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Introduction

In the last years, climate changes have become a subject of great topical interest
worldwide. This problem worries the scientific community, as it could have a major impact on
natural and social systems at local, regional and national scales. The increase of mean and
extreme temperature over the last century has been largely demonstrated in many studies focused
on different regions of the world (Frich et al., 2002; Klein Tank si Konnen, 2003; Vinnikov si
Grody, 2003; del Rio et al., 2005; Vincent et al., 2005; Moberg et al., 2006; IPCC 2007; El
Kenawy et al., 2011; del Rio et al., 2012). One of the most significant consequences of the
identified global warming would be an increase in the magnitude and frequency of extreme
precipitation events generated by increased atmospheric moisture levels, thunderstorm activity,
and large scale storm activity (Sen Roy si Balling, 2004). Global warming and changes in
precipitation are facts that have numerous negative impacts on society and ecosystems. Among
the adverse effects caused by changes in these two climatic elements are: heat stress of a higher
intensity which will lead to a higher frequency of death and specific diseases caused by high
temperatures and increased vulnerability of plants, increased extreme hydrological events such
as floods and droughts, events that have a profound impact on the economy, especially in
developing countries, where agriculture plays a major role  (Choi et al., 2009; Radinovié¢ si
Curié, 2012; Wang et al., 2012), as is the case of Romania.

For a better understanding of climate change, in the following lines will define climate
and climate change as they were formulated by the World Meteorological Organization (WMO,
2002).

Climate is generally defined as the average state of the atmosphere for a long period of
time and generally for a specified geographical region, whose expansion area can vary from a
certain place, till the entire globe (WMO, 2002; Sandu et al., 2008).

Climate change is defined as a significant change in climate attributed directly or
indirectly to human activity which, in addition to natural climate variability, is observed over
comparable time periods (WMO, 2002).

The definition adopted by the United Nations Framework Convention on Climate Change
(UNFCCC) focuses only on the human activity that alters the composition of the global
atmosphere and excludes other human activity effects such as changes in the land surface.
Sometimes the term “climate change” is used to include all climate variability, which can lead to
considerable confusion. Climate has variability on all time and space scales and will always be
changing.

The main purpose of this study is to identify recent climate changes in northeastern
Romania across 50 years (1961-2010).



1. Geographical location and boundaries of the studied area

For this study, the northeastern Romania was considered (Figure 1). The studied area covers
the administrative territory of four counties: Botosani, Iasi, Neam{ and Suceava and has an area
of 24911 km?. The study region is bordered on the north by Ukraine, on the east by Republic of
Moldova, on the south by Bacau and Vaslui counties and on the west by Harghita, Mures,
Bistrita-Nasaud and Maramures counties. The altitude decreases from west to east from
mountainous area of Eastern Carpathians to Eastern part of the Moldavian Tableland. The

climate of this region is temperate-continental with a more pronounced continental character in
the east and moderate character westward.
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Figure 1. The studied area and the location of the weather stations considered



2. Data and methods

2.1. Data

Data recorded at ten weather stations in Northeastern Romania were used for the present
study. The stations are uniform distributed: three of them are located in plain area, five in hilly
regions and two in mountainous area of Eastern Carpathians area as shown in Figure 1 and Table
1. For a detailed analysis on temperature and precipitation extremes were used data from a 11™
station (Bacau), as support station, located outside the analyzed area, at about 17 km south of it.

Table 1. Geographical coordinates of the weather stations considered

Weather station® Latitude (N) Longitude (E) Altitude (m)
Baciu 46°31° 26°54° 184
Botosani 47°44° 26°39° 161
Ceahliu 46°59’ 25°57° 1897
Cotnari 47°22° 26°56’ 289
Falticeni 47°28’ 26°18’ 348
Iasi 47°10° 27°38’ 102
Piatra Neamt 46°55° 26°24° 314
Poiana Stampei 47°20° 25°08° 923
Radauti 47°50° 25°54° 389
Roman 46°58’ 26°55° 216
Suceava 47°38° 26°15° 350

®Weather stations are ranged in alphabetical order

The datasets cover a 50 years period (1961-2010) and they were provided by Romanian
National Meteorology Administration (ANM) and ECA&D database (Klein Tank et al., 2002).
The period of 50 years was chosen in order to avoid as much as possible the inhomogeneities due
to non-climatic factors. Ceahlau station began recordings in 1964 therefore its data series is only
47 years long.

Digital Elevation Model (DEM) data were provided by geo-spatial project
(http://earth.unibuc.ro/download/datele-srtm90-reproiectate-in-stereo70) and is based on SRTM
model (Shuttle Radar Topography Mission), which represents the best global source of altimetry
data.

In order to find connections between trends in mean air temperature and precipitation,
and trends in the principal circulation patterns which influences the northeastern part of
Romania, we used monthly indices of East Atlantic Pattern (EA), North Atlantic Oscillation
(NAO), East Atlantic/Western Russia (EW), Scandinavia Pattern (SC), and Polar/Eurasian
pattern (PO), provided by the National Oceanic and Atmospheric Administration Climate

Prediction Center (http://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml).
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2.2. Methods

To illustrate the spatial distribution of climatic elements and phenomena whose territorial
variation is very closely related to the altitude was used a well-known method in the literature —
Detrended Krigind which is considered to be the most appropriate method for climatic
interpolation (Patriche, 2009).

For those parameters in which the coefficient of correlation in relation to altitude were
not high enough, the spatial distribution was made by the Ordinary Kriging interpolation method.

As a general rule in testing data for homogeneity the more tests are used, the more
accurate are the results. Therefore, the precipitation data have been tested for homogeneity with
four tests: Pettitt test — PET (Pettitt, 1979), Standard Normal Homogeneity Test — SNH
(Alexandersson, 1986), Buishand Range test — BHR (Buishand, 1982) and Von Neumann Ratio
test — VON (Von Neumann, 1941). The first three ones, under the alternative hypothesis, assume
that a break in the data series is present and allow identifying the time at which the shift occurs.
The VON test assumes, under the alternative hypothesis, the series is not randomly distributed
and not allow detecting the time at which the change occurs (it gives no information on the
moment of the break).

Also, before performing a detailed analysis of temperature and precipitation extremes,
data were tested for their homogeneity using five tests: SNH (Alexandersson, 1986), BHR
(Buishand, 1982), PET (Pettitt, 1979), VON (von Neumann, 1941) and Penalized Maximal F -
PMF test (Wang, 2008).

To detect and estimate trends in the time series of monthly, seasonal, annual and other
time-scales values of climatic parameters we used the non-parametric Mann-Kendall test for the
trend (Mann 1945; Kendall 1975) and Sen’s non-parametric method for the magnitude of the
trend (Gilbert, 1987). Calculations were performed using the Excel template MAKESENS
(Mann-Kendall test for trend and Sen’s slope estimator), developed by researcher of the Finnish
Meteorological Institute (Salmi et al., 2002). The Mann-Kendall test is applicable to the
detection of a monotonic trend of a time series. Sen’s method uses a linear model to estimate the
slope of the trend, and the variance of the residuals should be constant in time. The procedure
offer many advantages: missing values are allowed and data needed are not conferrable to any
particular distribution; single data errors or outliers do not significantly affect Sen’s method. In
Romania these methods were previously used with success in detecting trends in climatic data
sets (Micu and Micu, 2006; Micu, 2009; Croitoru et al., 2012b; Piticar and Ristoiu, 2012).

The conditional (or partial) Mann-Kendall test was applied to check whether the trend in
the time series of temperature and precipitation are determined by the trends in teleconnection
indices (Libiseller and Grimvall, 2002).

In order to quantify the changes in aridity and evapotranspiration in the study area we
used the De Martonne aridity index and Penman-Monteith method (Allen et al., 1998).

Other statistical methods used were: absolute and relative frequency, correlation
coefficient etc.



3. Changes in the evolution of climatic elements

3.1. Changes in mean air temperature

3.1.1. Homogeneity tests

The homogeneity of the annual temperature time series for the period 1961-2010 has
been tested. Change points appeared, particularly in the late 1980s or 1990s. In Table 2, the
annual results of the Pettitt, Standard Normal Homogeneity Test (SNHT), the Buishand range
and the Neumann tests applied to temperature data are shown.

Table 2. Results of the homogeneity tests for mean annual temperature in northeastern Romania
(1961-2010)

Station PET SNH BHR VON
) 391 *** 14 587*** 13.542*** 1.406*
Botosani 1
1988 1988 1988
329** 11.869** 11.277** 1.65
Ceahlau
1995 1995 1995
. 354** 14.266*** 12.681*** 1.343**
Cotnari
1988 1998 1988
o 385*** 16.542*** 14.101*** 1.160***
Falticeni
1988 1998 1988
asi 356** 13.146** 12.856*** 1.432*
st 1088 1088 1988
) 317** 10.747** 11.086** 1.527*
Piatra Neamf
1988 1998 1988
. | 460*** 19.920** 14.249*** 1.322*
Poiana Stampei
1988 1998 1988
) 412%** 16.703*** 14.491*** 1.183***
Radauti
1988 1988 1988
370*** 15.426*** 13.087*** 1.381*
Roman
1988 1998 1988
414%*** 16.992*** 14.615*** 1.239**
Suceava
1988 1988 1988

*Significant at 0.05 level, ** significant 0.01 level, *** significant 0.001 level.

The year at which the change occurred (break year)
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Figura 2. The change points detected in temperature series at Botosani, Iasi, Ceahlau, Radauti
and Radauti stations over the period 1961-2010

Examples of change points detected for annual temperature data in Northeastern Romania
are presented in Figure 2a, b, ¢ and d, along with the mean of the two sub-intervals.

The annual results of the Pettitt, SNHT and the Buishand range tests applied to temperature
data series show that the change points were detected at 1988, 1995 and 1998. Two of the tests (the
Pettitt and the Buishand tests) show the 1988 shift point as the year at which the change occurs at
all stations except Ceahlau station, where shift point was in 1995. According to SNHT the 1988 is
the change point for Botosani, lasi Radauti and Suceava, 1995 for Ceahlau and 1998 for Cotnari,
Falticeni, Piatra Neamt, Poiana Stampei and Roman stations. All the change points are significant
at 0.01 and 0.001 levels of a.

The significant values of the Von Neumann test indicates that the series is not randomly
distributed at all stations except Ceahlau station where a has a value greater than 0.05 and the
result is not significant.

The 1988 change point in temperature data as the year at which the change occurs at most
stations over Northeastern Romania coincides with the same year in which a significant change
point in air temperature was identified in Northern and Central Europe (Donnelly et al., 2009).
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Hari et al. (2006) found out that a change point has also been reported in 1988 for air and
water temperature in the Alpine region. These change points have been attributed to a shift in the
NAO into its present extended positive phase (Hari et al., 2006; Donnelly et al., 2009). It was
demonstrated in several works (Beaugrand, 2004; Fealy & Sweeney, 2005; Donnelly et al.,
2009) that there is evidence that a major change in atmospheric variability occurred in the North
Atlantic region at that time which was associated with an abrupt increase in temperature and an
increased occurrence of westerly winds.

3.1.2. Air temperature trend

Annual mean air temperature has increased during the study period by 0.16 -
0.33°C/decade over the northeastern part of Romania (Table 3 and Figure 3a). According to the
Mann-Kendall test, the trend is statistically significant at all stations on the a = 0.05 level.

Table 3. Slopes for air temperature (°C/decade) in northeastern Romania over the period 1961-
2010. The values in bold are statistically significant at a. = 0,05 level.

Perioada [Botosani|Ceahlau|Cotnari [Falticeni| Tasi [Piatra NeamtPoiana StampeilRadautil Roman [Suceava
J 093 | 0.06 | 0.87 | 0.80 |0.50 0.88 0.64 0.80 | 0.64 | 0.79
F 056 | -0.04 | 0.72 | 0.68 |0.43 0.50 0.44 0.63 | 0.55 | 0.59
M 045 | -0.15 | 0.62 | 0.64 |0.43 0.58 0.40 0.54 | 0.55 | 0.50
A 0.00 | 0.17 | 0.16 | 0.18 |0.04 -0.03 0.27 021 | 0.14 | 0.20
M 023 | 0.20 | 0.25 | 0.30 |0.17 0.18 0.31 0.27 | 0.27 | 0.25
J 024 | 033 | 0.29 | 038 |0.21 0.14 0.50 0.33 | 0.33 | 0.33
J 044 | 057 | 049 | 052 |041 0.24 0.52 051 | 0.49 | 0.50
A 0.23 | 050 | 0.34 | 0.43 |0.25 0.25 0.53 045 | 0.38 | 0.44
S -0.18 | 0.00 | -0.12 | -0.01 |-0.10 -0.27 0.00 -0.04 | -0.05 | -0.05
O 0.00 | 0.17 | 0.09 | 0.15 |0.06 -0.06 0.26 0.07 | 0.06 | 0.08
N -0.25 | 0.20 | -0.17 | -0.20 |-0.26 -0.29 -0.05 -0.08 | -0.09 | -0.09
D 021 | 0.00 | 0.21 | 0.24 |0.13 0.23 0.27 0.20 | 0.08 | 0.23
Winter 045 | 0.01 | 0.66 | 052 |0.33 0.47 0.30 053 | 0.44 | 0.54
Spring 023 | 0.10 | 0.33 | 0.39 |0.22 0.29 0.33 0.36 | 0.33 | 0.33
Summer | 0.27 | 0.44 | 036 | 0.42 |0.28 0.18 0.49 0.40 | 0.36 | 0.39
Autumn | -0.08 | 0.09 | -0.04 | -0.02 [-0.07 -0.18 0.07 0.00 | 0.00 | 0.03
Annual 0.23 | 0.16 | 0.27 | 0.30 |0.25 0.20 0.33 0.29 | 0.23 | 0.27

The warming has not been equal throughout a year. The highest increase in air
temperature was typical for summer season (0.18 - 0.49°C/decade) indicating generalized
positive slopes in the study area statistically significant at the level o = 0.05 at all stations. A
remarkable warming has been identified also in winter (0.01 - 0.66°C/decade), statistically
significant at 7 weather stations.
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During the spring season the time series revealed a moderate warming with values of
0.10 - 0.39°C/decade.

