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1. Introduc tion  

 The analysis of data observed over long periods of time showed that the global 

warming is an ongoing phenomenon accepted by the international scientific community, too. 

Simulations carried out using global climate models showed the main factors triggering this 

phenomenon, both the natural ( changes in solar irradiance and volcanic activity ), and the 

ant hropogeni c ones (changes in the composition of the atmosphere caused by human 

activities ). The cumulative effect of the two categories of factors may explain the changes in 

the average global temperature over the last 150 years . The increase in greenhouse gas 

concentrations in the atmosphere, particularly the carbon dioxide, by 0.13 ° C over the last 

50 years of the twentieth century was the main cause of warmi ng, which is about 2 times 

the value in the last 100 years, as presented by IPCC in the AR4 and  AR5                                  
(http://www.ipcc.ch  ).  

 Between 1880 and 2012, according to the multiple independent sets of data, the 

average global air temperature has increased by about 0.85 ° C (with variations in growth 

between 0.65 and 1.06), an average of 0.06 ° C per decade. The total increase between the 

average value for the period 1850 -1900 and the period 2003 -2012 is 0.78 ° C ( from 0.72 to 

0.85 ° C), according to the only existing data set. Europe has registered a climate warming 

of about 1 ° C in the last century, higher than the global average . 

 Globally, all years of the 21 st  centur y (2001 -2013) are among the top 15 warmest 

years since 1880, according to the 2013 report of the National Oceanic and Atmospheric 
Administration (NOAA) . 

 2013 ranks fourth among the warmest in the last 133 years, being the 37th 

consecutive year with an ave rage temperature above that of the twentieth century. The 

years 2010, 2005 and 1998 rank, in order, the top three warmest years since 1880 . 

 Rainfalls have increased considerably in northern Europe, and droughts in south of 

the continent, have become more frequent. The e xtreme temperatures recently  recorded , 

such as the heat wave in the summer of 2003 and especially the 2007, were connected to 

the observed increase in the frequency of extreme events in recent decades as a 

consequence of climate change .  Whi le single weather events cannot be attributed to a 

single cause, statistical analy sis has  shown that the risk of s uch events has increased 
considerably due to climate changes.  

 IPCC identified in AR4 the most vulnerab le areas in Europe, as follows :  

¶ Southern Europ e and the entire Mediterranean Basin ï areas with water deficit 
caused by rising temperatures and reduced precipitations ;  

¶ Mountain areas, particularly the Alps ï areas with water flow problems due to snow 

melting and the retreat of glaciers ;  

¶ Coastal regions ï areas at risk of rising sea levels and extreme weather events ;  

¶ Densely populated floodplains  ï prone to extreme weather events , heavy rainfall and 
flash floods, causing major damage to built -up areas and infrastructure . 

http://www.ipcc.ch/
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 Climate scenarios made with different global climate models have predicted an 

increase in average global temperatures ranging between 1.8 ° C and 4.0 ° C by the end of 

21 st  century (2090 -  2099), compared to the period 1980 -1990, depending on the scenario 

for gree nhouse gas emissions considered. Due to the inertia of the climate system, global 

warming will continue to evolve despite the immediate implementation of measures to 

reduce emissions, but the temperature rise will be limited by the level of reduction appli ed. 

It is "very likely" (greater than 90% probability) that precipitations will increase at high 

latitudes, and "likely" (> 66% probability) to decrease in most subtropical regions. The 

configuration of these changes is similar to that observed during the twentieth century. It is 
"very likely" that the upward trend of hot extremes and heat wave  frequency to continue . 

