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Abstract: The study aims to identify areas with varying degrees of rainfall deficit and/or surplus
in the space between the Carpathian Mountains and the Dniester River. The assessment of the
water surplus or deficit of the studied territory was carried out by applying the De Martonne aridity
index (DMai) for the period 1961-2022 at annual, seasonal, and monthly levels for a number of 29
meteorological stations. Following the assessments, we observed that the wettest areas in the
study area are located in the mountain and sub-mountain zones. The areas identified as having
the highest rainfall deficit are located in the south and southeast of the study area. In addition to
the specific elements of the DMai regime and distribution, we also analyzed its trend at 27 stations
for the same interval using Mann Kendall trend tests. For October, the highest decadal increase in
the index was calculated at the Comrat station in the Republic of Moldova (+0.272**), and at the
Briceni station in January-February, the strongest decadal decrease in the index was calculated
(-0.905%*).

1. Introduction

The deficit or surplus of water resources is a topical issue that is being intensively
analyzed on a global scale. Climate variability includes numerous specific risks (Bogdan,
1978, 1999, 2004) that can disrupt regional natural or anthropogenic systems (Grecu,
2009). Climate risk analysis involves identifying, parameterizing, and managing these
risks through prevention and control plans. Depending on the geographical
characteristics of an area, various risks may arise within it, including periods of drought
(Potopova, 2019) or periods when precipitation becomes excessive (Apavaloae, 1997;
Buruiana, 2015). This article aims to analyze the territory between the Carpathian
Mountains and the Dniester River in terms of rainfall over a long period of time
(1961-2022), using DMai (De Martonne, 1920). The De Martonne aridity index has been
used in numerous studies on large areas such as the Iberian Peninsula (Andrade et al.,
2021), Central Europe (Charalampopoulos et al., 2023a) and Southeast Europe
(Charalampopoulos et al., 2023b), with different long-term trend scenarios being
developed. At the same time, this index has also been used for numerous other studies
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for regions in different countries: northern Greece (Baltas, 2007), the Thriasio Plain in
Greece (Mavrakis and Papavasileiou, 2013), the lowlands of Bulgaria (Koleva and
Alexandrov, 2008), northwestern Spain (Fernandez et al., 2009), Hungary (Blanka et al.,
2013; Kis et al., 2023), Italy in the Emilia Romagna region (Nistor, 2016a), Calabria
(Pellicone et al., 2019), Serbia (Radakovi¢ et al., 2018; Dimkic et al., 2022), northern
Germany (Emadodin et al., 2021), etc. In Romania, studies have been conducted
applying DMai to different areas, especially those where the main economic activity is
agriculture. These studies covered larger or smaller areas, such as those east of the
Carpathians (Croitoru et al., 2013), the Transylvanian Plain (Rastilantie et al., 2014),
localities in the Apuseni Mountains (Nistor et al., 2016b), and Bucharest (Ardelean,
2017). Many studies based on this index have been carried out for the Oltenia region,
which is frequently affected by periods of rainfall deficit (Pravalie, 2013; Ontel and
Vladut, 2015; Vladut and Licurici, 2018; Maracineanu et al., 2021). For the territory
between the Carpathian Mountains and the Dniester River, in relation to the topic
studied, the water balance elements at the land surface level were analyzed by Mihaila et
al. (2017) and Jibu and Mihaila (2021). The main objective of the study is to identify,
analyze, evaluate the variability, and observe the trends of temporal entities with water
surplus or deficit in the territory between the Carpathians and the Dniester using DMai.
The objectives of the study are: i) to identify territories with water deficits/surpluses in
the geographical area between the Carpathians and the Dniester River through annual,
seasonal, and monthly value analysis of the selected index; ii) to explain the causal
relationship (in spatial and temporal context) of meteorological and climatic reality, as
reflected in the values of this index; and iii) to identify trends in rainfall surplus and/or
deficit in the study area by applying the Mann Kandell trend test.

2. Materials and Methods
2.1. Study area

Located in southeastern Europe (Figure 1), the study area is a complex geographical
space. Encompassing the Carpathian Mountains and the Dniester River, it has
characteristics that influence the thermo-pluviometric complex, which differs
significantly between the western mountainous/submontane areas and the central and
eastern hill and plain areas.
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Figure 1. Study area.
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The relief is arranged in steps from west to east, with altitudes decreasing from over
2100 meters in the west to less than 30 meters on the Dniester terraces (in the east). The
orographic barrier formed by the Carpathian arc is an impediment to the penetration of
air masses (oceanic from the west or continental from the east), so that the rainfall
regime is strongly affected by the presence and features of the Carpathian mountain
range in the west of the studied region. Altitude has the greatest influence on the climate,
imposing its stratification and rainfall and water processes. The climate is temperate
transitional with continental influences, more clearly expressed towards the eastern end.
In addition to the Dniester, two other important hydrographic arteries cross the analyzed
territory, namely the Siret and the Prut. Forest vegetation dominates in the western part
of the region and on the hilly cuestiform promontories of the central plateaus. The
geographical features of the territory directly influence the frequency, length, and
intensity of periods of water surplus or deficit.

