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Abstract

Grasslands, the main natural resources of rural areas, are open systems, which are functionally and structurally
linked with other geomorphological, climatic and/or socio-economic components. The purpose of the research was
the diagnostic analysis of the grasslands in Banat, based on several criteria from: (i) the physical environment; (ii)
the sphere of biodiversity and (iii) the socio-economic environment. For the analysis - diagnosis, 8 indicators were
established: relief; reduction of livestock; the variation in the number of inhabitants; the area of grasslands
/inhabitant; accessibility; overlap with protected areas; high biodiversity; touristic potential. Each experimental site
was rated with a score according to the characteristics, later the final “grade” was established, and the spatial
analyzes were done in the GIS environment. The obtained results show that the grasslands located in the hilly and
mountainous areas had the highest scores for the predetermined indicators.They are grasslands restricted by
climatic conditions and infrastructure, but they have a High Natural Value, they are located in protected areas and

are considered areas with great touristic potential.
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INTRODUCTION

The grasslands cover approximately one third
of the Earth's surface [7], distributed in
varying proportions across all continents.
These ecosystems fulfill multiple functions. In
addition to their economic function,
grasslands provide a series of services such
as: environmental services, like maintaining
the balance of greenhouse gases and the
carbon cycle [2, 10, 6), biological control,
protection of water and soil quality [17, 18].
Additionally, grasslands offer tourist services
[8], cultural and social services [25, 34] and
landscape elements [45].

Given the complexity of the pastoral space, a
multicriteria analysis is necessary for its
evaluation, serving as a support for decision-
making or for advancing forecast scenarios.
Specialized literature presents numerous
studies applying multicriteria spatial modeling
using Geographic Information Systems (GIS),

based on a differentiated approach to the
involved factors, thus allowing for controlled
determination of the weight of each factor [24,
22].

Spatial modeling can be applied in any type of
study involving multifactorial approaches [46,
26], such as land stability [36], spatial
modeling of carbon [11], hydrological risk [4,
38], spatial prediction of fire danger or natural
hazard modeling [33].

Based on the spatial modeling techniques
applicable to grasslands, the idea behind this
study is based on the question: "What is the
physical and socio-economic potential of the
grasslands in Banat?" After analyzing studies
in the specialized literature, it was found that
in  most cases, the evaluation and
classification of grasslands are done
unidirectionally: from a physico-geographical
perspective, considering vegetation and land
use, or as entities of the land fund. The
working hypothesis of the study was
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formulated based on these findings, namely: a
multicriteria approach, involving as many
natural and anthropic factors as possible,
spatialized, which provides the answer to the
initial question. The necessity of such a
holistic approach stems from the fact that
grasslands are complex ecosystems and
resources  with  multifunctional  roles,
especially within rural communities, which
depend on them.

In this context, the aim of the research was the
analysis-diagnosis and classification of the
grasslands in Banat, based on several criteria
of different aspects: (i) physico-geographical;
(i) biodiversity/subsidies;  (iii)  socio-
economic environment, as well as to develop
a spatial analysis model that integrates these
factors for a holistic analysis of the pastoral
space.

MATERIALS AND METHODS

The study area

Within this study, the grasslands in the
southwestern region of Romania, specifically
in Timis and Caras-Severin counties, were
taken into consideration. The study area
extends over a very wide altitudinal range,
between 60 — 2,275 meters, encompassing a
great variety of relief unitsabd landforms [41,
42], representing a complex territory from a
geographical perspective. This is the first clue
to the variability of grasslands in the area,
identified based on Corine Land Cover (CLC)
[15] datasets, covering an area of 238,866
hectares.

The working methodology

Within the study, 8 indicators were considered
for the analysis of grasslands, with the final
result being the map of grassland distribution,
classified according to their potential.

With ArcGIS 10.4 software [5], the data
selected and processed are shown in Figure 1.
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Fig. 1. The working methodology
Source: Original workflow.