 

 Currently, global warming involves two major problems for humanity. On the one 

hand the need for drastic reduction of greenhouse gas emissio ns in order to stabilize the 

level of concentration of these gases in the atmosphere to prevent the human influence on 

the climate system and enable natural ecosystems to adapt naturally, and, on the other 

hand, the need to adapt to the effects of climate change, given that these effects are 

already visible and unavoidable due to the inertia of the climate system, regardless of the 

outcome of actions to reduce emissions . 
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2. Climate changes in the Region 7 -  Cent re  

Diagnostic  analysis of the current situation  

 The agro - climatic potential of an area under cultivation  provides information on 

assessing the vulnerability of natural vegetation and agricultural land to various forms of 

risk / stress which can cause significant annual deviations in terms of agricultural potential 
and economic development .  

 The analysis of thermal and water resources involves identifying parameters and 

critical thresholds on specific date ranges that correspond with completing the processes of 

grow th and development of main crops (winter wheat and corn) duri ng the growing season 
of plants , i.e. from seeding up to the maximum water  consumption period  (May to august) .  

Geographical location  

 The analysed area of agricultural interest includes large areas in centra l 

Transylvania, Figure 1, i.e. Alba, Sibiu, Brasov, Mures, Covasna and Harghita  Counties, an 

area characterized as having optimal agro -climatic conditions, due to its temperature and 

water potential, while the risk factor with negative impact on the agricultural production of 
field crops being represented by the amount of water from rainfalls . 

 
Figure  1.  

The analysis included 28 weather stations , 6 of which are specialized in phenological 

observations and measurement of soil moisture reserve accessible to winter wheat and corn 

crops, as follows :  

Á weather stations : Alba Iulia, Bâlea  Lac, Baraolt, Batoĸ, Blaj, BoiŞa, Bucin, C©mpeni, 

FŁgŁraĸ, Fundata, Ċntorsura BuzŁului, Joseni, LŁcŁuŞi, Miercurea Ciuc, Odorheiu 

Secuiesc, PŁltiniĸ, Predeal, Roĸia MontanŁ, Gheorghe Munte, T©rnŁveni, T©rgu 

Secuiesc and  TopliŞa; 
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Á agro -meteorological statio ns: Braĸov, DumbrŁveni, SŁrmaĸu, Sebeĸ, Sibiu and  Târgu 

Mureĸ. 
 

 The relief unit in the northern part of the region is the southern Transylvania Plain , 

with altitudes between 550 and 250 m, as well as heights above 600 m (Dâmbului hill, 651 

m), representin g the area of maximum immersion of the  Carpathian crystal rock layer onto 

which considerably thick Paleogene and Miocene layers of sediments have deposited  (> 

5000 m thickness to the southwest of Targu Mures) . The Transylvanian Plainôs lower 

altitudes, the hilly and mountainous framework, and the wide valley chains customize the 

climate phenomena over the whole hilly Transylvanian Depression . This unit is warmer than 

other relief units . The same climate peculiarities impact the waters through unstable sm all 

river  flow s (Meles, Ludus , Valea Luϛului) which imposed the arrangement of ponds, 

especially in the Fizeĸ and Ludus  basins. Soils are characterized by the development of 

wet  argillic  and cambic chernozems . The Transylvania n Plainôs climate is moderate,  with 

differences between north and south because of the presence of the Apuseni Mountains , 

with warm foehnic influences of the Meseĸ Mountains to the north ï west, as well as a 

number of topo -climates specific to broad valleys. The a ir temperature s slight ly  differ  from 

the north to the south . The higher peaks to the north lower the temperature by almost 1ęC, 

compared  to the south, wh ere the annual average is about  8-9ºC. The Transylvania n Plain 

has a special situation related to the river system  and deficient multi -annual rainfall. A 

feature of the Transylvanian Plain is that, although lower than the surrounding areas , 

neither the major river valleys, nor  its large roads converge t owards its center, but 

surround  its boundaries . 

 

Therefore it is a n area with poor water resources, lacking the intense traffic, which explains 

in part its rural character and layout of cities towards the peripheries. The rainfalls, 

generally deficient in the Transylvanian Plain, usually record values of 500 -600 mm / y ear, 

and the frequency of precipitations usually follows the NW -W direction . The winds have 

increased in intensity and meet the general trend of winds in this part of Romania, the 

prevailing ones being from NW to the West.  

