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Introduction 

 

Recent studies demonstrated that anthropogenic activities have caused a global warming 

with approximately 1.0°C compared to the pre-industrial period, and for 2030 – 2052 it is expected 

a temperature increase of about 1.5°C, this aspect generating in multiple regions an increase in 

extreme temperatures, a higher frequency, intensity and/or amount of precipitation, as well as the 

occurrence of drought phenomena. Currently, temperatures higher than the average annual 

global temperature are recorded in many regions, this increase being more strongly felt on the 

terrestrial surfaces, compared to oceanic ones [3]. 

The impact of increased climate variability on plant productivity will generate in future 

decreases in crop yields. Agricultural crops will be affected by climate change not only directly 

through changes in agro-climatic conditions, but also indirectly, for example through changes in 

soil properties or changes in the occurrence of diseases and pests [10]. 

This study presents an interdisciplinary approach, which brings together terms from the 

field of statistics with those from climatology and agricultur in order to facilitate the understanding 

of how they are interconnected. 

The original contributions of this study consist in the use of different data sets and 

statistical methods of analysis with the aim of understanding, on the one hand, the physical 

processes that govern the climate at European and national level and the impact they may 

generate on the yield and agricultural production, on the other hand. In this study, it was analyzed 

whether the various scientific methods of analysis are sufficiently precise in order to answer the 

various questions related to climate dynamics and the potential impact on the agricultural sector. 

Within this study, the variability of the main meteorological parameters and the connection with 

the large-scale mechanisms responsible for the detected changes in their regime were analyzed 

from a spatial and temporal point of view. Such an analysis is essential so as to be able to identify 

the real impact of climate change on agricultural production conditions in Romania. 

Thus, in Chapter 1, a bibliographic study was conducted in which the most recent and 

relevant published results related to the targeted field were presented. 

In order to perform a complex analysis of the influence of the climate regime on agricultural 

productivity in Romania, in Chapter 2 were presented the data and methods used. To analyze 

the temperature and precipitation regime at the national level, data on average temperature and 

precipitation were used, available within the European ECA&D project  [3], in which Romania is 

a member. A number of 21 meteorological stations were selected, with homogenized and 

complete data strings, distributed throughout Romania, daily average temperature and 

precipitation data were extracted, the analysis being performed for the seasons spring (March-

April-May, MAM), summer (June-July-August, JJA), autumn (September-October-November, 

SON) and winter (December-January-February, DJF), for the time period 1961-2018. 

For the analysis of the agricultural sector performed in Chapter 3, were used and 

processed the data available on the FAOSTAT platform regarding the production, yields and 

harvested area, for the time period 1961-2018, for cereal, maize and wheat crops  [4]. The data 

were analyzed for the European continent, Eastern Europe, the European Union (28) and 

Romania, so that trends recorded in the agricultural sector could be determined. At the same 

time, in order to highlight the geographical distribution of the crops, the data provided by the 

National Institute of Statistics  [5] regarding the agricultural production and yield of cereal, wheat
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and maize crops in the development regions of Romania, for the time period 1990-2018, were 

also analyzed. 

In Chapter 4, the EOF analysis was conducted on the temperature and precipitation 

regime at the national level, for the time period 1961-2018. It was retained the first  EOF having 

at least 50% of the explained variance. The analysis of this parameter in the present study is 

essential because its variation is influencing directly the growth, development and yield of crops. 

In order to analyze the temporal variability of the data series, the Mann Kendall [45] and Pettitt 

[46] univariate statistical analysis methods were applied to detect the general trend and the 

change point, at the 5% significance level. 

In Chapter 5, was performed the analysis on the changing trend of the temperature and 

precipitation regime at the national level and the influence on the agricultural sector. The analysis 

to identify the long-term linear trend in mean air temperature and precipitation was performed for 

the 21 meteorological stations utilised also in the EOF analysis, for all seasons, being used the 

Mann-Kendall and Pettitt non-parametric tests for the time horizon 1961-2018. At the same time, 

data on the growing season length (GSL) [3] were used for  four of the 21 analyzed meteorological 

stations located in different areas of Romania for which the analysis conducted in the present 

study revealed statistically significant trends. Also, three indicators (Biologically Effective Degree-

Days, Number of Tropical Nights and Number of Frost Days) were used, made available by the 

Climate-ADAPT database [48], which were analyzed under the conditions of two greenhouse gas 

emission scenarios RCP 2.6 (low greenhouse gas emissions), RCP 8.5 (high greenhouse gas 

emissions). 

For the case studies presented in Chapter 6, were performed the synoptic analyzes that 

generated the occurrence of extreme phenomena in Romania with an impact on the agricultural 

sector, for the years 2007 (the year with the lowest level of agricultural production) and 2018 (the 

year with the highest level of agricultural production). 

The synoptic analyzes conducted in Chapter 6 showed the dependence of agricultural 

yields and production on weather conditions, conditions which, on the background of the global 

warming phenomenon acceleration, tend to present extreme conditions. The amplification of 

extreme phenomena represents one of the biggest risks for agriculture, making this sector 

increasingly affected by the positive thermal deviations recorded at the national level, by the 

uneven distribution of precipitation and the installation of extreme pedological drought. 

The present study was developed based on the official data available at national level, 

with the purpose to facilitate understanding on how climate phenomena may affect directly the 

agricultural sector. This study could be improved if the volume of available data would be 

completed, for example, by analyzing a higher number of meteorological stations or by completing 

information on the irrigated area, for which data are available only from 1997 onwards. 
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Chapter 1. The main challenges in the agricultural sector under climate 

change conditions 

 Greenhouse gas (GHG) emissions are the main cause of climate change. They have 

increased compared to the pre-industrial period (1850-1900), and are currently at a historical high, 

due to factors such as economic and global population growth. 

Concentrations of carbon dioxide (CO2), methane (CH4) and nitrogen oxides (NOX) are 

at unprecedented levels in the last 800,000 years. About 40% of GHG emissions remain in the 

atmosphere, while the rest is stored in the land surface (plants and soil) and oceans. 

Approximately 30% of CO2 emissions are absorbed by the oceans, this aspect leading to their 

acidification [1].  

Agriculture represents an economic sector directly influenced by climatic conditions, so 

any change produced will have an immediate effect on it. Climate data in recent years have shown 

progressive warming of the atmosphere, as well as a higher frequency of extreme events, with 

rapid heat wave/severe drought/heavy rainfall alternations becoming more and more evident. In 

this context, water scarcity and pedological droughts, especially those in the south and southeast 

of Romania, can cause drastic decreases in production, especially in years with excessive 

drought, and large temperature variations strongly influence the metabolic reactions of plants, 

which easily lead to the injury of the most sensitive. 

A broader picture of what the effects of climate change mean on agriculture was presented 

by Ali Raza et al. [4], the need for human intervention under this aspect being very well highlighted 

(Figure 1.1). 

