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Abstract: The geographical distribution of plants in ecosystems and the limits of agronomic extention of plants cultivated in different areas
are conditioned by the performance and climatic variabilities of these areas.The biological and productive behavior of plants in agricultural
systems is determined by climate performance in general and in particular by the two main climatic parameters, temperature and
precipitation.Their significant fluctuations, conditioned in recent years by climate change, are evident in the form of risky for agriculture
such as prolonged droughts, severe shortages of rainfall, high summer temperatures in the form of heat waves, which further brings the
effect of agronomic drought. In the thermal minimums, expressed in the form of frosts, there are observed fluctuations changes creating
deviations from the average perennial performance of their occurrence. The study of thermal fluctuations, and in particular the study of the
phenomenon of drought and its consequences, it is an important problem especially in areas with high agricultural character. Drought
occurs when there is a shortage of rainfall for long periods, registering as a pluviometric deficit. Occurrence variations of this phenomenon
are related to the rainfall cycle, but they should be considered in relation to potential climate change, especially in the Mediterranean basin
where Albania is located. The study of climate variability and the identification of extreme climate phenomenas as well as the determination
of thermal and pluviometric limits can be done through climate monitoring indicators. Albania's western lowland area and particulary the
Vlora area, which is under consideration on this study, is an agricultural area with a great diversity of cropping cultivations. Analyzing the
climate behavior of this area will enable the design of suitable cultivation technologies as well as taking measures to minimize the damages

to crop production from these factors.
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1. Introduction