On the other hand, slight decreases were found for autumn season (between -0.02 and -
0.18°C/decade) for 5 locations, but they were statistically insignificant.

On a monthly time-scale, it was observed that the most important increase of mean air
temperatures was specific to summer months (June, July, August), especially to July where
values are statistically significant for all stations. For January, February and March, the values
also indicate an increasing trend statistically significant for the most of the time series. For May
only a one station (Poiana Stampei) have experienced a significant positive trend. No statistically
significant trends for the rest of the year were observed. Few data series reveal negative trends,
but they are all statistically insignificant.

The spatial distribution of trends is presented in Figure 3.

These findings are similar to those presented in previous studies for this region (Piticar
and Ristoiu, 2012), and for other regions of Romania (Busuioc et al., 2010; Croitoru et al.,
2012b).

a. Anual b. larna ' c. Primévara

Legenda
v Tendinta descrescatoare

QTendinté stationara

d. Vara e. Toamna

A Tendinta crescatoare

ATendinté crescatoare (SS)

0 30 60 90 120
Km

Figure 3. Spatial distribution of air temperature trends in northeastern Romania (1961-2010). SS

— statistically significant at a = 0.05 level

3.1.3. The influence of changes in circulation patterns on changes in temperature

The analysis of the dependence between the atmospheric circulation teleconnection
patterns and temperature and precipitation variability in northeastern Romania was made based
on conditional Mann-Kendall test (Table 4). The table lists the teleconnection patterns showing
which trends are significantly related to the trends in air temperature or precipitation in the
corresponding month or period. When taking into account the time series of those teleconnection
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indices within the conditional Mann-Kendall test, it shows when statistically significant trends in

temperature or precipitation disappear.

The results of the conditional Mann-Kendall test indicate that the warming in January is
connected with the trends in the EA and NAO indices. The correlation coefficient is the highest
for NAO (0.58), while in the case of EA is only 0.39 (Piticar and Ristoiu, 2013b). The negative
trends in the PO teleconnection index in February, March and May have shown a significant
influence on changes in temperature. Warming in summer months can be explained by the
negative trends in the EW and SC teleconnection indices in June and August, negative trends in
the NAO in June, and positive trends in the EA in July and August. The highest correlation has
been detected for EA teleconnection index — 0.52. This finding is in accordance with other
studies made on Romania (Tomozeiu et al., 2002; Croitoru et al., 2012b).

Table 4. Trends of circulation patterns which are
significantly related to air temperature trends in
northeastern Romania (1961-2010)

Perioada Temperatura aerului
I EA, NAO

F PO-

M PO-

A

M PO-

I EW*-, SC*-, NAO-
I EA*

A EA*, EW*-, SC*-
S

@)

N

D

larna EA, NAO, PO*-
Priméavara EA, PO*-

Vara EA*, EW*-,
Toamna

Anual EA*, EW*-, PO*-, SC*-

Note: Bold abbreviation — the trend is
significant in all stations; “-” — a negative
relationship, * - the index describes a
significant part of the trend, but not entirely

The warming in winter is connected with positive trends in EA and NAO, and negative
trend in PO. Temperature increase during spring is influenced by the positive trend in EA, and
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negative trend in PO teleconnection indices. The significant increase in air temperature in
summer series is influenced by the positive trend in EA and negative trend in EW teleconnection
indices, but the warming process may be only partly explained this way.

Some teleconnection indices have a trend also in the annual data sets (EA, EW, PO, SC),
that may have caused the annual increasing trend of air temperature.

3.1.4. Changes in daily extreme temperatures

The increase of mean temperature over the last century has been largely demonstrated in many
studies focused on different regions of the world. Although changes in the mean values of the
climate variables have a bearing on the long-term climatic conditions, the changes in the
extremes of the variables can have far-reaching economic and social consequences. Thus,
recently, many efforts have been made to estimate not only changes in mean temperature series,
but also changes in the frequency, intensity, and duration of extreme events (EI Kenawy et al.,
2011, Croitoru and Piticar, 2013).

In Romania a great part of the previous studies on observed changes were focused mainly
on the mean temperature rather than on the extremes (Micu and Micu, 2006; Micu, 2009,
Busuioc et al., 2010; Croitoru et al., 2012a, Croitoru et al., 2012b, Piticar and Ristoiu, 2012).

3.1.4.1. Methods

For this study, we employed a set of 20 indicators relating to hot, cold and variability in
extreme temperatures using daily temperature data from 4 weather stations across 50 years
(1961-2010).

The calculations of indices were made with RClimDex software developed by Byron
Gleason at NCDC (National Climate Data Center) of NOAA (National Oceanic and
Atmospheric Administration) (Zhang and Yang; 2004). Their brief description is available in
Table 5.

3.1.4.2. Results and discussions

When analyzing the intensity of increasing and decreasing trends, three degrees were
defined:

- high increasing/decreasing trends (large triangle in Figures 3, 5, and 7): >/<4.000
days/decade for SU25, TR30, TRD35, TR20, TN90p, TX90p, IDO, FDO, FN10, TN10p, TX10p,
GSL, and +0.601 to +0.900 °C/decade for TXn, TXx, TNx, TNn, Txmean, TNmean,DTR, and
ETR;

- moderate increasing/decreasing (medium triangle in Figures 3, 5, and 7): £2.001 to
+4.000 days/decade, for SU25, TR30, TRD35, TR20, TN90p, TX90p, IDO, FDO, FN10, TN10p,
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TX10p, GSL, and £0.301 to +0.600 °C/decade for TXn, TXx, TNx, TNn, TXmean, TNmean,
DTR and ETR;

- low increasing/decreasing (little triangle in Figures 3, 5, and 7): £0.001 to +2.000
days/decade for SU25, TR30, TRD35, TR20, TN90p, TX90p, IDO, FDO, FN10, TN10p, TX10p,
GSL, and £0.001 to +0.300 °C/decade TXn, TXx, TNx, TNn, TXmean, TNmean, DTR, and

ETR.

Table 5. List of the ETCCDMI climate indices used in this study (after Zhang and Yang, 2004,

completed)
ID | Indicator name | Definitions UNITS
Hot extremes
SU25 Summer days Annual count when TX (daily maximum)>25°C Days
TR20 Tropical nights Annual count when TN (daily minimum)>20°C Days
TR30 Tropical days Annual count when TX(daily maximum)>30°C Days
HD35 Hot days Annual count when TX (daily maximum)>35°C Days
TN90p Warm nights Percentage of days when TN>90™ percentile Days
TX90p Warm days Percentage of days when TX>90" percentile Days
TXX Max Tmax Monthly maximum value of daily maximum temperature | °C
TXn Min Tmax Monthly minimum value of daily maximum temperature | °C
TX mean | Mean Tmax Monthly mean value of daily maximum temperature °C
WD Warmest day Annual highest maximum temperature °C
Cold extremes
FDO Frost days Annual count when TN (daily minimum)<0°C Days
IDO Ice days Annual count when TX (daily maximum)<0°C Days
FN-10 Frost nights Annual count when TN (daily minimum)<-10°C Days
TN10p Cool nights Percentage of days when TN<10™ percentile Days
TX10p Cool days Percentage of days when TX<10™ percentile Days
TNX Max Tmin Monthly maximum value of daily minimum temperature | °C
TNn Min Tmin Monthly minimum value of daily minimum temperature | °C
TNmean | Mean Tmin Monthly mean value of daily minimum temperature | °C
(TN)
CD Coldest night Annual lowest minimum temperature °C
Variability extremes
DTR Diurnal temperature Monthly mean difference between TX and TN °C
range
ETR Intra-annual extreme Difference between the highest TX and the lowest TN in | °C
temperature range a year
GSL Growing season Length | Annual count between first span of at least 6 days with | Days

TG>5°C and the first occurrence after 1% July of at least
6 consecutive days with TG<5°C

3.1.4.2.1. Changes in hot extremes

The hot extremes analysis in the considered area indicates general positive trends (Table
6 and Figure 4). This finding demonstrates that temperature during summer months increased
more rapidly in the daytime than that related to nighttime for the same months.
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For hot extremes indices, the highest slopes were found for SU25 and TRD30 with
overall average around 3.9, respectively 2.9 days/decade (Table 6 and Figure 5).
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Tendintd negativa nesemnificativa

Figure 4. Frequency of trend types of hot extreme indices in northeastern Romania (1961-2010)

Table 6. Slopes for the hot extreme indices calculated for annual data series in northeastern
Romania (1961-2010). In the case of indices calculated for each month and for annual, only the
annual value is presented in the table

SU25 |TR20 |TR30 |HD35 |TN90p |TX90p | TXx TXn TXmean
Station Slope
Days/decade % of days/decade °Cldecade

Suceava | 3.261*| 0.050| 1.538| 0.110| 2.407| 1.539| 0.375| -0.133 0.296
Botosani | 3.571| 0.260| 2.857| 0.410| 1.300( 1.257| 0.462| -0.282 0.290
lasi 3.571| 0.580| 3.514| 0.910| 1.509| 1.232| 0.583| -0.133 0.239
Bacau 5.000| 0.260| 3.784| 0.500| 1.380| 1.646| 0.605| 0.000 0.308
Average | 3.851| 0.288| 2.923| 0.483| 1.649| 1.419| 0.506| -0.137 0.283

*Values in bold are statistically significant slopes at o = 0.1
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Figure 5. Spatial distribution and intensity of hot extreme indices trends in northeastern Romania
(1961-2010). The fully symbol shapes are statistically significant slopes and empty symbol
shapes are statistically insignificant slopes

3.1.4.2.2. Changes in cold extremes

Generally, the negative trends are more specific for these indices, especially for those
computed based on a fixed threshold and percentile-based indices: frost days (FDO), frost nights
(FN-10), ice days (IDO0), cool nights (TN10p), and cool days (TX10p) (Table 7 and Figure 6).
The positive trends have very low frequency for these indices, which is an important evidence
for warming during winter time. The indices based on extreme minimum temperature records
(TNx, TNn, and TNmean) also indicate, by their high frequency of positive trends, a warming
process through the analyzed 50 years period.
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Figure 6. Frequency of trend types of cold extreme indices in northeastern Romania (1961-2010)

Table 7. Slopes for the cold extreme indices calculated for annual data series in northeastern

Romania (1961-2010). In the case of indices calculated for each month and for annual, only the

annual value is presented in the table

FDO IDO FN-10 | TN1Op | TX10p | TNx TNn TNmean
Station Slope
Days/decade % of days/decade °Cldecade

Suceava | -4.762%| -3.333| -3.333| -1.172| -0.630| 0.379| -0.056 0.314
Botosani | -2.778| -2.121| -2.000| -0.605| -0.781| 0.286| -0.333 0.172
Tasi -3.274| -1.111| -2.069| -0.887| -0.910| 0.351| 0.060 0.226
Bacau -3.571| -1.765| -2.083| -0.806| -0.752| 0.243| 0.000 0.220
Average | -3.596| -2.083| -2.371| -0.868| -0.768| 0.315| -0.082 0.233

®Values in bold are statistically significant slopes at a = 0.1

From the point of view of the spatial pattern all the indices based on a fixed threshold and
percentile have recorded, generally statistically significant decreasing slopes at all stations
analyzed (Figure 7).
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Figure 7. Spatial distribution and intensity of cold extreme indices trends in northeastern
Romania (1961-2010). The fully symbol shapes are statistically significant slopes and empty
symbol shapes are statistically insignificant slopes

Compared to other extra-Carpathians regions the trends of the same indices and for the

same period (1961-2010) are similar (Croitoru and Piticar, 2013). The only notable difference is
that the number of frost nights (FN-10) showed decreasing slopes statistically significant only in
the northeastern Romania, while in other extra-Carpathian regions they were insignificant or
stationary (Croitoru and Piticar, 2013).

3.1.4.2.3. Changes in variability indices

In northeastern Romania the intensity of increasing amplitude in terms of temperature is

higher for daily than for annual values (Table 8 and Figure 8). The trend of the growing season
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length (GSL) is increasing, with an average value of 3 days/decade, the largest increase being
recorded at Botosani station (4 days/decade). Because the extra-Carpathian regions of
northeastern Romania include significant agricultural areas, the evolution of this indicator is very
important both for agriculture managers and farmers in order to adopt appropriate measures to
mitigate the impact of global warming on crops and to ensure the food security of this region.

