains, at relief contacts, in
depressions, or in highly homogeneous plains. Negative values indicate transition areas or local
contrasts, such as mountain-Subcarpathian contacts, plateau margins, or valley corridors.

The Local G statistic delineates hot spots and cold spots. Their meaning depends on the parameter
analyzed. For temperature, a hot spot means warm values; for humidity, precipitation, cloudiness, or
snow, a hot spot means high values of those parameters, not warm areas. This clarification is essential
for the atlas: the Carpathians are thermal cold spots, but hot spots of humidity, precipitation,
cloudiness, and snow. The plains are thermal and radiative hot spots, but cold spots of humidity and
precipitation.

AGI expresses the difference between Local G z-scores and is useful for seeing where clusters
reorganize. A positive value indicates the strengthening or displacement of a hot spot, or the
weakening of a cold spot; a negative value indicates the weakening of a hot spot or the strengthening
of a cold spot. Therefore, AGl is not interpreted as a direct difference in °C, mm, hPa, hours, or cm, but
as a change in spatial coherence. This explains why some plains may show lower AGI for temperature
in the projection: they were already thermal hot spots, and the additional signal shifts toward
mountain flanks and transition zones.

For temperatures, the indices show a relatively stable structure, with hot spots in low areas and cold
spots in mountains, but with thresholds rising altitudinally. For cloudiness and sunshine duration, the
indices confirm the reduction of cloudy areas and the consolidation of insolation in the south,
southeast, and west. For pressure, the indices are dominated by relief and show small changes. For
wind, Local G and AGI indicate major reorganizations in Dobrogea, the Danube Delta, the coast,
corridors, and ridges. For humidity and precipitation, the indices show the strengthening of the
contrast between dry lowlands and humid mountain cores. For snow, changes are more evident in
transition months and at medium altitudinal steps.

5.2. Comparison between parameters and regions

The differences 1991-2020 minus 1961-1990 should be interpreted as the observed change of the
recent climate compared with the reference period. They show a relatively coherent signal: increasing
temperatures, especially minimum temperatures, increasing sunshine duration, decreasing cloudiness
over large areas, and decreasing relative humidity. During this interval, precipitation changes less at
national scale than temperature or humidity, but relevant regional contrasts appear, and snow cover
shows a polarization between high elevations and low-medium altitudinal steps.
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EXPLICATII

Indicii spatiali adauga informatii suplimentare importante: ei nu mai descriu doar valoarea climatica
sau suprafata ocupata de o clasa, ci organizarea spatiald a valorilor, respectiv autocorelatia, coerenta
regionala, concentrarea hot spot-urilor si cold spot-urilor si schimbarea acestor nuclee de la o perioada
la alta.

5.1. Rolul indicilor spatiali: autocorelatie, hot spot, cold spot si AGI

Local Moran |, Local G si AGI adauga o dimensiune structurald interpretarii hartilor. Local Moran |
evidentiaza autocorelatia locala: ariile in care valorile sunt similare cu cele din vecinatatea lor au valori
pozitive si formeaza nuclee coerente. Aceste nuclee apar frecvent in munti, la contactele de relief, in
depresiuni sau in cdmpii foarte omogene. Valorile negative indica arii de tranzitie sau contraste locale,
cum ar fi contactele munte-Subcarpati, marginile podisurilor sau culoarele de vale.

Statistica Local G delimiteaza hot spot-urile si cold spot-urile. Semnificatia lor depinde de parametrul
analizat. Pentru temperatura, un hot spot inseamna valori ridicate, adica arii calde; pentru umiditate,
precipitatii, nebulozitate sau zapada, un hot spot inseamna valori ridicate ale acestor parametri, nu arii
calde. Aceasta precizare este esentiala pentru atlas: Carpatii sunt cold spot-uri termice, dar hot spot-
uri de umiditate, precipitatii, nebulozitate si zapada. Campiile sunt hot spot-uri termice si radiative, dar
cold spot-uri de umiditate si precipitatii.

AGI exprima diferenta dintre scorurile z Local G si este util pentru a observa unde se reorganizeaza
gruparile. O valoare pozitiva indica intarirea sau deplasarea unui hot spot ori slabirea unui cold spot;
o valoare negativa indica slabirea unui hot spot sau intdrirea unui cold spot. Prin urmare, AGI nu se
interpreteaza ca diferenta directa in °C, mm, hPa, ore sau cm, ci ca schimbare a coerentei spatiale.
Aceasta explica de ce unele campii pot arata valori AGl mai scazute pentru temperatura in proiectie:
ele erau deja hot spot-uri termice, iar semnalul suplimentar se deplaseaza spre versantii montani si
zonele de tranzitie.

Pentru temperaturi, indicii arata o structura relativ stabila, cu hot spot-uri in zonele joase si cold spot-
uri in munti, dar cu praguri care urca altitudinal. Pentru nebulozitate si durata de stralucire a Soarelui,
indicii confirma reducerea ariilor noroase si consolidarea insolatiei in sud, sud-est si vest. Pentru
presiune, indicii sunt dominati de relief si aratda schimbari mici. Pentru vant, Local G si AGI indica
reorganizari majore in Dobrogea, Delta Dunarii, litoral, culoare si culmi. Pentru umiditate si precipitatii,
indicii arata accentuarea contrastului dintre campiile uscate si nucleele montane umede. Pentru
zapada, schimbarile sunt mai evidente in lunile de tranzitie si la trepte altitudinale medii.

5.2. Comparatie intre parametri si regiuni

Diferentele 1991-2020 minus 1961-1990 trebuie interpretate ca schimbarea observata a climatului
recent fata de perioada de referinta. Ele arata un semnal relativ coerent: cresterea temperaturilor, mai
ales a temperaturilor minime, cresterea duratei de stralucire a Soarelui, scaderea nebulozitatii pe
suprafete mari si sciderea umiditatii relative. Tn acest interval, precipitatiile se modificd mai putin la
scara nationald decat temperatura sau umiditatea, dar apar contraste regionale relevante, iar stratul
de zapada arata o polarizare intre altitudinile mari si treptele altitudinale joase-medii.



The differences 2021-2050 minus 1991-2020 should be treated as a projected signal. They are more
heterogeneous for temperatures and stronger for humidity, wind, and precipitation. For temperature,
part of the country is already within warm classes in 1991-2020, so the projection is often expressed
by the displacement of thresholds with altitude and by the expansion of intermediate classes, not only
by the increase of the warmest class. For humidity, by contrast, the projection massively changes the
spatial classification of the territory: dry classes become dominant over very large areas.

Table 3. Comparative synthesis of climatic parameters, combining annual values, maximum/minimum months, and
spatial indices.

Parameter Dominant annual/monthly signal Main hot spot / cold spot Magnitude of change

>12 °C: 6 -> 9,304 -> 16,508 km?; July | hot: plains, Dobrogea, Danube large in value, medium

Mean o o R . .

temperature >22 °C and January >0 °C increase Delta; cold: Carpathians and in spatial

P strongly depressions reorganization
. July >30°C: 7 ->47,422 -> 48,822 hot: Romanian Plain, western

Maximum > R . large, relevant for
km?; January >3 °C becomes very areas, Dobrogea, low Moldavia; .

temperature . ; daytime heat stress
extensive cold: mountains

>6 °C: -> ->

Minimum annual >6 ZC 28,440 -> 86,867 hot: south, west, coastline; cold: | highly relevant for
99,866 km?; frost contracts . . .

temperature . depressions and mountains warm nights and frost
drastically
reduction of very cloudy classes; hot: mountains/north; cold: medium, but

Cloudiness August <3.5 tenths increases to sou;cheast and olains ! ) consistent with
66,677 km? P insolation

Sunshine annual >2,200 h: 7,049 -> 63,479 -> hot: Romanian Plain, Dobrogea, | large and spatially very

duration 74,414 km?; July >300 h increases Danube Delta; cold: Carpathians | coherent

Atmospheric moderate redistributions between small, dominated by

hot: low areas; cold: Carpathians

pressure >1,000 and 950-1,000 hPa altitude
the projection expands the medium hot: Dobrogea, Danube Delta, .
. . very large, but with
Wind speed classes: 3-4 m/s annually reaches coast, ridges; cold: modeline uncertaint
132,575 km? depressions/sheltered areas g y
Relative annual <75%: 2,830 -> 23,565 -> hot: mountains/north; cold: lareest and clearest
. 171,069 km?; August <60% reaches south, east, Dobrogea, Danube g
humidity change

176,378 km? Delta

700-1,000 mm decreases to 23,005 hot: Carpathians/Apuseni
km?; June and February become Mountains; cold: Dobrogea,
drier Danube Delta, southeast

large, with high

Precipitation hydrological risk

small annual change at national
scale, but mobile snow-cover
thresholds

medium annually,
large seasonally and
altitudinally

hot: Carpathians; cold: plains,

Snow cover
Dobrogea, Danube Delta

Note for Table 3. 'High values' and 'low values' refer to the specific parameter analyzed. Therefore, for humidity,
precipitation, cloud cover, or snow, a core of high values does not indicate a warm area, but rather an area with high
values of that particular parameter.

The difference 2021-2050 minus 1961-1990 expresses the total signal. It is the most useful for atlas
conclusions because it shows climatic transformation over almost a century. In this reading, Romania
shifts toward higher thermal classes, higher insolation classes, lower relative-humidity classes, and, in
the projection, lower precipitation classes over extensive areas. In the mountains, the total signal is an
altitudinal compression of cold, humid, and snow-related classes.