In studies of the nature of climate and its related phenomena, it is
important to clarify the concept of climate and climate parameters
and what impact they have on ecological systems. "Climate" means
the set of meteorological and environmental conditions that
characterize a geographic region (mainly solar radiation,
temperature, precipitation and wind), estimated over a long period
of time, traditionally over 30 years [39]. Climate and its
performance are linked to climate changes which represent the
change in a relatively long period of time. Consequently, there are
changed also the climate phenomena, such as the drought too. At
the global level today, there are many research and studies focus on
climate change, the causes of climate change and their ecological
impacts, which highlight the fact that global climate change is a
worldwide phenomenon [19] and the impact of human activities on
them is undeniable [18].The rise of terrestrial temperature (the
temperature of the atmosphere and the oceans) is one of the most
visible indicators of climate change which has been increasing since
1861 and in the 20" century and this increase has been about 0.6°C,
from the highest in the last 100 years [25].The European
Environment Agency has done a detailed analysis and has shown
that in the last 100 years the average temperature in Europe has
risen by 0.95°C (in summer with 0.7°C and in winter with 1.1°C)
towards of 0.76°C that is recorded globally [6].The average land
surface temperature has increased by 0.6°C in the last three decades
[12]. The Mediterranean region will be one of the regions with the
highest levels of vulnerability to the effects of global warming and
climate change. Projections for expected temperature levels under
different scenarios predict a significant increase in temperature in
the Mediterranean basin [11]. Climate change is a reality, and its
impacts will be manifested in many other ways, such as water
scarcity in some areas associated with drought, declining of
agricultural lands, freshwater salinization, insect populations
outbreaks and young pathogen explosion, species extinction,
population migration, disruption of economic activities, disease,
malnutrition, and increased mortality [18,27,33,37]. Global
warming, among other phenomena, such as large increases in
temperature expressed in the form of heat waves, is also causing the
rainfall cycle to be modified and intensified, which appears in the
frequency and intensity of rainfall, in the amount of moisture in the
soil and in the air, water availability, drought and increased flooding
probability. Climate modifications are projected to further increase
the amount of water in areas where there are large quantities of
water today and further reduce its availability in areas where water
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constraints are scarce [14]. The rainfall regime is closely related and
influenced by the temperature regime, but since global warming is
not uniform across the planet, precipitation also has variations that
are related to the degree and uniformity of global warming. Studies
show that at the European level, an annual temperature increase of
about 0.8 °C and a variation in latitude as a function of latitude has
been recorded, with a 40% increase in northern European countries
and a 20% decrease in precipitation southern European countries,
which have prolonged the drought phenomenon [24]. According to
climate forecasting scenarios, at these rates the total annual
precipitation in 2100 will increase further by 20-25% in Northern
Europe and decrease by about 10% in Southern Europe [9].
Changes in the rainfall regime determine significant changes in
ecosystems especially in the southern most areas, which have been
associated with prolonged droughts. Most notable is this
phenomenon in agricultural areas where rainfall and droughts have
a direct impact on agricultural production. The area most affected
by the change in rainfall regime and their reduction is the
Mediterranean basin which is increasingly affected by drought
phenomena. In Europe and in the Mediterranean there is significant
seasonal and regional variability of rainfall and most of it happens
during winter [18]. According to the performed studies [14],
southern Europe, part of which is also Albania, is getting warmer,
hotter and with less rainfall. Agriculture and rural areas will be most
affected by climate change and particularly by lack of rainfall [2].
Albania will have strong restrictions on water availability for the
agricultural sector. Climatic scenarios [18] estimate a decrease of
between 4 and 27% in Southern Europe and the Mediterranean
region; most notably this will be during the summer season [14].
According to a study [34] the main drought phenomena in Europe
are identified, where Albania is most affected by the 2002 drought.
Expected climate change will further extend the drought
phenomenon which, according to the NDMC [27], should be
understood as an extended period of below-average rainfall causing
severe crop damage and falling productivity. Drought as a climate
phenomenon is a complex problem that has a significant
environmental impact, including agriculture, water resources
management and territory [4]. Drought is a problem for agriculture
as a phenomenon whose frequency is fully evaluated in the SREX
report [17]. Drought as a meteorological phenomenon expresses the
lack of rainfall below normal values, as agricultural drought when
there is insufficient soil moisture according to the requirements of a
plant, as hydrological occurrence when water supply is lacking and
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as socio-economic drought when water scarcity affects people [38].
Albania, although it has a relatively small territory of 28,000 km?, is
mostly mountainous and elevated, near the Mediterranean Sea, and
generally with atmospheric circulation, it presents different climatic
conditions [30]. Rainfall varies widely between climate zones. The
average annual rainfall for coastal areas ranges from 1000 to 1500
mm and falls mainly during autumn and winter period.
Mountainous areas, especially the Albanian Alps, can reach more
than 2500 mm of rainfall, with 20% - 30% of it in the form of snow
[35]. Albania is characterized by high amounts of rainfall ranging
from minimum values between 650 mm to 1050 mm per year in low
and hilly zones and maximum values between 2300 mm and 3100
mm per year mainly in mountainous areas. The Albanian Lowland
Zone is an area characterized by a moderate rainfall regime from
about 650 mm to 1050 mm in its southern part (Vlora, Fier,
Lushnje) to about 1050 mm up to 1450 mm in its central area
(Durres, Tirana, Lezhe) and the largest in the north from 1450 mm
up to 1850 mm in the area under Shkodra. Looking at the normal
rainfall performance in Albania the drought paths are generally
short, but under climate change scenarios, there will be a reduction
in rainfall from their normal values wherever there is a fall in
annual rainfall (-8.5 %), which vary from 1500 mm to the north,
965 mm to the center and 1120 mm to the south after the year 2050.
Whereas in 2100 the total precipitation will fall by 18.1% and
concretly in the north 1300 mm, in the center 860 mm and in the
south 1000 mm with a variation from north to south from 1600 mm
up to 600 mm respectively [32]. This will prolong the drought
phenomenon especially in the area of the Western Lowlands of the
country. The south western coastal plain, where is part and the
Vlora area, it is high agricultural productive area. The Vlora area is
part of the southern Mediterranean plain of the Albanian territory, at
latitude 40° and 28 ‘and longitude 19° and 29'.This study analyzes
the climate variability of the Vlora area, referring to the main
climate indicators and their variations over time (temperature and
precipitation), in order to identify climate fluctuations, especially
for agricultural production needs.
2. Material and methods