Table 8. Slopes for the variability indices calculated for
annual data series in northeastern Romania (1961-
2010). In the case of indices calculated for each month
and for annual, only the annual value is presented in the

table
DTR ETR GSL
Station Slope
°Cldecade Days/decade
Suceava 0,020 | 0,033 2,308
Botosani | 0,137%| 0,081 4,000
Tasi 0,061 | 0,075 3,015
Bacau 0,104 | 0,062 2,500
Average 0,081 0,063 2,956

Values in bold are statistically significant slopes at o = 0.1

DTR | ETR GSL ‘5

A A A

0 30 60 90120
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Figure 8. Spatial distribution and intensity of variability extreme indices trends in northeastern
Romania (1961-2010). The fully symbol shapes are statistically significant slopes and empty
symbol shapes are statistically insignificant slopes
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3.2. Changes in precipitation

3.2.1. Homogeneity tests

The results of the homogeneity tests indicate that the data series of precipitation amounts
are homogenous. Only few statistically significant change points have been identified in data
from Ceahlau, Radauti, and Suceava stations (Fig. 9a, b, ¢). Since these stations haven’t been
relocated and no changes have been made in the observation program over the analyzed period
(1961-2010), we consider that the change points have rather natural causes (Piticar si Ristoiu,
2013a).
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& 600 + =
2 2 500
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Figure 9. The change points detected in precipitation series at Ceahlau, Radauti and Suceava
stations over the period 1961-2010
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3.2.2. Trends in precipitation amounts

According to the results of Mann-Kendall test combined with Sen’s slope (Table 9 and
Figure 10a), annual time series indicate an increasing trend of precipitation amounts at 8 weather
stations (5.40 — 18.21 mm/decade), but this increase is not statistically significant. Decreasing

slopes are specific only at lasi and Ceahlau stations, but the trends are significant only at Ceahlau
(-27.23 mm/decade).
From seasonal point of view, the most important increase in precipitation amount was
recorded in summer and autumn, but the trend was statistically significant only in the case of
Roman station in autumn (Table 9 and Figure 10d, e).
In winter and spring, the decreasing trends are dominant over the analyzed area, but these
trends were not statistically significant, excepting Ceahlau station (Table 9 and Figure 10b, c).

Table 9. Slopes for the precipitation amounts (mm/decade) in northeastern Romania over the
period 1961-2010. Values in bold are statistically significant at o= 0.05.

Period  [Botosani/Ceahlau|CotnariFalticeni| Tasi [Piatra-NeamtPoiana Stampei[Radauti|Roman|Suceava
J -1,07 | -5,05 | -0,43 | -1,67 | -0,50 -0,19 -0,68 -0,94 | -0,73 | -0,43
F -0,67 | -8,52 | -0,71 | -0,69 | -2,59 0,62 -0,30 0,11 | 0,24 | -0,03
M -1,18 | -2,17 |-0,14 | 0,00 | -0,35 1,56 1,42 -1,55 | -0,29 | -0,25
A -0,56 | -2,91 | 0,23 | 0,86 |-2,77 0,32 -0,33 -1,10 | 0,63 | 0,02
M -1,18 | -4,57 | -2,17 | -4,82 | -3,13 -3,13 -0,54 -2,43 | 1,18 | -3,40
J -5,31 | 0,28 | 3,60 | 0,76 |-4,88 -3,58 -2,73 -0,56 | -0,39 | -0,85
J 458 | 145 | 059 | 3,42 |-1,03 2,85 -3,76 0,52 | 4,87 | 6,09
A 1,83 | 814 | 1,97 | 2,30 | 1,07 1,00 2,59 4,00 | 2,56 | 4,08
S 500 | 2,16 | 3,40 | 2,99 | 1,67 5,19 5,55 443 | 481 | 3,76
@) 564 | 0,33 | 508 | 434 | 543 4,27 1,61 4,00 | 546 | 5,00
N -0,36 | 4,19 | 0,46 | -1,93 | -0,20 -1,38 -1,08 -0,81 | 0,63 | -1,08
D 0,00 | 486 | 0,99 | 0,30 | 0,43 1,89 -1,63 0,21 | 1,13 | 0,56
Winter -3,43 |-20,71 | -2,53 | -3,08 | -5,42 2,56 -4,45 -1,27 | -1,06 | -1,26
Spring -3,92 |-11,25 | -2,33 | -4,99 | -6,83 -1,37 2,28 -3,59 | 0,96 | -2,00
Summer | 8,77 | 11,90 | 6,00 | 15,03 | -6,47 0,59 -1,65 6,26 | 10,71 | 12,30
Autumn | 10,68 | -1,13 | 9,56 | 5,93 | 7,95 6,87 4,51 8,15 | 10,40 | 6,42
/Annual 12,32 | -27,23 | 14,53 | 11,69 |-11,02 11,42 7,26 5,40 | 14,79 | 18,21
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Figure 10. Spatial distribution of precipitation amount trends in northeastern Romania (1961-
2010); SS — statistically significant at a. = 0.05.

3.2.3. The influence of changes in circulation patterns on changes in precipitation

The analysis of the dependence between the atmospheric circulation teleconnection
patterns and precipitation variability in northeastern Romania was made based on conditional
Mann-Kendall test (Table 10). The table lists the teleconnection patterns showing which trends
are significantly related to the trends in precipitation in the corresponding month or period.
When taking into account the time series of those teleconnection indices within the conditional
Mann-Kendall test, it shows when statistically significant trends in precipitation disappear.

The connection between precipitation and the circulation indices is remarkably low. This
is caused by strong influence of local factors on precipitation fields (Jaagus 2006). Yet, some
connections were found. The negative trend in precipitation recorded in January was found to be
connected with positive trend in NAO index, which causes below-average precipitation over
southern and central Europe. An increase in precipitation in October is significantly related with
negative trends in the EW and NAO indices, but the increase can only partly be explained this
way. The positive trend in EA teleconnection index in December causes a decrease in
precipitation trend for western stations (Ceahlau, Poiana Stampei) located at higher elevations
and more exposed to the direct influence of general air mass movements than the other stations.
The influence of EA pattern was identified also in spring and annual time series.
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Table 10. Trends of circulation patterns which are significantly related to precipitation trends in
northeastern Romania. Bold abbreviation — the trend is significant in all stations; “-”” — a negative
relationship, * - the index describes a significant part of the trend, but not entirely

Period Precipitation
J NAO-

F

M

A

M

J

J

A

S

0] EW-* NAO-*
N

D EA-

Winter

Spring EA-, PO
Summer

Autumn EW-

Annual EA-, PO, SC

3.2.4. Changes in daily precipitation extremes indices

The extreme precipitation events usually generate extreme hydrological events like
floods or drought having strong potential impact on national economy especially in case of the
developing countries where agriculture is the main income and subsistence source (Radinovi¢ si
Curié, 2012; Wang et al., 2012).

This analysis aims to identify whether the climate in the considered area is getting more
extreme in terms of precipitation by determining the spatial and temporal variability of annual
series trends in extreme precipitation indices for northeastern Romania over a period of 50 years,
by using 13 extreme precipitation indices.

3.24.1. Methods
3.2.4.1.1. Extreme precipitation indices

In this analysis, we employed a set of 13 indices related to extreme precipitation (Table
11). The indices were chosen primarily for the assessment of many aspects 205 in relation to the
changing regional climate, including changes in the intensity and frequency of precipitation
events. Thus, they can represent events that occur several times per season or year giving them
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more robust statistical properties than measures of extremes, which are far enough into the tails
of the distribution so as not to be observed during some years (Alexander et al., 2006).

Table 11. ETCCDMI precipitation-related extreme indices used (dupa Zhang and Feng, 2004,

completed)
Acronym | Name of the index Description Unit
o Annual number of days with
RO.1 Number of precipitation days more than 0.1 mm/day days
o Annual number of days with
R5 Moderate precipitation days more than 5 mmyday days
Number of heavy precipitation Annual number of days with
R10 days
days more than 10 mm/day
R20 Number of very heavy Annual number of days with davs
precipitation days more than 20 mm/day Y
Number of extremely heavy Annual number of days when
R30 o o a days
precipitation days precipitation > 30 mm
Annual maximum number of
; b
CcbD Consecutive dry” days consecutive days with RR<1mm days
Annual maximum number of
CwWD Consecutive wet® days consecutive days with RR2> | days
Imm
Annual total PRCP when
R95p Very wet days RR>05" percentile mm
Annual total PRCP when
R99p Extremely wet days RR>99" percentile mm
Rx1day Max 1-day precipitation amount Mon_th_ly rnaxmum 1-day mm
precipitation
o Monthl i ti
Rx5days | Max 5-day precipitation amount ontnly rpa_x m_1um consectitive mm
5-day precipitation
Annual  total  precipitation
SDII Simple daily intensity index divided by the number of wet | mm
days in the year
Annual total wet-da Annual total amount of
PRCPTOT S y precipitation cumulated in wet mm
precipitation days

Note: ®- 30 mm was the threshold defined by the authors; ° - dry days are those days when the
amount recorded was < 1 mm; © - wet days are those days when the amount recorded was >1
mm.

All the indices were calculated by employing RClimDex software (Zhang and Feng,

2004; Wang and Feng, 2010) following methodologies established by Zhang and Feng (2004).
Then, the resulting series were analyzed through their trends.
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3.2.4.1.2. Trends calculation

The slopes of the annual and monthly trends of the climate indices were computed by
linear least square method. The procedure was implemented in RClimDex software and the
slopes as well as their statistical significance are issued as output of the software together with
indices series.

Even though the Mann-Kendall test combined with Sen’s slope estimator is very
commonly used in climatic studies (Zhang et al., 2005; Choi et al., 2009, Croitoru et al., 2013b,
Piticar and Ristoiu, 2012), in the case of extreme precipitation indices we preferred to use the
least squares method because of the way of calculating the slope, which is very sensitive to data
sets with many similar values (Croitoru et al., 2013a).

We have chosen for the analysis of precipitation extreme indices the a level equal to 0.1
and the trends identified at that level are considered ‘significant’. Also we used the level o = 0.05

and slopes found significant at this level will be considered ‘strong significant’.
3.2.4.2.  Results and discussions

Figures 11 and 12 gives an overview of trend results for each and for all of the
investigated indicators. The number of significant trends was expressed as a percentage of all
examined cases.
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B Tendinta descrescatoare (0,05) ® Tendinta descrescatoare (0,1) © Tendinta descrescatoare (NS)

Figure 11. Frequency of different trend types in extreme precipitation indices (1961-2010). NS —
statistically insignificant; 0.1 — statistically significant at a level = 0.1; 0.05 — statistically
significant at o level = 0.05.

We found a general increase in the precipitation indices. These results are in consent to
other studies that previously have asserted that there have been increases in extreme precipitation
indices when averaged across the globe or regional scale (Alexander et al., 2006).

26



Tendinta
descrescatoare (0,1)
2%
Tendinta
descrescatoare
(0,05)
2%

Tendinta
descrescatoare (NS)
17%

Tendinta crescatoare
(NS)
59%

Figue 12. Generalized trends of the extreme precipitation indices in northeastern Romania (1961-
2010). NS — statistically insignificant; 0.1 — statistically significant at o level = 0.1; 0.05 —
statistically significant at a level = 0.05.

In analyzed area, for the great majority of indices, the negative slopes are more specific
to the eastern part of the country, while increasing trends are specific for the rest of the territory
under consideration (figures 13-15).

In terms of statistical significance, the results are similar with those revealed for other

regions in Central and Eastern Europe, like Southern Poland and central-eastern Germany
(Lupikasza et al., 2011), where, usually less than 20 % of the trends were found significant (a =
0.1).
The observed increase in the frequency of occurrence and intensity of short-term heavy rainfall
events could be attributed to global warming that could enhance the surface evaporation and
increase the moisture holding capacity in the atmosphere, resulting in higher chance of the
occurrence of heavy rainfall events (IPCC, 2007; Croitoru et al., 2013a).

Precipitation extremes indices slope values are shown in Table 12.

The explanation of most upward trends in extreme precipitation indices could be
attributed to the location of all stations near the four large cities (Bacdu, Botosani, Iasi, and
Suceava), if we consider the fact that urbanization can influence changes in precipitation (Wong
et al., 2011). Few previous studies have suggested that the “urban heat island” effect can induce
more precipitation in the urban areas (Chow, 1986; Sheperd et al., 2002; Dixon and Mote, 2003).

The attribution to local urbanization could be supported by the decreasing trends of
precipitation from Ceahlau station located far from large cities (Piticar and Ristoiu, 2013a).
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Table 12. Slopes of the extreme precipitation indices in
northeastern Romania (1961-2010). Slopes are computed

per decade.
Indices Bacau Botosani | Iasi Suceava
RO0.1 1,91 1,91 -2,96** | -0,03
R5 0,28 0,23 -0,41 1,34*
R10 0,8 0,62 -0,41 0,6
R20 0,55** | 0,28 0,12 0,4
R30 0,22 0,2 0,06 0,30*
CDD -1,39* 0,24 -1,14 -0,15
Cbw 0,21 0,24 0,12 0,1
R95p 15,93** | 4,82 -0,28 13,44
R99p 10,92** | 0,37 0,6 3,44
Rx1d 4,55** | 238 -3,5 1,78
Rx5d 6,29** | 3,78* -2,71 4,03
SDII 0,11 0,06 0,04 0,13
PRECPTOT | 22,60* | 12,82 -10,23 | 20,72*

*Statistically significant trend;
**Strong statistically significant trend
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Figure 13. Spatial distribution of trends identified in non-thresholds indices in northeastern
Romania (1961-2010)
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Figure 14. Spatial distribution of trends identified in indices based on fixed thresholds in
northeastern Romania (1961-2010)

29




Legenda
a. R95p b. R99p

@ @

v Descrestere nesemnificativa
A Crestere nesemnificativa

@ Crestere puternic semnificativa

0 30 60 90 120
Km

Figure 15. Spatial distribution of trends identified in indices based on station-related thresholds

in northeastern Romania (1961-2010)

3.2.5. Changes in snowfall and snow cover

Changes in snowfall and snow cover are presented in tables 13-15 and figures 16-18.

