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Abstract: Considerable anthropization degree of environment during the modern period
had determined a gradual sinking of ecological stability of geographical landscapes,
especially given the predominance of agricultural landscapes which occupy 73.4% from total
area of Republic of Moldova at present. Land Cadaster data for Republic of Moldova
(2000-2020) and population level’s statistical data (2000-2019) was used to obtain a few
indicators that reflect the state of geographical landscapes (population density, naturality
index and environmental changes index) and quantify the anthropic pressure on the
geographical landscapes at the commune level. We had used the period of 2000-2020 as the
reference period.

1. Introduction

Republic's contemporary natural landscapes have evolved in parallel with human
appearance and evolution. The essential changes of the natural environment under the
influence of anthropogenic activities have contributed to the deterioration of landscapes'
state. The natural landscapes' changes and the anthropogenic load's increase not only
have contributed to the decrease of the ecological stability of the territory, but also to the
degradation of the environment in general.

Some authors (Muchova, Tarnikova, 2018) consider that 1.5-2 ha of land per capita
is needed to ensure optimal human existence in the case of developing countries from the
temperate zone, which practice subsistence agriculture. This area is necessary to meet all
vital needs - housing, industrial and agricultural products, leisure, etc. In the Republic of
Moldova, on average, 1 person has 0.96 ha of land (Cadastrul funciar al Republicii
Moldova pentru anul 2020 si perioada 2001 - 2020; Baza de date statistice Moldova).
This explains increased anthropogenic load on the environment and requires the
immediate resolution of land use issues.

It is crucial to carry out quantitative assessments to develop an optimal landscape
management system and to monitor the current changes in land use. Among these
assessments, it is of particular interest to estimate the state of landscapes based on
indicators of anthropogenic load - population density, index of landscapes' naturality and
environmental changes index.
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2. Materials and Methods

To estimate the degree of the human-induced transformations we had selected
naturality index, environmental change index and the population density as most
representative ones.

Population density represents the ratio between the population size at a given
moment and the area of the territory inhabited by it (as a rule, per 1 km?) (Erdeli et al.,
1999). The analysis of the population density presents a special interest in the
organization of the territory and the systematization of the localities, in the management
of the production for consumption, in the dimensioning and modelling of the tertiary
sector. What this indicator in fact shows us is the anthropogenic pressure on the
geographical landscapes and land use categories per capita population/land use rating.

Landscape’s naturality index represents the ratio between the area covered by
the forest and the analyzed area to which it relates, starting from the idea that the forest
is an important factor of environmental balance (Vijulie, 2010):

Inat = (Srorest/ Stotar) X 100 (1)

Environmental change of the landscapes is calculated as the ratio between the
area occupied by forests and meadows to the area occupied by buildings (Maruszczak
version), reflects the landscapes' anthropic change intensity (Simulescu, 2018).

Ie.ch.m = Storest + Smeadow / Sbuildings (2)

However, the biggest change in the structure of the original landscapes was caused
by agricultural activity. Thus, M. Dumitrascu [8], adapted this index to the real conditions
in the Oltenia Plains (which are similar to those in the Republic of Moldova), introducing
in the formula several categories of agricultural landscapes (arable land, orchards and
vineyards). Thus, the modified formula of the environmental change index is:

Ie.ch.0 = Srorest + Smeadow + Swater/ Sbui/dings + Sarable + S vineyards + Sorchards (3)

3. Results and discussions

Population density (Dp) was in constant decline during the last two decades (Figure
1), which also conditioned the mitigation of the human-induced impact on the
landscapes. The population density index had declined from 108 inhabitants/km? in year
2000 to the 98 inh. /km?in 2019. The decrease of the population density index during this
period was caused both by the negative values of the natural increase and by the
negative net migration rate. Thus, the human population in the last two decades has
decreased by 328.6 thousand of inhabitants. We also should mention that in 1990 the
population of the Republic of Moldova was 4361.6 thousand inhabitants, and the
population density was 129 inh. /km?2. Hence, the population of the Republic of Moldova
has decreased by over 1 million of inhabitants or by about 25% during the 30 years of
independence (Baza de date statistice Moldova).