 

 The Bistriϛa and Reghin Hills form a higher hilly region, with altitudes ranging 

between 600 -700 m, located on the eastern side of the Transylvanian Plain. It is the only 

peak approaching the Sub -Carpathians specifics, the other depressions being piedmont 

formations. The altitude and hu midity led to the development of brown Luvisolic  soils 

(podzols) and river bed Luvisolic soils (argillic  podzols ) . 

 

 Târnave  Plateau  is a predominant relief unit in the studied area , being a major 

southern sub -divi sion of the Hilly Transylvanian Depres sion . Târnave  Hills run south to 

Mureϙ Corridor, continu e in the Niraj  Valley , being in contact with the Carpathian branches 

through the Sub -Carpathian relief of the two contact depres sions, FŁgŁraϙ and Sibiu , to the 

south , the Apold  Corridor to the SW, and the Alba Iulia ïTurda  Corridor to the West . The 

highly segmented relief aligning parallel ridges or unitary "bridges" (Hartibaci, Secas) 

develops Pliocene deposits (sand, clay, marl) and Sarmatian deposits in the southeast, 

locally  and Eastern part. However, the foundation is formed by less submerged and 

extensive blocks of crystal rocks, thus influencing the spatial arrangement and peculiarities 

of some relief subdivisions . A representative feature is the adaptation of the river sy stem to 

the tectonic plates . There can be noticed the long parallel valleys  of Mures, Târnavelor 

Hârtibaciului and Olt  Rivers , oriented from east to west. The s trongly inclined slopes are 
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affected by frequent rains and gravitational processes. In relation to the bioclimatic factors , 

brown , brown Luvisolic  soils, argillic and cambic  Chernozems have developed.  

 

 

 

The underground resources (natural gas, salt, mineral springs, sands, riverbed gravel) 

explain the common origin of the Transylvanian Depression. The average amounts of rainfall 

are  smaller in the Secaĸelor Plateau (<600 mm), and increase to the E and SE, exceeding 

700 mm and even 750 -800 mm in the high hills area.  
 

2.1. Climate changes observed  

2.1.1. Areas and sectors  vulnerable to climate changes  

The analysis of the climate regime in the Region 7 -  Centre included the  study of 

multi annual data sets of thermal parameters, water , energy and mechanical parameters by 

time  periods included in the climate change timetable  in order to outline the climate 
changes that have occurred . 

Temperature is one of the most important meteorological factors in plant life. The 

biophysical and biochemical processes of plants, such as water, gas and mineral salt 

absorption, their processing, respiration, photosynthesis, etc. as well as  the processes of 

growth a nd development depend on this factor. The pace of the various growing phases is 

influenced by the temperature, which causes the advance of or delay in the phenophases .  

The thermal  potential of a region means the natural conditions in terms of 

temperature values necessary for the growth and development of plant species. The scale of 

temperature values presents reference limits, low and high, specific to each biological 

genotype (variety / hybrid); within these limits, the intensity of physiological proces ses is 

correlated with the values of this parameter. The positive / negative variations of these  

optimal limits reflect thus in the growing of crop s,  and hence the harvest ing , depending on 

the intensity and duration of heat stress, the genetic characteri stics of genotypes expressed 

by physiological requirements and resistance to extreme temperatures, the stage of gro wth 

and development, the agricultural technology , etc.  

The intensity of heat stress between June and August distinguishes  by the sum of 

maximum daily air temperatures Ǵtmax Ó32 Á C. The 32 ° C limit is the critical biological 

threshold for the optimal  physiological growth and development of agricultural species, as 

forcing biological processes is in direct correlation with t he intensity of the "heat -wave" and 

insufficient water in the soil ( pedological drought ) .  

In other words, the maximum air temperatures over the critical biological threshold 

of 32 ° C, associated with deficits of moisture in the air (atmospheric drought) and soil 
(pedological drought), increase the heat and hydrologic stress with severe effects on plants . 