Table 13. Slopes for snowfall days (days/decade) in northeastern Romania over the period 1961-

2010. The values in bold are statistically significant at a. = 0.05 level.

Botosani/Ceahlau/CotnariFalticeni| Tasi [Piatra NeamtPoiana StampeiRadautiRoman|Suceava
@) 0,00 | 0,00 | 0,00 | 0,00 |0,00 0,00 0,00 0,00 | 0,00 | 0,00
N 0,29 | -0,50 | 0,33 | 0,00 |0,49 0,00 0,00 0,00 | 0,00 | 0,22
D -0,65 | -0,87 | 0,00 | -0,53 |0,00 0,00 -2,22 -1,11 | -1,03 | -1,00
J -1,11 | -0,77 | 0,00 | -1,33 }0,53 -0,48 -1,20 -1,25 | -1,48 | -0,65
F -0,87 | -1,20 | 0,00 | -1,08 }0,38 -0,48 -1,92 -0,79 | -1,43 | -0,72
M -0,63 | -0,77 | 0,00 | -0,83 }1,00f -0,54 -1,02 -1,11 | -1,00 | -0,72
Winter -3,60 | -3,10 | 0,42 | -3,57 }1,43 -0,30 -5,97 -3,87 | -4,00 | -2,62
Cold semester| -4,12 | -4,55 | 0,71 | -3,33 1,88 -0,32 -7,27 -458 | -5,00 | -3,10
Annual -3,75 | -7,22 | 0,72 | -2,31 1,79 -1,11 -7,76 -4,58 | -5,00 | -3,33

a. Anual b. larna c. Semestrul rece
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Figure 16. Spatial distribution of snowfall days trends in northeastern Romania (1961-

2010). SS — statistically significant at o= 0.05 level
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Table 14. Slopes for snow cover days (days/decade) in northeastern Romania over the period
1961-2010. The values in bold are statistically significant at a.= 0.05 level.

BotosaniCeahlau/Cotnari(Falticeni| Iasi [Piatra NeamtPoiana Stampei|Radauti| Roman [Suceava
O 0,00 | 0,77 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00 | 0,00 | 0,00
N 0,48 | 0,00 | 0,56 | 0,00 | 0,30 0,00 0,83 0,24 | 0,00 | 0,29
D 0,30 | 0,00 | 0,65 | 1,18 | 0,67 0,29 0,00 0,32 | 0,00 | 0,23
J -1,48 | 0,00 |-1,52 | -2,70 | -0,83 -0,91 0,01 -0,56 | -1,11 | -0,87
F -0,77 | 0,00 | -0,83 | -0,65 | -0,81 0,00 0,00 -0,45 | -1,58 | -0,34
M 0,00 | 0,02 | 0,00 | -1,82 | -1,00 0,00 0,00 -1,11 | -1,25 | -0,95
\Winter -3,57 | 0,00 | -2,31 | -3,94 | -2,50 -1,49 -1,57 -2,08 | -3,64 | -1,61
Cold sem., -3,85 | 1,76 | -2,86 | -4,29 | -2,50 -1,81 -1,49 -2,09 | -4,86 | -1,47
Annual -3,00 | 4,44 | -2,70 | -2,00 | -2,50 0,00 -2,94 -2,50 | -5,00 | -2,50
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Figure 17. Spatial distribution of snow cover days trends in northeastern Romania (1961-2010).
SS — statistically significant at o = 0.05 level

Table 15. Slopes for snow cover depth (cm/decade) in northeastern Romania over the period
1961-2010. The values in bold are statistically significant at a.= 0.05 level.

BotosaniCeahlau|Cotnari [Falticeni| Iasi |Piatra Neamt|Poiana Stampei|Radauti| Roman Suceava
O 0,00 | 0,00 | 0,00 | 0,00 |0,00 0,00 0,00 0,00 | 0,00 | 0,00
N 0,00 | 0,71 | 0,00 | 0,00 |0,00 0,00 0,00 0,00 | 0,00 | 0,00
D 0,00 | 0,42 | 0,00 | 0,70 |0,00 0,50 -1,82 0,00 | 0,00 | 0,00
I -0,87 | 2,83 | 0,00 | 0,00 |0,00 1,00 -2,16 -0,53 | -0,47 | 0,00
F -1,46 | 594 | -0,59 | 0,00 |-0,31 0,00 -2,63 -1,07 | -1,25 | -0,70
M 0,00 | 8,00 | 0,00 | 0,00 |0,00 0,00 -1,33 -0,56 | 0,00 | -0,42
larna -0,83 | 3,03 | -0,12 | 0,58 |-0,40 0,67 -1,98 -0,67 | -0,80 | -0,33
Sem. rece| -0,71 | 2,74 | -0,21 | 0,24 |-0,26 0,13 -1,10 -0,58 | -0,56 | -0,37
Anual -0,31 | 2,50 | 0,00 | 0,10 |-0,02 0,00 -0,63 -0,28 | -0,27 | -0,12
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Figure 18. Spatial distribution of snow cover depth trends in northeastern Romania
(1961-2010). SS - statistically significant at o= 0.05 level

3.3.  Changes in cloudiness

Changes in total cloud cover are presented in Table 16 and Figure 19.

Table 16. Slopes for total cloud cover (thents/decade) in northeastern Romania over the period
1961-2010. The values in bold are statistically significant at a.= 0.05 level

BotosaniCeahlau|Cotnari [Falticeni| Tasi [Piatra NeamtPoiana StampeiRadautiRoman|Suceava
J 0,12 | 0,12 | 0,45 | 0,10 | 0,12 -0,17 -0,05 0,05 | 0,00 | 0,09
F -0,03 | -0,05 | 0,00 | -0,11 | -0,18 -0,24 -0,20 -0,16 | -0,21 | -0,12
M 0,00 | 0,15 | 0,11 | -0,06 | -0,10 -0,19 -0,15 -0,08 | -0,12 | -0,11
A 0,08 | -0,05 | 0,23 | 0,00 | 0,00 -0,02 -0,18 0,03 | 0,00 | -0,07
M -0,06 | -0,18 | 0,13 | -0,18 | -0,17 -0,27 -0,27 -0,09 | -0,24 | -0,13
J 0,17 | -0,13 | 0,20 | 0,04 | 0,03 -0,08 -0,35 0,06 | 0,00 | 0,00
J 0,10 | -0,11 | 0,15 | -0,07 | 0,00 -0,09 -0,38 0,00 | -0,06 | -0,05
A 0,14 | -0,15 | 0,24 | 0,00 | 0,00 0,00 -0,38 0,05 | 0,00 | 0,00
S 029 | 0,13 | 0,35 | 0,25 | 0,21 0,15 -0,17 0,22 | 0,23 | 0,19
O 0,27 | 0,20 | 0,30 | 0,20 | 0,17 0,08 -0,09 0,14 | 0,13 | 0,16
N 0,00 | -0,07 | 0,03 | -0,04 | -0,06 -0,25 -0,30 -0,10 | -0,09 | -0,16
D 0,04 | -0,17 | 0,11 | 0,00 | 0,00 -0,17 -0,38 -0,04 | -0,08 | 0,00
Winter 0,00 | -0,02 | 0,08 | -0,02 | -0,04 -0,21 -0,24 -0,08 | -0,11 | -0,04
Spring 0,00 | -0,03 | 0,14 | -0,06 | -0,09 -0,17 -0,20 -0,06 | -0,15 | -0,13
Summer | 0,14 | -0,13 | 0,18 | -0,01 | -0,03 -0,08 -0,38 0,03 | -0,02 | -0,04
Autumn | 0,18 | 0,06 | 0,24 | 0,13 | 0,09 0,00 -0,20 0,08 | 0,12 | 0,07
/Annual 0,07 | -0,02 | 0,16 | 0,02 | -0,01 -0,11 -0,29 0,00 | -0,03 | -0,02
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Figure 19. Spatial distribution of total cloud cover trends in northeastern Romania (1961-2010).
SS — statistically significant at oo = 0.05 level

3.4. Changes in sunshine duration

Changes in sunshine duration are presented in Table 17 and Figure 20.

Table 17. Slopes for sunshine duration (hours/decade) in northeastern Romania over the period
1961-2010. The values in bold are statistically significant at a. = 0.05 level

Botosani/Ceahldu|Cotnari[Falticeni| Tasi [Piatra NeamtPoiana Stampei|Radauti| Roman [Suceava
J 1,15 | -5,84 | -252 | 0,31 |-2,07 3,66 0,48 4,10 | 2,89 | 1,42
F 8,09 | -2,31 | 575 | 6,07 |7,34 6,25 4,33 7,48 | 7,34 | 7,00
M 6,38 |-10,43| 3,54 | 4,05 |3,69 4,46 3,10 6,81 | 8,60 | 3,76
A 4,80 | 0,62 | 2,60 | 2,53 |4,22 -0,24 1,73 11,50 | 7,80 | 5,00
M 12,96 | 9,86 | 13,42 | 12,47 |10,13| 12,10 8,45 19,65 | 18,35 | 8,89
J 558 | 8,48 | 4,23 | 3,67 |4,73 2,59 6,28 12,19 | 8,11 | 0,38
J 792 | 427 | 759 | 508 |7,33 10,03 -3,19 16,10 | 15,05 | 4,12
A 1,16 | 3,80 | 0,49 | -0,49 | 0,44 0,03 -5,23 11,18 | 6,16 | 3,71
S -2,59 | -5,75 | -6,58 | -6,39 |-5,33 -5,86 -18,22 -1,05 | -3,56 | -4,22
O 0,87 | -7,47 | -2,54 | -4,10 |-2,92 -2,41 -11,24 0,70 | -0,69 | -3,25
N 6,73 | 2,20 | 3,22 | 1,66 |3,50 4,15 0,33 531 | 526 | 4,23
D 167 | 3,056 | 0,61 | 0,50 |241 2,18 1,97 2,26 | 2,56 | 1,50
Winter 13,22 | -5,67 | 553 | 8,81 |14,42| 14,24 4,89 16,38 | 14,32 | 9,42
Spring 25,33 | -1,28 | 20,02 | 19,81 [19,55| 18,06 13,77 41,51 | 37,74 | 19,53
Summer | 16,55 | 16,06 | 14,87 | 9,18 |11,20| 11,65 -4,32 38,44 | 30,89 | 6,64
Autumn 522 |-14,31| -7,55 | -8,93 |-4,96 -3,01 -26,70 1,74 | 0,40 | -5,12
Annual 61,63 | -8,53 | 31,27 | 27,96 (43,50 37,28 5,00 94,81 | 81,07 | 27,94
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Figure 20. Spatial distribution of sunshine duration trends in northeastern Romania (1961-2010).
SS — statistically significant at oo = 0.05 level

3.5.  Changes in relative humidity

Changes in relative humidity are presented in Table 18 and Figure 21.

Table 18. Slopes for relative humidity (% /decade) in northeastern Romania over the period
1961-2010. The values in bold are statistically significant at a.= 0.05 level

Botosani|Ceahlau|Cotnari|Falticeni| Iasi [Piatra NeamtPoiana StampeiRadauti|Roman|Suceava
J -1,76 | 3,89 | 0,00 | -0,29 |[-1,29 -0,29 1,07 -1,11 | -0,42 | -0,42
F -2,22 | 214 | -091 | -1,05 (-2,43 -1,11 0,41 -1,76 | -1,25 | -0,94
M -2,31 | 321 | -0,73 | -1,33 |-2,34 -0,87 0,46 -1,84 | -2,31 | -1,52
A -0,67 | 235 | 0,36 | 0,00 |-1,11 0,68 0,28 -1,33 | -1,33 | -0,43
M -1,60 | 2,00 | 0,00 | -0,63 |-1,61 0,00 -0,27 -1,76 | -1,71 | -0,88
J -063 | 1,82 | 0,35 | 0,00 |-0,86 0,47 -0,83 -0,71 | -0,61 | -0,37
J -1,08 | 1,71 | 0,31 | 0,00 |-1,33 0,75 -0,21 -0,65 | -0,71 | 0,00
A 0,00 | 2,14 | 0,27 | 0,00 |-0,56 1,07 0,00 0,00 | 0,00 | 0,00
S 0,67 | 2,16 | 159 | 0,16 |-0,36 1,11 0,76 0,00 | 0,00 | 0,34
O -0,26 | 3,33 | 1,25 | 0,42 | 0,00 1,82 0,59 0,23 | 0,24 | 0,63
N -0,67 | 167 | 044 | -0,16 |-1,43 0,00 0,42 -0,25 | 0,00 | 0,00
D -1,54 | 1,33 | 0,00 | 0,00 |-1,54 0,26 0,72 -0,38 | -0,26 | 0,00
Winter -1,88 | 2,59 | -0,65 | -0,62 |-1,79 -0,42 0,84 -1,13 | -0,76 | -0,52
Spring -1,25 | 2,64 | -0,20 | -0,80 |-1,80 0,16 -0,02 -1,59 | -1,72 | -0,92
Summer | -0,60 | 1,86 | 0,45 | 0,00 [-0,91 0,80 -0,28 -0,65 | -0,63 | -0,15
Autumn 0,00 | 2,30 | 1,03 | 0,20 |-0,76 1,17 0,52 0,00 | 0,00 | 0,43
/Annual -0,87 | 2,56 | 0,25 | -0,26 |-1,31 0,83 0,26 -0,78 | -0,72 | -0,30
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Figure 21. Spatial distribution of relative humidity trends in northeastern Romania (1961-2010).
SS — statistically significant at oo = 0.05 level