The main spatial differences of population density are caused by the historical factors
of population and colonization of this territory (southern part of Transnistria, ATU
Gagauzia, Taraclia region); by the economic ones (high density in the periurban areas
around the municipalities of Chisinau, Tiraspol, Tighina, Balti) and by the favourable
geographical position (along rivers, roads, etc.).
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Figure 1. Dynamics of the population density index (inh. / km?) of the Republic of
Moldova during the period of 2000-2019

The population density currently varies spatially from 1 inh. / km? in the commune of
Pervomaisc (ATU on the left bank of the Dniester River) to 5,196 in the municipality of
Tighina. Out of the whole 143 communes in which the population density does not exceed
40 inh. /km?, 40 are in the Dniester's left bank area's ATU (including all communes with
population density values less than 10 inh. / km?). Low values are also recorded in the
southern part - in the regions of Cahul, Leova, Cimislia and ATU Gagauzia (Figure 2). A
depopulation during the period of 2000-2019 is registered in some communes in the
northern part, which happen to contain the locations isolated from the main
communication routes and with a pronounced agrarian profile - Ocnita, Donduseni,
Réscani and Drochia regions. High values of population density are maintained in the
central part of the republic, where Chisinau City continues to be a polarizing center.
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Figure 2. Spatial distribution of the population density (inh. / km?), 2019
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Landscape naturality index (Inat) represents the ratio between the total value of the
forests area and the green belts to the total area of the spatial unit (thus determining the
degree of afforestation). Considering the values obtained from the calculation of this
index, some authors (Ionus et al., 2011) had classified the degree of damage to the
landscape into 6 categories:

¢ landscapes close to the original ecological balance (>0.60).

e landscapes with a relatively stable ecological balance (0.45-0.60).
e landscapes with a slightly affected ecological balance (0.30-0.45).
e landscapes at the limit of ecological balance (0.20-0.30).

e landscapes with heavily affected ecological balance (0.10-0.20) and
¢ landscapes with extremely affected ecological balance (<0.10).

Other authors (Boboc et al., 2020) had been assessing the value of Inat (on the
example the Cogalnic river basin) by classifying the degree of landscape damage also in
the six categories of landscapes, with some small differences in the values of the first two
categories:

¢ landscapes with the ecological balance close to the original (> 0.50).

e landscapes with a relatively stable ecological balance (0.40-0.50).

We had identified the following categories of landscapes as a result of our calculation
of the I nat values based on data (Population data - Baza de date statistice Moldova):

o with extremely affected ecological balance (<0.10).

¢ with heavily affected ecological balance (0.11-0.20).

e at the limit of ecological balance (0.21-0.30).

¢ with a slightly affected ecological balance (0.31-0.40).

¢ with a relatively stable ecological balance (0.41-0.50).

e close to the original ecological balance (0.51-0.79).

The average value of the naturality index Inat in the Republic of Moldova was 0.123 at
the beginning of 2020, decreased compared to 2000 (0.125). Most of the areas on the left
bank of the Dniester (communes in Rabnita, Dubdsari, Grigoriopol and Slobozia regions)
fall into the category of the landscapes with extremely affected and heavily affected
ecological balance, which is also true for most of the communes situated on the southern
plains of the Prut-Dniester interfluve (ATU Gagauzia, Basarabeasca, Stefan-Voda). The
communes from the lower parts of Cubolta Plains and the middle parts of Prut River, most
of the Ciuluc Hills area (Sangerei and Telenesti regions, the western part of Floresti
region, the eastern parts of Falesti region, etc.) fall into the same category as mentioned
above. Only 14 communes belong to the category of landscapes close to the natural ones,
8 of them are in the Codri Plateau: including three from the Straseni region (Capriana has
the highest value of Inat in Republic of Moldova (0.790); Lozova and Scoreni); three
communes from Hancesti region (Stolniceni, Mereseni, Balceana); and one commune in
each of the following regions: Calarasi (Buda), Ungheni (Radenii Vechi) and Ialoveni
(Cigarleni). Two communes from Orhei region (Teleseu and Vatici) are also assigned to
the above-mentioned category, one is from the Northern Moldavian Plateau (Briceni
region - Slobozia-Sirduti commune) and another is from the left bank of the Dniester
River (Rotari commune, Camenca region). The category of landscapes with relatively
stable ecological balance is represented by 15 communes, 12 of them belong to the area
of Codri Plateau: Calarasi region (Varzarestii-Noi, Pitusca, Raciula, Frumoasa, Bravicea,
Harjauca communes, etc.), Chisinau municipality (Vadul lui Voda town), Hancesti region
(Miresti and Buteni communes), Ialoveni region (Carbuna commune). Bdius commune
from Leova region and Harbovat commune from Anenii Noi region are also attributed to
this category of landscapes (Figure 3).