Overall, Romania projected for 2021-2050 under RCP4.5 / CORDEX - ALADIN is warmer, sunnier, and
has less humid air in many regions. Not all changes have the same direction or the same robustness:
temperature has a robust and easy-to-interpret signal; relative humidity and precipitation are essential
for assessing aridization; wind must be read with caution; pressure is dominated by relief; and snow is
more relevant through altitudinal thresholds than through total national area. The most appropriate
interpretation is not parameter by parameter in isolation, but an integrated one: warming + sunshine
increase + decrease in relative humidity + reduction of some pluviometric classes + displacement of
snow-cover belts.
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Diferentele 2021-2050 minus 1991-2020 trebuie tratate ca semnal proiectat. Ele sunt mai eterogene
pentru temperaturi si mai puternice pentru umiditate, vant si precipitatii. Pentru temperatura, o parte
a tarii se afla deja in clase calde in 1991-2020, astfel incat proiectia este adesea exprimata prin
deplasarea pragurilor in altitudine si prin extinderea claselor intermediare, nu doar prin cresterea celei
mai calde clase. Pentru umiditate, in schimb, proiectia modifica masiv clasificarea spatiala a
teritoriului: clasele uscate devin dominante pe suprafete foarte mari.

Tabelul 3. Sintezd comparativd a parametrilor climatici, combinénd valorile anuale, lunile de maxim/minim si indicii

spatiali.
) Principalele nuclee cu valori Amploarea
Parametru Semnal anual/lunar dominant . B e
ridicate / scazute schimbarii
L N mare ca valoare,
>12°C: 6->9304 -> 16 508 km?; valori ridicate: campii, Dobrogea, .
Temperatura S e o g . s . medie ca
. valorile din iulie >22 °C si din ianuarie Delta Dunarii; valori scazute: .
medie . . L o reorganizare
>0 °C cresc puternic Carpatii si depresiunile -
spatiala
- o ,. | valoriridicate: Campia Romana, mare, relevanta
Temperatura iulie >30°C: 7 ->47 422 -> 48 822 km?; .
- . . R . . zonele vestice, Dobrogea, Moldova | pentru stresul
maxima ianuarie >3 °C devine foarte extinsa L . . .
joasad; valori scazute: munti termic diurn
- . foarte relevanta
Temperatura anual >6 °C: 28 440 -> 86 867 -> 99 866 | valori ridicate: sud, vest, litoral; .
Sy 2. a . . - L . pentru noptile
minima km?; inghetul se contracta drastic valori scazute: depresiuni si munti n
calde si inghet
N - . . medie, dar
. reducerea claselor foarte noroase; in valori ridicate: munti/nord; valori .
Nebulozitate o 2 “ A coerentd cu
august <3,5 zecimi creste la 66 677 km? | scazute: sud-est si campii insolatia

Durata de valori ridicate: Campia Romana .
o anual >2 200 h: 7 049 -> 63 479 -> 74 pla t - mare si foarte
stralucire a 2. s Dobrogea, Delta Dunarii; valori . .
. 414 km?; iulie >300 h creste . " coerenta spatial
Soarelui scazute: Carpatii
Presiunea redistribuiri moderate intre >1 000 si valori ridicate: zone joase; valori mica, dominata

atmosferica 950-1 000 hPa scazute: Carpatii de altitudine

foarte mare, dar
cu incertitudine
de modelare

in proiectie se extind clasele medii:
clasa 3-4 m/s ajunge anual la 132 575
km?

valori ridicate: Dobrogea, Delta
Dunarii, litoral, culmi; valori
scazute: depresiuni/arii addpostite

Viteza vantului

anual <75%: 2 830 -> 23 565 -> 171
069 km?; in august <60% ajunge la 176
378 km?

valori ridicate: munti/nord; valori
scazute: sud, est, Dobrogea, Delta
Dunarii

cea mai mare si
cea mai clara
schimbare

Umiditate relativa

valori ridicate: Carpatii/Muntii

clasa 700-1 000 mm scade la 23 005 mare, cu risc

Precipitatii km?; iunie si februarie devin mai uscate Apuseni; V?I.c.m scdzute: Dobrogea, hidrologic ridicat
i Delta Dunarii, sud-est
schimbare anuald mica la scard valori ridicate: Carpatii; valori medie anual,
Strat de zapada nationala, dar praguri mobile ale scazute: campii, Dobrogea, Delta mare sezonier si
stratului de zapada Dunarii altitudinal

Nota pentru Tabelul 3. ,Valori ridicate” si ,valori scazute” se referd la parametrul analizat. De aceea, pentru umiditate,
precipitatii, nebulozitate sau zdpadd, un nucleu cu valori ridicate nu inseamnd o zond caldd, ci o zond cu valori ridicate ale
parametrului respectiv.

Diferenta 2021-2050 minus 1961-1990 exprima semnalul total. Este cea mai utila pentru concluziile
atlasului, deoarece arati transformarea climatici pe aproape un secol. In aceastd interpretare,
Romania se deplaseaza catre clase termice mai ridicate, clase de insolatie mai ridicate, clase de
umiditate relativd mai scizuta si, in proiectie, clase de precipitatii mai reduse pe suprafete extinse. in
munti, semnalul total este o comprimare altitudinala a claselor reci, umede si legate de zapada.

Tn ansamblu, Romania proiectatd pentru 2021-2050 in scenariul RCP4.5 / CORDEX - ALADIN este mai
calda, maiinsorita si are aer mai putin umed in multe regiuni. Nu toate schimbarile au aceeasi directie
sau aceeasi robustete: temperatura are un semnal robust si usor de interpretat; umiditatea relativa si
precipitatiile sunt esentiale pentru evaluarea aridizarii; vantul trebuie citit cu prudenta; presiunea este
dominata de relief; iar zapada este mai relevanta prin pragurile altitudinale decat prin suprafata totala
nationald. Interpretarea cea mai potrivitd nu este parametru cu parametru in mod izolat, ci una
integrata: incalzire + cresterea duratei de stralucire a Soarelui + scaderea umiditatii relative + reducerea
unor clase pluviometrice + deplasarea etajelor stratului de zapada.




5.3. What spatial indices add

The first gain is the separation between change in value and change in spatial structure. A conventional
climate map shows that temperature increases, precipitation decreases, or relative humidity declines.
Spatial indices show whether this change is diffuse, almost uniform, or whether it organizes into
coherent cores. For example, temperatures increase clearly, but the spatial pattern remains relatively
stable: the plains, Dobrogea, the Danube Delta, and low plateaus remain thermal hot spots, while the
Carpathians remain cold spots; AGI mainly captures the altitudinal rise of thermal thresholds and
changes at the margins of clusters.

The second gain is the identification of hot spots and cold spots as statistical groupings, not merely as
colored areas on a map. Classical maps show where values are high or low, but Local G shows where
these high or low values form coherent spatial groupings. This is very useful for the Romanian Plain,
Western Plain, Dobrogea, Danube Delta, and Moldavian Plateau, where warming, greater sunshine,
and relative drying overlap, and for the Carpathians, where hot spots of humidity, precipitation, and
snow are maintained.

The third gain is the detection of transition and reorganization zones. Local Moran | highlights local
autocorrelation: high positive values show areas where a given area has values similar to its neighbors,
while negative values mark transitions or local contrasts. In the document with spatial indices, it is
mentioned that Local Moran | maxima frequently reach 4-6, indicating very coherent local cores,
usually in the mountains, at relief contacts, or in highly homogeneous plains. This information does
not appear as clearly in an altitudinal profile, because the profile is only a section through the territory,
whereas the spatial index covers the entire country.

The fourth gain is that AGI shows the change in the coherence of hot spots and cold spots between
periods. Ordinary difference maps show change in physical units - °C, mm, hPa, hours, cm, and so on.
AGI shows something else: whether a hot spot strengthens, weakens, shifts, or whether a cold spot
becomes more coherent. Therefore, AGI should not be read as a direct difference in °C, mm, hPa, or
hours, but as spatial reorganization of clusters.

5.4. Where the indices add more

Spatial indices are most useful for parameters in which not only the mean value changes, but also
regional spatial coherence. This mainly includes relative humidity, wind, sunshine duration,
precipitation, and snow during transition months. The report with indices shows that the largest spatial
reorganizations occur precisely for these parameters, while the smallest structural changes occur for
atmospheric pressure.

For relative humidity, the indices confirm the expansion or consolidation of cold spots in low and
warmer units: the Romanian Plain, the Western Plain, Dobrogea, the Danube Delta, and the Moldavian
Plateau. Classical maps show the decline in humidity, but the indices show that this decline is spatially
organized into a coherent pattern of relative drying.

For wind, the contribution of the indices is very large because wind does not simply follow altitude. It
depends on exposure, roughness, channeling along valleys, the coast, corridors, and ridges. Local
Moran | and Local G show clearer cores in Dobrogea, the coast, the Danube Delta, valley corridors, and
some mountain sectors, while AGl indicates one of the largest reorganizations, especially in March and
August. Here, the indices are more important than for temperature because altitudinal profiles cannot
sufficiently capture exposure and the fragmentation of the wind field.
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5.3. Ce aduc in plus indicii spatiali

Primul castig este separarea dintre schimbarea valorii si schimbarea structurii spatiale. O harta
climatica obisnuita arata ca temperatura creste, precipitatiile scad sau umiditatea relativa se
diminueaza. Indicii spatiali arata daca aceasta schimbare este difuza, aproape uniforma, sau daca se
organizeaza in nuclee coerente. De exemplu, temperaturile cresc clar, dar modelul spatial ramane
relativ stabil: campiile, Dobrogea, Delta Dunarii si podisurile joase raman hot spot-uri termice, iar
Carpatii raman cold spot-uri; AGI surprinde in principal ridicarea altitudinala a pragurilor termice si
schimbarile de la marginile gruparilor.

Al doilea castig este identificarea hot spot-urilor si cold spot-urilor ca grupari statistice, nu doar ca arii
colorate pe harta. Hartile clasice arata unde valorile sunt ridicate sau scazute, dar Local G arata unde
aceste valori ridicate sau scazute formeaza grupari spatiale coerente. Acest lucru este foarte util pentru
Campia Romana, Campia de Vest, Dobrogea, Delta Dunarii si Podisul Moldovei, unde se suprapun
incalzirea, insolatia mai mare si uscarea relativa, precum si pentru Carpati, unde se mentin hot spot-
urile de umiditate, precipitatii si zapada.