 

Author, through data processing: [4] 

Figura 1.1 – Direct, indirect and socio-economic effects of climate change on agricultural 

production 

In plain areas conditions, drought and high temperatures are the most predominant 

phenomena with a significant influence on plants, their physiology being strongly influenced by 

temperature fluctuations. Thus, high temperatures negatively affect the yield of grain production, 

negative temperatures result in plant sterility, and drought negatively influences their morpho-

physiology, these climatic problems producing molecular, biochemical, physiological and 

morphological changes in plants [5]. An analysis of all the effects on crops, dividing them into 
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positive and negative, clearly highlights the fact that there are also advantages, but the number 

of disadvantages on cereal crops and not only, are twice as high. 

In this context, scientists have developed some stress-resistant varieties [6]. The main 

cereal crops around the world, such as maize and wheat, are crucial to meet the daily food 

requirement. Of these, wheat is the staple crop, grown on a large scale (it is harvested on 38.8% 

of the total agricultural land worldwide and provides a considerably high concentration of protein: 

15% per gram compared to maize or rice, which only provides 2 - 3%) [7].  
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Chapter 2. Data and methods of analysis regarding the influence of the 

temperature and precipitation regime at the national level on agricultural 

production conditions 

 

In order to achieve a coherent and complete analysis of agricultural productivity at the 

national level, an analysis of the available data sets over as long a period as possible is 

necessary. At the same time, taking into account the fact that in Romania the most representative 

crops in the agricultural sector are wheat and maize, representing approx. 89% of cereal 

production at the national level [36], in this study the data provided by the Food and Agriculture 

Organization of the United Nations (FAO) on the production, yields and harvested area for cereal 

crops, wheat and maize were processed, for the period 1961-2018. Data were analyzed for the 

European continent, Eastern Europe, the European Union (28) and Romania, so that trends 

recorded in the agricultural sector could be determined. 

At the same time, in order to highlight the geographical distribution of the crops, the data 

on the agricultural production of cereal, wheat and maize crops, as well as their average 

production per hectare (yield) in the development regions of Romania, from the period 1990-2018, 

were analyzed. , provided by the National Institute of Statistics. 

To analyze the temperature and precipitation regime at the national level, average 

temperature and precipitation data were used, available within the European ECA&D project [38], 

in which Romania is a member. A number of 21 meteorological stations were selected, with 

homogenized and complete data strings, distributed throughout Romania. From Figure 2.3 it can 

be seen that most of the stations analyzed are located in the south and southeast of the territory, 

this being the area where it is predicted that climate change will increasingly affect Romania from 

an agricultural point of view [39].   

 

 

Autor, prin prelucrarea datelor: [40] 

Figura 2.1 - Location of meteorological stations used in the present study 

Daily average temperature and precipitation data were extracted from the database of the 

European ECA&D project, the analysis being performed for the seasons spring (March-April-May, 

MAM), summer (June-July-August, JJA), autumn (September- October-November, SON) and 
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winter (December-January-February, DJF), for the time horizon 1961-2018. At the same time, 

data on the Growing Season Length (GSL) were extracted for the Arad, Constanța, Drobeta Turnu 

Severin and Iaşi stations for the period 1961-2018. 

In the present study, to analyze the modes of variability of the climatic parameters, the 

analysis of Empirical Orthogonal Functions (EOF ) was used [42]. In climate studies, this mode 

of analysis is especially used to study possible spatial modes of variability and how they change 

over time (eg, the North Atlantic Oscillation). In statistical terms, this analysis, which is also known 

as Principal Component Analysis (PCA), is classified as a multivariate technique. 

The EOF configuration, together with the associated PC will define a mode of depending 

on the variance explained by each. Thus, the closer the explained variance is to 100%, the more 

faithfully the configuration mode reproduces the real conditions. In this analysis, the input data 

are represented by the anomalies of the considered variables, calculated against the multi-year 

average. 

This method allows for analyzes using different types of climate data, but it is necessary 

to establish the optimal number of EOFs used to represent the analyzed field. In the present 

study, the configuration of the first EOF, which explains at least 50% of the explained variance, 

was retained. 

To check the randomness of the time series associated with the EOF variability modes, 

the non-parametric Mann Kendall [45] and Pettitt [46] tests were applied. Non-parametric 

statistical hypothesis testing tests are those in which, under the conditions of the null hypothesis, 

the probability distribution for the test statistic does not depend on the shape of the distribution 

underlying the population from which the series is extracted. 

In general terms, the Mann-Kendall test verifies randomness character against the 

alternative hypothesis of the existence of a trend in the analyzed data set, while the Pettitt test 

verifies the hypothesis "no change" against the alternative hypothesis "there is change". 

In the present study, for the analyzed time series, which must be sufficiently long (of at 

least 30 years), positive values of the Mann-Kendall statistic greater than 1.97 show an increasing 

trend in the data series, at the level of significance of approximately 5%. For negative values, 

values less than -1.97 show a statistically significant downward trend at the 5% significance level. 

In the case of the Pettitt test, to have a significant upward jump at time T-, the significance 

level must be less than 0.05 to be significant at the 5% level. 

The results regarding the EOF analysis were represented using the Geographic 

Information System (GIS) which is used for various applications such as data storage, 

visualization and performing spatial analysis. 

Statistical analyzes usually use regression analysis to determine the degree of correlation 

between two variables. Thus, based on the correlation coefficients, the links between the 

variables are established, the most used of which are the Pearson coefficient of linear correlation 

(r) and the Spearman rank coefficient (S). 

In the present study, in order to find correlations between different data sets, the 

Spearman rank correlation coefficient was used, which applies to the ranks of the analyzed values 

and not to the values themselves. The use of this coefficient allows the analysis of the 

dependence between the analyzed variables and can have values between -1 and +1, where 

values close to -1 show a negative correlation of the ranks, while values close to +1 show a 

positive correlation between them. 
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The Spearman coefficient is calculated according to the relation: 

S = 1 −
6∑ 𝐷𝑖

2𝑁
𝑖=1

𝑛(𝑛2−1)
   (2.5) 

where Di is the difference between the ranks associated with x and y values, and n shows 

the number of data associated with x and y values. 

Under this study were also utilised available data from the European Climate Adaptation 

Platform Climate-ADAPT [48], being used a number of agrometeorological indicators, namely: 

biologically effective degree-days, the number of tropical nights, the number of frost days, for two 

time horizons 1986-2018 and 2040-2070. 