2.2. Methods

The DMai analysis used air temperature values and precipitation amounts recorded
at 29 weather stations distributed throughout the study area. The large number of
stations for which this index was applied gives us a detailed picture of the distribution of
the index values in the analyzed territory. To carry out the study, existing studies in the
literature were analyzed and documented, to identify aspects of the approaches to
rainfall deficit and/or surplus for different areas using this index. The
statistical-mathematical method was used to process an extensive meteorological
database that included time series of temperature and precipitation from 1961 to 2022.
The next step was to integrate the values obtained by the cartographic method into
classes that give the resulting climate types (Table 1). Formulas [1], [2], and [3] used
in calculating DMai values were taken from the studies by Baltas, 2007, and Piticar, 2013.
The following formula was used to calculate the annual DMai values:

P/Ta+10, [1]
where: P - represents the annual amount of precipitation; Ta - average annual
temperature.
The following formula was used to calculate the seasonal DMai values:
4Ps/Tas+10, [2]
where: Ps - represents the seasonal amount of precipitation; Tas - seasonal average

temperature.

The following formula was used to calculate the monthly values of DMai:
PI*12/T1+10, [3]

where: Pl - monthly precipitation; Tl — monthly average air temperature.

Table 1. Classification of DMai values (Baltas, 2007 cited by Piticar, 2013).

Type of climate De Martonne index value
Arid <10
Semi-arid 10.1 - 20
Mediterranean 20.1 - 24
Humid 24.1 - 28
Wet 28.1 - 35
Very wet 35.1 - 55

The statistical data comes from the National Meteorological Administration network
for the meteorological stations analyzed for the territory of Romania, and from the
meteorological stations in the Republic of Moldova from the State Hydrometeorological
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Service. To complete the database, data from the website_http://meteomanz.com/ was
used to a lesser extent. The maps were created using ArcGIS 10.8. The difference
method (IDW plus linear regression) was used for interpolation. To identify DMai trends,
its values (except for the Ceahlau and Iezer stations) were tested using the Mann Kendall
test (Kendall, 1975), a method also used in other studies on various meteorological (Gocic
and Trajkovic, 2013) and climatic (Agbo, 2022) parameters, as well as in drought
analysis (Szinell et al., 1998; Ozocak et al., 2024), or the thermo-pluviometric complex
(Mondal et al., 2012; Supervisor, 2012; Zhang et al., 2016).

Table 2. Weather stations between the Carpathians and the Dniester*.

Number Weather station Latitude Longitude Altitude
1 Briceni 48° 21'7.661" N 27°6'7.407" E 258
2 Camenca 48° 2'59.528" N 28°41'10.930" E 154
3 Radauti 47° 50' 16.222" N 25° 53' 25.562" E 389
4 Balti 47° 46' 28.637" N 27° 57'2.298" E 103
5 Ribnita 47° 46' 20.743" N 29° Q' 58.255" E 97
6 Botosani 47° 44' 8.274" N 26° 38'43.907" E 161
7 Suceava 47° 37' 58.368" N 26° 14' 25.924" E 350
8 Iezer 47° 36'9.514" N 24° 39'4.775" E 1785
9 Falesti 47° 35'0.261" N 27°42'17.220"E 160
10 Bravicea 47° 22'19.951" N 28° 26' 17.930" E 81
11 Cornesti 47° 22'1.867" N 27° 59' 38.294" E 234
12 Cotnari 47° 21' 29.882" N 26° 55'32.206" E 289
13 Poiana Stampei 47° 19' 28.730" N 25°8'3.977"E 923
14 Dubasari 47° 16' 50.046" N 29° 7' 44 .853" E 41
15 Iasi 47° 10' 15.416" N 27° 37'41.819" E 102
16 Baltata 47° 3'19.436" N 29° 2' 10.069" E 79
17 Ceahlau Toaca 46° 58' 38.978" N 25° 56' 59.718" E 1897
18 Chisinau 46° 58' 18.208" N 28° 50' 53.858" E 17
19 Roman 46° 58'8.707" N 26° 54' 42.515" E 216
20 Tiraspol 46° 51' 56.324" N 29° 35' 3.008" E 38
21 Vaslui 46° 38'45.966" N 27°42'51.898" E 116
22 Bacau 46° 31' 54.803" N 26° 54' 44.984" E 184
23 Leova 46° 29' 18.345" N 28°17'0.165" E 158
24 Comrat 46° 18'10.273" N 28° 37'46.101" E 136
25 Targu Ocna 46° 16' 21.702" N 26° 38' 27.673" E 242
26 Barlad 46° 13' 58.931" N 27° 38' 39.909" E 172
27 Cahul 45° 53'57.242" N 28°12'48.373" E 113
28 Focsani 45° 41' 15.047" N 27°11'59.134" E 57
29 Galati 45° 28' 22.469" N 28° 1'56.159" E 69

*Weather stations were ordered from north to south by latitude

Altitude is an essential factor in the climatic stratification of the study area (Bazac,
1983; Apostol, 2000, 2004; Tanasa, 2017). The weather stations whose data we used
are presented in Table 2 and Figure 2. The stations located at the highest altitude are
Ceahldu Toaca (1897 m), Iezer (1785 m), and Poiana Stampei (923 m). At lower
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altitudes are: the Baltata weather station - 79 m, Galati - 69 m, Focsani — 57 m, Dubasari
- 41 m, and the Tiraspol weather station - 38 m.
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Figure 2. Weather stations for which de Martonne index values were calculated.
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The high density of the 29 weather stations included in the analysis (Figure 2) was an
advantage in presenting the thermo-pluviometric characteristics of the studied area in
detail.