Al treilea castig este detectarea zonelor de tranzitie si de reorganizare. Local Moran | evidentiaza
autocorelatia locala: valorile pozitive ridicate arata arii in care o anumita zona are valori similare cu
vecinii sdi, in timp ce valorile negative marcheaza tranzitii sau contraste locale. in documentul cu indici
spatiali se mentioneaza ca maximele Local Moran | ajung frecvent la 4-6, indicand nuclee locale foarte
coerente, de obicei In munti, la contactele de relief sau in campii foarte omogene. Aceasta informatie
nu apare la fel de clar intr-un profil altitudinal, deoarece profilul este doar o sectiune prin teritoriu, in
timp ce indicele spatial acopera intreaga tara.

Al patrulea castig este ca AGI arata schimbarea coerentei hot spot-urilor si cold spot-urilor intre
asa mai departe. AGI arata altceva: daca un hot spot se intareste, slabeste, se deplaseaza sau daca un
cold spot devine mai coerent. Prin urmare, AGI nu trebuie citit ca o diferenta directa in °C, mm, hPa
sau ore, ci ca reorganizare spatiald a gruparilor.

5.4. Unde indicii adaugd mai mult

Indicii spatiali sunt cei mai utili pentru parametrii la care nu se modifica doar valoarea medie, ci si
coerenta spatiala regionald. Acestia includ in principal umiditatea relativa, vantul, durata de stralucire
a Soarelui, precipitatiile si zapada in lunile de tranzitie. Raportul cu indici arata ca cele mai mari
reorganizari spatiale apar tocmai la acesti parametri, in timp ce cele mai mici schimbari structurale
apar la presiunea atmosferica.

Pentru umiditatea relativa, indicii confirma extinderea sau consolidarea cold spot-urilor in unitatile
joase si mai calde: Campia Romana, Campia de Vest, Dobrogea, Delta Dunarii si Podisul Moldovei.
Hartile clasice arata scaderea umiditatii, dar indicii arata ca aceasta scadere este organizata spatial intr-
un model coerent de uscare relativa.

Pentru vant, contributia indicilor este foarte mare, deoarece vantul nu urmeaza pur si simplu
altitudinea. El depinde de expunere, rugozitate, canalizarea de-a lungul vailor, litoral, culoare si culmi.
Local Moran | si Local G arata nuclee mai clare in Dobrogea, pe litoral, in Delta Dunarii, in culoarele de
vale si in unele sectoare montane, iar AGI indica una dintre cele mai mari reorganizari, mai ales n
martie si august. Aici, indicii sunt mai importanti decat pentru temperaturd, deoarece profilele
altitudinale nu pot surprinde suficient expunerea si fragmentarea cdmpului vantului.



For precipitation, the indices are useful because a decrease or redistribution of quantities alone does
not show whether spatial polarization is intensifying. The report shows that pluviometric hot spots
remain in the Carpathians, the Apuseni Mountains, and the Subcarpathians, while cold spots occur in
Dobrogea, the Danube Delta, the southeastern Romanian Plain, and parts of Moldavia. AGI indicates
that, in the projection, the Dobrogea-Delta-southeast cold spot consolidates and mountain hot spots
become more concentrated, resulting in greater polarization between mountains and lowlands.

For sunshine duration, classical maps show the increase in insolation hours, but the indices show the
consolidation of high-insolation hot spots in the Romanian Plain, Dobrogea, and the Danube Delta,
especially in 2021-2050 compared with 1991-2020. This supports the idea that the change is not only
a general increase, but the strengthening of a sunnier southern and southeastern domain.

For snow cover, the indices are useful especially for transition months, April and October. Classical
maps show the reduction or concentration of snow, but Local Moran | and Local G show that snow-
cover hot spots remain in the Southern Carpathians, Eastern Carpathians, and Apuseni Mountains,
while AGI suggests fragmentation or retreat of snow outside high elevations.

5.5. Where the indices add less

For atmospheric pressure, the indices add relatively little compared with classical maps and altitudinal
profiles because pressure reproduces altitude very faithfully. High-pressure hot spots occur in the
Romanian Plain, Western Plain, Dobrogea, the Danube Delta, and low sectors of Moldavia, while cold
spots occur in the Carpathians. AGl is fragmented and weak in amplitude, indicating small adjustments
in cluster intensity rather than a major change in the baric field.

For temperature, the indices are useful but do not change the main conclusion. The annual maps,
monthly maps, and altitudinal profiles are already very convincing: warming is clear, warm classes
expand, cold classes contract, and thermal thresholds rise altitudinally. The indices mainly add that the
basic spatial pattern remains stable: the plains remain hot spots, the Carpathians remain cold spots,
and the changes occur along margins, on flanks, and in transition zones.

The methodological conclusion can be formulated as follows: spatial indices are not necessary to
demonstrate the existence of recent and projected climate changes, but they are necessary if the
analysis aims to demonstrate the spatial reorganization of these changes from one normal period to
another.

Spatial indices provide the argument that some changes - especially relative drying, greater sunshine,
wind reorganization, precipitation polarization, and altitudinal snow-cover retreat - are not only
changes in mean values, but coherent spatial reorganizations of the climatic field.
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Pentru precipitatii, indicii sunt utili deoarece o scadere sau o redistribuire a cantitatilor nu arata singura
daca polarizarea spatiald se intensifica. Raportul arata ca hot spot-urile pluviometrice se mentin in
Carpati, Muntii Apuseni si Subcarpati, in timp ce cold spot-urile apar in Dobrogea, Delta Dunarii, sud-
estul Campiei Romane si parti ale Moldovei. AGI indica faptul ca, in proiectie, cold spot-ul Dobrogea-
Delta-sud-est se consolideaza, iar hot spot-urile montane devin mai concentrate, ceea ce determina o
polarizare mai mare intre munti si zonele joase.

Pentru durata de stralucire a Soarelui, hartile clasice arata cresterea numarului de ore de insolatie, dar
indicii arata consolidarea hot spot-urilor cu insolatie ridicata in Campia Romana, Dobrogea si Delta
Dunarii, mai ales in 2021-2050 comparativ cu 1991-2020. Acest lucru sustine ideea ca schimbarea nu
este doar o crestere general3, ci intarirea unui domeniu sudic si sud-estic mai insorit.

Pentru stratul de zapada, indicii sunt utili mai ales pentru lunile de tranzitie, aprilie si octombrie. Hartile
clasice arata reducerea sau concentrarea zapezii, dar Local Moran | si Local G arata ca hot spot-urile
stratului de zapada se mentin in Carpatii Meridionali, Carpatii Orientali si Muntii Apuseni, in timp ce
AGI sugereaza fragmentarea sau retragerea zapezii in afara altitudinilor mari.

5.5. Unde indicii adauga mai putin

Pentru presiunea atmosferica, indicii adauga relativ putin in comparatie cu hartile clasice si profilele
altitudinale, deoarece presiunea reproduce foarte fidel altitudinea. Hot spot-urile de presiune ridicata
apar in Campia Romana, Campia de Vest, Dobrogea, Delta Dunarii si sectoarele joase ale Moldovei, iar
cold spot-urile apar in Carpati. AGI este fragmentat si are amplitudine redusa, indicand mici ajustari
ale intensitatii gruparilor, nu o schimbare majora a campului baric.

Pentru temperatura, indicii sunt utili, dar nu schimba concluzia principala. Hartile anuale, hartile lunare
si profilele altitudinale sunt deja foarte convingatoare: incalzirea este clara, clasele calde se extind,
clasele reci se contracta, iar pragurile termice urca altitudinal. Indicii adauga in principal faptul ca
modelul spatial de baza ramane stabil: campiile raman hot spot-uri, Carpatii raman cold spot-uri, iar
schimbarile apar de-a lungul marginilor, pe flancuri si in zonele de tranzitie.

Concluzia metodologica poate fi formulata astfel: indicii spatiali nu sunt necesari pentru a demonstra
existenta schimbarilor climatice recente si proiectate, dar sunt necesari daca analiza urmareste sa
demonstreze reorganizarea spatiald a acestor schimbari de la o perioada normala la alta.

Indicii spatiali ofera argumentul ca unele schimbari - in special uscarea relativa, cresterea duratei de
stralucire a Soarelui, reorganizarea vantului, polarizarea precipitatiilor si retragerea altitudinala a
stratului de zapada - nu sunt doar schimbari ale valorilor medii, ci reorganizari spatiale coerente ale
campului climatic.
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| nowdepth 19912020 | 2.08] 206 027  0.00 000, 021 o076 534