The study refers to the Vlora area for which the historical series of
climatic data were collected and digitized in order to verify the
climate variability for the considered period and compare them with
the data of the climate forecasts developed by the [15,18] and other
institutions, data that include key climatic parameters such as
temperature levels (maximum, minimum and average) and rainfall
amounts. In the Vlora area (Vlora A meteorological station),
historical data series were obtained on temperature indices for the
period 1950-1990 and rainfall for the period 1970-1986. The data
were obtained from the archives of the Meteorological Stations and
the Hydrometeorological Institute (data from historical
meteorological series from the Meteorological Bulletin) and other
data over a relatively long time period. The processing of the
collected information for the purpose of identifying climate
variability and climate trends in the Vlora area was done through
climate indicators. Different indicators are used to determine
climate behavior in different geographic areas that are selected and
adapted to each area. Their use also makes it possible to identify
climate trends primarely in relation to climate change. The use of
climate indicators to identify extreme climate phenomena has also
been considered and used by the [15]. The main problem with
regard to the use of indicators is to determine the range of their
values or for those considered as threshold levels to be considered
in determining a particular phenomenon. In relation to temperatures,
it is considered "heat waves" that level of temperatures when
verified for at least 6 consecutive days in which the maximum
temperature is higher than 90% of those days determined
respectively by the reference climatological period (e.g., 1961-1990
or 1971-2000) [39]. Other studies [29], brings data on heat waves
considering them as such when temperatures are T>20°C and
T>30°C for three consecutive days. Regarding the rainfall, e.g.,
based on the amount of daily rainfall they are divided into several
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categories as: heavy 32-64 mm, heavy-fluid 64-128 mm and highly
fluid> 128 mm [1]. Other researchers, [28], provide evidence that
precipitation is heavy if exceeding 15 mm as a daily value; [8],
give as a threshold value for extreme strains from 20 mm to 100
mm. Specifically, indicators elaborated by [10], are used for the
analysis of climate variability and the determination of trends, based
on the two main climatic parameters, temperature levels (maximum,
minimum, average) and precipitation amounts.Two additional
indicators of extreme rainfall events were used in the study,
indicators used by [13]: a) sum of precipitation over normal climate
amount, TEP (in mm) and b) extreme rainfall proportion, EP which
is given as a ratio of TEP / TP (annual amount of precipitation in
mm). Months with maximum rainfall amount (PM) were also
analyzed to see changes in monthly rainfall intensity by year.
Indicators of the Bagnlous & Gossen ombrothermic diagrams [3]
were used in the study to determine the dry season periods in order
to compare the drought conditions for the considered areas and to
verify the changes in dry season periods in the area. The data
processing is done with the help of Microsoft Excel software by
creating a database in advance to facilitate the use of data by listing
them as daily, monthly and yearly values, which enables them to be
used in the methods specified for processing of data. The
methodology used was that of the Global Climate Historical
Network [31]. The analysis of the variability and tendency of the
indices (intensity) used in the study that also determine the climate
fluctuations has been done by the linear regression test [23];
precipitation variability related to climate change was done by the
method proposed [28], which analyzes the precipitation trend with
respect to the shape and degree of distribution to determine the
rainy days for each analyzed year and dry periods of the year;
change and trend over the years has been made by the construction
of ombrothermic diagrams [3].The analysis of climate behavior
changes of the considered areas was done by the method of
comparing climate fluctuations from baseline conditions (from the
reference year) and the trends were analyzed by comparing them
with data coming from literature sources [19,36], based on
projections of climate change forecasting scenarios that give future
climate trends.

3. Results and Discussion
The Vlora region lies in the southwestern part of Albania. It is a
coastal region bordered by two seas, the Adriatic and the lonian
Sea. The proximity to the sea and the impacts of the Mediterranean
currents lead to a moderate climate, despite the easternmost
stretches of mountain ranges, with the highest mountain being the C
Mountain with 2045 m altitude. The Vlora region lies in the
southern Mediterranean plain area, the part lying along the coast,
the hilly southwest Mediterranean area and the southern
Mediterranean mountainous area near the mountains. It is
characterized by a Mediterranean climate with mild, humid winters
and dry summers.The average annual temperature ranges around
10.8 °C in the Mediterranean flat area, 10.2 °C in the hilly
Mediterranean area and around 9.8 °C in the Mediterranean
mountainous area.The amount of annual rainfall varies from 1100 m
in the Mediterranean flat area, to 1600 mm in the hilly
Mediterranean area and around 2050 mm in the Mediterranean
mountainous area. This region has over 2,500 hours of sunshine,
which makes it suitable for many agricultural crop cultivations.

a) Analysis of variations and trends of thermal regime in
Vlora area

To analyze the performance of the thermal regime in the Vlora area
were obtained the daily data for this station (Vlora A), for the
indicators of average maximum temperature, minimum average
temperature and average temperature for 1950 - 1990, ie a sufficient
40 years period to analyze the performance and variations of the
thermal regime in the area. The daily values for the three
meteorological temperature parameters are used in the processing,
while the graphs are presented as annual mean daily values.