The category of landscapes at the limit of ecological balance is more widely
represented in the plateau areas, less numerous in the lowlands, but also in several
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plains’ areas, where forest landscapes are represented by pockets of "ditch
forests"(Ionus et al., 2011). The number of landscapes at the limit of the ecological
balance is over 90 communes, including 35 communes in the Codri Plateau area. In the
Dniester Plateau, there are also areas of forest landscapes at the limit of ecological
balance. We also mention the presence of this category of landscapes in the communes of
Ciuluc Hills area.

The classification of landscape units in relation to the value of the Naturality Index
(Inat) has scientific value as well as significant applicable aspect. These categories can
serve as a support in the process of developing a differentiated system of landscape
protection measures (for example, identification of land for afforestation), in relation to
landscape categories by Inat value.

O settlements

=== the border of the country
—— district limit
~_ the boundary of

the communes
Landscapes naturality index
|:| <0,10 - extremely affected

e \\:
lgcciigia (40

e & K
& g,w j
% \BBasara easca
[_]0,11 - 0,20 - heavily affected

|:] 0,21 - 0,30 - at the limit of
ecological balance

[ 0,31 - 0,40 - slightly affected &~

[ 0,41 - 0,60 - relatively stable

- 0,61 - 0,79 - close to the

original 40 60 80 Km

Figure 3. Landscapes naturality index (Inat), year 2020

A qualitative characterization of the state of the landscapes can also be obtained
using the Index of environmental change of landscapes (Ie.ch.m), which is estimated as the
ratio of land area with natural landscapes (forest and meadows) to lands with buildings
(anthropogenic or entirely modified). The average value of the Ie.ch.m in 2000 it was 3.4,
and by 2020 it decreased to 3.16 (extremely transformed landscapes). The decrease of
the share of natural landscapes in the period 2000-2020, in relation to the built area, was
registered in the municipalities of Chisinau and Balti, but also in the localities from Cahul,
Dubasari, Ialoveni, Ocnita regions and ATU Gagauzia.
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The extremely transformed landscapes predominated making up to 52.7% and the
heavily transformed ones - 23% at the beginning of 2020, as during the whole analysed
period. Thus, over 3 of the communes of Republic of Moldova represent territories with
extreme and heavy environmental transformations, 10.9% with moderate environmental
transformations and insignificantly transformed landscapes are in only 3.2% of the
communes (Figure 4). The last category of landscapes (relatively transformed) is
represented by 31 communes, most of them being located within the Codri Plateau
(Ungheni region - Radenii Vechi commune, Hancesti region - Bobeica and Badlceana
communes, Ialoveni region - Cigarleni commune, Calarasi region - Buda and Varzarestii
Noi communes); less often, in the spaces of nature reserves in the lowland regions
(Padurea Domneasca in the Middle Prut Plains area). There are also several landscape
units with Iechm values of over 50 in the Ciuluc Hills area (Telenesti region with
Crasnoseni, Vasieni and Zgardesti communes).
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Figure 4. Index of environmental changes, Maruszchak version (Ie.ch.v), 2020

The above-mentioned category of landscapes is present in the southern part of
republic in the Causeni region (Plop-Stiubei and Chircaiestii Noi communes).