3. Results and Discussion

3.1. Average annual values of the de Martonne aridity index. Their trends
On an annual basis, for the period analyzed, in the study area, based on Dmai values,

Table 3. Average annual values of DMai (1961-2022).

Weather stations Annual Weather stations Annual
Radauti 35.7 Briceni 33.5
Botosani 29 Camenca 28.3
Suceava 33 Balti 25.9
Iezer 109.4 Falesti 28.6
Cotnari 27.5 Cornesti 32.7
Poiana Stampei 46.2 Ribnita 27.1
Iasi 28.4 Dubasari 26.7
Roman 27.4 Bravicea 29.9
Ceahlau 64.0 Baltata 26
Vaslui 27 Chisinau 27.4
Bacau 29.7 Tiraspol 24.8
Targu Ocna 32.5 Leova 26.7
Barlad 25.2 Comrat 25.3
Focsani 26.1 Cahul 26.2
Galati 23.3
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very wet and extremely wet areas are identified for the mountainous area (Iezer - 109.4,
Ceahldu - 64.0, Poiana Stampei - 46.2). In the hill and plain zones, the DMai values
indicate a wet type in the north and a semi-wet type in the south and southeast. Piticar
reached similar results in his 2013 study. The lowest Dmai values fall within those
corresponding to the Mediterranean type. These are identified in the extreme south of the
study area. The arrangement of the DMai value classes analyzed in steps from W-NW to
E-SE (Figure 3) is mainly caused by the penetration of air masses with predominantly
western and Scandinavian-Baltic influences. In addition to atmospheric dynamics,
another equally important factor is the relief. The differences in altitude of the studied
territory have a direct influence on the two meteorological components that make up
DMai. Both temperature and precipitation are strongly correlated with altitude. According
to the calculations (Table 3), the lowest annual values of the index were recorded in the
S-SE part of the region: Galati (23.3), Tiraspol (24.8), Barlad (25.2), Comrat (25.3), Balti
(25.9).
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Figure 3. Territorial distribution of annual DMai values (1961-2022).

By following the percentage share of DMai across different value ranges and climate
classes for stations west of the Prut River, we observe two key aspects. According to
station data and calculations, the DMai climate type classifies the territory as
predominantly humid (Radauti 32.3%; Botosani 37.1%, Iasi 35.5%, Vaslui 41.9%,
Bacau 43.5%, Targu Ocna 43.5%), an aspect that can be observed in Figure 4. The
exception is the mountainous area, with the highest percentages of extremely humid
climate (Iezer 98.4%, Ceahldu 82.3% and, to a lesser extent, Poiana Stampei 16.1%).



ESDP 2026, 20, 1 7

100%

90% I
80%
70%

60% |
50%
40%

30% 1
20%
10%
(]

Radauti Botosani Suceava lezer Cotnari Poiana  lasi Roman Ceahlau Vaslui Bacau Targu Barlad Focsani Galati
Stampei Ocna

o
X

OSemiarid OMediterranean OHumid mWet ®BVery wet B Extremely humid

Figure 4. Percentage share of annual DMai values west of the Prut River (1961-2022).

East of the Prut River (Figure 5), the humid type remains dominant (Baltata 35.5%,
Briceni 37.1%, Chisinau 40.3%, Camenca 40.3%, Ribnita 43.5%). However, throughout
the studied territory in the south (in Galati) and southeast (in Tiraspol), the

Mediterranean and semi-arid types have percentage values over 50%.
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Figure 5. Percentage share of annual DMai values east of the Prut River (1961-2022).

Table 4. Decadal trends in DMai* at stations between the Carpathians and the Dniester
(1961-2022)