3.6. Changes in soil surface temperature
Changes in soil surface temperature are presented in Table 19 and Figure 22.

Table 19. Slopes for soil surface temperature (°C/decade) in northeastern Romania over the
period 1961-2010. The values in bold are statistically significant at a = 0.05 level

Botosani | Cotnari | Falticeni | Tasi |Piatra Neamt | Poiana Stampei | Rddauti| Roman | Suceava
J 1,00 0,66 0,79 |0,84 0,23 0,92 0,85 | 0,71 0,57
F 0,59 0,59 0,61 |0,33 0,40 0,49 0,64 | 057 0,53
M 0,63 0,57 0,57 |0,62 0,20 0,18 0,47 | 0,59 0,55
A 0,18 0,23 0,20 |0,18 0,00 0,33 0,26 | 0,22 0,20
M 0,60 0,55 0,33 |0,86 0,24 0,16 0,11 | 047 0,18
J 0,59 0,36 0,37 |0,75 0,06 0,69 0,14 | 0,33 0,10
J 0,83 0,63 0,50 |0,84 0,21 0,67 0,44 | 0,46 0,37
A 0,35 0,28 0,29 | 0,55 0,08 0,55 0,33 | 0,35 0,17
S -0,14 | -0,23 | -0,23 |-0,13 -0,26 0,00 -0,26 | -0,13 | -0,26
@) 0,05 0,15 0,06 |0,21 0,16 0,32 -0,04 | 0,12 0,00
N -0,32 | -0,20 | -0,21 |-0,33 0,26 0,51 -0,12 | -0,07 | -0,10
D 0,23 0,16 0,21 | 0,00 -0,18 0,62 0,33 | 0,30 0,26
Winter 0,54 0,49 0,57 |0,33 0,13 0,65 0,61 | 0,50 0,44
Spring 0,48 0,45 0,35 |0,48 0,12 0,24 0,30 | 0,42 0,33
Summer| 0,59 0,41 0,41 |0,67 0,18 0,62 0,34 | 0,38 0,19
Autumn| -0,09 | -0,06 | -0,10 |-0,06 -0,01 0,34 -0,09 | -0,04 | -0,14
Annual 0,34 0,30 0,26 |0,31 0,08 0,37 0,26 | 0,26 0,18
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Figure 22. Spatial distribution of soil surface temperature trends in northeastern Romania (1961-

3.7.

2010). SS — statistically significant at a = 0.05 level

Changes in atmospheric pressure

Changes in atmospheric pressure are presented in Table 20 and Figure 23.

Table 20. Slopes for atmospheric pressure (hPa/decade) in northeastern Romania over the period
1961-2010. The values in bold are statistically significant at a.= 0.05 level

Botosani|Ceahlau| Cotnari [Falticeni| Tasi [Piatra NeamtPoiana Stampei|Radauti [Roman{Suceava

J 0,28 | 054 | -0,11 | 0,14 |0,18 -0,71 0,36 0,08 | -0,33 | -0,27

F| 050 | 0,40 | 0,07 | 0,39 |0,27 0,08 0,40 0,24 | -0,11 | -0,24
M 0,47 | -0,05 | -0,37 | -0,03 |0,23 -0,07 -0,08 0,04 | -0,29 | -0,44
A 055 | 056 | -0,35 | 0,09 (0,43 -0,07 0,33 0,41 | 0,17 | 0,00
M 0,50 | 0,22 | -0,12 | 0,26 |0,35 -0,06 0,19 0,25 | 0,00 | -0,03
J 0,33 | 0,36 | -0,31 | 0,12 |0,14 -0,24 0,00 0,04 | -0,24 | -0,32
J 0,27 | 0,43 | -0,42 | 0,00 [0,06 -0,17 0,00 0,09 | -0,32 | -0,30
A 0,19 | 0,37 | -0,47 | -0,14 |0,00 0,06 0,00 0,00 | -0,28 | -0,25
S -0,05 | 0,07 | -0,81 | -0,37 |-0,26] -0,12 -0,37 -0,31 | -0,57 | -0,43
O 0,10 | 0,00 | -0,58 | -0,16 |-0,13] -0,07 -0,33 -0,18 | -0,50 | -0,47
N 0,53 | 0,28 | -0,09 | 0,32 |0,35 -0,02 0,00 0,13 | -0,15 | -0,26
D 1,50 | 0,65 | 0,77 | 1,00 (1,29 0,25 0,78 0,75 | 0,64 | 0,75
Winter 0,78 | 058 | 0,29 | 0,57 |0,68 -0,09 0,65 0,55 | 0,20 | 0,22
Spring 044 | 026 | -0,27 | 0,10 (0,29 0,00 0,15 0,18 | -0,06 | -0,12
Summer 0,25 | 0,39 | -0,41 | 0,00 [0,05 -0,09 0,05 0,04 | -0,27 | -0,22
Autumn 0,21 | 0,13 | -0,48 | -0,10 [0,00 -0,07 -0,22 -0,15 | -0,43 | -0,35
Annual 0,40 | 042 | -0,28 | 0,16 |0,22 -0,10 0,13 0,13 | -0,10 | -0,15
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Figure 23. Spatial distribution of atmospheric pressure trends in northeastern Romania (1961-
2010). SS — statistically significant at a = 0.05 level

3.8. Changes in wind speed

Changes in wind direction and speed are presented in Table 21 and Figure 24.

Table 21. Slopes for wind speed (m/s/decade) in northeastern Romania over the period 1961-
2010. The values in bold are statistically significant at .= 0.05 level

Botosani|Ceahlau|Cotnari|Falticeni| Tasi Piatra NeamtPoiana Stampei[Rddauti| Roman |Suceava
J 0,05 | -0,46 | 0,00 | 0,00 |-0,32 0,04 -0,10 -0,34 | 0,13 | -0,12
F 0,06 | -0,71 | 0,13 | 0,06 |-0,45 -0,05 -0,27 -0,47 | 0,04 | -0,18
M 0,19 | -0,20 | 0,21 | 0,18 |-0,31 0,00 -0,20 -0,21 | 0,23 | -0,05
A 0,07 | -0,73 | 0,03 | 0,13 |-0,36 -0,21 -0,24 -0,35 | 0,13 | -0,07
M 0,18 | -0,39 | 0,09 | 0,10 |-0,19 -0,25 -0,17 -0,25 | 0,14 | 0,00
J 0,15 | -0,21 | 0,01 | 0,06 |-0,16 -0,42 -0,17 -0,18 | 0,17 | 0,00
J 0,13 | -0,31 | 0,00 | 0,04 |-0,17 -0,39 -0,12 -0,14 | 0,16 | 0,06
A 0,07 | 0,00 | -0,03 | 0,02 |-0,20 -0,44 -0,21 -0,17 | 0,08 | 0,04
S 0,19 | -0,19 | 0,21 | 0,08 |-0,07 -0,25 -0,11 -0,03 | 0,24 | 0,10
@) 0,13 | -0,57 | 0,07 | 0,00 |[-0,20 -0,18 -0,08 -0,20 | 0,20 | -0,04
N 0,11 | -0,61 | 0,05 | 0,04 |-0,20 0,00 -0,23 -0,28 | 0,24 | -0,13
D 0,00 | -0,82 | 0,010 | 0,06 |-0,33 0,03 -0,16 -0,27 | 0,18 | -0,08
Winter 0,05 | -0,65 | 0,02 | 0,00 [-0,40 0,00 -0,24 -0,37 | 0,10 | -0,17
Spring 0,12 | -0,51 | 0,10 | 0,12 |-0,29 -0,14 -0,23 -0,29 | 0,18 | -0,04
Summer | 0,13 | -0,14 | 0,00 | 0,03 |-0,18 -0,42 -0,17 -0,19 | 0,23 | 0,01
Autumn 0,15 | -0,44 | 0,11 | 0,05 |-0,14 -0,14 -0,17 -0,17 | 0,22 | -0,04
/Annual 0,12 | -0,46 | 0,05 | 0,06 |-0,23 -0,17 -0,22 -0,26 | 0,15 | -0,08
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Figure 24. Spatial distribution of wind speed trends in northeastern Romania (1961-2010). SS —

statistically significant at a = 0.05 level

4. Changes in the evolution of hazardous atmospheric phenomena

Changes in the evolution of hazardous atmospheric phenomena are presented in tables 22-
27 and figures 25-29.

Table 22. Slopes for number of days with hoarfrost (days/decade) in northeastern Romania over
the period 1961-2010. The values in bold are statistically significant at o = 0.05 level

Botosani/Ceahlau|Cotnari [Falticeni| Iasi |Piatra Neamt|Poiana Stampei|Radauti| Roman [Suceava
S 0,00 | 0,00 | 0,00 | 0,00 |0,00 0,00 -0,97 0,00 | 0,00 | 0,00
@) 0,00 | 0,00 | 0,00 | -0,77 | 0,00 0,00 -1,35 -0,67 | -0,65 | 0,00
N 0,80 | 0,10 | 0,88 | 0,00 |1,62 -0,24 0,00 0,00 | 0,00 | 0,71
D 1,25 | 0,00 | 1,76 | 0,00 |2,67 -0,94 0,00 -0,29 | -0,41 | 0,00
J 1,38 | 0,00 | 1,43 | 1,00 |2,41 0,00 0,00 0,00 | 0,00 | 0,00
F 1,48 | 0,00 | 1,20 | 0,10 |3,33 0,00 0,00 0,00 | 0,00 | 0,20
M 0,36 | 0,10 | 0,47 | 0,42 |1,33 -0,23 0,00 0,00 | 0,33 | 0,82
A 0,00 | 0,10 | 0,00 | 0,00 |0,00 -0,31 -0,86 -0,51 | 0,00 | 0,30
M 0,00 | 0,10 | 0,00 | 0,00 |0,00 0,00 0,00 0,00 | 0,00 | 0,00
Autumn | 0,00 | -0,42 | 0,62 | -0,71 | 0,83 0,00 -2,46 -1,36 | -0,94 | 0,48
Winter 395 | 0,10 | 4,38 | 2,97 |8,24 -1,41 0,00 0,29 | 0,65 | 2,22
Spring 0,71 | 0,10 | 0,29 | 0,79 | 1,85 -0,64 -1,00 -0,46 | 0,00 | 1,54
Annual 4,17 | -143 | 3,81 | 3,33 |9,33 -2,39 -3,33 -1,79 | 0,51 | 3,75
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Figure 25. Spatial distribution of number of days with hoarfrost trends in northeastern Romania
(1961-2010). SS — statistically significant at o. = 0.05 level

Table 23. Slopes for number of days with glaze frost (days/decade) in northeastern Romania over
the period 1961-2010. The values in bold are statistically significant at o = 0.05 level

Station Annual
Botosani 0,00
Ceahlau -0,38
Cotnari 0,26
Falticeni 0,00
lasi 0,45
Piatra-Neamt 0,00
Poiana Stampei -0,10
Radauti -0,38
Roman 0,66
Suceava 0,29
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Figure 26. Spatial distribution of number of days with glaze frost trends in
northeastern Romania (1961-2010). SS — statistically significant at o. = 0.05 level
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Table 24. Slopes for number of days with fog (days/decade) in northeastern Romania over the
period 1961-2010. The values in bold are statistically significant at o = 0.05 level

BotosaniCeahlau|Cotnari[Falticeni| Tasi [Piatra NeamtPoiana Stampei|Radauti|Roman |Suceava
J -1,84 | 0,40 | -0,27 | -0,83 | 0,00 0,34 -0,74 0,00 | -0,31 | 0,00
F -2,00 | 0,00 | -152 | -1,60 | 0,00 0,00 -0,53 -0,56 | -0,39 | -1,00
M -154 | 0,30 | -1,25 | -0,87 | -0,65 0,00 -0,71 -1,06 | -1,25 | -1,43
A -0,10 | -0,49 | -0,53 | 0,00 | 0,00 0,00 -0,77 0,00 | 0,00 | -0,29
M -0,10 | 0,00 | 0,00 | 0,00 | -0,10 0,00 -1,61 0,00 | 0,00 | 0,00
J 0,00 | -0,57 | -0,10 | 0,00 | 0,00 0,00 -2,00 0,00 | 0,00 | 0,00
J 0,00 | -1,25 | 0,00 | 0,00 | 0,00 0,00 -1,25 0,00 | 0,00 | 0,00
A 0,00 | -0,53 | 0,00 | 0,00 | 0,00 0,00 -1,25 0,00 | 0,00 | 0,00
S 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 -1,08 0,00 | 0,00 | 0,00
O 0,00 | 0,53 | 0,00 | -1,23 | 0,00 0,00 -1,25 -0,27 | 0,00 | 0,00
N -1,18 | -0,43 | -1,14 | -0,68 | 0,00 0,49 -1,25 -0,67 | 0,00 | -0,57
D -1,62 | -0,69 | -0,50 | 0,00 | 0,00 0,50 -0,50 0,00 | 0,00 | -0,45
\Winter -5,17 | 0,00 | -2,50 | -2,00 | -0,91 1,11 -2,50 -0,61 | -1,82 | -1,36
Spring -2,19 | -0,56 | -1,87 | -1,43 | -0,91 0,00 -3,33 -1,36 | -1,48 | -2,00
Summer | 0,00 | -2,47 | -0,10 | 0,00 | 0,00 0,00 -4,82 0,00 | 0,00 | 0,00
Autumn | -1,30 | 0,37 | -1,33 | -2,22 | 0,00 0,54 -3,85 -1,11 | -0,24 | -1,11
Annual | -10,00 | -2,22 | -7,00 | -6,00 | -1,20 1,94 -15,71 -3,75 | -3,73 | -5,31