In the Tigheci Hills, the landscapes with insignificantly transformed environment are
present in Leova region (Sarma, Baius, Romanovca communes, etc.) and Cahul region
(Tataresti and Caietu communes).
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The landscapes with slight environmental transformation were identified in 69
communes (7% of the total number), including 20 communes from the Codri Plateau
area.

Based on the fact that the biggest change in the structure of the initial landscapes
was caused by agricultural activity, the assessment of the Index of the Environmental
Change, proposed by M. Dumitrascu (Sencovici, Pehou, 2016) (Ie.ch.0), shows the level of
anthropogenic load on geographical landscapes more objectively.

The average value of the Iechp in 2000 was 0.38, and by 2020 it decreased
non-essentially - 0.36. Decrease of the value of Ie.ch.o had been caused by the reduction
of the areas covered with forests (by 6.5 thousand ha) and meadows (by 40.5 thousand
ha) on the one hand and also by the extension of the areas occupied by arable land (by
17.8 thousand ha) and of those occupied by buildings (by 3.9 thousand ha). In 2020, as
during the whole analyzed period, the moderately affected landscapes predominate
(Iecho = 0.26 - 0.5) making up to 41.6% and the landscapes with completely and
extremely affected ecological balance (Ie.ch.0<0.25) make up to 30.5%. Thus, over 72%
of the communes of the Republic of Moldova represent the territories with environmental
transformations from moderate to complete, i.e extremely affected by anthropogenic
changes. According to the calculations, the most affected are the landscapes in the
Administrative Territorial Unit on the Left Bank of the Dniester, where there are 15
communes with completely affected landscapes and 27 communes with extremely
affected landscapes (Figure 5).
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PESD2021, 15, 2 142

Another heavily modified region is the Steppe Plain of Balti (Lower Cubolta Steppe
Plain). As an example, 22 communes from Drochia region (over 3 of the total humber)
have the value Iech0<0.25, representing landscapes that are extremely and heavily
affected by agricultural activities. It should be mentioned that Drochia region has the
largest share (72%) of arable land in the country. A high degree of environmental
transformation is also registered in the Northern Moldavian Plateau - in Edinet region 15
communes have extremely affected landscapes, and in Briceni region - 14 communes. A
considerable number of communes with extremely and completely affected landscapes
are also registered in the Ialpug Steppe Plain area (Gagauzia Administrative Territorial
Unit and Taraclia region), the Alluvial Plain of the Lower Dniester River (Figure 5). The
landscapes with the slightly affected ecological balance (Ie.ch.o> 0.50) make up to
approximately 28%, being present in central part of Codrii or Codrii Bacului (Scoreni,
Capriana and Lozova, Radenii Vechi, Stolniceni, Balceana, Cigarleni, Buda communes),
Codrii Orheiului (Vatici and Teleseu communes), Codrii Tigheciului (Haragas, Toceni,
Lunguta communes, etc.). In most of these communes the forest landscapes exceed
35%.

4. Conclusions

The dynamics of geographical landscapes on the territory of the Republic of Moldova
during the last 20 years had undergone some considerable qualitative changes. Overall,
there is a decrease in anthropogenic load on landscapes, which is due, almost exclusively,
to depopulation processes (decrease in the number of population by 328.6 thousand
inhabitants and its density by about 10%). Most categories of landscapes with an
increased ecological value had diminished (areas covered with forests - by 6.5 thousand
ha, and those with meadows - by 40.5 thousand ha), and those with low ecological value
were extended (arable lands - by 17.8 thousand ha, and those occupied by buildings - by
3.9 thousand ha).

Thus, all the analysed pressure indicators showed a decrease in the reference period:
index of naturality of the landscapes- from 0.125 to 0.123; the environmental changes
index (Maruszczak version) - from 3.4 to 3.16 and the environmental changes index
(Dumitrascu version) - from 0.38 to 0.36.
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