Tir|:|e Bacdu | Barlad | Botosani | Cotnari lasi Radauti | Roman @ Suceava Te. Vaslui | Galati | Focsani P .
series i i i Ocna - i Stampei
1] -0.07 -0.24 -0.14 -0.03 -0.05 -0.02 -0.15 -0.22 -0.21 -0.03 0.12 0.14 0.16
F -0.3* -0.36% -0.09 -0.17 -0.48* -0.30 -0.13 -0.24 -0.3* -0.3+ -0.26 -0.05 0.08
M 0.01 -0.02 -0.12 -0.02 -0.20 -0.13 -0.05 -0.15 -0.13 0.03 -0.03 0.08 -0.16
A 0.01 -0.02 -0.09 -0.06 -0.11 -0.16 -0.01 -0.18 -0.04 -0.04 -0.02 0.04 -0.07
M -0.05 -0.11 -0.03 -0.02 -0.04 -0.10 -0.02 -0.18 -0.04 0.02 -0.11 -0.08 0.08
1 0.23+ -0.05 -0.10 0.21 -0.17 0.00 0.08 -0.03 -0.07 -0.11 -0.04 0.10 -0.03
1] -0.03 -0.3** -0.16 -0.16 -0.25* -0.22 -0.07 -0.23 -0.20 -0.2* 0.00 -0.11 -0.3*%
A -0.13 -0.05 -0.16+ -0.05 -0.05 -0.05 -0.08 -0.10 -0.07 -0.02 -0.1* -0.06 -0.10
5 -0.02 -0.03 0.08 0.11 -0.04 0.10 0.05 0.02 0.04 -0.06 -0.02 0.02 0.16
8] 0.26% 0.18% 0.20+ 0.22* 0.21* 0.13 0.22* 0.13 0.21+ | 0.19* 0.16+ 0.27* 0.05
N -0.01 -0.06 -0.09 0.02 -0.11 -0.09 0.02 -0.14 -0.16 -0.03 0.02 0.00 -0.22
D 0.16 -0.06 -0.05 0.10 -0.11 -0.04 0.07 -0.14 0.06 -0.07 0.13 0.20 -0.64+
Annual 0.01 -0.09* -0.04 0.01 -0.2%* -0.09 -0.01 -0.11+ -0.07 -0.03 -0.03 0.02 -0.09
W -0.06 -0.21 -0.23+ -0.10 -0.4%* -0.13 -0.17 -0.39%* -0.19 -0.17 -0.08 0.10 -0.22
2 -0.02 -0.05 -0.10 -0.05 -0.10 -0.15 -0.05 -0.18+ -0.09 0.01 -0.06 -0.01 0.00
5 0.04 -0.14* -0.06 -0.03 -0.19* -0.10 -0.01 -0.10 -0.06 -0.07 -0.08 -0.04 -0.15
A 0.06 -0.01 0.05 0.13 0.03 0.08 0.05 0.00 0.02 0.02 0.06 0.08 0.01
Jan-Feb -0.19 | -0.30+ -0.17 -0.22 -0.47* -0.31 -0.21 -0.26 0.3+ | -0.18 0.00 0.14 -0.27
Jun-Jul 0.13 -0.2*%* -0.09 0.04 -0.2%* -0.10 0.05 -0.12 -0.07 -0.12 -0.03 -0.01 -0.18
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:::?; Briceni | Baltata Balti Bravicea | Camenca '@ Ribnita : Falesti : Dubasari | Chisindu @ Tiraspol | Leova Comrat | Cahul Cornesti
1 0.05 | 016 | 001 | -0.22 0.04 009 | -0.01 0.08 -0.07 024 | 005 007 0.02 011
F 0.48° | 025 [ 046 | -0.48* 0.30 038 | 031 [ 061 | 044+ | 045+ | 046" | 0.49" | 058%* | 0.56"
M 032+ | 016 | 016 | -0.19 -0.04 018 | 012 -0.18 -0.14 008 | -002 004 | 011 -0.20
A 019+ | 008 | 008 | -0.10 0.01 008 | -D.04 0.00 -0.04 002 | -004 004 | -0.05 018
M 015 | 009 | 0.00 0.01 -0.04 001 | -0.01 0.05 0.01 006 | 002 010 | 011 0.06
1 000 | 016 | 006 | 012 0.02 010 | 013 [ -0.20+ -0.09 011 | 002 001 -0.09 0.24
1 027+ | 026 | -0.19 014 [ 035** | 014 [-022*| -017 0.01 -0.08 | -006 & -0.16 -0.24
A 013 | 005 | -0.06 -0.08 0.19* | 014+ | -0.03 -0.01 -0.04 010 | -007 | -0.07 -0.10
s 0.05 0.00 | 001 -0.05 0.13 007 | 001 0.06 -0.04 005 | -002 006 | -0.06 0.07
0 0.12 0.14 0.18+ 0.14 015 | 016+ | 017+ 0.25* 020 [ 018+ | 0.27*= | 020* | 022*
N 007 | 009 | 006 | 006 0.07 003 | 008 0.02 -0.06 001 | 011 005 | -0.08 0.05
D 036 | 013 | 031 | -0.16 0.05 018 | -0.04 -0.16 011 022 | 005 015 | -0.20 0.06

Annual | -0.13* | -012%= [ -0.07+ | 014 | 005 007 [ -0.00* | -006 -0.05 -0.06 | -0.05 | -0.08+ | -0.14%* | 0.16**
w 0.77** | 038* | 051* | 054** | 025 | 037+ | 043* | 048* | 046* | 037° | 023 | 037+ | 047** | 058"