| Calarasi I I I v v Vi Vil Vil IX X XI Xit | Annuall | Calimani I I I v v Vi Vil Vil IX X XI Xit | Annuall
L) | P — L] — P—— — - - P —— - p—— P— P— p—— PR - - -l P ) P— | L) | P — - =1 - P - —I g—— - = -l PR p——— p——— —— - - - - [e—— ) - — -l
| |AUAJ.'AU3U | DJ.OD| lAU.‘/7| 1D 1.3/| LJ.L.LA| 437.74| 471, J.U| JAO.JU| JU7.4D| L J..OU| lDD.DJ| J.UU.U3| /0.0ul LJU7.4J| | |AUAJ.'AU3U DO.DJ| 74.40| 1U7.0l| lJ7.37| lOO.U/| J.‘/U.40| 173.34 411.40| J.4A.UO| l44.30| J.U/.JU| 00.1U| J.OOO./O'
| l1961-1990 | 6.86| 7.06| 6.45| 5.88| 5.36 4.79| 3.85| 3.49| 3.92| 4.52| 6.43| 7.091 5.47| | l1961-1990 | 6.33| 6.66| 6.74| 7.09| 7.02] 7.05| 6.66| 6.03| 6.06| 5.49 6.70| 6.891 6.56|
| Ceahlau Toaca 1 1l ] v Y Vi Vil Vil IX X X Xit | Annuall | Chisineu Cris 1 1l ] v Y Vi Vil Vil IX X X Xit | Annuall
L) | P — L] - =1 - ) —— - =1 —— — - P— Pr—— —— P—— - =1 - —-T - — -1 L) | P — Pe— - = - ) P— Pp—— PP —— P | - -1 P—— PES— J—— Pu— Pa——
| 11961-1990 2.34| 2.62| 2.73| 2.91| 2.58| 2.29| 2.09| 1.84| 1.80] 1.90| 2.31| 2.47| 2.32
vim/a\  [1001-209n 9 &2l 2 79| 2 o5 2 74| 2 A7l 2 29 7 04l 1 70l 101 2 08l 227l 2 5ol PEY
| |1961-1990 | 806.38] 805.74] 807.29] 808.05| 812.21] 813.53 815.02] 815.76] 815.68] 814.70] 809.80 806.74] 810.91
- | PP | a2 aal PSR PSP PYVIEVLEEE S mnaas aml Smaa aa T naaaal amaa aal I e aml Aamn 22l  Aane - 1 ] P |
"‘(‘r"::j';'s')" 1991-2020 82.37] 90.17| 112.51] 145.94 179.63| 186.77| 208.30| 217.84| 157.32| 145.98] 110.26| 81.64| 1718.74
2021-2050 83.18 94.59| 112.76| 150.25| 176.82| 196.46] 208.84| 218.42| 151.17| 143.58| 113.67 81.29] 1731.03] 1 J£UZ 1-2U5U 00./4|  1UD.1U|  L/U.LO8| ZUY.33] £0ZUZ|  £55.1Z] SUZ./D|  SULDY|  ZU4.5Y|  L/Z240]  1UL.D4 20./Y] £457.13]
| 1961-1990 6.47) 6.91 6.93 7.19) 7.03 7.06 6.62 6.01 6.04 5.62 6.70 6.86) 6.62 | 11961-1990 7.08| 6.67| 6.14| 6.10| 5.63 5.27| 4.24 4,00 4.42| 4.56| 6.76| 7.45] 5.69]
S d th IJ.7UJ.'J.77U I J7-'f7| dL. AUI JJ.JU' 07-741 | I I | J--UII 7 .7J| L"-JUI LLJ--LJI S d th IJ.7UJ.'J.77U J-77| L-IUI U.L7| U-UUI I | I I | U-UUI U.UUI A-QUI U-JUI
| nowdepth 19912020 | 40.67] 55.55 62.28] 45.30 276]  7.97] 22.93] 236.32 | now depth 11991-2020 173  2.44] 045 0.00 000 o010 o0.90 559
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| Cluj-Napoca I I I v v Vi Vil Vil IX X XI Xit | Annuall
L) | P — L] P— P | p—— P— PU— Jp— PP —— — P—— - el - - P ) - -l
| |AUA 1-ZU0V | O‘/.L4| 1U4.0/| J.O‘+.OJ| 15/ .JD| AJJ.OD| ADO.‘/J.| 400.43| ZO1. /O| J.DA.OJ.| lOL.AJ| ‘/A.JL| D‘}.UO' LUJO.AO'
| l1961-1990 | 7.16| 6.97| 6.39| 6.57| 6.29] 5.99| 5.21| 4.90 5.14| 5.01] 7.14| 7.831 6.22|
| Craiova 1 1l ] v Y Vi Vil Vil IX X X Xit | Annuall
L) | P — L] - - =1 Pp—— | - - —I - - =T P— Pp—— - - —I p—— P ) - =1 - - -1 - — -l
| |AUAJ.-4U3U | ‘/4.0/| lJJ.‘l‘ﬂ J.OU.U7| LJ.‘LDJ| 434.4/| AOA.4J| JJ.U.U‘+| 477.04 AJ.0.0/| 130.04 ‘/4.‘/‘(1 /0./J| LJJ.A./D'
| l1961-1990 | 7.09! 7.01 6.50| 6.06| 5.91 5.19] 4.16| 3.87/ 4.19| 4.75| 6.57 7.15] 5.70
S d th IJ.7UJ.'J.77U I I -'fl.l J-LUI J..Ull U-UUI I | I I | U-UUI U.UII J-U"fl 7 -"II
nowdepth [1991.2020 | 6.66]  5.33 1200  0.03 000 124 321 1752
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| Constanta I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | [ — T - =1 - - | - - =1 P—— - —I PR—— P—— .- =1 Pa—— - - P— ) P—— |
| |AUAJ.-4U3U | ‘/U.O/| ll/.30| 16‘7.‘/7| LUL.U/| 4/4.40| A‘/‘/.OD| JJA.D‘/| JUO.DO| AAO.U4| 133.40| J.UJ.OD| 00.00' LJJO.UO'
| l1961-1990 |  6.87| 7.12| 6.68 6.00| 521  4.27| 3.32| 3.06| 382 482 6.44| 7.071  5.39]
S d th IJ.7UJ.'J.77U I l-l.Ul L. AOI U.J.ll U-UUI I | I I | V-UUI V. J.UI U-LUI L-IUI
nowdepth 19912020 | 1.33] o060 0.17]  o0.00 0.00] 000 034 243

| Deva I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | [ — T P—— | - —=1 [—— P—— P—— —— Pr—— Prg—— P—— Peg— Py § P— ) P—
| |AUAJ.-4U3U | 07.40| lU/.OO| J.OO.‘/O| 107.04 AAJ.J./| A4‘/./L| L/J.UO| AOD.J‘/| 103.40| lDD.JO| 00o./ J.| DJ.‘}A' LUJJ..AJ.'
| l1961-1990 | 7.46| 7.05 6.43| 6.69| 6.37| 6.06| 5.15 4.71] 5.09! 5.18| 7.19| 8.10 6.29]



| Dragasani 1 1l ] v Y Vi Vil Vil IX X X Xit | Annuall | Drobeta-Turnu Severin 1 1l ] v Y Vi Vil Vil IX X X Xit | Annuall
L) | P — L] Pgp— - -1 P P—— - - =1 P—— P— P—— Jp— P ) - =1 P—— - —— L) | P — L] P | P—— J—— P—— —— -1 P— - —I P— PP —— PEP—— - -1 P— ) Pa— |
| |AUAJ.-AU3U | ‘/‘/.34| lAD.U/| 10‘7.JO| £U4.0/| 430.‘H.| A‘/A.UD| J47.0‘+| JJ.J..UU| AJ.‘/./U| 104.44| J.UU.A‘H o4. J.Al LJD‘}.AD' | |AUAJ.-AU3U | ‘/L.Ol| lAU.43| J./O.J.J| 214, J.U| 43/.Ol| A‘//.U3| JJJ.AO| JUO.U7| AJ.‘/.DA| 134.64 ‘/4.‘/7| C)J../Al LJ‘P}.OD'
| l1961-1990 | 6.29| 6.55] 6.00| 5.66| 5.28] 4.49| 3.62| 3.39| 3.76| 4.27| 6.03| 6.471 5.15| | l1961-1990 | 6.91| 6.88| 6.31| 5.92| 5.57| 4.80| 3.80| 3.69| 4.02| 4.90| 6.42| 6.791 5.50|
S d th IJ.7UJ.'J.77U I U-J.ll "P-LII v.uo| U-UUI I | I I | U-UUI U.UUI L-'fll A‘P-JJI
nowdepth 19912020 | 5.32] 451 099 0.00 000 o083 238 1392
| Dumbraveni I I I v v Vi Vil Vil IX X XI Xit | Annuall | Fagaras I I I v v Vi Vil Vil IX X XI Xit | Annuall
L) | P — L] - =1 - —I - =1 - I PR—— pap—— | pp—— p—— P =T - -1 Pr—— P ) - -1 L) | P — L] —— - - Pe—— - — -l Pp— | - - - P —— — — p—— - = - - -1 _ —
prvirarsu | wvess]  wwwn]  sveay|  sowy|  sseas]  ssav]  sswv] | viws]  uwes]  wmum wrws]  saev vyl
UR(%) [1991-2020 | 90.45] 85.79] 77.80] 73.98] 77.63] 78.81 79.35] 80.48 83.70] 86.09 89.18] 91.50] 82.90
| |1961-1990 | 1.45] 1.82| 2.23| 2.28| 1.80| 1.57| 1.44] 1.20| 1.24] 1.35| 1.51| 1.53] 1.62|
vim/a\  [0o1-2000 | 1 44l 1 48 2 19 207l 1 79| 147l 1 25/ 110 121 1 anl 1 a4l 1 sl 1 54l
| |AUAJ.-AU3U | O‘/.UU| lUU./4| 13U.DJ| 150.43| 447./4 AD/.U7| Z/ J..4U| élU./7| 10 J../U| 130.14 ov7./ 7| D‘/.Udl LUA‘L‘H.' | |AUAJ.-AU3U | /‘/.OO| lUD./7| 133.4‘(1 lD7.LU| AAD.DU| ADA.U/| L/U.J.O| Z/ J../7| 100. J.J| lOU.J.‘/| J.UU.J7| 03.141 LUOJ..AO'
| l1961-1990 | 6.89| 6.67| 6.19| 6.44| 6.20 6.04] 5.35| 4.92] 5.25 5.09| 6.75 7.52] 6.11| | l1961-1990 | 6.92| 6.86| 6.27| 6.57| 6.31 6.17| 5.57| 5.08| 5.32| 5.16| 6.68| 7.43| 6.19
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Focsani 1l m v v Vi Vil vill X X Xi X | Annual
| - —=1 - —=1 P PU— Pup— | —= = -l Pp—— | Pp———— Pu—— Pup———— | J—— | P PUS— |
J£UZ 1-2U5U /U.5Z]  1U/.51]  140.50] ZUB.US|  Z04.01]  ZY4.5/| SZL1.5Z]  SUS.00|  Z1U.Y/|  155.7U] 5.0y 05.7] ££13.5Z]
l1961-1990 6.85]  7.09| 660l 621 5791 534 473 4260 454 495 668 720  5.85|
S d th 17017177V J.09] V.J 9| £L.JIO V.UV V.VL V.U LUV L7 .OI
"°‘(’:m;3p 1991-2020 4.40]  5.19 167  0.07 000 069 252 1443
2021-2050 4.90 3.61 122 0.04 000 048] 346 1371
Harsova I 1l m v v Vi Vil vill X X Xi X | Annual
| p—— P—— - Ml Pp—— P | Pp— | - T PR | pe—— P - — -l Pu—— P |
J£UZ 1-2U5U ©1.4Y] 1££./0] 10S5.YU| ZZL.YU| £/0.24] SUD.DU|  $55/.5Y|  S£0.8D|  Z45.YU|  10/.5U] 75.67| /7.1U] 24£0.52]
11961-1990 6.79| 6.94| 6.55| 5.88| 5.30] 4.66| 3.82| 3.42| 3.92| 4.44| 6.33| 7.03] 5.42|
S d th 17017177V Lt 1.0V V.90 V.UV V.UV VeI I V.U <.09j
"°‘(’:m;3p 1991-2020 2.04 1.55 034  0.00 000 007 o048 446
2021-2050 214 2370 024 0.0 000 009 055  5.39
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Galati 1l 11l v v Vi Vil Vil IX X XI Xit | Annual|
| [ P P | - P - Pr—— PRup—— PA—— PR—— Pys— P — - —al Pu— Pap— |
|AUAJ.'4U3U | DU.OO| lAl.U4| 13/./3| LU3.3U| 436.4U| AOU.40| JUU.U3| AOJ.7J.| AJ.‘+.OU| 134.0l| OO.‘/L| /4.64' L J.D.40|
l1961-1990 | 7.10| 7.25 6.87| 6.29| 5.86| 5.23] 4.62| 4.18] 4.51] 4.96| 7.03| 7.48] 5.95|
7T 12021-2050 7.32 6.58 6.55 6.04 5.66 4.83 4.06 3.66 5.01 6.08 7.19 7.09 5.84]
Snow denth 1961-1990 3.59 2.57 0.83 0.00 0.00 0.57 1.63 9.19)
"°‘(’:m;3p 1991-2020 544 358 088 003 0.00] 031 200 1218
2021-2050 6.27, 348 1.52 0.01 0.00 0.41 249  14.18
lasi 1 1l 11l v v Vi Vil Vil IX X XI Xit | Annual|
| [ T - P | - — =l PU— Pa——— P —— PR—— prag— | Pu— Pr—— P Pu— Pu——— |
|AUAJ.'4U3U | /J.OU| lUJ..OO| l40.03| 1‘73.43| 433.63| A/A.‘/J.| L73.41| AIO.UO| J.‘/A.OO| l43.40| /‘7.U‘l>| OL.U/' LU‘/O.D‘}'
l1961-1990 | 7.30 7.69| 7.31| 6.99! 6.41 6.01] 5.51| 5.04] 5.25| 5.79] 7.37 7.66| 6.53]
S d th IJ.7UJ.'J.77U I I -Jll 7-LO| D7 Ul U-UII I | I I | V-UUI V. 70' L-UJI L. J.OI
nowdepth 19912020 | 7.73]  6.37] 252 0.3 0.00,  0.90 376  21.14