N

A

b. larna

c. Primavara

Legenda

v Tendinta descrescatoare (SS) e. Toamna
v Tendinta descrescatoare
O Tendinta stationara

A Tendinta crescatoare

A Tendinta crescatoare (SS)
0 30 60 90 12

0
Km

Figure 27. Spatial distribution of number of days with fog trends in northeastern Romania (1961-
2010). SS — statistically significant at o= 0.05 level
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Table 25. Slopes for number of days with blizzard (days/decade) in northeastern Romania over
the period 1961-2010. The values in bold are statistically significant at o = 0.05 level

Station Annual
Botosani -0,53
Ceahliu -10,00
Cotnari -0,34
Falticeni -1,80
lasi -0,87
Piatra Neamt 0,00
Poiana Stampei 0,00
Radauti -0,80
Roman -0,32
Suceava -0,10

Legenda

VTendinté descrescatoare (SS)

OTendinté stationara
0 25 50 75 100
— — 1Km

Figure 28. Spatial distribution of number of days with blizzard trends in northeastern Romania
(1961-2010). SS - statistically significant at a = 0.05 level

Table 26. Slopes for number of days with hail (days/decade) in northeastern Romania over the
period 1961-2010. The values in bold are statistically significant at a = 0.05 level

Station Annual

Botosani 0,10
Ceahlau -1,11
Cotnari 0,00
Falticeni 0,00
lasi 0,00
Piatra Neamt 0,00
Poiana Stampei 0,00
Radauti 0,00
Roman 0,00
Suceava 0,00
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Table 27. Slopes for number of days with thunderstorm (days/decade) in northeastern Romania
over the period 1961-2010. The values in bold are statistically significant at o = 0.05 level

Station Annual
Botosani 0,67
Ceahlau 0,37
Cotnari -2,00
Falticeni 0,00
lasi 0,83
Piatra Neamt 2,92
Poiana Stampei 1,30
Radauti -2,00
Roman 1,56
Suceava 0,53

Legenda

VTendin’;é descrescatoare (SS)

VTendinté descrescatoare
OTendin’;é stationara
ATendin;é crescatoare

: ATendinté crescatoare (SS)
0 60 120 180 24

Figure 29. Spatial distribution of number of days with thunderstorm trends in northeastern
Romania (1961-2010). SS — statistically significant at o = 0.05 level

42




5. Aridity

As a result of the droughts have become a recurrent phenomenon in many regions of the
world, especially in the subtropics and mid-Ilatitudes, affecting more and more ecosystems and
society (Croitoru et al., 2013b) we proceeded to investigate this phenomenon in northeastern
Romania.

5.1. Methods

Aridity phenomenon was analyzed on the basis of de Martonne aridity index (de
Martonne, 1920, cited by Croitoru et al., 2013b). It can be calculated for both annual and for
shorter period. For annual values, it may be calculated as presented in equation (1):

P

IDM = ,
T, +10

1)

where P is the annual amount of precipitation (in millimeters) and T, is the mean annual air
temperature (in degree Celsius).

To identify the arid characteristic of a specific month, we used equation (2) (Coscarelli et
al., 2004).

IDM = 127 , (2)
T, +10

where P; is the monthly amount of precipitation (in millimeters) and T, is the mean monthly air
temperature (in degree Celsius) recorded in the considered month.
For seasonal aridity, the index was calculated as in equation (3) (Croitoru et al., 2013b):

4R,

IDM = ,
T,,+10

(3)

where Ps is the seasonal amount of precipitation (in millimeters) and Tss is the mean seasonal air
temperature (in degree Celsius) for the analyzed season.

In the present paper, we have calculated the index also for the growing seasons for the
main cereal crops cultivated in the area under study, wheat and maize. For winter wheat, we have
considered a 9-month period from October until June and, for maize, a 7-month period from
April until October, respectively. We have developed the formulas adapted for the growing
seasons of each crop according to their duration: for winter wheat (equation 4) and for maize
(equation 5).
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IDM =—"—"—"% 4

T, +10 @

DMAI :% (5)
T, +10

where Pys is the total amount of precipitation in the growing season (in millimeters) of the
specific crop and Tays is the mean air temperature of the growing season (in degree Celsius).

Until now, for the Romanian territory, the IDM was calculated only on an annual basis
(Paltineanu et al., 2007b; Lungu et al., 2011). We considered it necessary to use it also for
shorter periods because the climate parameters vary considerably from one season to another
(Croitoru et al., 2013b).

In order to identify the trends, the formulas were applied to each year or shorter periods
to get the datasets for trend calculation.

5.2. IDM Trends

Trends of the IDM series for annual values are both positive and negative for the area
under study, but most of them are statistically insignificant (Figure 30a). Positive slopes may be
associated with a decrease in aridity, while negative slopes indicate an increase in the aridity
process. The only station that shows a unique behavior for the annual IDM series is Ceahlau,
which, over the period analyzed, has indicated a significant downward trend that may be
associated with a decrease in precipitation.

For winter, spring, January, and October—June IDM datasets, decreasing trends prevail
(95% of the cases), but most of them are insignificant (Figure 30b, c, g, i). Statistically
significant downward slopes are more frequent in winter.

For summer, August, and the maize growing season, the IDM data series revealed mostly
positive slopes (75% of the series), but none of them ware statistically significant (Figure 30d, e,
f, h).

For a better understanding of the issue, we have to take in consideration also the trends of
the input data (temperature and precipitations) datasets at those stations. Both temperature and
precipitations are increasing in the area for the same 50- year interval 1961-2010. However, we
still have to be cautious since the great majority of the trends in precipitations and the IDM
datasets are not statistically significant, while the increases in temperature are significant. If the
trends continue in the same direction, it is possible to find significant negative trends in the IDM
in a short time, meaning an increase in aridity, especially in those areas and periods of the year
where statistically insignificant slopes are now present.
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Figure 30. Spatial distribution of IDM trends in northeastern Romania (1961-2010). SS —

Statistically significant at a = 0.05 level
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6. Reference evapotranspiration ET,

Recent climate changes were detected not only in isolated temperature or precipitation, but
also on complex parameters, like evapotranspiration (Croitoru et al., 2013c). Whereas
temperature and precipitation, as individual parameters, are very useful in studying climatic
change, the overall expression and significance of climatic change in bioclimatic terms is better
expressed by complex parameters computed from a different combination of simple parameters
(Kafle and Bruins, 2009). Evapotranspiration is the most important parameter for revealing the
climate change and the temporal-spatial patterns of parameters influencing the eco-hydrological
processes, which control the evolution of the surface ecosystem. It controls energy and mass
exchange between terrestrial ecosystems and atmosphere. It plays a crucial role in the heat and
mass fluxes of the global atmospheric system and should provide a sensitive tool to monitor the
changes of energy and moisture transfer from the ground to the atmosphere, because it is
governed by a variety of climatic variables such as sunshine, temperature, wind speed and
atmospheric humidity and due to its related effects on soil moisture and surface albedo (Chen et
al., 2006).

As one of the important parameters of the hydrologic cycle, reference evapotranspiration
(ETo) plays a key role in estimating and predicting crop evapotranspiration, water management,
establishing irrigation scheme and other practices of agricultural production. It also reflects the
impact of atmosphere evaporation capacity on the crop water requirement in different regions
and periods, and it is related only to local weather conditions. Thus, it is clearly that any changes
in evapotranspiration would affect agricultural production and also water resource programming
(Allen et al., 1998; Francone et al., 2010). Increasing evapotranspiration can affect especially
irrigated agriculture mainly in two ways: increasing the crop water needs (water demand), and
modifying crop patterns and growing seasons (D6ll, 2002; Espadafor et al., 2011).

In Romania, few studies on evapotranspiration have been undertaken so far (Piltineanu et
al., 2007a, 2007b, 2012; Lungu et al., 2011). Some of them have been focused on the spatial
distribution of different aridity indices computed based on reference evapotranspiration
(Paltineanu et al., 2009; Lungu et al., 2011).

One single study on changes in ETy has been performed before, but it considered only three
locations in the southern part of the country (Paltineanu et al., 2012).

6.1. Methods

ETo, spatial distribution and changes were calculated on the basis of monthly data sets of
air temperature, relative humidity, wind speed and sunshine duration.

For this study, ET, was computed using the FAO Penman—Monteith method (Allen et al.,
1998).
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From the original Penman-Monteith equation and the equations of the aerodynamic and surface
resistance, the FAO Penman-Monteith method to estimate ET, can be derived (Allen et al.,
1998):

0.408A(R, —G) + 75 900 3u2(es -e,)

ET, = 2 (6)
A+y(1+0.34u,)

where:

- ET, - reference evapotranspiration (mm day™);

- Rn - net radiation at the crop surface (MJ m? day™), calculated on the basis of
sunshine duration; it represents the difference between incoming and outgoing
radiation of both short and long wavelenghts;

- G —soil heat flux density (MJ m? day™);

- T —mean air temperature at 2 m height (°C);

- Uz —wind speed at 2 m height (m s™);

- es— saturation vapour pressure (kPa);

- e, —actual vapour pressure (kPa);

- €56, — saturation vapour pressure (kPa)

- A - slope vapour pressure curve (kPa °C™);

-y - psychrometric constant (kPa °C™).

In order to adjust the wind speed from 10 m to 2 m heights, according to the same

methodology (Allen et al., 1998), a logarithmic wind speed profile was used:

0 —u. 4,87 0
In(67.8z — 5.42)

where: u2 is the wind speed at 2 meters above the ground (m s-1); uz is the wind speed at z
meters above the ground surface (m s-1) and z is the measurement height above ground surface
(m) and is equal to 10.

CROPWAT 8.0 software was specially developed by the Land and Water Development
Division of FAO for ET, calculation based on FAO Penman-Monteith formula (Allen et al.,
1998) and it was used to get the ET, data sets for this study.

6.2. Changesin ET,

In northeastern Romania have been identified important changes in ET, over the
considered period (1961-2010). Due to the intense increase in air temperature and sunshine
duration over the same period and decrease in relative humidity and wind speed (Croituru et al.,
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2013c), annual; values indicate increasing trends in almost entire analyzed area, half of these
been statistically significant (Table 28 and Figure 31a).

Table 28. Slopes for ET, (mm/decade) in northeastern Romania over the period 1961-2010. The
values in bold are statistically significant at o = 0.05 level

Botosani|Ceahlau|Cotnari[Falticeni| Tasi [Piatra NeamfPoiana Stampei|Radauti| Roman |Suceava
J 1.39 | -2.80 | 0.43 | 0.59 | 0.60 0.30 -0.12 0.43 | 0.49 | 0.40
F 1.73 | -1.37 | 1.38 | 1.21 | 1.39 0.81 -0.01 1.03 | 1.05 | 0.89
M 329 | -262 | 1.69 | 231 | 252 1.67 -0.30 229 | 298 | 2.34
A 168 | -1.77 | 0.09 | 1.12 | 0.24 -1.02 -0.29 209 | 270 | 1.31
M 460 |-081 | 3.25 | 4.00 | 2.18 1.23 0.93 437 | 482 | 2.48
J 268 | 024 | 254 | 255 | 1.46 0.05 1.73 341 | 317 | 1.97
J 404 | -042 | 359 | 292 | 2.82 0.16 1.42 417 | 464 | 2.93
A 150 | -0.66 | 1.54 | 1.40 | -0.28 -0.22 1.33 283 | 298 | 2.32
S 0.03 | -254 | -1.67 | -0.38 | -0.55 -2.21 -1.19 0.17 | 0.26 | -0.08
O 066 | -4.14 | -1.35 | 0.13 | -0.28 -1.79 -0.33 -0.50 | 0.48 | -0.49
N -0.08 | -1.30 | -0.48 | 0.13 | 0.50 -0.16 -0.51 -0.17 | 0.22 | -0.10
D 0.45 | -1.33 | -0.53 | -0.23 | 0.09 -0.32 -0.63 -0.33 | 0.01 | -0.28
\Winter 3.67 | -5.70 | 2.15 | 1.76 | 2.13 1.55 -0.83 111 | 1.28 | 1.38
Spring 890 | -473 | 524 | 7.65 | 5.13 2.16 -0.07 8.30 | 10.61 | 6.10
Summer | 9.22 | -1.83 | 8.32 | 7.39 | 5.05 0.89 4.70 11.31 | 10.96 | 7.36
Autumn | 0.39 | -8.86 | -4.17 | -0.21 | -0.40 -4.15 -2.09 -0.67 | 0.89 | -0.53
Oct-Jun | 16.82 |-15.80| 9.89 | 10.86 | 9.18 2.06 0.15 12.71 | 14.88 | 8.66
Apr-Oct | 1551 |-11.44| 8.64 | 12.05 | 8.50 -3.22 3.38 19.96 | 18.85 | 15.66
Annual | 22.02 |-21.63|13.29 | 15.71 | 12.00 -0.97 0.73 17.54 | 24.36 | 13.30

In winter spring and summer, ET, has increase at all stations from low altitude (plateau

and plain areas). The most important increase is specific to spring and especially summer when
most of the trends were statistically significant (Table 28 and Figure 31b-d).

The autumn is dominated by downward trends of ET, and the great majority of the
significant ones are located in the Carpathian and Subcarpathian regions (Table 28 and Figure

31le).