018 | 010 | 002 | -0.06 0.01 008 | -0.07 0.01 -0.04 -0.04 | -001 007 | -0.10 011

5 006 | 047* | 0.08 [ 012+ | -045° | -0.10 [ -0.10* [ 042+ | -0.03 010 | -0.06 | -0.09 0.19%
A 0.07 0.04 | 0.04 0.01 0.03 010 | 004 0.07 0.02 0.08 002 | 0.04 0.01 0.02
Jan-Feb | -0.90* | -0.39+ | -028 [ -0.44r | o003 010 | 032 -0.25 0.23 -0.09 000 | -014 -0.42
junJul | 009 | 047® | 010 013 | 046+ | 009 [ 014+ | 015+ | -0.05 007 | 006 011 | 013 | 0217

*The numbers represent the Sen slope (blue indicates an increase, red indicates a decrease in DMai, bold
numbers indicate a statistically significant value), and the symbols represent the alpha significance level of the
Sen slope (+ = statistical certainty is 90%, * - assurance is 99%, ** - assurance is 99.5%,; *** - assurance is
99.9%); at the Ceahldu and Iezer stations, the Mann-Kendal tests were not applied

The trends in the annual DMai values resulted from the application of the Mann
Kendall test (Table 4). Of the total number of stations analyzed, 41% (11 stations)
showed a negative trend with strong statistical assurance. A total of 13 stations recorded
a negative DMai trend, but without relevant statistical significance, and 3 stations
recorded a positive trend, without conclusive statistical assurance (Figure 3, Table 4).
Thus, statistical tests show that years with rainfall deficits and droughts are becoming
increasingly frequent throughout the region, reinforcing the fact that water deficits are
increasing over time, as noted by other climatologists in previous studies (Erhan, 1983;
Apostol, 2020; Mihaila et al., 2017).

3.2. Seasonal average values of the de Martonne aridity index. Their trends

Seasonal analysis shows that periods of rainfall deficit or surplus alternate over an
average year for a period of 61 years. The climate of the study area is changing at rates
that vary according to regional and local geographical specificities (Busuioc et al., 2010;
Dumitrescu et al., 2014), as can be seen from the seasonal analysis of DMai.

During winter, the index values are highest at all stations analyzed, falling into the
extremely wet, very wet, and wet categories. West of the Prut River (except for the
mountainous area, where the DMai averages range from 78.3 in Poiana Stampei to 146.3
in Ceahlau-Toaca), the index ranges from 33.6 in Roman to 45.9 in Iasi. East of the Prut
River valley, the average winter values of the index ranged between 46.3 in Baltata and
70.7 in Briceni.

In autumn, the index analysed has the lowest values. The stations where the index
values are specific to the Mediterranean and semi-arid types dominate. There is no clear,
unequivocal territorial differentiation of the values of this index. At stations in the Siret
basin or corridor, the index has average values in autumn ranging from 22.2 in Roman to
26.3 in Radauti. At stations in the Prut river basin, the index has average values in
autumn ranging from 19.9 in Galati to 27.5 in Cornesti. In the eastern part of the study
area, on the Dniester River valley, the average DMai values ranged between 15.7 in
Camenca and 23.8 in Ribnita (Table 5). In autumn, the weather pattern determined by
DMai indicates a moderate to severe rainfall deficit.
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Table 5. Average seasonal values of DMai (1961-2022).

Stations Winter Spring Summer Autumn Stations Winter Spring Summer Autumn
Radauti 45.1 35.5 41 26.3 Briceni 70.7 31.9 32.8 26.9
Botosani 39.6 29.8 31.4 22.3 Camenca 56.6 25.9 27.3 15.7
Suceava 43.1 33.9 37.6 24.3 Balti 48.4 23.7 24.5 22.8
Iezer 146.0 123.8 88.1 93.8 Falesti 51.2 26.5 28.0 24.5
Cotnari 36.7 28.6 29.2 21.5 Cornesti 62.7 314 30.6 27.5
P. Stampei 78.3 46.4 46.6 34.7 Ribnita 54.4 24.4 26.1 23.8
Iasi 45.9 28.0 28.5 23.2 Dubasari 55 25.1 23.6 23.4
Roman 33.6 28.0 29.9 22.2 Bravicea 56.5 28 28.5 25.3
Ceahlau 146.3 72.6 62.9 38.9 Baltata 46.3 24.2 26.2 21.7
Vaslui 45.6 27.8 26.1 23.3 Chisindu 56.1 25.5 24.3 24.3
Bacau 39.3 31.0 30.5 24.4 Tiraspol 48.9 22 22.8 21.9
Tg. Ocna 39.2 34.6 35.0 25.3 Leova 52.8 25.9 24.0 23.4
Barlad 39.1 25.3 24.4 21.6 Comrat 50.3 23.8 22.8 21.9
Focsani 40.9 27.2 23.9 22.6 Cahul 48 24.9 23.9 23.1
Galati 42.8 22.7 19.9 22.0

The DMai values for the spring season are highly significant. During this period, the
main agricultural crops are sown, and they have specific thermal and rainfall
requirements in order to enter the vegetation period. In the north (Radauti station -
35.5; Suceava station - 33.9; Briceni - 31.9) and in the west of the region (mountain
stations Iezer, Ceahldau and Poiana Stampei, stations Tg. Ocna - 34.6; Bacau - 31), very
wet, wet and extremely wet weather types dominate at altitudes above 1500 m. In the
Covurlui Plain, in the lower sector of the Prut Valley and in the Lower Nistru Plain, the
weather is drier, falling within the Mediterranean type (the index value is 22.7 in Galati,
23.8 in Comrat and 22.0 in Tiraspol). In these regions, the spring rainfall deficit is more
pronounced.