In the present study, synoptic analyzes were also carried out, being analyzed the year 

2007, which was mostly characterized by thermal temperature anomalies, and the year 2018, in 

which excess precipitation was recorded.  
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Chapter 3. Analysis of the agricultural sector and the productivity of 

wheat and maize crops in the period 1961-2018 

Analysis of the agricultural sector and the productivity of wheat and maize crops at the 

level of the European continent, the European Union (EU28) and Eastern Europe in the 

period 1961-2018 

Europe's cereal production accounts for about 20% of global production. Eastern 

European countries show great potential for increasing grain production, and 50% of this growth 

potential applies to Romania and Poland. Cereals grown in the Member States of the European 

Union (EU 28) are mainly used for human consumption - 24% and animal consumption - 61%, 

but are also used for other purposes such as the production of alcoholic beverages -5%, the 

production of bio-energy - 4% and seeds – 3% [50]. 

In the present study, data on production, yields and harvested area for cereal crops, wheat 

and maize, for the period 1961-2018, were analyzed at the level of the European continent, 

Eastern Europe, the European Union and Romania. At the same time, the data on the agricultural 

production of cereal crops, wheat and maize, as well as their average production per hectare 

(yield) in the development regions of Romania, from 1990-2018, were analyzed. For example, 

information is presented on the production of maize and wheat at the level of the European 

continent, Eastern Europe, the European Union and Romania, in the period 1961-2018. 

Maize production in Europe, European Union (28) and Eastern Europe 1961-2018 

In Europe, Eastern Europe and the EU (28), maize production showed a general upward 

trend (Figure 3.5). In Europe, the lowest amount of maize harvested was 34.18 million tons in 

1965, and the highest value was 129 million tons in 2014. In Eastern Europe, the minimum and 

maximum production values of maize were recorded in the years 2000 (18.75 million tons), 

respectively 2018 (86.33 million tons), and in the EU (28) they were recorded in 1962 (16.88 

million tons), respectively 2014 (77.58 million tons). The year 1990 represented the year with the 

most significant decreases in maize production in all regions analyzed, both compared to the 

previous year and to the average of the last 5 years. In 2007, European maize production was 

around 69.5 million tons, 10.10% lower than in 2006 and 14.14% lower than the average of the 

last 5 years. This decrease in maize production in 2007 was also found in the other analyzed 

regions, in the EU (28) the production being 11.91% lower than in the previous year and 18.16% 

lower compared to the average of the years 2002- 2006.  
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Author, through data processing:[27] 

Figura 3.1 - Maize production in Europe, European Union (28) and 

Eastern Europe 1961-2018 

 After the record achieved in 2014, in 2015 maize production recorded a reduction of 

19.43% in Europe (103 million tons in 2015 compared to 129 million tons in 2014), with 23.60% 

in the EU (28 ) (59.26 million tons in 2015 compared to 77.58 million tons in 2014) and by 17.49% 

in Eastern Europe (60.68 million tons in 2015 compared to 73.54 million tons in 2014 ). 

Wheat production in Europe, European Union (28) and Eastern Europe 1961-2018 

The lowest level of wheat production (Figure 3.6) was recorded in 1963 in Europe (101.71 

million tons) and Eastern Europe (58.82 million tons), while the highest level of production was 

found in 2017 to be 272.38 million tons in Europe and 155.65 million tons in Eastern Europe. In 

2003, wheat production fell massively in all analyzed regions, registering the largest decreases 

compared to the previous year in the entire time period, by 23.53% in Europe (161.81 million tons 

in 2003 and 211 .61 million tons in 2002), 16.57% in the EU (28) (112.17 million tons in 2003 

compared to 134.45 million tons in 2002), and 34.65% in Eastern Europe (mil. tons in 2003 and 

million tons in 2002. Low levels of wheat production were also recorded in 2012, being harvested 

12.94% less in Europe compared to 2011 and 10.71% less than the average of the last 5 years 

In the EU (28), at the level of 2012 wheat production was only 3.08% lower than the previous year 

and 2.24% lower than the average of the interval 2007-2011. 

 

Author, through data processing: [27] 

Figura 3.2 - Wheat production in Europe, European Union 

(28) and Eastern Europe 1961-2018 
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In Eastern Europe, wheat production in 2012 recorded very low levels compared to the 

harvest obtained in the previous year (83.70 million tons of wheat; decrease by 25.98% 

compared to 2011) and to the average of the last 5 years (-21.23%). 

Analysis of the agricultural sector and the productivity of wheat and maize crops at the 

national level in the period 1961-2018 

 Maize production in Romania in the period 1961-2018 

As in the case of cereal production, in 2017 and 2018, maize production (Figure 3.10) 

recorded the highest values. In 2018, the production of maize in Romania was 18.66 million tons 

(the highest value of production in the entire time period analyzed), 30.28% more than in 2017 

and 62.61% more compared to the average of the last 5 years. In 2017, also a year with high 

maize production, 14.33 million tons of maize were harvested, 33.31% more than the previous 

year and 46.14% more than the average value of the last 5 years. 

 

Author, through data processing:[27] 

Figura 3.3 - Maize production in Romania in the period 1961-2018 

 The most important percentage decreases in production were recorded in the years 2000, 

2007 and 2012, only 4.90 million tons were harvested (55.21% less than in 1999 and 52.7% less 

than the average of the last years 5 years), respectively 3.85 million tons (the lowest level of 

maize production in the entire time period analyzed) and 5.95 million tons of maize. The extremely 

low levels of maize production in 2007 and 2012 were closely related to droughts in those years. 

In 2007, maize production recorded values 57.11% lower than those recorded in the previous 

year and 62.87% lower than the average of the last 5 years. 

Wheat production in Romania during the period 1961-2018 

In contrast to maize production, wheat production experienced more significant 

fluctuations in the analyzed time interval, with the lowest levels of the harvest at the national level 

being noted in the years 1970, 1992, 1996, 2003 and 2007 (Figure 3.12). In 1992, wheat 

production in Romania was 3.21 million tons, 41.42% lower compared to the value recorded in 

1991 of 5.47 million tons and 55.17% lower than the average production of the last 5 years (7.15 

million tons of wheat). The low level of production in 1992 was caused on the one hand by the 

uncertainties related to the way of land administration after the fall of the communist regime, which 

implicitly also led to a decrease in the cultivated area compared to the previous year, and on the 

other hand part, the severe drought in the summer of 1992 had a significant impact on wheat 

production [61]. In 2003, the lowest level of production was recorded, with only 2.48 million tons 
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of wheat harvested, 43.93% less than in 2002 (4.42 million tons of wheat) and 53 .11% less than 

the average of the 1998-2002 interval (5.29 million tons of wheat). 