lezer I I I v v Vi Vil Vil IX X XI Xit | Annuall | Joseni I I I v v Vi Vil Vil IX X XI Xit | Annuall
- - - - - - - - - =T - - - - - - - - - Py

o1 Pa— p—— p— p— | p—|

1701177V Iv.eos wr.ss vu.uL| 17000 r10.u VUL vi.crs viws vece (PR sviav s [
| | | | | | | | | | | | | | |

UR(%) [1991-2020 | 90.37] 87.32] 81.85] 78551 78.01 80.63 80.76] 80.92] 8193 85.54 90.16] 90.98] 83.92

1 J£VZ£1-205U | /4.2/]  1UO.5/|  13D.9U]  L1/B.UL|  Z10./O|  £3Z./1]  Z44.5/|  Z44.04] 10Y.D1l] 150.51| /5.20| 2£.00] 1555.4Y]

| li961-1990 |  6.83  6.73 6.23]  6.44 623 6171  5.68 5311 5450 535 707 751  6.25

S d th 17017177V P yavayd £LYU.7 0| (ST AvAs] Ll LotL P RVAY) At.7 4 AL S d th 17017177V 11.0V| 1L.04 ULt V.99 V.U V.70 V. 19| 0.0
"°‘(’:m;3p 1991-2020 21.48] 28.68 39.27] 28.07 1.69 541 1355 137.47 "°‘(’:m;3p 1991-2020 9.63 1028 4.67 0.28 0.03 1.38 621 3222
2021-2050 20.38| 2741 37.96] 28.24 1.02 385 14.79] 133.65 2021-2050 8.82 8.47 4.07 0.32 0.04 1.04 7.01  29.77

Lacauti I I I v v Vi Vil Vil IX X XI Xit | Annuall | Lugoj I I I v v Vi Vil Vil IX X XI Xit | Annuall

| P — L] pe—— p——— —— P— [— - -l - - P P - — -l Pe—— p——— P— | L) | P — L] P P—— —— pa———— Pp——— Py —— —— P—— P— Pp— - = - -1 Pa—

|AUAJ.-4U3U | Dl.‘/J| OD.JJ.| J.UD.J.3| 14J.J.O| l/D.JJ| J.‘/O.‘/O| LJ.J..UA| él/.67| J.4A.‘/O| lJJ.A/| lUD.J7| /O.‘}Ul J.O/‘f.é‘/' | |AUAJ.-4U3U | /L.O7| lUJ.AJ.| 104.4D| l‘lO.U‘+| AJ/.4J| AOO.DL| LO/.O‘/| é‘/U.D‘/| J.‘/J../O| 10/.‘71| J.UJ.OU| OJ..UU' Ll‘h}.ll'

l1961-1990 | 6.85 7.22| 7.02| 7.21| 6.97! 6.96| 6.47| 5.87| 6.03| 5.64| 6.82| 7.06] 6.68| | l1961-1990 | 7.04| 6.90| 6.24| 6.25 5.80] 5.41| 4.32 3.98| 4.49| 4.68| 6.68| 7.501 5.771
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Mangalia 1 1l 11l v v Vi Vil Vil IX X XI Xii | Annuall
| P — L] —— | P ) - =1 P—— - =1 P— P—— PP — Pap—— - - - -1 PE— |
|AUAJ.-4U3U | ‘IU.OO| llD.D‘/| 167.U0| Ll4.77| AO0.0J| JAU.OJ.| J47.00| JAO.47| AJA.OU| lOU.U‘/| J.U‘7.J.D| C)‘/.‘/Al L4‘H..JU|
l1961-1990 | 6.63| 7.00| 6.43| 5.76| 4.79| 3.76| 2.84| 2.63| 3.43| 4.74| 6.04| 6.791 5.07|

Moldova Veche [ 1 I I v v Vi Vil Vil IX X XI Xit | Annuall
| P — L] - —=1 - == ey - - I - - =1 Py ——— | P—— P— Pa—— PR— - aal - - -1 P— |
|AUAJ.-4U3U | / J..JJ.| lUl.J4| J.O/.AJ| LU4.UJ| 434.43| AO/.UD| JAL.JO| JU4.70| AUA.OA| lO/.J.D| 1UD. J.D| ou./ J.| 4444.3‘4
l1961-1990 | 6.97! 6.70| 6.03| 5.91] 5.48| 5.13 4.01| 3.72 4.20| 4.59| 6.36| 7.30| 5.53]
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| Miercurea Ciuc I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | B — T - = | p— | P | - = -1 Py | - - -1 - -l - =T - —=1 - —al P | P ) pp—— |
| |AUAJ.-4U3U | O4./J| ‘/D.J.D| J.DU.JU| lDL.Ol| AJ.O.DJ.| AJ/.77| 427.5 J.| AD0.0J.| 104.30| l4d.33| OJ..AL| DJ../D' 1‘/47.0‘4
I ligs1-1990 | 6871  6.89 6241 6541 628 604l 551 513 531 534 6971 756 6.22
S d th 17917177V 1L.UV| A, L9 V.49 V.9V V.V V.07 Je7 D7 .JdL
"°‘(’:m;3p 1991-2020 10.29] 1219 506] 0.24 000 100 555 34.12
2021-2050 9.64  10.76 4.82 0.24 0.00| 091 7.33 3370
| Oradea I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | B — T P | P | P | pyp—— | — | pp— | - —al - == - -al P— | p—— | P— P |
[1961-1990 | 1002.72] 1000.64] 999.51] 996.49] 997.80] 997.74] 998.47] 998.95] 1001.34] 1003.29] 1001.71] 1001.67] 1000.03
- - | DY [ [ [ I o 2l amm aa T PO | am—= sl ama An I cmm; am] cma; aal i A LAl | IR |
| |AUAJ.-4U3U | OO.JU| ‘/D.J./| 137.0D| LU4.0D| AOU.OJ.| ADO.‘)’7| L7/.40| 471.03| J.‘/A.DO| lOD.J.D| ‘//.44 D/.OO' LlOl./‘}'
| ligs1-1990 | 7271 6.95 6451  6.35] 614l 583 4920 448 494 492 698 768  6.08l
\cm)
0212050 | 152 191 042 000 000 015 141 541