In summer, west of the Prut River, the dominant weather types are very humid and
humid in northern Moldova, with aridity index values of 41 in the Radauti Depression,
37.6 in the Suceava Plateau, and 31.4 in the Moldavian Plain in Botosani. In the south of
the Moldavian Plateau, the climate is drier with Mediterranean influences (in Barlad and
Focsani, the index values are 24.4 and 23.9, respectively). In the Tecuci Plain and the
Covru Plain, the water deficit is highest, with a DMai value of 19.9, falling within the
semi-arid climate type, with similar values calculated for stations east of the Prut River
valley.

The low values of the index for the southern part of the study region, both in spring
and summer, represent a risk factor for the region's agricultural economy.

In the analysis of seasonal trends, a negative trend is observed for winter in most of
the analyzed area, with strong statistical certainty in the northern, central-eastern, and
eastern parts. Only in Focsani the trend is positive, but without statistical significance
(Figure 6 and Table 4). At 55.6% of stations, DMai has a negative trend, with relevant
statistical assurance. The negative trend continues in spring at most stations, but is
statistically significant only at the Suceava and Briceni stations (7.4% of stations). The
data series from the Poiana Stampei, Vaslui, and Dubasari stations show a positive trend
in DMai, but without statistical significance. In summer, the trend test continues to show
a water deficit, especially in the center of the Moldavian Plateau (Cornesti, Iasi, Bravicea,
Dubasari, Baltata), but also in the south (in Barlad and Cahul). Only in Bacau is there a
slight improvement in the water situation. In summer, 33.3% of DMai stations show
statistically significant negative trends. For the autumn season, with the exception of
Suceava and Barlad, the DMai trend is positive, without statistical significance, showing a
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slight improvement in the rainfall balance. In autumn, no DMai station showed a
statistically significant decrease in value.

A Winter A Spring

A Autumn

Legend
Mann Kendall Test

\V4 Negative trend

A Positive trend

v Negative trend (Significant) wam

Figure 6. Distribution of seasonal DMai values (1961-2022).

3.3. Monthly average values of the de Martonne aridity index. Their trends

For an easier analysis of the regime/distribution of the monthly average values of
DMai, from 1961 to 2022, we used a tabular model resulting from the conditional
formatting of DMai (Table 6). This process helps us to more easily observe the spatial
differences in DMai and the annual regime of this index in the studied region.

In an average year, DMai has the highest values in December-February. During
these months, very wet (35.1-55) and extremely wet (>55) weather types predominate.
The extremely wet (>55) type is specific to mountain stations (Iezer, Poiana Stampei,
Ceahlau). At stations in the valleys or corridors of rivers that drain the region (Béarlad on
the Barlad Valley and Roman in the Siret Corridor), DMai values fall within the very wet
and wet types, respectively. Overall, we can note that weather stations throughout the
region, regardless of relief or latitudinal position, have DMai values in the winter months
that vary within limits indicating excess humidity, with no deficient classes.

The percentage distribution of DMai classes for the winter months (Figures 7 and 8)
shows a predominance of wet weather types across the entire area analyzed, with
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regional differences due to altitude, position relative to the Carpathians, and eastern
continental influences. In the mountainous area (Ceahldau-Toaca, Iezer, Poiana Stampei),
sub-Carpathian and contact areas, extremely wet and very wet weather types have a
high weight, with months with such DMai values exceeding 50-60% (even 70% in
Ceahlau) of the total number of months analyzed. In the extra-Carpathian regions, at
stations in the plateau area, months with DMai values specific to extremely wet and very
wet types represent approximately 30-50% (even 60% in Cornesti) of the total
proportion of the months analyzed, due to low temperatures and moderate precipitation
during the cold season (Mihaila and Tanasa, 2005; Mihaild, 2006a). At stations in the hilly
plains, extremely wet, very wet, and wet types remain dominant, but with lower
percentages.

Table 6. Average monthly values of DMai between the Carpathians and the Dniester 1961-2022.

Weather
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
stations
Radauti 45.1 50.6 40.4 47.8 . 26.8
Botosani 41.8 39.4 37.3
Suceava . 41.4 38.1
Iezer . 83.9 125.9 112.5 108
Cotnari 38.5

Poiana Stampei

Tasi

Roman

Ceahlau

Vaslui

Bacau
Targu Ocna

Barlad

Focsani

Galati

Briceni

Camenca

Balti

Falesti

Cornesti

Ribnita

Dubasari

Bravicea

Spotted

Chisinau

Tiraspol

Leova

Comrat

Cahul

<20 >55
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Both west and east of the Prut River (Figure 8), the months with a typology indicating
a water deficit according to DMai values are better represented in percentage terms at
stations located at lower altitudes, where the moderating influence of the mountains
decreases, but the continental influence from the east increases (Erhan, 1983; Mihail3,
2002; Putuntica, Sofroni, 2011; Sfica, 2015).