 

Author, through data processing:[27] 

Figura 3.4 -  Wheat production in Romania during the period 1961-2018 

 It is important to note that the reduced production of wheat in 2003 came against the 

background of a similarly low level of production recorded in 2002 (reduction of the amount of 

harvested wheat by 42.85% compared to the previous year and by 24.22% compared to the 

average of the last 5 years). 
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Chapter 4. Analysis of the main modes of thermic and pluviometric 

variability at the national level with the aim of detecting the influence on the 

agricultural sector  

 

4.1. EOF analysis of the temperature regime at the national level 

 

Air temperature, which undergoes an annual cycle, being an element dependent on solar 

radiation, can be described based on several climatic parameters, such as averages and extreme 

values [62]. Air temperature characterizes the state of the weather, being a parameter that is 

measured both on the ground and in altitude with the aim of examining its distribution over large 

areas. This parameter, dependent on solar radiation, was analyzed in the present study using the 

mean values to which the EOF analysis was applied for the interval 1961-2018. The first EOF 

explaining at least 50% of the explained variance was retained. The analysis of this parameter in 

the present study is essential because its variation directly influences the growth, development 

and yield of crops. In order to analyze the temporal variability of the data series, Mann Kendall 

and Pettitt univariate analysis statistical methods were applied to detect the general trend and the 

jump in the mean at the 5% significance level. 

For example, in the following are presented the results of the EOF analysis and statistical 

tests for the national average temperature in the summer season, taking into account the fact that 

for this season, the explained variance of the first EOF was 90%. 

 From the table below it can be seen that the first EOF for the national mean air temperature 

in the summer season has a high explained variance of 90%, while the number of modes of 

variability is low (3). The value of the increase identified for the average temperature is equal to 

0.28°C. 

Tabel 4.1 Results of the EOF analysis for the national summertime ambient temperature (TMED). The 

number of EOF configurations, the variance explained by the first EOF, the trend associated with the first 

PC (jump moment on average) and the value of the detected increase are presented 

Author, through data processing: [40] 

Parameter No. EOF (explained 

variance greater 

than 1) 

explained 

variance EOF1 

Leap year on average PC1 trend 

value 

TMED 3 90% 2003 0,28°C 

 

The first EOF for this parameter is shown in figure 4.1, while the associated time series is 

shown in figure 4.2. Based on the 90% explained variance, it can be inferred that large-scale 

mechanisms may be responsible for the recorded thermal variability. Analyzing the associated 

time series, it can be seen that a statistically significant upward trend was detected, with a change 

point, also statistically significant, in the year 2003. 

For example, figure 4.3 shows the average air temperature at altitude, at the level of 850 

hPa, for the year 2003 in the summer season. This is the average temperature recorded at about 

1.5 km above sea level, usually just above the boundary layer. At this level, the diurnal (daily) 

temperature cycle is generally negligible. Therefore, the temperature at 850 hPa can be used to 
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indicate frontal areas (i.e. areas of high temperature gradient, where the isotherms are tighter), 

and naturally to distinguish between warm and cold air masses [63 ]. 

 

Author, through data processing: [40] 

Figura 4.1 - Configuration of the first EOF associated 

with the mean air temperature anomaly in the summer 

season 

 

Author, through data processing:[40] 

Figura 4.2 - Time series (PC) associated with the first EOF of the 

summer season. The arrow marks the point of change 

 

     Source: [43] 

  Figura 4.3 - Mean air temperature (in °C) at the 850 hPa 

level for the summer of 2003 
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It can be observed that, for the analyzed interval, at the level of our country, the 14 and 15 

°C isotherms operate. However, it should be pointed out that in the summer months, the 

variation of the air temperature at the level of 2m above the ground is less dependent on 

the air mass located at the level of 850hPa, its value being more influenced by solar 

radiation. Thus, even if the temperature at the level of 850hPa is not very high, much higher 

temperatures can be recorded at ground level. 

4.2 EOF analysis of the precipitation regime at the national level 

Regarding precipitation amounts, the explained variances of the first EOF for the analyzed 

seasons were smaller, with a higher number of modes of variability. For example, the following 

presents the results of the EOF analysis and the statistical tests for the amounts of precipitation 

for the winter season.  

Thus, table 4.6 presents the results of the EOF analysis for national atmospheric 

precipitation in the winter season, from which it is noted that the explained variance associated 

with EOF1 has a higher value than in summer, of 62%, the number of variability fields being equal 

to 4. From the first EOF configuration (Figure 4.13), a structure of the same sign can be observed 

throughout the country, with the highest values in the southwestern part of the territory. Analyzing 

the associated time series (Figure 4.14), a general downward trend is observed with a significant 

change point detected following the application of the Pettitt test in 1975 (0.7 mm). 

 
Tabel 4.2 - Results of the EOF analysis for national atmospheric precipitation in the winter season 

(Precip). The number of EOF configurations, the variance explained by the first EOF, the trend associated 

with the first PC (jump moment on average) and the value of the detected increase are presented 

Author, through data processing: [40] 

Parameter No. EOF (explained 

variance greater 

than 1) 

explained 

variance EOF1 

Leap year on 

average 

PC1 trend 

value 

Precip 4 62% 1975 -0,7 mm 

 

 

 

 

 

 

 

 

 

 

 

Author, through data processing: [40] 

Figura 4.4 - Spatial configuration of the first EOF 

associated with precipitation anomalies in the winter 

season 
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Autor, prin prelucrarea datelor:[40] 

 

Figura 4.5 - Time series (PC) associated with the first 

EOF of the winter season 

Taking into account the fact that in the winter season atmospheric circulation plays an 

essential role in modulating the rainfall regime in Romania [64], in 4.15 the pressure field at sea 

level for the period 1961-2018 is presented in an area that includes the Euro-Atlantic level. From 

the figure we can see a bipolar structure showing a variability of the opposite sign between the 

Atlantic region and the rest of Europe, so that at the level of the ocean there is an anticyclonic 

structure with a pressure center of 1021 mb.  

 

Source: [43] 

Figura 4.6 - Sea level pressure field reanalysis data for the 

period 1961-2018 

Such a structure reproduces quite well the field of the North-Atlantic oscillation which 

represents a dominant mode of variability of the atmospheric circulation in the winter season [65]. 

Extended anticyclonic structures usually produce large amounts of precipitation at the national 

level, so, from the time series associated with the first EOF that shows a decreasing trend, we 

can deduce a weakening of their frequency, which causes a decrease in the amount of 

precipitation over the analyzed interval.
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Chapter 5. Analysis of the changing trend of the temperature and 

precipitation regime at the national level and the influence on the 

agricultural sector 

 

5.1 The changing trend of the average air temperature 

Among the meteorological parameters, air temperature is of great importance due to its 

dependence on solar radiation. Variations in the air temperature field affect both plant growth and 

development, as well as wind speed and direction. The higher the air temperature, the more the 

evaporation process increases and thus the soil is affected.  

Our country is experiencing an increase in the average air temperature, so that at the 

national level for the period 1901-2012 there was an increase of 0.8 °C [66]. Moreover, from the 

figure below, which shows the changes observed in the multiannual average of the air 

temperature for the period 2011-2040 compared to the period 1916-1990, it can be seen that 

especially the regions located in the south and east of the territory are subject to a large 

percentage of heating (Figure 5.1).  