| Parang I I I v v Vi Vil Vil IX X XI Xit | Annuall | Pitesti I I I v v Vi Vil Vil IX X XI Xit | Annuall
L) | P — T —— - =1 —— - =1 e—— P—— P—— P—— - -l —— - -l P—— Pe— | L) | P — T - =1 Pp—— pp— P—— P— .- =T P— pap— | P— Pap—— [—— - — -1 - —-1
[1961-1990 | 841.48] 840.48] 841.53] 841.44] 845.00] 846.35] 848.20] 848.31 848.91] 848.36] 844.42[ 841.79] 844.69
- - | PP | A am aal ~aa mal Y ~am aal ~am aal A~ as aal A sl A aal A e Al P e aal P PP
| |£UAJ.-AU3U | D4.30| ‘/D.DO| J.AU.UJ| 143.0/| 10/.44 ALJ.AJ| £4L.U4| 464.77| J.DO.‘/A| 141.DO| J.UA./O| /0.‘/‘7' J.OUJ.AD' | |£UAJ.-AU3U | J.UO.‘/D| lJ/.lO| J.OD./U| £U4.LD| 434.43| ADO.J.J.| JAU.O/| é‘/d.4l| AUD.‘/O| 101.43| llJ.7l| 00.3/' 4043.1‘4
| l1961-1990 | 6.38| 6.88| 7.02| 7.06| 6.85]  6.47| 5.54| 5.03  5.44| 5.34| 6491 6751  6.27] | l1961-1990 | 6.36| 6.83| 6.37| 6.13| 593 523  4.44 416 445 473 616l 654  5.61
S d th IJ.7UJ.'J.77U I "PL-LI' JU-UUI ‘17.IU| AJ-7UI I | I I | U-UJ.I J."'7| Ll-l.7l J.U7-L7| S d th IJ.7UJ.'J.77U I l-\l"'l "P-JUI J..U"l U-UJI I | I I | U-UUI U.JII L-ULI lJ-UII
nowdepth 19912020 | 34.34] 5073 44.38] 12.03 079] 552 17.31] 164.31] | nowdepth [1991.2020 | 4.46]  4.02 126]  0.03 000 079 200 12.48
| Ploiesti I I I v v Vi Vil Vil IX X XI Xit | Annuall | Radauti I I I v v Vi Vil Vil IX X XI Xit | Annuall
L) | P — T - —=1 - = P— - - I Pp—— - -1 PR—— P——— p—— - - =1 P - - -1 - - L) | P — T - =1 - -1 - = -l — =1 Pp—— papp—— | p— pra—— P =1 —_ - == Peg—— pe—
| |£UAJ.-AU3U | DO.JJ| llL.U0| 14J.JL| lDL.L/| AAJ..‘/O| A40.0D| L/D.é‘ﬂ 40/.04| J.C)D.OJ.| 144.1‘/| ‘//.AO| /L.O‘fl LUJJ.OL' | |£UAJ.-AU3U | DD.OU| 1U4.4L| 14J.OD| l‘/O.Ll| 443.70| AD/.4L| L//.£l| 400./4| lDl.47| 1D J..U3| ‘/4.JJ| /J.OJ' U/ /.76'
| l1961-1990 | 6.53| 6.93| 6.43| 6.16| 5.83] 5.36| 4.59| 4.26| 4.44) 4.75| 6.38| 6.78l 5.70| | l1961-1990 | 6.48| 6.93| 6.71| 6.39| 6.05/ 5.72| 5.43| 477! 5.13| 5.29| 6.76| 6.98 6.05|
S d th IJ.7UJ.'J.77U I J-QJ' "P-L7| v.uo| U-UUI I | I I | U-UUI \l."'ll L-'fll 10-07'
nowdepth 19912020 | 408 372 091 o0.00 000 055 228 1145
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| Ramnicu Valcea 1 1l ] v Y Vi Vil Vil IX X X Xit | Annuall
L) | P — L] P - -1 —— P—— P— R —— P—— PR— Pp—— PR [—— Pu— - - -l
| |AUAJ.'4U3U | ‘/J..LU| 117.U4| 1OU.A‘(>| 107.43| AJJ./4| AO4.30| L73.UJ| 404.07| AUU.L4| lDO.UU| J.U4.AU| /J.Oll Ll/é.éU'
| l1961-1990 | 6.59| 6.91| 6.44| 6.26| 6.15| 5.46| 4,58 4.30| 4.61| 4.96| 6.44| 6.871 5.80|
S d th IJ.7UJ.'J.77U I '0-7U| J-IJI ./ Jl U-UUI I | I I | U-UUI U.LQI A-UII AJ--JUI
nowdepth 19912020 | 2.92] 258 065  0.00 000 o038 131 774

| Roman I I I v v Vi Vil Vil IX X XI Xit | Annuall
L) | P — L] - P - - - - -l P | Pa—— PP —— Pa—— - — ——— P | - =1 P ) - =l
[1961-1990 | 992.80] 991.62] 990.91] 987.63] 988.80] 988.12] 988.77] 989.79] 992.13] 994.46] 992.33[ 991.55] 990.74

- - | PP | o asl ama e | I aaa <Al I aana .= T PPN Ry I aaax 72 T ama aal I PO R T PP | PP |

| |AUAJ.'4U3U | /L.Lé| lUU.J./| 14‘7.1‘(1 l‘l7.60| 43/.04 A/D./L| JUJ.DO| AOO.J.U| J.‘/O.J4| 144.3U| OA.O/| D‘/./Jl LlA/.DD'
| l1961-1990 | 6.96| 7.21| 6.63| 6.22| 5.78] 5.29| 4.79| 4.22] 4.63| 5.19| 6.87| 7.291 5.92|
S d th IJ.7UJ.'J.77U I I-JJl 7-"7' "P.Jll U-UII I | I I | U-UUI U.UJI Lod ll LJ-UJI
nowdepth 19912020 | 5.79]  5.40] 212  o0.07 000 131 386 18.3g
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| Resita I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | [ — T - - -1 - =1 p— | P—— - - pap—— | P | P —— P—— P -1 - - -l P— Pe—
| |AUAJ.-4U3U | /L.OU| 1U1.44| 140.JL| 104./U| AJD.JJ| AOO.‘/L| L73.‘/‘+| AOJ.J.O| J.D/.30| 104.40| J.UD.JU| OU.3‘7| LlUl.‘f‘}'
| l1961-1990 | 7.04] 7.10| 6.41| 6.41| 6.03| 5.59] 4.43| 4.18] 4.59] 4.86| 6.81| 7.62| 5.92|
| Sacuieni I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | [ — T - T - —=1 - —I J——— P——— Py ——— | P— Pe— | Pp— P P p—— P—— ) - -1
| |AUAJ.-4U3U | O‘/.O4| ‘/7.07| 17 J..‘//| LJ.D./A| éO/.UD| A‘/A.A7| L7‘7.30| é‘/4.06| J.‘//.OA| lO‘I.J‘/| ‘/D.Jl| DO.LD' LéJl.JD'
| l1961-1990 | 7.21] 6.93| 6.46| 6.34| 6.10 5.77 4.92| 4.50| 4.92| 4.95| 7.10 7.671 6.071
S d th 170170177V “+.77 FXYAY) V.U V.UV V.UV V.Lrs .79 AV.IV]
"°‘(’:m;3p 1991-2020 281 334 045 0.0 0.00] 017 176]  8.48
2021-2050 2.31] 2.31] 0.64 0.00, 0.00 0.15 1.92 7.33
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1

| Satu Mare I I I v v Vi Vil Vil IX X XI Xit | Annuall | Sibiu I I I v v Vi Vil Vil IX X XI Xit | Annuall

L) | P — L] P— - -1 —— P—— P— P —— | Pa—— P— P—— Pr— — P— Pr—— L) | P — L] - =1 - -1 p—— - -0 PR—— | prpm—— PP —— p—— - -1 - -1 P— Pu— - -1
|1961-1990 | 2.2 2.48| 2.87| 2.99| 2.55| 2.37| 2.24| 1.92| 1.95] 2.07| 2.48| 2.36| 2.38
vim/a\  [0o1-2000 | 2 17 9 54| 7 oRl 2 76l 7 &4l 2 20| 9 18] 1 84 7 04l 2 11| 2 21| 2 20l PR

| |AUAJ.'4U3U | O‘/.DJ| ‘/D.DJ.| 104.37| £U7.Jl| 40/.0U| AO‘/.D/| £7U./J| é‘/é.l/| l‘l‘+.40| lOL.‘/O| 0‘7.3/| 4. J.Ol Ll/d.éU' | |AUAJ.'4U3U | /9. J.U| lUU.O7| J.‘H..J.D| l/J.U4| AJ.U.46| AJD.DJ| LDO.4J| Pae] J..J‘I| J.OO.UO| lDU.DO| 74.0 J.| OU.J.D' J.‘/J.D.U‘}'

| l1961-1990 | 7.40| 7.02| 6.49] 6.31| 6.04| 5.77| 5.11| 4.74| 5.09| 5.31] 7.32| 7.81l 6.20| | l1961-1990 |  6.87| 6.73| 6.32| 6.60| 6.32] 6.12| 5.36| 4.86| 5.04| 4.89| 6.66| 7.40] 6.10|
S d th 17017177V “t./ I “+. 1V V.7 V| V.UV V.UV V.l L.V 1L.VV)
"°‘(’:m;3p 1991-2020 2.88] 326 048 0.0 0.00|  0.07 190] 852
2021-2050 2.47 2.77 0.50 0.00 0.00, 0.03 1.72 7.49

| Slobozia I I I v v Vi Vil Vil IX X XI Xit | Annuall | Suceava I I I v v Vi Vil Vil IX X XI Xit | Annuall

L) | P — L] Pr— - -1 —— P— e =l p— —— —— —— PR— —— - — -1 P—— | L) | P — L] - =1 - - P— - -1 Pp— pppp—— | - -1 p— R — - - - - P—— ) p—— |

| |1961-1990 | 3.30| 3.56| 3.38 3.56| 3.23) 2.88| 2.62| 2.41| 2.45| 2.71| 3.07| 3.04) 3.02|

vim/a\  [0o1-2000 | 9 o5] 2 18] 227 2 27| 217 7 94l 2 a0l 2 a8l 7 Adl 2 78 2 94l 2 gol 2 95l

| |1961-1990 | 975.36| 974.39| 973.97] 971.34] 972.83] 972.33 973.11] 974.01] 975.93| 977.79| 975.25| 974.26] 974.22|