YEAR LXVI, ISSUE 5, P.P. 184-189 (2020)



INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES"

WEB ISSN 2603-3712; PRINT ISSN 2603-3704

Temperature (0C)

25

20

15

10

B Average maximum temperature

B Average minimum temperature

Average temperature

10 15 20 25

Years

30

35

40

n order to determine the performance and fluctuations of the mean maximum temperature regime, graphical data analysis and trends were
determined by linear regression test [23], which determines the trend of this parameter over time.
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Graphical analysis of the performance of the average maximum temperature shows that it has an increasing tendency towards recent years,
marking relatively higher values than reference years. This is also given by the regression equation and the correlative, albeit not very

consistent. Also, the performance and fluctuations of the minimum average temperature for this area were analyzed and trends determined by
linear regression test, as well as for maximum temperature.
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From the graphical analysis and the performance of the relation determined by the regression equation and correlation coefficients show that

the average minimum temperature has a slight downward trend, with a non-significant relationship. Also, the average temperature
performance and trends are analyzed.
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The analysis shows that with respect to average temperature there is
a slight downward tendency but with a not very strong relation. It
generally follows the performance of the minimum average
temperature.

Determination of thermal climate regime trends for the Vlora area is
based on 40 years of data provided by historical meteorological

series and analyzed using [10] indicators described in the
methodology.

The following values are derived from data processing and analysis
of values for the thermal indices considered, based on daily data for

the period 1950-1990, for the Vlora area.

Tmax Tmin Tmed FD ETR GSL HWDI Tn90
(per day) €9} (per day) (per day) (%)
21.3 11.7 16.4 8 35 265 48 11.1

For all indicators, the analysis was done analytically and graphically
through a linear regression test [23]. For the "Fd" indicator, which
determines the total number of frost days (days with minimum
temperatures <°C) (expressed in days), the analysis shows that it has
a decreasing trend in recent years which is related to the increase of
temperatures, mostly maximum, marking relatively fewer days with
sub-zero temperatures in recent periods compared to previous
periods. This conclusion also coincides with the data obtained from
climate change studies [18]. In terms of the "ETR" indicator, which
expresses the radius of annual extremes and thermal extremes that
gives the difference between higher temperatures year (Tn) and
lower year temperatures (TI) for the same time period expressed in
OC, it results that there is generally a decrease in temperature
amplitude resulting from the increase in temperature levels,
especially the maximum ones. Decreasing the values of this
indicator raises concerns in the cultivation of plants. In relation to
the indicator "GSL", which determines the extension of the growth
period giving the period between when Tdaily > 5 °C for> 5 d and
Tdayly<5 © C for > 5 days (expressed in days), the analysis shows
that there is a tendency to extend this period in recent years, with a
relatively stable relationship, as a result of rising temperatures.
determines the elongation of heat waves giving the period with a
maximum> 5 days thereafter with Tmax> 5 © C greater than the
normal value of normal Tmax for the period considered (expressed
in days), the analysis shows that there is an increase of heat waves,
there have been cases of high temperatures with more than 6
consecutive days, which is a threshold that determines heat waves.
This is further influenced by the upward trend of maximum
temperatures. Another indicator analyzed in relation to the thermal
regime is "Tn90", which gives the percentage of Tmin time> 90%
of days with minimum daily temperature (expressed in%), whose

analysis shows that this indicator has also been decreasing as a
result of the increase in the minimum temperature level, where
narrowing the amplitude to the maximum temperature reduces the
effect of heat, the effect of which should be taken into account for
this area. consider and analyze other factors such as randomness
and wind speed, air humidity. Graphical analysis of the
performance of indicators through the linear regression test [23],
which makes it possible to identify the linear trend (trend) of
indicators related to the thermal regime, shows an increasing
tendency for the Vlora area. of graphs analyzing the performance of
thermal indicators to determine the tendency of thermal regime
through linear regression test [23], which makes it possible to
identify of the linear trend of the indicators related to this regime,
for the Vlora area, it results that there is a significant upward trend
of maximum temperatures, a downward trend of minimum average
temperatures and a lower sensitivity to average temperatures. This
has led to a decreasing trend of frosty days during winter. warm.
Forecast for 2050 estimates that annual temperature rise will be
17.9 (17.6-18.2°C) in southern areas by 2050 and for 2100
temperatures expected to rise by 19.8 (19.8-20.5°C) in the Southern
Regions of Albania [36].