 

Sursa: [66]  

Figura 5.1 - Observed changes in multi-year average air 

temperature for the period 2011-2040 compared to the 

period 1916-1990 

The following presents the analysis carried out to identify the long-term linear trend in the 

case of the average air temperature for the 21 meteorological stations also used in the EOF 

analysis, for the summer season. Mann-Kendall and Pettitt non-parametric tests were thus used 

for the time horizon 1961-2018..  

From Figure 5.2. the linear trend and its statistical significance can be observed for the 

average air temperature of the summer season. From the figure below, the significant warming 

signal can be noted at most of the analyzed stations, the highest values being recorded in the 

eastern and southwestern areas of the territory, a fact also revealed by the EOF analysis 

discussed in the previous chapter.  
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Author, through data processing: [40] 

Figura 5.2 - Linear trend of mean summer air temperature (°C) over the 

period 1961-2018. The hatched areas show statistically significant 

trends (according to the Mann Kendall test) 

It should be noted that at most of the analyzed stations the change point was detected in 

2003, the same as in the case of the EOF analysis. This may mean that the detected heating 

signal is significant due to large-scale atmospheric configurations. According to the report 

presented by the World Bank in 2014, in 2003 rainy periods were significantly reduced, while 

2007 was associated with low harvests.   

5.2 The changing trend of the atmospheric precipitation regime at the national level 

At the national level, the regime of atmospheric precipitation is influenced by several 

factors, one of which is the orographic one, represented by the Carpathian mountain range. In 

general, scientific studies have relevant the trend of decreasing the amount of precipitation, this 

being more pronounced in the warm season [62]. Against the background of the accumulation in 

the atmosphere of an even greater amount of greenhouse gases, it is expected that the 

precipitation regime will be affected especially by changing the intensity of the rains that will tend 

to take on a torrential aspect. 

 

Source: [66] 

Figura 5.3 - Observed changes in the multiannual average of 

atmospheric precipitation for the period 2011-2040 compared to 

the period 1916-1990 
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In the case of the spring season, the analysis of the linear trend presented in Figure 5.11., 

reveals decreasing trends in the amount of precipitation in most regions of the country, but these 

are statistically significant at a limited number of stations. Significant downward trends are noted 

at Drobeta Turnu-Severin, Roșiorii de Vede, Vârfu Omu and Sulina.  

 

Author, through data processing: [40] 

Figura 5.4 - Linear trend of spring precipitation amounts (°C) over the period 

1961-2018. The hatched areas show statistically significant trends (according to 

the Mann Kendall test) 

In the case of the autumn and spring seasons, it is worth noting the more pronounced 

variability of the precipitation regime. Moreover, in the spring season, characterized by an 

increase in the amount of precipitation at the national level [62], there are differences in disposition 

between the intra- and extra-Carpathian regions against the background of the intensification of 

cyclonic/anticyclonic activities. 

5.3 The influence of detected changes in the temperature and precipitation regime on the 

agricultural sector at the national level 

According to the report prepared by the European Environment Agency in 2019 [68], the 

agricultural sector at the European level is under the influence of climate change, with crop 

productivity being strongly affected. The same report also points out that in the short term, the 

increase in air temperature can favor the agricultural sector by increasing the duration of the 

growing season, but in the opposite direction, extreme phenomena such as heat waves will lead 

to a decrease in agricultural production. It is known that the agricultural sector influences the 

increase of greenhouse gas emissions in the atmosphere, through activities such as the 

application of fertilizers and the use of land, with important amounts of carbon dioxide, methane 

and nitrous oxide being emitted into the atmosphere. Instead, as the effects of climate change 

intensify, the agricultural sector requires new adaptation measures by changing the type of crops, 

sowing or harvesting period. The most problematic aspect for the agricultural sector is related to 

the intensification of extreme phenomena that can substantially decrease the water potential 

needed for agriculture.  

From the figures below, it can be seen that starting from the decade 2000-2010, positive 

thermal anomalies became predominant at the national level, so the table below (Table 5.2.) 

presents the warmest 15 years at the national level from the point of view of the deviations 

recorded from the climatological norm from the reference period 1981-2010. 
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Source: [74]  

Figura 5.5 - Average air temperature values at the national level 

during the period 1900-2021

 

Source: [74] 

Figura 5.6 - The thermal anomalies recorded at the national level in 

the interval 1900-2021 

In figures 5.16. and 5.17. are represented wheat and corn production for two regions in 

Romania, the West and South-East region, for the time period 2000-2018, together with the 

average amount of precipitation at the stations Caransebeș, Arad (West region), Constanța and 

Sulina (South region -East).   

 

Author, through data processing: [18], [40] 

 Figura 5.7 - Recorded agricultural production for the wheat crop in the period 2000-2018 

for the West region, together with the average amounts of precipitation in the spring season 

for the weather stations Caransebeș, Arad (West region) 
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Author, through data processing:[18], [40] 

Figura 5.8 - Agricultural production recorded for the wheat crop in the period 2000-2018 for the 

South-East region, together with the average amounts of precipitation in the spring season for 

the weather stations Constanța and Sulina (South-East region) 

For wheat, lower values of agricultural production can be observed in the Western region 

of the country, but for both regions the lowest value was recorded in 2007, although the lowest 

values of the amount of precipitation were recorded in 2003 (for weather stations in the Southeast 

region) and 2002-2003 (for weather stations in the West region). It should be pointed out that 

analyzing the amounts of precipitation in the spring season is essential in this case, since the 

optimal sowing period for spring wheat occurs in the first part of March.  

For an even better example, the figures below show the growing season length (GSL) at 

two of the 21 analyzed meteorological stations located in different areas in Romania for which the 

analysis carried out in the present study revealed significant trends in terms of statistical view. 

Data on the duration of the growing season, an indicator with great applicability in the agricultural 

sector, being used both to characterize plant phenology and to predict the conditions that favor 

the emergence of pests, were extracted from the ECA&D project and calculated according to the 

algorithm explained in the chapter 2.  

 

                                         Author, through data processing: [40] 

Figura 5.9 - Duration of the vegetation season for the Arad 

and Constanța stations for the period 1986-2018 

An increase in the duration of the growing season can be observed for the interval 

analyzed at the two stations, especially starting from the decade 2000-2010, which is consistent 

with the results obtained in the case of the average air temperature where increasing trends were 
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detected throughout the country (except for small areas in the autumn season for which 

decreasing trends were detected).   

In table 5.3. the level of the Spearman correlation coefficient between the analyzed 

agricultural production values and the multiannual air temperature values is also presented.  