- | PP | ——— aal P | PP | Pr—pg— | P | ema aal a—— aal PP | P | ~—r ol PSR ——— T P |

| |AUAJ.'4U3U | DJ.40| 117.J7| 134.JD| £U0.0/| 430.34 A/0.0D| J17.00| JU4.J‘7| AJ.D.O‘I| lOL.U/| ‘/O.‘H.| /0.3U| Lé/d.‘fb' | |AUAJ.'4U3U | 0U.O‘7| lUU.0/| 150./7 J.| 104./U| éJ7.J4| ADU.J/| 404.041 434.73| 17 /./‘7| 144.0l| ‘/U.OL| / J..LU' J.‘/‘/0.0‘I'

| l1961-1990 | 6.75 6.89| 6.39| 5.88| 5.43] 4.76| 3.90| 3.50| 3.90| 4.42| 6.33| 6.98 5.43| | l1961-1990 | 6.82| 7.25| 7.02| 6.78| 6.42| 6.02| 5.68| 5.12| 5.39| 5.65 7.12| 7.271 6.38|

S d th IJ.7UJ.'J.77U I U-'le AA-UUI 7 .JJl U-Q‘fl I | I I | U-UUI J-.LII "-J.Ol JJ-LUI

nowdepth 19912020 | 7.70] 859  3.66] o0.14 003 207 534 2724



Sulina 1 1l 11l v v Vi Vil Vil IX X XI Xii | Annuall
| | - P P— P—— Pag—— py—— | - = pu PRup—— - aal PP — PuS—— | — P—— P |
|AUAJ.-4U3U | /O.40| lU/.‘/‘}| 144.47| LU/.LO| 404.0l| Jll.OU| JJJ.JO| JU7.7L| AAO.J/| 130.4‘/| VJ.40| /0.‘//' LJL‘}.J/'
l1961-1990 | 6.97| 7.15| 6.68| 5.70| 4.82| 3.93| 3.10| 2.86| 3.61| 4.82| 6.57 7.18| 5.28]

Tg. Mures 1 1l 11l v v Vi Vil Vil IX X XI Xii | Annuall
| | - -1 P P § - aal PU— | — P —— P — | PU— - - -l - —=1 P - - -l
|AUAJ.-4U3U | OJ.L7| ‘//.J.L| 130.17| l‘//.73| 444.JJ| AO‘/./D| LOO.JD| AOJ.U/| J.DO.UJ.| 10 J..UU| 00.44 DU.OO' LUOO.J.‘I'
l1961-1990 | 7.50 6.97! 6.23| 6.44 6.09| 5.86] 5.21] 4.65| 5.03| 5.00| 7.01] 8.03] 6.171
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| Tg. Jiu I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | [ — Pr— - — =1 e P—— prp—— | PP —— PRy— P—— Pp— P——— - e P— ) - -1
| |AUA 1-ZUd5VU oL. l4| 1 14.JO| J.OU.‘/D| l‘/U.OD| L2/ .74| AO4.AD| 47‘7.44 /7 .O/| J.‘/U.34| l44.4l| 4. J.D| OJ.‘}D' Z1V/ .7J.|
| l1961-1990 6.73| 6.85] 6.50| 6.34| 6.09] 538 449 437  4.69| 5.15| 6.51| 7.02l  5.84
S d th IJ.7UJ.'J.77U I-Qll U-UJ.I J-.Jol U-UUI I | I I | V-UUI U."QI L-I"'l AU-ULI
now depth 11991-2020 509] 511 080  0.00 0.00] 038 214 1343

| Tg. Ocna I I I v v Vi Vi Vil IX X XI Xil | Annual|
L) | [ — - —=1 P—— Pr—— P— - — =1 PP —— P P—— Pp— P —— - -1 - —--1
[1961-1990 990.02] 988.84] 988.15] 985.00] 986.17] 98559 986.27] 987.25] 989.56] 991.82] 989.81] 989.00] 988.12

- - | PN R T aaa o T P | PO | ans ~al PO | P ——— T POV T PP | mmn Al aaa oAl 1

| |AUAJ.'4U3U ‘/4.U4| ll4.l4| J.‘H.U‘(>| l‘/L.UO| AJO.4J| AOD.JJ| L7L.OU| AIO.UJ.| J.‘/J.O‘f| 14D.YJ| J.U4.DD| DJ.OY' Z1D J..JL'
| l1961-1990 6.39| 6.82 6.45| 6.34| 6.02| 5.64| 5.09| 4,54 4.68| 4.91] 6.34| 6.54 5.81|
S d th IJ.7UJ.'J.77U U-QU' U-LJ.I L."f"l U-J-UI I | I I | V-UUI U.UII L-Lll AU.L"'I
now depth 11991-2020 4.49] 434 130 0.4 0.00] 100 293 14.07



| Timisoara I I I v v Vi Vil Vil IX X XI Xit | Annuall | Tulcea I I I v v Vi Vil Vil IX X XI Xit | Annuall

L) | P — L] P—— - —I —— P—— - —al - -1 - - ) - -1 pap— PE—— J—— P— ) Pa—— | L) | P — L] P— - == - - P——— e =l P— - P P— p—— PR—— - - P— ) Pa——
| |AUAJ.-4U3U | 14.7 /| llU.J.U| J./U.OO| £U3.47| 44/.34| AO/.UL| LOO.JO| AOJ..J/| J.DO.JO| 103./3| J.UU.‘7U| OJ..LU' 413/./4|
| l1961-1990 | 7.27| 7.07| 6.51 6.44| 6.13 575  4.64 440 4771 4.93 696l  7.64l  6.04

S d th IJ.7UJ.'J.77U I L-UJ' L-"OI U.Jol U-UUI I | I I | U-UUI U.LQI A-UOI U-LJI

nowdepth 19912020 | 3.02] 208 080 0.03 0.00| 0.17 114 729

| TurnuMagurele | 1 I I v v Vi Vil Vil IX X XI Xit | Annuall | Vf. Omu I I I v v Vi Vil Vil IX X XI Xit | Annuall

L) | P — L] Pe— Pr— - =1 P— —— P — P— —— - - PR—— —— Pu— P— | L) | P — L] —— Pa—— - - P—— | - ) Pe— J— p— | - —— - = - ) - -1 - — -l

| |AUAJ.-4U3U | DO.LD| lAD.OJ.| J.OA.U3| LJ.U./3| 437.J.J| AOJ..OU| JJ.D.4/| JUD.47| LLL. l4| lOU./‘+| 00.3/| 195.7 J.| szo.oq | |AUAJ.-4U3U | 1U7.43| lll.DJ.| J.LU.OO| 140.4/| l4l.l4| lDJ.40| 1/0.3/| 103.73| 103.34 134.30| 117.UJ| J.UJ.OU' J.O‘R).JL'

| l1961-1990 | 7.23| 6.94| 6.15| 5.59| 5.29] 4.51| 3.51| 3.20| 3.49| 4.50| 6.51| 7.11l 5.34| | l1961-1990 | 6.21| 6.70| 6.85| 7.67| 7.77! 7.85 7.49| 6.77| 6.26| 5.41] 6.37| 6.291 6.80|
S d th IJ.7UJ.'J.77U I U-77| ol 7| J..U\Jl U-UUI I | I I | U-UUI J..UQI J-LUI LV-UII
nowdepth 19912020 | 8.10] 558 092  0.00 0.00] o086 293 1827
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Vladeasa 1800 I I I v v Vi Vil Vil IX X XI Xit | Annuall | Zalau I I I v v Vi Vi Vil IX X XI Xil | Annual|
L] L) -T 1

,,,,,,,, T p—— p— p— p— p— p—— p— p— P p—— p— pu—— | | | —— p— pa—— p— p—— pR— p——— pa—— pa—— p—— pa—— . P p——

|AUAJ.-4U3U | DO./O| O/.//| 1LA.O7| lDJ..J.D| 104.43| AUJ..J/| LAD.U/| 467.4U| l40.ll| l40.‘//| J.U/.JL| 03.61' J./OO.J./' | |AUAJ.-4U3U | //.‘/‘7| lUU.DJ.| J.O0.0J| LUU.0/| 434.44| A//.74| 40‘7.14 474.U1| l‘/‘+.74| 1/0.4‘/| J.U4.D7| OJ.J.U' 4173.40|
l1961-1990 | 6.79| 7.00| 7.34| 7.40| 7.24] 7.22| 6.47| 6.09| 6.30| 5.78] 7.00| 7.05l 6.81| | l1961-1990 | 6.72| 6.64| 6.23| 6.21| 5.86| 5.63| 4.87| 4.47| 4.84] 4.70| 6.73| 7.35] 5.85|
S d th IJ.7UJ.'J.77U I J.U-7‘1| LJ-UUI 17.70' 7-JUI I | I I | J--LJ.I "P.JUI J-l-UJI UI-JUI
nowdepth 19912020 | 17.18] 19.12] 17.69] 6.18 100 431 1179 7679
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EXPLANATION

To quantify climatic changes between the analyzed periods, a Standardized Index of Interperiod
Statistical Change, SI(ISC), was used. It expresses the difference between the monthly mean of a newer
period and the monthly mean of the reference period, divided by the standard deviation of the same
month in the reference period. Therefore, the index does not express the difference in the original
units of the analyzed parameter, but in standard-deviation units, allowing the intensity of changes to
be compared across months, regions, and different climatic parameters.

SI(ISC) does not express change in the original units of the parameter, but standardizes it. This means
that the result is no longer in °C, mm, hPa, %, hours, or m/s, but is a unitless value.

For example, an increase of 1 °C does not have the same meaning everywhere. If the variability of a
given month is low in a region, 1 °C may represent an important change. If natural variability is high,
the same increase may be relatively modest. By dividing by the standard deviation, SI(ISC) answers the
question:

How large is the change compared with the normal climatic variability of the reference period?
Thus, the index allows changes to be compared across regions, months, and different parameters.