Rainfall is the main source of water for agricultural plant growth and development, 

and the most significant elements of this meteorological parameter ar e the quantitative 

variability, distribution and spatio - temporal distribution. The total annual precipitation is the 

variable quantitative indicator specific to each area of interest and shows the absence, 

presence or abundance. The average annual precipitation  is a climate indicator of reference 
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to agricultural areas, used to report the extreme  years , consider ed cases of agroclimatic 

risk . This value expresses the potential of rainfall resources necessary to determine the 
suitability of an agricult ural for certain species, varieties or hybrids.  

 

The wind speed contributes to the erosion of the soil (wind erosion), which 

determines the presence of "dust storms" that have direct negative consequences not only 

on the land but also on other components of the space environment, affecting the 

vegetation, surface waters by depositing dust particles, and ultimately onto the life of 
humans and other animals.  

The work methodology for achieving the climate analysis for the 3 municipalities 

(Brasov, Sibiu, Targ u-Mures) included the processing of meteorological data on thermal and 

hydrologic indicators -  monthly averages for the period 1981 -2010 collected by 28 weather 

stations from the ANM database, and representative for the Region 7  -  Centre : Braϙov, 

Târgu -Mureϙ, Sibiu, Blaj, DumbrŁveni, Miercurea Ciuc, T©rgu Secuiesc, Sebeϙ Alba, FŁgŁraϙ, 

Joseni, Topliϛa, Odorheiul Secuiesc, SŁrmaϙ, Fundata, Baraolt, Boiϛa, C©mpeni, Ċntorsura 

BuzŁului, LŁcŁuϛi, PŁltiniϙ, Predeal, Alba Iulia, Batoϙ, B©lea Lac, Bucin, Roϙia MontanŁ, Sf. 
Gheorghe Munte, T©rnŁveni.  

 For this purpose, we selected, extracted and processed the following meteorological 
parameters , ca lculated as multiannual average of average monthly air temperatures :  

¶ Average air t emperatur e (°C);  

¶ Highest air temperature (°C);  

¶ Lowest air temperature (°C);  

¶ Absolute maximum t emperatur e (°C)/ dat e;  

¶ Absolute minimum t emperatur e (°C)/ dat e;  

¶ Total heat -wave temperatures (ǴTmax. Ó 32ÁC) between June -August;  

¶ Num ber of heat -wave days (Tmax. Ó 32ÁC) between  June -August ;  

¶ Total monthly precipitation (l/ sq m );  

¶ Maximum precipitation over 24 hours (l/  sq m )  

¶ Relative air humidity at 1: 00  pm  (%);  

¶ Sunshine duration ( total hours );  

¶ Average wind speed (m/s).  

 

2.1.2. Air t emperatur e  

To assess the overwintering conditions for winter species, we analyzed the December 

-  February specific heat index in the periods 1961 -1990, 1961 -2014 and 1981 -2010, 

respectively the minimum total negative air temperatures ( -15 Á C ǴTmin.Ò / air - freezing 

index ) characterizing the harsh  winter season. Thus, the analysis of minimum total negative 

air temperatures below the critical limits of resistance (Tmin.Ò-10 ° C) of agricultural plants 

reveals the features  of a normal winter (11 -30 air - freezing units) in  most of the region , 

with moderate freezing intensity , particularly in the period 1961 -2014 compared to 1981 -

2010 . One  harsh (31 -50 air - freezing units ) and very severe winter (more than 50 air -

freezing units) was reported in the central and  western part o f the territory. Isolated 

situations of mild w inter (less than 10 air - freezing units) were  recorded in the northwest 
region, Figure 2 (a, b, c) . 
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The period of transition from winter to spring comprises the months of February, 

March and early April, i.e. between February 1 and  April 10, characterized by the spring  

index . This period is characterized by strong temperature fluctuations from one year 

to another with implications for the resumption of vegetation and the pursuit of agricultural 

work in the field. Usually, the heating during February is favo urable to winter cereals 

(wheat), giving an advance in growing, and intensive accumulation of  dry matter in the 
grain .  