In the spring months, we observe a transition from excess moisture to less humid
weather types, with clear differences between the north and south of the region, as well
as between the west and east, as latitude and altitude decrease. East of the Prut River,
with a decrease in altitude, there is a noticeable decrease in DMai values, which fall within
the wet (28.1-35) and semi-wet (24.1-28) categories. These DMai values reflect the fact
that in spring, when temperatures are still low, the amount of precipitation is sufficient to
maintain a high P/(T+10) ratio (Mihaila 2002). Towards the south, southeast, and east,
as the altitude decreases, the temperature increases and the climate becomes more
continental, the DMai values are lower, indicating wet and Mediterranean weather types
(Barlad, Galati, Balti, Chisinau). The lowest DMai value calculated for this season was
19.9 in Tiraspol in April.

100%
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70%
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40%
30%
20%
10%
0%
Rédauti Botosani Suceava lezer Cotnari Poiana lasi Roman Ceahlau Vaslui Bacau Targu Barlad Focsani Galati
Stampei Ocna

Arid Semiarid Mediterranean Humid = Wet muVerywet uExtremely humid

Figure 7. Percentage share of DMai values during the winter months west of the Prut River
(1961-2022).
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Figure 8. Percentage share of DMai values during the winter months east of the Prut River
(1961-2022).

After June (the month with the highest annual rainfall), as the air temperature rises
during the summer months, the DMai values gradually decrease, with extremely humid
and very humid weather giving way to Mediterranean and semi-arid conditions (15.1 in
Galati). The central-southern part of the studied territory, which corresponds to the
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plateau and plain areas, is subject to a more pronounced eastern continental influence
during the summer months, which is reflected in lower DMai values, corresponding to
semi-arid and Mediterranean types (Dubasari 18.4, Tiraspol 18.7, Chisindu 18.8, Comrat
18.8, the minimum calculated value of DMai east of the Prut valley being 17.3 in Baltata).
The decrease in the index value in August, September, and October is determined both
by the decrease in the amount of precipitation and by the intensification of
evapotranspiration, closely related to the high temperatures in these months (Mihaila,
2004; Apopei et al., 2024). As we move eastward from the Carpathian Mountains, which
represent an obstacle to Atlantic air masses (Apostol, 2000; Putuntica and Sofroni,
2011), the decrease in DMai is accentuated by eastern continental influences, from which
hot and dry air masses originate. There is a risk of climatic drought (Busuioc et al 2010,
Piticar and Ristoiu 2012). The differences in DMai values between mountains and
plateaus/plains can be explained by the increase in temperature with decreasing altitude,
correlated with the quantitative decrease in precipitation, thus maintaining high DMai
values in mountainous areas (Mihaila and Tanasa, 2005; Nistor, 2014; Sfica, 2015;
Tanasa, 2017). As we move eastward from the Carpathians, the frequency of Atlantic
advections, responsible for heavy precipitation, decreases, and the meteorological and
climatic typology changes from one with excess moisture to one with a marked rainfall
and water deficit (Croitoru, 2003; Ilie, 2018).

The analysis of the percentage distribution of the DMai classes for the summer
months (Figure 9 and Figure 10) highlights the most pronounced spatial differentiation of
DMai values throughout the year. This is determined by the marked increase in
temperature, as well as the irregular nature of precipitation and the influence of eastern
continentalism. In the mountainous and submontane area west of the Prut River
(Ceahldu, Iezer, Poiana Stampei), we find a predominance of months with high
proportions of wet, very wet, and extremely wet types, as a result of excessive rainfall
and moderate temperatures (Apostol, 2000, 2004; Mihaila and Tanasa, 2005).

100%
90% I
80%
70%
60%
50%
40%

30%
20%
10%
0%
Radauti Botosani Suceava lezer Cotnari Poiana lasi Roman Ceahlau Vaslui Bacau Targu Barlad Focsani Galati
Stampei Ocna

Arid Semiarid Mediterranean Humid mWet mVerywet uExtremely humid
Figure 9. Percentage share of DMai values during the summer months west of the Prut River
(1961-2022).

At the plain and plateau stations west of the Prut River, the percentages of
Mediterranean and semi-arid classes increase significantly, especially towards the south
(Barlad, Galati), indicating an increase in the process of accentuating moisture deficit
(Erhan, 1983; Grecu 2009). East of the Prut River (Figure 10), continental influences are
more pronounced. In the north and center (Briceni, Camenca, Balti, Falesti, Ribnita), the
percentage distribution of weather types in the summer months remains relatively
balanced, but the percentages of Mediterranean and semi-arid types are higher than in
the west, reflecting not so much higher temperatures, but especially lower precipitation
during the summer (Erhan, 1983; Putuntica and Sofroni, 2011).
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Figure 10. Percentage share of DMai values during the summer months east of the Prut River
(1961-2022).