During maize and winter wheat seasons, ETy increased in almost entire analyzed region

(Table 28 and Figure 31f, g). Slope magnitude recorded during the vegetation seasons of the two
crops are similar (Table 28).
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Figure 31. Spatial distribution of ETg trends in northeastern Romania (1961-2010). SS —
Statistically significant at a = 0.05 level
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Conclusions

This paper is divided in 7 chapter that cover approx. 220 pages, containing a total of 67
figures and 78 tables which represent the results of processing and analysis of climatic data from
11 weather stations for a period of 50 years (1961-2010).

The results indicate that the climate of the studied area has been significantly changed in
the last decades.

The climate of northeastern Romania has become warmer: both mean and extreme
temperatures increased statistically significant.

Mean annual temperature has significantly increased by 0.25°C/decade over the entire
period of analysis (1961-2010). The most important increase in mean air temperature occurred in
the summer season. Thus, the average value of the summer temperature trend is 0.36°C/decade.
Negative trends were found only in few data series, especially in autumn months

Daily extreme temperatures, according to analyzed indices indicate that the most intense
warming has taken place in extreme seasons (summer and winter), while the transition seasons
(spring and autumn) had a moderate increase and even negative trends in autumn.

The most significant increase was detected in the hot extreme indices (SU25, TRD30,
TXX). In almost all data series of these indices there were identified statistically significant
upward trends. The only exception is in the TXn index which has negative trends in the most
cases, but the trends were statistically insignificant

For indices related to cold there are different sign slopes; negative slopes prevail for FDO,
IDO, FN-10, TN10p, and TX10p, while mainly positive slopes were detected for TNx and
TNmean. But this does not mean that they indicate both warming and cooling. The decrease in
number of days under a fixed threshold or a station-related threshold is also evidence for
warming and not for cooling, since fewer days have lower temperatures. The significant increase
in both maximum and mean annual values of minimum temperatures (TNx and TN mean)
completes the warming frame in the analyzed area.

Regarding precipitation has been observed that generally, they increased and became
more extreme in terms of both intensity and frequency.

Although these trends are positive in the most of the time, there are important seasonal
differences. Thus, the annual, summer and autumn data series showed an increasing trend of
precipitation at the most of the locations, while in winter and spring a general decreasing has
been observed, but they were significant only at Ceahlau station. Other authors have also
identified a significant decrease in precipitation mountainous regions of Romania. The frequency
of total positive trends is only slightly higher than the negative ones and those statistically
significant are equal.

Analysis of precipitation extremes indices indicate a general increase their values, which
means that the climate of northeastern Romania became wetter over the last decades. These
results are similar to those of other studies that have shown an increase in extreme precipitation
indices at global and regional scale. The strongest trends were recorded for R0.1, R10, R95p,
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R99p, Rx5d and PRECPTOT indices. Analysis of extreme precipitation indices indicated that for
most of them, the statistically significant positive trends has a frequency of 10-50%, the most
significant change detected from this point of view is in PRCPTOT index. The number of
consecutive dry days (CDD index) decreased, which also indicates an increase in extreme
precipitation in northeastern Romania.

Although precipitation in northeastern Romania had positive trends in the most of the
time, we should be cautious in interpreting the results since the statistically significant trends
have a low frequency.

Due to increasing air temperature, the number of days with snow decreased statistically
significant in almost entire analyzed area. The number of days with snow cover is also declining,
but not statistically significant. Along with the decrease in number of days with snow and days
with snow cover, snow cover depth has decreased in almost entire area. Only in southwestern
part of the analyzed territory the trend of snow cover depth was positive.

Changes in cloudiness are closely related to global warming, decreasing in this climatic
element contributing to rising temperatures. They significantly influence the sunshine duration,
air humidity and air and air temperature. Total cloudiness decreased for the most of the time in
annual, winter, spring and summer series and increased in autumn.

The trend of annual sunshine duration increased statistically significant in most of the
locations. Also, it increased almost generalized in winter, spring and summer seasons and
decreased in autumn.

It was observed that increasing of sunshine duration in annual, winter, spring and summer
time series coincided with decreasing of total cloudiness from the same time series, while the
decreasing trend of autumn sunshine duration coincided with the increase of total cloudiness of
the same season.

Annual trend of relative humidity increased in Carpathian area and decreased in the rest
of the analyzed territory. At seasonal time-scales, the relative humidity decreased, generally, in
winter, spring and summer and increased in autumn.

The trends in relative humidity are similar with the trends in total cloudiness, at the base
of both parameters being the same cause: the general circulation of the atmosphere and
geographic local factors.

Data analysis showed that the temperature at the soil surface has increased in
northeastern Romania. This increase is similar to increase of air temperature. Thus, annual,
winter, spring and summer trends of soil surface temperature are positive and most of them are
statistically significant. In autumn, the trends are generally negative, but statistically
insignificant. The frequency of positive trends prevailed over the negative ones having a value
equal to the air temperature (81%).

Air pressure evolution in northeastern Romania has not experienced major changes over
the analyzed period. It indicated an almost generalized increasing in winter and decreasing trends
in autumn. Positive trends have the highest frequency (51%), but only 11% are statistically
significant.
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An important conclusion of wind speed analysis is that this climatic element is dominated
by negative trends and it can be observed that statistically significant negative trends have a high
frequency. Spatial distribution of wind speed trends doesn’t show a clear pattern. In terms of the
frequency of the wind direction trends, the results showed an increasing trend at the most of the
stations from the north and west. The trends of wind from western direction have a greater
magnitude and half of them are statistically significant. Incresed wind frequency from western
direction coincides with the changes identified in the general circulation of the atmosphere
expressed by positive trends of EA and NAO indices which characterizes the intensity of
westerly winds.

The analysis of hazardous phenomena showed notable changes in the number of days
with fog and days with blizzard. Thus, the number of days with fog decreased in northeastern
Romania, the most important change in this direction occurred in spring when most of the trends
were statistically significant. Trends in the annual number of days with blizzard are declining
significantly in almost all analyzed stations. The number of days with frost recorded a significant
increase in winter season.

In the warm period of year (April-September) there is a moderate increase in the number
of days with thunderstorms. This increase was statistically significant in the southern region at
Piatra Neam¢ and Roman stations.

Although droughts may occur at any time of the year, in the study area, the impact of
droughts is more severe during spring and summer. The most exposed to dry conditions are
Moldavian Plane and eastern side of Suceava Plateau, during the warm semester an irrigation
system is absolutely necessary.

Analysis of De Martonne aridity index (IDM) indicated that in winter, spring, January
and during the growing season of winter wheat decreasing trends prevail, i.e. an increase in
aridity, while in summer, autumn, August and during the growing season of maize series, data
showed, for the most of the time positive trends, i.e. a decrease in aridity. Overall trends are most
negative, but most of them are statistically insignificant. Thus, since most of them are not
statistically significant we have to be cautious with interpreting the results because the trends
may change in a short time in one direction to another, or they may become statistically
significant.

Analysis of spatial distribution of reference evapotranspiration (ET) reveals that the
areas with highest values are in East and Southeast. The ETo mean multiannual amounts have
values that exceeds 700 mm per year which represents more than 30% above the annual amount
of precipitation. In central and western part, annual values of ET, are lower and they are more
balanced in relation to precipitation values.

The results of the Mann-Kendall test showed a frequency of 68% of positive trends and
32% of the total series were statistically significant.

Due to the intense increase in air temperature and sunshine duration over the same period
and decrease in relative humidity and wind speed, ET, values indicated upward trends in most of
the analyzed area and half of them are statistically significant for annual, winter, spring, summer
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and maize and winter wheat growing seasons. The most intense increasing of ET, took place in
spring and summer due to increase of air temperature and sunshine duration and downward
trends of relative humidity. Only the autumn season is dominated by decreasing trends when the
air temperature and sunshine duration were also recorded a decrease at most of the analyzed
stations.

During the growing seasons of maize and winter wheat ET, increased throughout the
regions where these crops are cultivated and almost half of the identified trends are statistically
significant. Only a few negative trends were recorded which are specific to the western region.

The results of ETg could contribute to a better agricultural management, especially in the
lower regions of the studied area. Under evapotranspiration increase conditions, water
requirement will increase and more water will be needed, mainly during spring and summer. If
the detected trends would continue at the present rate or would intensify during critical seasons
(spring, summer, crop growing seasons), water limitation will lead to crop productivity
diminishing, which could have a severe impact on the entire economy of northeastern Romania.
Irrigation system will become a necessity for the crops.

From the obtained results it can be concluded that in northeastern Romania, agriculture is
the most vulnerable economic component to climate change, plants being more and more
affected from stress caused by higher temperatures and more intense evapotranspiration.

53



Bibliografie

10.

11.

Alexander, L.V., Zhang, X., Peterson, T.C., Caesar, J., Gleason, B., Klein Tank, A.M.G.,
Haylock, M., Collins, D., Trewin, B., Rahimzadeh, F., Tagipour, A., Rupa, Kumar, K,,
Revadekar, J., Griffiths, G., Vincent, L., Stephenson, D.B., Burn, J., Aguilar, E., Brunet,
M., Taylor, M., New, M., Zhai, P., Rusticucci, M., Vazquez-Aguirre, J.L., 2006. Global
observed changes in daily climate extremes of temperature and precipitation. Journal of
Geophysical Research, 111, D05109, DOI: 10.1029/2005JD006290.

Alexandersson, H., 1986. A homogeneity test applied to precipitation data. Journal of
Climatology, 6, p. 661-675.

Allen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop evapotranspiration -
Guidelines for computing crop water requirements. FAO Irrig. Drain. Paper 56, Roma.
Buishand, T.A., 1982. Some methods for testing the homoheneity of rainfall data. Journal
of Hydrology, 58, p. 11-27.

Busuioc, A., Caian, M., Cheval, S., Bojariu, R., Boroneant, C., Baciu, M., Dumitrescu,
A., 2010. Variabilitatea si schimbarea climei Tn Romania. Pro Universitaria Press,
Bucuresti.

Chen, S.B., Liu, Y.F., Thomas, A, 2006. Climatic change on the Tibetan Plateau:
potential evapotranspiration trends from 1961-2000. Clim Change., 76, p. 291-319,
DOI:10.1007/s10584-006-9080-z.

Choi, G., Collins, D., Ren, G., Trewin, B., Baldi, M., Fukuda, Y., Afzaal, M., Pianmana,
T., Gomboluudev, P., Huong, P.T.T., Lias, N., Kwon, W.T., Boo, K.O., Cha, Y.M.,
Zhou, Y., 2009. Changes in means and extreme events of temperature and precipitation
in the Asia-Pacific Network region, 1955-2007. International Journal of Climatology, 29,
p. 1906-1925, DOI: 10.1002/joc.1979.

Chow, S.D., 1986. Some aspects of the urban climate of Shanghai. Proceedings 523 of
the Technical Conference Organized by the World Meteorological Organization and co-
sponsored by the World Health Organization, Mexico D.F., 26-30 Noiembrie 1984, p.
87-109.

Croitoru, A.-E., Drignei, D., Holobaca, I.-H., Dragota, C.S., 2012a. Change-point
analysis for serially correlated summit temperatures in the Romanian Carpathians.
Theoretical and Applied Climatology, 108, p. 9-18, DOI 10.1007/s00704-011-0508-7.
Croitoru, A.-E., Holobaca, I.-H., Lazar, C., Moldovan, F., Imbroane, A., 2012b. Air
temperature trend and the impact on winter wheat phenology in Romania. Climatic
Change, 111, p. 393-410, DOI: 10.1007/s10584-011-0133-6.

Croitoru, A.-E., Piticar, A., 2013. Changes in daily extreme temperatures in the extra-
Carpathians regions of Romania. International Journal of Climatology, 33, p. 1987-2001,
doi: 10.1002/joc.3567.

54



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Croitoru, A.-E., Chiotoroiu, B.C., Ivanova Todorova, V., Torica, V., 2013a. Changes in
precipitation extremes on the Black Sea Western Coast. Global and Planetary Change,
102, p. 10-19. DOI: 10.1016/j.gloplacha.2013.01.004.

Croitoru, A.-E., Piticar, A., Imbroane, A.M., Burada, D.C., 2013b. Spatiotemporal
distribution of aridity indices based on temperature and precipitation in the extra-
Carpathian regions of Romania. Theoretical and Applied Climatology, 112, p. 597-607.
Croitoru, A.-E., Piticar, A., Dragota, C.-S., Burada, C.D., 2013c. Recent changes in
reference evapotranspiration in Romania, Global and Planetary Change, in curs de
publicare.

De Martonne, E., 1920. Géographie physique, (a Ill-a editie), Armand Colin, Paris,
Franta.

Del Rio, S., Anjum Igbal, M., Cano-Ortiz, A., Herrero, L., Hassan, A., Penas, A, 2012.
Recent mean temperature trends in Pakistan and links with teleconnection patterns.
International Journal of Climatology, doi: 10.1002/joc.3423.

Del Rio, S., Penas, A., Fraile, R., 2005. Analysis of recent climatic variations in Castile
and Leon (Spain). Atmospheric Research, 73, p. 69-85.

Dixon, P.G., Mote, T.L., 2003. Patterns and causes of Atlanta’s urban heat island —
initiated precipitation. Journal of Applied Meteorology, 42, p. 1273-1284.

Doll, P., 2002. Impact of climate change and variability on irrigation requirements: a
global perspective. Clim. Change 54 (3), p. 269-293.