Tabel 5.1 - Correlation between multiannual average temperature values and wheat and corn production 

for three representative development regions in Romania 

Author, through data processing: [18], [40] 

Crop type Region and meteorological station Spearman Rank 

Coefficient 

 

Wheat 

North-East Region/ Iași meteorological station -0,35 

South-East Region/ Călărași meteorological station -0,38 

South-Muntenia Region/ Roșiori meteorological 

station 

-0,35 

 

Maize 

North East Region/ Iași meteorological station -0,37 

Regiunea Sud Est/ Călărași meteorological station -0,39 

Regiunea Sud Muntenia/ Roșiori meteorological 

station 

-0,39 

 

It can be seen that their values are inversely proportional, the Spearman coefficient 

revealing a not very close negative correlation, which means that as one variable increases, the 

other tends to decrease. Regarding the values of this coefficient, close to -1 or +1 should be 

scored, representing stronger relationships than values closer to zero. 

5.4 Analysis of agroclimatic indicators in different greenhouse gas emission scenarios 

 

In the present study, a number of three agroclimatic indicators available from the Climate-

ADAPT database [48] were used, under the conditions of two greenhouse gas emissions 

scenarios RCP 2.6 (with low greenhouse gas emissions) , RCP 8.5 (with high greenhouse gas 

emissions), as presented in Table 5.6. 

Climate indicators were projected from the ensemble of five global climate models 

available from the CMIP5 database, and projections were calculated relative to the reference 

period 1981–2010. The values of the indicators used in the present study are represented as the 

average for the entire country. Projections on the change of each indicator are presented as the 

30-year average for each of the two scenarios used.  

In the following, for example, the results obtained for the biologically effective degree-days 

indicator are presented in the case of both emission scenarios considered. Thus, from figure 5.26. 

it emerges that in the case of the RCP 2.6 scenario, the average and maximum values show a 

significant increasing trend as we approach the end of the analyzed interval.  
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Author, through data processing: [48] 

Figura 5.10 - The trend of the number of degree-days in Romania (average 

and maximum values) for the period 1986-2018 in the case of the RCP 2.6 

scenario 

 

Autor, prin prelucrarea datelor: [48] 

Figura 5.11 - The trend of the number of degree-days in Romania (average and 

maximum values) for the period 2040-2070 in the case of the RCP 8.5 scenario 

In the case of average values, the detected increase is less, starting from negative values 

and continuing with positive values starting from 1996. In the case of maximum values, the 

general trend of growth can be observed for the entire analyzed interval. Regarding the analysis 

carried out for the RCP 8.5 scenario for the time horizon 2040-2070 (Figure 5.27.), both in the 

case of average and maximum values, general increasing trends can be observed.  
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Chapter 6. Analysis of the synoptic conditions that generated the 

occurrence of extreme phenomena in Romania with impact on the 

agricultural sector - Case studies 

 

6.1 Analysis of the synoptic conditions that generated the unusually warm weather of the 

winter and summer of 2007 

At the national level, the persistence of hot days manifested itself more and more 

frequently, with the year 2007 registering deviations from the normal values of the average air 

temperature both in the warm season and in the cold season. From a meteorological point of 

view, the year 2007 was one of temperature records on the one hand, but also of extreme 

phenomena on the other. Since January, the year 2007 stood out as a warm one (Table 6.1), 

even though the beginning of the month was manifested by the deepening of a valley of the 

Icelandic Depression in an area that also includes the territory of our country (Figure 6.2), the 

structure that determined the registration low temperatures.  

 
Source: [49] 

Figura 6.2 Relative baric topography, ground clearance 

and geopotential at 500 hPa level on 04.01.2007 

Table 6.1 The top of the years with the warmest January months in Romania, from the period 1961-2021  

Source: [94] 

 

No. Year Mean monthly 

temperature (ºC) 

Deviation from the median of 

the reference interval 1991 – 

2020 (ºC) 

1 2007 3,0 5,1 

2 1994 1,3 3,4 

3 1983 0,7 2,8 

4 1988 0,6 2,7 

5 2014 0,3 2,4 

6 2018, 2021 0,1 2,2 

7 1975, 2001 0,0 2,1 
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8 1971, 1998 -0,3 1,8 

9 1984, 2015 -0,4 1,7 

10 2005, 2020 -0,7 1,4 

According to the results presented in Chapter 3, in 2007 agricultural productions of 3.04 

million tons for wheat and 3.85 million tons for corn were recorded. Compared to the average of 

the analyzed interval 1961-2018 of 5.88 million tons for the wheat crop and 9.07 million tons for 

the corn crop, the values recorded in 2007 were much lower. Taking into account the fact that in 

the agricultural year 2006/2007 the soil registered a significant deficit of moisture, as a result of 

the lack of precipitation in the form of rain and snow [95], the considerable decrease in the 

production of the analyzed crops can be explained.  

The year 2007 continued to be one of positive thermal extremes during the summer as 

well, so that since June 2007 the persistence of heat waves during which high daytime and 

nighttime thermal values were recorded was noted. During the summer of 2007, four major heat 

waves were recorded in our country, one in June, two in July and one in August [20]. Among 

them, the heat waves registered at the national level in July 2007 were severe and were 

dominated by the expansion of an anticyclone of North African origin over the south and southeast 

of the European continent, also affecting Romania (Figure 6.6). 

 

Source: [49] 

Figura 6.6 Relative baric topography, ground clearance 

and geopotential at 500 hPa on 15.07.2007 

From figure 6.6 it can be noted that the Icelandic Depression was blocked by a vast 

anticyclonic structure that determined the advection of warm tropical air from the north of Africa, 

being recorded at the level of 850 hPa (1500 m altitude), temperatures that exceeded the 

threshold of 20°C. 

The peak of the heat wave was recorded, according to the records, on July 24 when the 

30 °C isotherm was located in the air temperature field at the level of 850 hPa above our country 

(Figure 6.8), which led to the ground record of temperatures exceeding 40 °C.  
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Source: [49] 

Figura 6.8 Air temperature field at the isobaric 

level of 850 hPa on 24.07.2007 

The month of July of 2007 is ranked as the warmest in the period 1961-2021, according 

to the multi-year climatological characterization carried out by the National Meteorological 

Administration [94] (Table 6.2), the deviation from the average of the reference interval 1991-

2020 being 2.6 ºC . In fact, on July 24, 2007, the National Meteorological Administration issued 

the first red heat wave code for the municipality of Bucharest and five counties (Ilfov, Giurgiu, Olt, 

Dolj, Teleorman), for the rest of the country, orange and yellow discomfort codes were established 

thermally accentuated. The maximum temperature on that date exceeded 43 °C in the areas 

where the red heat code was established, the temperature-humidity index (ITU) exceeding the 

critical threshold of 80 units in almost the entire country, which marked the summer of 2007 in 

Romania, an exceptional character. 

According to Dima and others [20], the temperatures recorded both in the warm season 

and in the cold season of 2007, but especially against the background of the recording of extreme 

temperatures in July 2007, led to the recording of average temperature values of 10, 6°C, which 

at the time constituted an absolute record at national level.  