b) Analysis of variability and trends of rainfall regime in
Vlora area

For the analysis of the rainfall regime fluctuations in the Vlora area,
daily data for the Vlora station were obtained and analyzed for the
indicator amount of rainfall, expressed in mm for the years 1970 -
1986.
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The graphical analysis of the data and determination of trends by linear regression test [23] was performed to determine the pluviometric

regime fluctuations in the Vlora area.
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TP PM R10 CDD R5D SDII TEP EP
(mm) (mm) (per day) (per day) (mm) (mm/day) (mm) (mm)
847.3 62.4 24 106 128 9.07 238 0.24

Analyzing the performance of the precipitation regime in the Vlora
area shows that there is a decreasing trend in recent years, ie a
decrease in the annual amount of rainfall amount. The variability
and trends of the precipitation regime for the Vlora area are based
on perennial daily rainfall data, which were analyzed by the
indicators of [10], whose obtained values give the trend of the
precipitation regime over time. From the data analysis for the above
pluviometric indicators, the indicator values result as following.

For all indicators, the analysis was done analytically and graphically
through a linear regression test [23]. For the indicator "R10" which
expresses the number of days with rainfall >10 mm d™* (per day) the
values of this indicator have been found and the analysis has been
done which shows that with the passing of years there is an increase
in the number of days with the amount of precipitation larger than
10 mm, which indicates that rainfall has become more intense in
recent years in this area with reference to reference years. In
relation to the analysis of the “CDD” indicator, which gives the
maximum number of days with drought (Rdays <1 mm) (per day),
the values of this indicator have been calculated and the analysis
has shown that there is an increasing trend in the lastyears. This
indicates that there is an increase in drought days, accompanied by a
decreasing trend in precipitation levels and disturbances in their
distribution. Regarding the indicator "R5d", which gives the
maximum total precipitation in 5 days (in mm), also for this

indicator its values were calculated where by analyzing this
indicator it results that there is an increasing value indicating
increase in rainfall intensity.The decreasing trend of precipitation
levels and increase in values of this indicator highlights the fact that
rainfall has become more intense in this area. In relation to the other
indicator "SDII", which gives the daily simple intensity: annual
amount/number of days with daily precipitation Rditore > 1 mm d —
1 (in mm/day), also for this indicator its values have been calculated
and from the calculation of this indicator and graphical processing it
results that there is an increasing trend of values of this indicator
which shows that rainfall has become more intense in recent years.
Also, two other indicators have been calculated to enable the
precipitation intensity and their distribution to be identified, the
amount of rainfall over the normal climate amount, TEP (in mm)
and the proportion of extreme rainfall, EP, which is given as a ratio
of TEP/TP (annual amount of precipitation expressed in mm) [13].
The calculation of these two indicators and the obtained values
show that there is an increase in the intensity associated with the
phenomena of the shape of their distribution, which departs from
the normal distribution in time.

Indicators of the Bagnlous & Gossen [3] umbrothermic diagrams
were used in the study for the Vlora area, to determine the drought
periods of the year in order to compare the drought conditions for
the Vlora area.

300.0

250.0

200.0 -

150.0
100.0

50.0

0.0 -

5 6 7 8

9 10 11 12

Values of temperature and rainfall / Months

This conclusion also coincides with data from other studies and data
provided by projections of climate forecasting scenarios for the
Mediterranean Basin [18] and the Albanain clime changes reports
[36], which reports that there will be -8.5% annual precipitation
decline by 2050 and after 2100 the total precipitation will be decline
by - 18.1% .

The analysis of the diagram shows that there is an extension of the
drought periods of the year, also affected by the decrease in the
amount of rainfall, as verified by the graphical representation.
Analyzing the totality of the indicators in the Vlora area, regarding
the progress of the precipitation regime and determining their trends
over time, for the period under analysis, it is clear that precipitation
in the territory of this area has a decreasing tendency, become more
intense in recent years and there is a noticeable seasonal change in
their distribution.

4. Conclusions

The analyze of the performance of thermal indices for the Vlora
area shows that there is a significant upward trend of maximum
temperatures; a downward trend of average minimum temperatures
and a lower sensitivity regarding the average temperatures. This has
led to a tendency to reduce frost days during the winter season.
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By analyzing the totality of the indicators related to the rainfall
regime and determining their trends over time, for the period under
review, it is clear that rainfall in the territory of this area has a
decreasing tendency; they have become more intensive in the recent
years and there is a visible seasonal difference in their distribution.
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