In the south of the region (Tiraspol, Leova, Comrat, Cahul), the proportion of months
classified as semi-arid and arid becomes significant, exceeding 40% of the total, which
indicates a decrease in humidity and an accentuation of the deficit (Potopova et al., 2019;

Apostol, 2020).
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Figure 11. Territorial distribution of DMai values in December-May (1961-2022).
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We identified that in the summer months, DMai has a more differentiated territorial
distribution in the west of the studied territory, remaining within the limits of
predominantly humid types due to the orographic influence, while in the east and
southeast, the specific Mediterranean and semi-arid types imposed by the
east-continental influence are better represented (Figure 10). In the autumn months,
especially at the beginning of this season, we observed a prolongation of the water
deficit.
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Figure 12. Territorial distribution of DMai values in the months V-VIII (1961-2022).

Analyzing the DMai trends in December-February, we observe that stations with
decreasing DMai predominate: 79.3% of stations, and of these, at 20% of stations the
DMai decrease trend is statistically significant (Figures 11 and 14). All these trends occur
due to low temperatures and moderate precipitation specific to the winter period, with
the typology of weather conditions explained causally in many studies in the field
(Croitoru, 2003, Mihaila and Tanasa, 2005; Mihailda, 2006a; Nistor, 2014, Sficd, 2015). In
February, the downward trend in DMai is most evident, with relevant statistical assurance
at 15 (55.6%) of the 27 stations whose time series data were tested using the
Mann-Kendall test.
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In March-May (Figures 12 and 14), at 77.8% of stations, the decadal trends of DMai
were decreasing in value, but only at the Briceni station was the decrease statistically
significant. Overall, the DMai trends during spring indicate a slight shift in the rainfall
balance towards a deficit.

In June-August, at 74.1% of stations, the DMai trends are negative (Figures 11 and
14), not statistically significant, but indicating that the quantitative parameters of rainfall
are decreasing. In July, at 37% of stations, the decrease in DMai is statistically
significant, and in August this is true for 18.5% of stations.

Analyzing September, we observe a change in the DMai trend in the sense that at
55.5% of stations, the index recorded an increase in the 1961-2022 interval, but the
increase was not statistically significant. In October, however, we identified a special
situation, in that at 74.1% of stations the index showed positive trends with strong
statistical assurance (Figures 12 and 14). At the other 25% of stations, the DMai trend
was also upward, an increase that lacked statistical reliability but showed an
improvement in the quantitative parameters of rainfall throughout the region studied. In
November, at most stations, the DMai trend returns to a predominantly negative one
(81.5% of stations), without relevant statistical certainty (Figure 14).
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Figure 14. DMai trends for monthly and annual average values of the index (1961-2022)

The DMai trends show that the largest decadal decrease was calculated for the
one-year time sample at the Iasi station (-0.2**) and for the seasonal time sample,
winter, at the Briceni station (-0.77**). For a group of months, DMai decreased by -0.9*
for the period January-February at Briceni. At the monthly level, in October at the
Focsani station in Romania and Comrat in the Republic of Moldova, the increase was the
highest (+0.272%*), and the strongest ten-year decline in the index was recorded at the
Dubasari station in February (-0.61%*).

On a monthly basis, in 64% of cases, the DMai trend was downward, without
statistical assurance, and in 10.2% of cases, the decline was supported by statistical
assurance on which we can rely. At 19.4% of stations, on a monthly basis, the DMai
trends were unsustained by relevant statistical assurance, and only at 6.5% of stations is
the DMai increase statistically relevant.
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4. Conclusions

The results obtained based on DMai show that, on average over a year, the territories
with water surpluses are those in the Carpathian area with extremely wet and very wet
areas, while those with deficits overlap with the plains at the eastern and southern ends
of the study area. At the monthly level, the territorial distribution of surplus and deficit is
clearly dynamic. The spring and summer months, which are of increased importance in
the agricultural sector, fall within the semi-humid and humid types in most of the study
area, with the exception of the southern and eastern areas, which are Mediterranean and
semi-arid according to the DMai classes.

The trends observed for the annual DMai values indicated that at 41% of the stations
included in the study, the index values decreased, and the decreases were statistically
significant. The most relevant in terms of percentage and statistical certainty are the
decreases in DMai values during winter (55.6% of stations), followed by those during
summer (33.3% of stations). Analyzed on a monthly basis, DMai trends show
unequivocally that in February the decrease in DMai values is most representative in
terms of number of stations (26 out of 27) and also in terms of number of stations where
the decrease in DMai is statistically representative (15 stations). This is followed by July
and August, when the decrease in DMai is general, but the statistical representativeness
of the decreases is currently statistically representative for 33.6% and 18.5% of stations,
respectively. Climate warming will increase these percentages. In October, DMai
increased in value at all stations, and at 74.1% of them, the index showed positive trends
with strong statistical certainty. This indicates an improvement in rainfall accumulation
for this month and for the autumn season as a whole for the period 1961-2022. The
largest decadal decrease in the index was recorded at the Briceni station in
January-February (-0.905*). The trend values, even the highest ones, do not suggest a
significant change in the classification of stations into other DMai classes in the next
20-30 years. However, this transition is possible within a 50-year horizon.
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