 
Figure  2.  

 

The spring index (ǴTmed> 0 ° C), calculated over February 1 -  April 10 for the 

periods 1961 -1990 and 1961 -2014, compared to the reference period 1981 to 2010, 

(a) (b)  

(c)    
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totalized 201 -323 heat units, which means a moderate and normal spring in most 

agricultural areas, Figure 3 (a, b, c). Th e heat units <200 recorded in the east, south, and, 
locally, the west of the region, indicate a late spring.  

 

 

 
Figure  3.  

2.1.3. Thermal resources at Braĸov, Sibiu, T©rgu Mureĸ and 

Târgu Secuiesc  weather stations  

Figure 4 shows the average annual temperatures recorded at the Brasov 

meteorological station , using the agro -meteorological software, over the periods 1961 -

1990, 1981 -2010 and 1961 -2014. It is noted that the maximum temperature of 18.5ęC was 

recorded in the reference period 1981 -2010 , month of July , and the minimum -4.9ęC in 

1961 -1990 , month of January . In June, July, August of all three periods were recorded 

temperatures between 16.1ęC and 18.5ęC, while in December, January and February 

temperatures ranged between -4.9ęC and - 2.1  ęC. Between 1961 -2014 and 1981 -2010, 

the reference period, the deviation calculated was 1ęC between the maximum of 0.5ęC in 

   
(a)                                                                    (b) 

 
(c) 
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January and November and the lowest -0.5ęC in February. In June, July and August there 

were negative deviations of -0.2ęC / -0.3ęC from the annual average, while in December, 

January, and February there were differences of approx. 0.2ęC, -0.5ęC, -0.4ęC. The 

minimum average temperatures in all three periods were r ecorded in January, and the 

maximum in July. Figure 7 presents the three periods, as well as the increasing trend from  

>4ęC to values exceeding 10ęC, with a difference of about 6ęC, between 1961 and 2014. 

 

 

 

 

Figure  4.  

Figure 5 shows the average annual temperatures recorded at the Sibiu 

meteorological station, using the agro -meteorological software, over the periods 1961 -

1990, 1981 -2010 and 1961 -2014 . It is noted that the maximum temperature of 19.8ęC was 

recorded in the reference period 1981 -2010, month of July, and the minimum -3.9ęC in 

1961 -1990, month of January . In June, July and August of all three periods, the recorded 

temperatures ranged between 17.1ęC and 19.8ęC, while in December, January, and 

February, they ranged between -3.9ęC and -1ęC. Between 1961 -2014 and 1981 -2010, the 

 

Period  

Average monthly temperatures (°C) ï BRASOV 

I  II  III  IV  V VI  VII  VIII  IX  X XI  XII  

1961 - 1990 -4.9 -2.5 2.6 8.4 13.3 16.1 17.6 17.1 13.4 7.9 2.8 -2.1 

1981 - 2010 -3.8 -2.9 2.6 8.5 13.8 16.9 18.5 18.0 13.4 8.2 2.5 -2.5 

1961 - 2014 -4.3 -2.4 2.7 8.6 13.6 16.7 18.3 17.7 13.5 8.2 2.9 -2.3 

Deviation (°C) +0.5 -0.5 +0.1 +0.1 -0.2 -0.2 -0.2 -0.3 +0.1 0 +0.4 +0.2 

 

y = 0,51x + 4,4383 
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reference period, the deviation calculated was 1.2ęC between the maximum of 0.5ęC in 

January and the lowest -0.4ęC in July. In June, July and August there were negative 

deviations, -0.3ęC é -0.4ęC, from the annual average, while in December, January, and 

February there were differences of approx. 0.5ęC...-0.2ęC. The minimum average 

temperatures in  all three periods were recorded in January, and the maximum in July.  