Donnelly, A., Cooney, T., Jennings, E., Buscardo, E., Jones, M., 2009. Response of birds
to climatic variability; evidence from the western fringe of Europe. Int. J. Biometeorol.,
53, p. 211-220.

El Kenawy, A., Lopez-Moreno, J.I., Vicente-Serrano, S.M.., 2011, Recent trends in daily
temperature extremes over northeastern Spain. Natural Hazards and Earth System
Science, 11, p. 2583-2603.

Espadafor, M., Lorite, I.J., Gavilan, P., Berengena, J., 2011. An analysis of the tendency
of reference evapotranspiration estimates and other climate variables during the last 45
years in Southern Spain. Agric. Water Managm 98, p. 1045-1061.

Francone, C., Cassardo, C., Spanna, F., Alemanno, L., Bertoni, D., Richiardone, R.,
Vercellino, 1., 2010. Preliminary Results on the Evaluation of Factors Influencing
Evapotranspiration Processes in Vineyards. Water, 2, p. 916-937.

Frich, P., Alexander, L.V., Della-Marta, P., Gleason, B., Haylock M., Klein Tank
A.M.G., Peterson T., 2002. Observed coherent changes in climatic extremes during the
second half of the twentieth century. Climate Research, 19, p. 193-212.

Gilbert, R.O., 1987. Statistical methods for environmental pollution monitoring. Van
Nostrand Reinhold, New York, p. 320.

Hari, R.E., Livingstone, D.M., Siber, R., Burkhardt-Holm, P. Gittinger, H., 2006.
Consequences of climatic changes for water temperature and brown trout populations in
Alpine rivers and streams. Glob. Change Biol., 12, p. 10-26.

55



27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

IPCC, 2007. Climate Change: The Physical Science Basis, Contribution of Working
Group | to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B.,
Tignor, M., Miller, H.L. (eds). Cambridge University Press: Cambridge, United Kingdom
and New York, NY, USA.

Jaagus, J., 2006. Climatic changes in Estonia during the second half of the 20th century
in relationship with changes in large-scale atmospheric circulation. Theoretical and
Applied Climatology, 83, p. 77-88.

Kafle, H.K., Bruins, H.J., 2009. Climatic trends in Israel 1970-2002: warmer and
increasing aridity inland. Clim. Chang., 96, p. 63-77, doi:10.1007/s10584-009-9578-2

Kendall, M.G., 1975. Rank correlation method. 4th edn. Charles Griffin, London, p. 202.
Klein Tank, A.M.G., Konnen, G.P., 2003. Trends in indices of daily temperature and

precipitation extremes in Europe, 1946-1999. Journal of Climate, 16, p. 3665-3680.
Klein Tank, A.M.G., Wijngaard, J.B., Kénnen, G.P. et al., 2002. Daily dataset of 20th-
century surface air temperature and precipitation series for the European climate
assessment. International Journal of Climatology, 22, p. 1441-1453.

Libiseller, C., Grimvall, A., 2002. Performance of partial Mann-Kendall test for trend
detection in the presence of covariates. Environmetrics, 13, p. 71-84.

Lungu, M., Panaitescu, L., Nita, S. 2011. Aridity, climatic risk phenomenon in Dobrudja.
Present Environment and Sustainable Development 5 (1), p. 179-190.

Lupikasza, E.B., Hansel, S., Matschullat, J., 2011. Regional and seasonal variability of
extreme precipitation trends in southern Poland and central-eastern Germany 1951—
2006. International Journal of Climatology 31, p. 2249-2271, DOI: 10.1002/joc.2229.
Mann, H.B., 1945. Non-parametric tests against trend. Econometrica, 13, p. 245-259.
Micu, D., 2009. Snow pack in the Romanian Carpathians under changing climatic
conditions. Meteorol. Atmos. Phys., 105, p. 1-16.

Micu, D., Micu, M., 2006. Winter temperature trends in the Romanian Carpathians — a
climate variability index. AUVT-Geogr. XVI, p. 33-42.

Milewska, E.J., 2004. Baseline cloudiness trends in Canada 1953-2002. Atmosphere-
Ocean, 42, p. 267-280.

Moberg, A., Jones, P.D., Lister, D., Walther, A., Brunet, M., Jacobeit, J., Alexander,
L.V., Della-Marta, P.M., Luterbacher, J., Yiou, P., Chen, D., Klein Tank, A.M.G. et al.,
2006. Indices for daily temperature and precipitation extremes in Europe analyzed for
the period 1901-2000. Journal of Geophysical Research, 111: D22106. 25 p. DOI:
10.1029/2006JD007103.

OMM, 2002. Introduction to climate change: Lecture notes for meteorologists. Geneva,
Elvetia.

Patriche, C.V., 2009. Metode statistice aplicate in climatologie. Edit. Terra Nostra, lasi.
Paltineanu, C., Chitu, E., Mateescu, E., 2012. New trends for reference
evapotranspiration and climatic water deficit. Int. Agrophys., 26, p. 159-165.

56



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

S7.

Piltineanu, C., Mihailescu, F., Prefac, Z., Dragota, C., Vasenciuc, F., Nicola, C., 2009.
Combining the standardized precipitation index and climatic water deficit in
characterizing droughts: a case study in Romania. Theor. Appl. Climatol., 97, p. 219—
233, DOI: 10.1007/s00704-008-0061-1.

Piltineanu, C., Mihailescu, I.F., Seceleanu, 1., Dragota, C., Vasenciuc, F., 2007a. Using
aridity indices to describe some climate and soil features in Eastern Europe: a Romanian
case study. Theor Appl Climatol, 90, p. 263-274, doi:10.1007/s00704-007-0295-3.
Piltineanu, C., Tanasescu, N., Chitu, E., Mihailescu, L.F., 2007b. Relationships between
the De Martonne aridity index and water requirements of some representative crops: a
case study from Romania. Int Agrophysics, 21, p. 81-93.

Pettitt, A.N., 1979. A non-parametric approach to the change-point problem. Applied
Statistics, 28, 2, p. 126-135.

Piticar, A., 2013. Caracteristici ale temperaturii aerului in nord-estul Romaniei.
Volumul de lucrari al Workshop-ului: Tendinte si cerinte de interdisciplinaritate in
cercetare. Prezentarea rezultatelor obginute de doctoranzi, Edit. Politehnium, lasi, p. 71-
80.

Piticar, A., Ristoiu, D., 2012. Analysis of air temperature evolution in Northeastern
Romania and evidence of warming trend. Carpathian Journal of Earth and Environmental
Sciences, Vol. 7, No. 4, p. 97-106.

Piticar, A., Ristoiu, D., 2013a. Spatial distribution and temporal variability of
precipitation in northeastern Romania. Riscuri si Catastrofe, in curs de publicare.

Piticar, A., Ristoiu, D., 2013b. The influence of changes in teleconnection patterns on
changes in temperature and precipitation in northeastern Romania. Meteorology and
atmospheric Physics, in curs de publicare.

Piticar, A., Ristoiu, D., Mihaila, D., 2012. Characteristics of the soil surface
temperature in Northeastern Romania. Ecoterra, 31, p. 63-67.

Radinovi¢, D., Curi¢, M., 2012. Measuring scales for daily temperature extremes,
precipitation and wind velocity. Meteorological Applications, DOI: 10.1002/met.1356.
Salmi, T., Méaatta, A., Anttila, P., Ruoho-Airola, T., Amnell, T., 2002. Detecting trends of
annual values of atmospheric pollutants by the Mann—Kendall test and Sen’s slope
estimates — the Excel template application MAKESENS. Publications on Air Quality 31:
Report code FMI-AQ-31.

Sandu, I., Pescaru, V.l., Poiana, | et al., 2008. Clima Romaniei. Edit Acad. Romane,
Bucuresti.

Sen, P.K., 1968. Estimates of the regression coefficient based on Kendall’s tau. Journal
of the American Statistical Association, 63 (324), p. 1379-1389.

Sen Roy, S., Balling, R.C. Jr., 2004. Trends in Extreme Daily Precipitation Indices in
India. International Journal of Climatology, 24, p. 457-466. DOI: 10.1002/joc.995.

57



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Shepherd, J.M., Pierce, H., Negri, AJ., 2002. Rainfall modification by major urban
areas: observations from spaceborne rain radar on the TRMM satellite. Journal of
Applied Meteorology, 41, p. 689-701.

Tanasa, 1., 2011. Clima Podisului Suceava — Fenomene de risc, implicatii in dezvoltarea
durabila. Teza de doctorat, Universitatea Stefan cel Mare, Suceava.

Tomozeiu, R., Busuioc, A., Stefan, S., 2002. Changes in seasonal mean maximum air
temperature in Romania and their connection with large-scale circulation. International
Journal of Climatology, 22, p. 1181-1196.

Vincent, L.A., Peterson, T.C., Barros, V.R., Marino, M.B., Rusticucci, M., Carrasco, G.,
Ramirez, E., Alves, L.M., Ambrizzi, T., Berlato, M.A., Grimm, A.M., Marengo, J.A.,
Molion, L., Moncunill, D.F., Rebello, E., Anunciacao, Y.M.T., Quintana, J., Santos, J.L.,
Baez, J., Coronel, G., Garcia, J., Trebejo, 1., Bidegain, M., Haylock, M.R., Karoly, D.,
2005. Observed trends in indices of daily temperature extremes in South America 1960—
2000. Journal of Climate, 18, p. 5011-5023.

Vinnikov, K.Y., Grody, N.C., 2003. Global warming trend of mean tropospheric
temperature observed by satelites. Science, 302, p., 269-272.

Von Neumann, J., 1941. Distribution of the ratio of the mean square successive
difference to the variance, Ann. Math. Stat., 12, p. 367-395.

Wang, X.L., 2008. Penalized maximal F-test for detecting undocumented mean-shifts
without trend-change. J. Atmos. Oceanic Tech., 25 (No. 3), p. 368-384.

Wang, Q., Fan, X., Qin, Z., Wang, M., 2012. Change trends of temperature and
precipitation in the Loess Plateau Region of China, 1961-2010. Global and Planetary
Change, 92-93(July), p. 138-147, http://dx.doi.org/10.1016/j.gloplacha.2012.05.010.
Wang, X.L., Feng, Y., 2010. RHtestsV3 Manual de instructiuni, disponibil Ila
www.cccma.seos.uvic.ca/ETCCDMI/software.shtml. Actualizat in iunie 2010.

Zhang, X., Aguilar, E., Sensoy, S., Melkonyan, H., Tagiyeva, U., Ahmed, N., Kutaladze,
N., Rahimzadeh, F., Taghipour, A., Hantosh, T.H., Albert, P., Semawi, M., Karam Ali,
M., Halal Said Al-Shabibi, M., Al-Oulan, Z., Zatari, T., Al Dean Khelet, I., Hammoud,
S., Demircan, M., Eken, M., Adiguzel, M., Alexander, L., Peterson, T., Trevor, W., 2005.
Trends in middle east climate extremes indices during 1930-2003. Journal of
Geophysical Research 110 (D22), p. 104, DOI: 10.1029/2005JD 006181.

Zhang, X., Yang, F., 2004. RClimDex (1.0). Manual de instructiuni, disponibil la
Www.cccma.seos.uvic.ca/ETCCDMI/software.shtml.

*** 2011 Proiectul European Climate Assessment & Dataset (ECA&D) Algorithm
Theoretical Basis Document (ATBD), Royal Netherlands Meteorological Institute KNMI,
http://eca.knmi.nl/documents/atbd. pdf.

58



List of scientific publications included in thesis theme (2010-2013)
ISI Articles

1. Piticar, A., Ristoiu, D., 2012. Analysis of air temperature evolution in Northeastern
Romania and evidence of warming trend. Carpathian Journal of Earth and Environmental
Sciences, Vol. 7, No. 4, p. 97-106. Factor de impact: 1,450.

2. Croitoru, A.-E., Piticar, A., 2013. Changes in daily extreme temperatures in the extra-
Carpathians regions of Romania. International Journal of Climatology, 33, p. 1987-2001,
doi: 10.1002/joc.3567. Factor de impact: 2,906.

3. Croitoru, A.-E., Piticar, A., Imbroane, A.M., Burada, D.C., 2013. Spatiotemporal
distribution of aridity indices based on temperature and precipitation in the extra-
Carpathian regions of Romania. Theoretical and Applied Climatology, 112, p. 597-607.
Factor de impact: 1,940.

4. Piticar, A., Ristoiu, D., 2013. The influence of changes in teleconnection patterns on
changes in temperature and precipitation in northeastern Romania. Meteorology and
Atmospheric Physics, in curs de publicare. Factor de impact: 1,327.

5. Croitoru, A.-E., Piticar, A., Dragota, C.-S., Burada, C.D., 2013. Recent changes in
reference evapotranspiration in Romania, Global and Planetary Change, in curs de
publicare. Factor de impact: 3,155.

Articles indexed in international database

1. Piticar, A., Ristoiu, D., Mihaila, D., 2012. Characteristics of the soil surface
temperature in Northeastern Romania. Ecoterra, 31, p. 63-67.

2. Piticar, A., Ristoiu, D., 2013. Spatial distribution and temporal variability of
precipitation in northeastern Romania. Riscuri si Catastrofe, in curs de publicare.

Avrticles published in conference book
1. Piticar, A., 2013. Caracteristici ale temperaturii aerului Tn nord-estul Romaniei.
Volumul de lucrari al Workshop-ului: Tendinte si cerinte de interdisciplinaritate in

cercetare. Prezentarea rezultatelor obtinute de doctoranzi, Edit. Politehnium, Iasi, p. 71-
80.

59