- CLC data from the 2018 edition were used
for identifying grasslands; cadastre maps,
satellite images, and orthophoto plans were
utilized for updating the geometries of the
grasslands [1, 16];

- The Digital Elevation Model (DEM) with a
spatial resolution of 25 meters, freely
available through the Copernicus program
[20], was utilized. From the DEM, slope maps
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(in degrees) and aspect maps were generated,
necessary for determining the relief factor of
grasslands (RQ);

- Climatic data including monthly average
temperatures and monthly precipitation
amounts were recorded at 13 meteorological
stations in the area of interest for the year
2022 [12]. These data were used to calculate
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the Lang Rainfall Index (R) used for the
Climatic Factor (C);

- the natural protected areas boundaries [37]
were used to determine the Grassland
Conservation Factor (Gc);

- the road network in shapefile format [20]
was utilized to determine the Accessibility
Factor (A), while the tourist map of Banat
[29] was used for spatializing the Tourism
Potential Factor (Tp);

- Administrative-Territorial Units (ATU)
boundaries and statistical data regarding the
total population [30] and livestock numbers
[19] were used to generate the Human
Potential Factor (Hp) and the Potential for
Animal Grazing Factor (Pg);

-the map showing the distribution of eligible
areas for Measure 10 (M10) Agri-
environment and climate (with different
Packages — P) and Measure 13 (M13) -
Payments for areas facing natural constraints
(ZM) or other specific constraints (SEMN) [3]
was used to generate the Grassland Subsidies
Factor (S) - to preserve biodiversity, without
considering the amount (vary from year to
year).

The indicators, expressed as thematic maps,
analyzed within the spatial model for
grassland analysis, were classified and
quantified according to Table 1. The ratings
for each indicator were awarded based on the
degree of impact, ranging from 1 (no or weak
impact) to 5 (very high impact).

Table 1. The quantification of indicators for grassland evaluation

Factor Rg C Gce A Tp Hp Pg S*
Map of Distance Distance to GAII? 3
aiiti?:el:tsoerg for msalg&%) n’?:;)(%%) im!i_ein(??)l protected to roads landmarks( ) (h_al (Lfﬁha)
areas(Pa) (km) km) inhabitant)
Impact on grasslands
1 - Null or very low 0-5 E - SE 100-160 Pa Present 0-5 0-5 0.71-1 0.7-1 A
2-Low 5.1-10 S-SV >160 5.1-10 5.1-10 1.1-4 0.41-0.7 B
3 - Moderate 10.1-20 \Y 60-100 10.1-15 10.1-15 0.51-0.7 1.1-3 C
4 - High 20.1-35 NV -NE 40-60 15.1-20 15.1-20 0.1-0.5 0-0.4 D
5 —Very high 35.1-58 N 20-40 Pa Absent 20.1-25 20.1-25 4.1-8 4.1-12 E
Legend
R=P/T

P — Annualprecipitation(mm); T — annual average

Pg = LU /grassland area
LU - livestock units; LU/ha

1 temperatures(°C)Climate: 20-40 — steppe; 40-60 — semiarid; 60-100 — 3 LU = No. of animals x conversion coefficient: 1 — cattle:
warm temperate; 100-160 — temperatehumid; >160 — humid (Satmari, C h b et al ’ '
2010) [43] 0.14 — goats, sheep (lacob et al., 2015) [28]

The classification applies to differentiated subsidy
_ . . categories: Category a - M10-P1, P2.1, P2.2, M13-ZM;
GAII = The area of grasslands/ inhabitant
2 GAll - Grassland Anthropic Impactglndex 4 Category b - M10-P1, P2.1, P2.2, M13-SEMN; Category c -

Ha/inhabitant (Cojocariu et al., 2024) [14]

M10-P1, P2.1, P2.2; Category d — M10-P11.2.1, P11.2.2,
P11.2.3, P3.2.1, P3.2.2, M13-SEMN; Category e -
Grasslands without subsidies from M10

Source: Original workflow based on literature data.