Positive values indicate an increase relative to the reference period, while negative values indicate a
decrease. The index should be interpreted as a standardized measure of interperiod statistical
deviation, not as a test of statistical significance and not as isolated evidence of climate change in the
causal sense. Through this standardization, absolute differences are related to the normal climatic
variability of the reference period, which makes it possible to highlight the areas where change
exceeds the usual level of interannual variability.

6.1. Five-class classification and cell coloring

1. Strong increase, SI(ISC) = +1.0, color: dark red

2. Moderate increase, +0.5 < SI(ISC) < +1.0, color: light red / orange
3. No relevant change, -0.5 < SI(ISC) < +0.5, color: no fill or white

4. Moderate decrease, -1.0 < SI(ISC) < -0.5, color: light blue

5. Strong decrease, SI(ISC) < -1.0, color: dark blue

6.2. How the sign is interpreted according to parameter
For temperature, a positive SI(ISC) indicates warming, while a negative ISC indicates cooling.

For precipitation, a positive SI(ISC) indicates a relative pluviometric surplus, while a negative ISC
indicates a reduction in monthly amounts.

For relative humidity, negative values may indicate a tendency toward air drying, especially in warm
months.

For sunshine duration, positive values indicate an increase in sunshine.

For cloudiness, positive values indicate an increase in cloud cover, while negative values indicate a
reduction.

EXPLICATII

Pentru cuantificarea schimbarilor climatice dintre perioadele analizate, a fost utilizat Indicele
standardizat al schimbarii statistice interperiodice, SI(ISC). Acesta exprima diferenta dintre media
lunara a unei perioade mai noi si media lunara a perioadei de referinta, impartita la abaterea standard
a aceleiasi luni din perioada de referintd. Prin urmare, indicele nu exprima diferenta in unitatile
originale ale parametrului analizat, ci in unitati de abatere standard, permitand compararea
intensitatii schimbarilor intre luni, regiuni si parametri climatici diferiti.

SI(ISC) nu exprima schimbarea in unitatile originale ale parametrului, ci o standardizeaza. Aceasta
fnseamna ca rezultatul nu mai este exprimat in °C, mm, hPa, %, ore sau m/s, ci este o valoare fara
unitate de masura.

De exemplu, o crestere de 1 °C nu are aceeasi semnificatie peste tot. Daca variabilitatea unei anumite
luni este redusa intr-o regiune, 1 °C poate reprezenta o schimbare importantd. Daca variabilitatea
naturala este ridicata, aceeasi crestere poate fi relativ modesta. Prin impartirea la abaterea standard,
SI(ISC) raspunde la intrebarea:

Cat de mare este schimbarea in raport cu variabilitatea climaticd normald a perioadei de referinta?
Astfel, indicele permite compararea schimbarilor intre regiuni, luni si parametri diferiti.

Valorile pozitive indica o crestere fata de perioada de referinta, in timp ce valorile negative indica o
scadere. Indicele trebuie interpretat ca o masura standardizata a deviatiei statistice interperiodice, nu
ca un test de semnificatie statistica si nici ca dovada izolata a schimbarii climatice in sens cauzal. Prin
aceasta standardizare, diferentele absolute sunt raportate la variabilitatea climaticd normala a
perioadei de referinta, ceea ce permite evidentierea ariilor unde schimbarea depaseste nivelul
obisnuit al variabilitatii interanuale.

6.1. Clasificarea in cinci clase si colorarea celulelor

1. Crestere puternica, SI(ISC) = +1,0, culoare: rosu inchis

2. Crestere moderata, +0,5 < SI(ISC) < +1,0, culoare: rosu deschis / portocaliu
3. Fara schimbare relevanta, -0,5 < SI(ISC) < +0,5, culoare: fara umplere sau alb
4. Scadere moderata, -1,0 < SI(ISC) £ -0,5, culoare: albastru deschis

5. Scadere puternica, SI(ISC) < -1,0, culoare: albastru inchis

6.2. Cum se interpreteazd semnul in functie de parametru
Pentru temperaturd, un SI(ISC) pozitiv indica incalzire, iar un SI(ISC) negativ indica racire.

Pentru precipitatii, un SI(ISC) pozitiv indica un surplus pluviometric relativ, iar un SI(ISC) negativ indica
o reducere a cantitatilor lunare.

Pentru umiditatea relativa, valorile negative pot indica o tendinta de uscare a aerului, mai ales in lunile
calde.

Pentru durata de stralucire a Soarelui, valorile pozitive indica o crestere a insolatiei.

Pentru nebulozitate, valorile pozitive indica o crestere a acoperirii noroase, iar valorile negative indica
o reducere.



For snow cover, negative values are climatologically very important because they may indicate a
reduction in mean snow-cover depth or the contraction of areas with consistent accumulation.

A second method verifies the statistical significance of the change at a 95% confidence level (the Welch
test), and significant results are highlighted by red font color.

Thus, the background color indicates the direction and intensity of the change, while the red font color
marks the values for which the change is statistically significant.

The results obtained by applying the Standardized Index of Interperiod Statistical Change, SI(ISC), and
by verifying statistical significance with the Welch test indicate that the changes between the analyzed
periods are not distributed randomly, but largely follow the physical-geographical organization of
Romania's territory.

In the tables, the background color expresses the direction and intensity of the standardized change,
while the red font marks cases in which the difference between periods is statistically significant at
the 95% confidence level. Therefore, the most robust interpretations are those in which the intensity
indicated by SI(ISC) is accompanied by the statistical significance of the Welch test.

The most coherent statistical signal is thermal. Mean temperature, maximum temperature, and
minimum temperature show numerous positive SI(ISC) values, frequently accompanied by statistical
significance, especially in the warm semester. This confirms a generalized temperature increase,
visible both in low regions - the Romanian Plain, the Western Plain, the Moldavian Plateau, and
Dobrogea - and in mountain and depression regions. In plains and plateaus, the signal is very evident
for maximum temperatures, indicating the intensification of daytime warming in spring, summer, and
early autumn months. In intramontane depressions and higher areas, changes in minimum
temperature are important because they suggest the attenuation of cold nocturnal conditions and the
reduction in the frequency of very low thermal situations. The monthly temperature maps confirm
the same displacement of thermal classes toward higher values between 1961-1990, 1991-2020, and
2021-2050.

The results of the two statistical methods show that the clearest and most robust changes occur for
thermal parameters, followed by relative humidity, sunshine duration, and cloudiness. Precipitation,
wind, and snow cover show a more regionalized behavior and are more dependent on relief, exposure,
and season. By correlating the tables with the relief map, it can be seen that Romania does not display
a uniform climatic response: low plains and plateaus tend to show the intensification of warm, sunny,
and relatively drier conditions, while the Carpathians retain the role of a cold, humid, snowy, and
windy core, but with statistically evident signals of change, especially in the thermal regime.
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Pentru stratul de zapada, valorile negative sunt foarte importante climatologic, deoarece pot indica o
reducere a grosimii medii a stratului de zapada sau contractia ariilor cu acumulare consistenta.

O a doua metoda verifica semnificatia statistica a schimbarii la nivelul de incredere de 95% (testul
Welch), iar rezultatele semnificative sunt evidentiate prin culoarea rosie a fontului.

Astfel, culoarea de fundal indica directia si intensitatea schimbarii, in timp ce culoarea rosie a fontului
marcheaza valorile pentru care schimbarea este semnificativa statistic.

Rezultatele obtinute prin aplicarea Indicelui standardizat al schimbarii statistice interperiodice, SI(ISC),
si prin verificarea semnificatiei statistice cu testul Welch indica faptul ca schimbarile dintre perioadele
analizate nu sunt distribuite aleatoriu, ci urmeaza in mare madsura organizarea fizico-geografica a
teritoriului Romaniei. Tn tabele, culoarea de fundal exprimad directia si intensitatea schimbdrii
standardizate, iar fontul rosu marcheaza cazurile in care diferenta dintre perioade este semnificativa
statistic la nivelul de incredere de 95%.

Prin urmare, interpretarile cele mai robuste sunt cele in care intensitatea indicata de SI(ISC) este
insotita de semnificatia statistica a testului Welch.

Cel mai coerent semnal statistic este cel termic. Temperatura medie, temperatura maxima si
temperatura minima prezinta numeroase valori pozitive ale SI(ISC), frecvent insotite de semnificatie
statistica, mai ales in semestrul cald. Acest lucru confirma o crestere generalizata a temperaturii,
vizibila atat in regiunile joase - Campia Roméana, Campia de Vest, Podisul Moldovei si Dobrogea - cat
si Tn regiunile montane si depresionare. In campii si podisuri, semnalul este foarte evident pentru
temperaturile maxime, indicand intensificarea incalzirii diurne in lunile de primavara, vara si inceput
de toamn4. Tn depresiunile intramontane si in ariile mai tnalte, schimbarile temperaturii minime sunt
importante deoarece sugereaza atenuarea conditiilor nocturne reci si reducerea frecventei situatiilor
termice foarte scazute. Hartile lunare ale temperaturii confirma aceeasi deplasare a claselor termice
catre valori mai ridicate intre 1961-1990, 1991-2020 si 2021-2050.

Rezultatele celor doua metode statistice arata ca cele mai clare si mai robuste schimbari apar la
parametrii termici, urmati de umiditatea relativa, durata de stralucire a Soarelui si nebulozitate.
Precipitatiile, vantul si stratul de zapada arata un comportament mai regionalizat si depind mai mult
de relief, expunere si sezon. Prin corelarea tabelelor cu harta reliefului, se observa ca Romania nu
prezinta un raspuns climatic uniform: campiile si podisurile joase tind sa arate intensificarea conditiilor
calde, insorite si relativ mai uscate, in timp ce Carpatii isi pastreaza rolul de nucleu rece, umed, nivos
si vantos, dar cu semnale de schimbare evidente statistic, mai ales in regimul termic.
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