6.2 Analysis of the synoptic situations that generated the weather conditions of 2018 

 

In 2018, Romania had the largest corn production in the European Union (18.66 million 

tons), surpassing for the first time France, which recorded a harvest of approx. 12 million tons of 

corn [85]. It should be noted that the other states of the European Union were far below the level 

of corn production in Romania, harvesting less than 8 million tons in 2018 [98]. Also in 2018, 

Romania ranked 3rd in the European Union in terms of cereal production, with a harvested 

quantity of over 31 million tons. and 4th in terms of wheat production [86].  

The very rich harvest of 2018 was due to very favorable climatic conditions, although there 

were unfavorable episodes for crop development. In February 2018, temperatures between -15°C 

and -25°C were recorded, and precipitation was evenly distributed, forming a thick layer of snow 

especially in the southern and southeastern regions of the country. Snow melting starting in March 

2018 led to the replenishment of the soil water reserve [99]. The second part of March was 

characterized by excessive rains, causing delays in the sowing campaigns for spring and summer 

crops [100]. The period between April 1 and May 15 was warmer than usual, speeding up the 
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development of winter crops by up to two weeks. During this period, temperatures of up to 30°C 

were also recorded. The lack of rainfall in April created favorable conditions for the completion of 

sowing campaigns for maize crops [101]. In May-June 2018, the number of days with 

temperatures above 30°C was 2-3 times higher than the usual level for this period. Precipitation 

exceeded the average limit by 15-60 mm in western Romania, ensuring an adequate level of soil 

water reserves, but remained below average in the eastern and central regions, with the total 

precipitation deficit reaching 20-90 mm. Thus, the climatic conditions from May to June 2018 led 

to the acceleration of the crop development process and the reduction of the reproductive phase 

for winter cereals [102].  

In the first half of June, temperatures were 2°C to 4°C above the multi-year average, 

followed by cooler-than-normal temperatures. The harvesting campaign for winter crops was 

started much earlier than normal, but heavy and frequent rainfall from 1 June to 15 July (Figure 

6.13), with record values of 80mm to 330mm (the highest levels of rainfall since 1975).   

Next, it will be analyzed the synoptic situation that generated the formation of a thick layer 

of snow in February 2018, a fact that led to the replenishment of the soil water reserve and 

implicitly the favorable development of agricultural crops. The month of February 2018 started 

with higher than normal temperatures due to the presence of air of tropical origin in the south-

east of Europe, the rest of the continent being dominated by the presence of air of polar origin. 

 

Source: [49] 

Figura 6.14 Relative baric topography, ground clearance 

and geopotential at the 500 hPa level on 03.02.2018 

At the national level, on that date, the lack of snow cover was also reported on extensive 

areas, a fact that can be attributed to the high temperatures recorded. 

Compared to the beginning of February, its end is marked by the advection of air of polar 

origin over most of Europe, except for the south and southwest of the continent (Figure 6.16). It 

is worth noting that our country is under the influence of the air of polar origin, which determined 

for March 1, 2018 the registration of absolute minimum temperatures in Romania [105]. 
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Source: [49] 

Figura 6.16 Relative baric topography, ground 

clearance and geopotential at the 500 hPa level on 

28.02.2018 

Following this particularly cold weather episode, the first spring month of 2018 was marked 

by thermal oscillations such that both mild and very cold weather episodes were recorded. At the 

same time, it should be noted that at the end of February, a consistent layer of snow was recorded 

in Romania, favoring the establishment of freezing conditions, with extremely low temperatures. 

 

Source: [105] 

Figura 6.17. The thickness of the snow layer on 25.02.2018 

The month of April was dominated by intrusions of tropical air of North African origin in 

most of Europe, except for the north and northwest of the continent where polar air advections 

are noticeable (Figure 6.18).  
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Source: [49] 

Figura 6.18 The relative baric topography, ground 

clearance and geopotential at the 500 hPa level on 

14.04.2018 

From the figure above, you can see the high values of the geopotential field over the 

territory of our country, a fact that favored the recording of increased temperatures at the national 

level. Instead, June of 2018, as can be seen from the data presented in table no. 6.3, was the 

month in which precipitation in the form of rain was present in considerable amounts. This 

situation was caused by intrusions of polar air that also reached over our country, which led to 

the recording of abundant amounts of precipitation (Figure 6.19).  

 

Source: [49] 

Figura 6.18 Relative baric topography, ground clearance and 

geopotential at the 500 hPa level on14.04.2018 

Overall, 2018 was a favorable year for the development of agricultural crops, which, 

compared to the year 2007 analyzed in the first part of this chapter, recorded both precipitation in 

the form of rain and precipitation in the form of snow, but also temperatures favorable to the 
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development of crops agricultural, as was the case in April and May. Compared to 2018, 2019 

did not have the same agricultural productions, being a year in which there were either late spring 

frosts or excessive floods or droughts.  

The synoptic analyzes carried out in this chapter showed the dependence of yields and 

agricultural productions on weather conditions, conditions which, against the background of the 

acceleration of the global warming phenomenon, tend to take on extreme aspects. The 

amplification of extreme phenomena represents one of the biggest risks for agriculture, causing 

this sector to be increasingly affected by the positive thermal deviations recorded at the national 

level, by the uneven distribution of precipitation and the installation of extreme pedological 

drought. 
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General conclusions, original contributions and perspectives 

Climate change is caused by the increase in the concentration of greenhouse gases in the 

atmosphere as a result of the anthropogenic factor. It is estimated that human activities have so 

far caused a warming of approximately 1.0°C compared to the pre-industrial period, and for the 

period 2030 - 2052 it is expected that this increase in temperature will be up to 1.5°C, this aspect 

generating in multiple regions an increase in extreme temperatures, a higher frequency, intensity 

and/or amount of precipitation, as well as the occurrence of drought phenomena. Currently, many 

regions are experiencing higher temperatures than the global average annual temperature, with 

this increase felt more strongly over land surfaces than over oceans.  

Agriculture represents an economic sector directly influenced by climatic conditions, so 

any change produced will have an immediate effect on it. Climate data in recent years have shown 

a progressive warming of the atmosphere, as well as a higher frequency of extreme events, with 

rapid heatwave/severe drought/heavy rainfall alternations becoming more evident.  

The original contributions of this study consist in the use of different data sets and 

statistical methods of analysis with the aim of understanding, on the one hand, the physical 

processes that govern the climate at the level of the European continent and at the level of 

Romania and the impact they can have on the yield and agricultural production, on the other hand. 

In this study, it was analyzed whether the various scientific methods of analysis are sufficiently 

precise to answer the many questions related to climate dynamics and the potential impact on 

the agricultural sector. Therefore, the paper presents an interdisciplinary approach, which brings 

together terms from the field of statistics with those from climatology and agriculture. Within this 

study, the variability of the main meteorological parameters and the connection with the large-

scale mechanisms responsible for the detected changes in their regime were analyzed from a 

spatial and temporal point of view. Such an analysis is essential to be able to identify the real 

impact of climate change on agricultural production conditions in Romania.  

