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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”
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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 exprimé 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 zipada, zona criticd nu este neapérat varful cel mai inalt, 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.
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Tmed - July - Interpolated maps of spatial indices
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Sunshine Duration - Annual - Interpolated maps of spatial indices

Local Moran | - Annual Local Moran | - Annual Local Moran | - Annual
1961-1990 1991-2020 2021-2050

Local Moran |
7.11

6.32
5.53
4.74
3.96
317
2.38
1.60
0.81
0.02
-0.76

— e
¢ 50 100 150 200 km

Local G statistic (z-score) - Annual Local G statistic (z-score) - Annual Local G statistic (z-score) - Annual Local G statistic (z-score)

1961-1990 1991-2020 2021-2050 2,57

1.81

1.05

0.29

-0.47
-1.23
-2.00
-2.76
-3.52
-4.28
-5.04

0

A Gl (z-score) - Annual A Gl (z-score) - Annual A Gl (z-score) - Annual
1991-2020 minus 1961-1990 2021-2050 minus 1961-1990 2021-2050 minus 1991-2020 A Gl (z-score)

4.08
3.34
2.60
1.86
1.12
0.38
-0.36
-1.10
-1.84
-2.58
-3.32

0 50 100 150 200 km

93



Precip - Annual - Interpolated maps of spatial indices
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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.

113

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.
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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.
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