 

 

 

 

 

Figure 8 presents the three periods, as well as the increasing trend from 6ęC to 

values up to 12ęC, with a difference of 6ęC, between 1961 and 2014.  

 
Figure  5.  

 

Figure 6 shows the average annual temperatures recorded at the T©rgu Mureϙ 

meteorological station, using the agro -meteorological software, over the periods 1961 -

1990, 1981 -2010 and 1961 -2014. It is noted that the maximum temperature of 20.3ęC was 

recorded in the reference period 1981 -2010, month of July, and the minimum -4.4ęC in 

1961 -1990, month of January . In June, July and August of all three periods, the recorded 

temperatures ranged between 17.9ęC and 20.3ęC, while in December, January, and 

February, th ey ranged between -4.4ęC and -1.2ęC. Between 1961-2014 and 1981 -2010, 

the reference period, the deviation calculated was 0.8ęC between the maximum of 0.6ęC in 

January and the lowest -0.4ęC in July. In June, July and August there were negative 
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deviations, -0.4ęC é -0.1ęC, from the annual average, while in December, January, and 

February there were differences of approx. 0.1ęC, 0.6ęC, and 0.2ęC. The minimum average 

temperatures, -4.4ęC é -0.6ęC, in all three periods, were recorded in January, and the 

maximum , 19.3ęC and 20.3ęC, in July. Figure 6 presents the three periods, as well as the 

increasing trend from 6ęC to values up to 12ęC, with a difference of 6ęC, between 1961 
and 2014 . 

 

 

 

 

 
Figure  6. 
 

Figure 7 shows the average annual temperatures recorded at the Târgu Secuiesc 

meteorological station, using the agro -meteorological software, over the periods 1961 -

1990, 1981 -2010 and 1961 -2014. It is noted that the maximum temperature of 18.2ęC was 

record ed in the reference period 1981 -2010, month of July, and the minimum -5.8ęC in 

1961 -1990, month of January. In June, July and August of all three periods, the recorded 

temperatures ranged between 15.7ęC and 18.2ęC, while in December, January, and 

February,  they ranged between -5.8ęC and -3.1ęC. Between 1961 -2014 and 1981 -2010, 

the reference period, the deviation calculated was 1.2ęC between the maximum of 0.7ęC in 

January and the lowest -0.5ęC in August. In June, July and August there were negative 

deviatio ns, -0.3... -0.5ęC, from the annual average, while in December, January, and 

February the  differences ranged between 0ęCé-0.7ęC. The minimum average temperatures 
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in all three periods and the deviation were recorded in January, from -5.8ęC to -4.4ęC, and 

the  maximum, 17.1ęC and 18.2ęC, in July. Figure 10  presents the three periods, as well as 

the increasing trend from 4ęC to values up to 1 0ęC, with a difference of 6ęC, between 1961 

and 2014 . 

 

 

 

 

 

 

 
Figure  7.  

 

 Figure 8 presents the average, maximum and minimum air temperatur es (°C)  

recorded in Braϙov County between 1981 and 2010. Thus , it is noted that the 4 weather 

stations, Braϙov, FŁgŁraϙ, Fundata and Predeal , recorded average temperatures ranging 

between 4.7 and  8.2 °C, with a deviation of 3.5°C. the maximum average temperatures 

ranged between 8.9 and  14.8°C, with a deviation of 5.9°C, and the minimum ones ranged 

between 0.9 and 2.9°C. The lowest temperatures were recorded at Fundata  weather 
station . 
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Figure  8. 

 

  Figure 9 presents the absolute maximum and minimum  air temperatures (°C) 

recorded in Braϙov County between 1981 and 2010. It is noted that the absolute maximum 

temperatures range between 29.5 and  37.5°C, with a deviation of 8.0°C, and the minimum 

ones between -32.3 and -23.2°C, with a deviation of 9.1°C. The highest value of absolute 

maximum temperature (37.5°C) was recorded at FŁgŁraϙ weather station , and the lowest 

one ( -32.3°C) at Braϙov. 