Thus, in Chapter 1, a bibliographic study was carried out in which the most recent and 

relevant published results related to the targeted field were presented.  

In Chapter 2, the data and methods used to carry out a more complex analysis of the 

influence of the climate regime on agricultural productivity in Romania were presented.  

The analysis of the aforementioned data for the agricultural sector, carried out in Chapter 

3, revealed very low values of cereal, wheat and maize production in years such as 2000, 2003, 

2007 and 2012 and very high values in 2017 and 2018. 

 In Chapter 4, the EOF analysis was carried out on the temperature and precipitation 

regime at the national level, for the period 1961-2018. 

The results of the EOF analysis and statistical tests for the national mean summer 

temperature show a high explained variance of 90%, while the number of modes of variability is 

low (3). The value of the increase identified for the average temperature is equal to 0.28°C. Based 

on the 90% explained variance, it can be inferred that large-scale mechanisms may be 

responsible for the recorded thermal variability. Analyzing the associated time series, it can be 

seen that a statistically significant upward trend was detected, with a change point, also 

statistically significant, in the year 2003. 

 The results of the EOF analysis for atmospheric precipitation at the national level in the 

winter season, from which it is noted that the explained variance associated with EOF1 has a 

higher value than in summer, of 62%, the number of variability fields being equal to 4. From the 

first configuration EOF, a structure of the same sign can be observed throughout the country, with 
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the highest values in the southwestern part of the territory. Analyzing the associated time series, 

a general downward trend is observed with a significant change point detected following the 

application of the Pettitt test in 1975 (0.7 mm). 

In Chapter 5, the analysis of the changing trend of the temperature and precipitation 

regime at the national level and the influence on the agricultural sector was carried out.  

The analysis to identify the long-term linear trend in the mean air temperature was 

performed for the 21 weather stations also used in the EOF analysis. Mann-Kendall and Pettitt 

non-parametric tests were thus used for the time horizon 1961-2018. 

For the summer season, the signal of significant warming was observed at most of the 

analyzed stations, with the highest values being recorded in the eastern and southwestern areas 

of the territory. It should be noted that at most of the analyzed stations the change point was 

detected in 2003, the same as in the case of the EOF analysis. This may mean that the detected 

heating signal is significant due to large-scale atmospheric configurations.  

Regarding the amount of precipitation, in the case of the spring season, the analysis of 

the linear trend reveals decreasing trends in the amount of precipitation in most regions of the 

country, but these are statistically significant at a limited number of stations, respectively at the 

Drobeta Turnu-Severin stations , Roșiorii de Vede, Vârfu Omu and Sulina.  

From the analyzes carried out in the present study, a significant warming signal emerged 

at most of the analyzed stations, the highest values being recorded in the eastern and 

southwestern areas of the territory, a fact also relevant to the EOF analysis.  

From the analysis of growing season length (GSL) data, an increase in growing season 

length was observed for the interval analyzed at all four stations analyzed in the PhD thesis, 

especially starting from the decade 2000-2010, which is consistent with the results obtained in 

the case of the average air temperature where increasing trends were detected throughout the 

country (except for small areas in the autumn season for which decreasing trends were detected).   

The application of the Spearman coefficient for multiannual average temperatures and 

wheat and corn production, revealed that their values are inversely proportional, with a not very 

close negative correlation. The negative correlation shows that as multiannual average 

temperatures increase, agricultural production for the two analyzed crops tends to decrease. 

Within the case studies presented in Chapter 6, synoptic analyzes were made that 

generated the occurrence of extreme phenomena in Romania with an impact on the agricultural 

sector, for the years 2007 and 2018. In 2007, production recorded the lowest values, while the 

harvests obtained in 2018 were the highest in the time period analyzed.  

The synoptic analyzes carried out in Chapter 6 showed the dependence of yields and 

agricultural productions on weather conditions, conditions which, against the background of the 

acceleration of the global warming phenomenon, tend to take on extreme aspects. The 

amplification of extreme phenomena represents one of the biggest risks for agriculture, causing 

this sector to be increasingly affected by the positive thermal deviations recorded at the national 

level, by the uneven distribution of precipitation and the installation of extreme pedological 

drought. 

The present study was developed on the basis of official data available at the national 

level, with the aim of facilitating the understanding of how climate phenomena can directly affect 

the agricultural sector. The study could be improved if the volume of available data would be 

supplemented, for example by analyzing a higher number of meteorological stations or completing 

the information on the irrigated area, for which data are available only from 1997 onwards.  
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12. Technologies for valorization of sludge resulting from urban sewage treatment plants and waste 
from landfills 
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Beneficiary: Ministry of Research and Innovation 
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13. Research in support of the development of the capacity to monitor, evaluate and capitalize on the 
natural resources offered by wetlands of international importance in Romania and the Black Sea 
coastal area 

Contract: no: 4PS/2017 

Beneficiary: Ministry of Research and Innovation 

Perioad: October 2017 – December 2018 
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14. Innovative Technologies for Reducing the Negative Impact of Climate Change in Vegetable Crops 

Beneficiary: UEFISCDI 

Period: March 2018 – September 2020 

Work team member 

15. Integrated and sustainable environmental depollution processes, wastewater reuse and waste 
recovery  

Beneficiary: UEFISCDI 

Period: March 2018 – September 2020 

Work team member 

16. Innovative Technologies for the Production of Renewable Energy from Natural Sources Integrated 
in Complex Installations  

Beneficiary: UEFISCDI 

Period: March 2018 – September 2020 

Work team member 

17. Technologies for valorization of agricultural works using ecological machinery  

Beneficiary: Ministry of Education and Research  
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Expert 

18. Determination of the methodology and coefficients specific to Romania in order to quantify GHG 
emissions and absorptions in order to quantify climate change 

Beneficiary: Ministry of Education and Research 

Period: September 2019 – December 2020 

Expert 

19. Completing the level of knowledge of biodiversity by implementing the system for monitoring the 
state of conservation of species and habitats of community interest in Romania and reporting 
based on Article 17 of the Habitats Directive 92/43/CEE – Evaluation of the state of conservation 
for fish species community interest at national level and the determination of their 
favorable/unfavorable status, based on article 17 of the Habitats Directive 92/43/EEC in order to 
carry out country reporting 

Beneficiary: Ministry of Environment, Waters and Forests 

Period: March 2019 – March 2022 

Financial expert 

20. Recirculating aquaculture systems used in the stage preceding the repopulation of natural 
waters with fish material    

Beneficiary: Ministry of Agriculture and Rural Development 

Period: September 2019 – October 2022 

Partner Responsible 

21. Research on the use of composts obtained from sludge resulting from the processing of 
domestic wastewater as fertilizer in fruit growing in compliance with the Environmental Acquis 

Beneficiary: Ministry of Agriculture and Rural Development 

Period: September 2019 – October 2022 

Expert 
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