The class boundaries were established based
on obtained data, field data, experiences, and
specialized literature, adapted to the proposed
grassland analysis model.

After obtaining ratings for each indicator, a
weighted average was calculated in the GIS
environment according to Figure 1.

The resulting grassland map was reclassified,
and the grassland potential classes were
obtained using the Natural Breaks
classification method (Figure 2).

The grasslands of Banat have been divided
into five classes: very high potential; high
potential; moderate potential; low and very
low potential.
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Fig. 2. The histogram of the dataset ”Grasslands”
Source: ArcGIS 10.4 [5].
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RESULTS AND DISCUSSIONS

Relief Factor (Rg)

Previous research has demonstrated the direct
and/or indirect influence of relief on the
distribution and constitution of vegetation
cover. Relief acts on vegetation both through
the slope of the terrain [9, 23, 31] and through
the aspect of the slopes [32, 35]. The design
of the Rg factor was based on the following
hypothesis: the impact of relief on grasslands

is minimal on gentle slopes and southern
aspects (highest-rated grasslands) and very
significant on steep slopes and northern
aspects (lowest-rated grasslands). Relief has
null or weak impact on 19% (43,960 ha) of
grasslands (rating 1), which are located in all
component subzones (Figure 3). Grasslands
with slopes ranging from 5-10° and southern,
south-western aspects received a rating of 2,
covering a mosaic area of 92,714 ha (40% of
total grasslands).

1%

The distribution of grasslands based on the Rg factor

Distribution of grasslands/impact classes
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Rg factor with impact on grasslands: 1 - Null
or very low (a); 2 - Low (b); 3 - Moderate (c);
4 - High (d); 5 - Very high(e)

Legend:a-0-5°, E—SE;b-5.1-10°,S—SV;¢-10.1-20°,V; d - 20.1-35°, NV —NE; e - 35.1-58°, N

Fig. 3. The Rg factor in the study area

Source: Processing after: EEA, 2023; CLC, 2023; Geospatial, 2023 [20, 15, 21].

The relief has a moderate impact (rating 3) on
34% of grasslands (79,896 ha - slope between
10-20° and aspect west).

Grasslands with high (rating 4), 17,399 ha,
and very high (rating 5), 552 ha,
geomorphological risk, totaling 7% of the
total, have slopes ranging from 20-58° and
north-facing aspects; they are found in hilly
and mountainous areas.

The climatic factor(C)

In this study, C was expressed through the
Lang Rainfall Index, widely used in various
climatic studies [43, 48] or phytological
studies [44], to assess the precipitation-
temperature relationship.

Depending on the requirements of grassland
plants, we considered that the highest-rated
grasslands are located in the temperate humid
climate (rating 1), while the lowest-rated are
the grasslands in the steppe climate (rating 5).
Based on the C values, the grasslands in the
analyzed area were classified according to
Figure 4.
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From Figure 4, it can be observed that 44%
(104,459 ha) of the grassland areas are located
in the temperate humid climate zone, which is
beneficial for their vegetation and received a
rating of 1. These are located in hilly areas
and, with moderate temperatures and high
precipitation levels. Among the analyzed
grasslands, 31% (73,429 ha) fall into the
humid climate zone (rating 2), in mountainous
areas with low temperatures and high
precipitation levels.

The remaining 26% of the total grasslands fall
into the warm temperate (rating 3), semiarid
(rating 4), and steppe (rating 5) climates,
typical of plain regions with high
temperatures and low precipitation levels.
The Grassland Conservation Factor(Gc)

In recent decades, both internationally and in
Romania, there has been increasing emphasis
on conserving grassland habitats. After
Romania's accession to the European Union,
the areas included in protected areas of
various categories have significantly increased
[13, 40, 47].
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The distribution of grasslands according to the C factor

Distribution of grasslands/impact classes
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Fig. 4. C factor in the study area

Source: processing after: CLC, 2023; Climatic databases, 2023; Geospatial, 2023 [15, 12, 21].

In the study area, protected areas have a
territorial ~ “footprint” of 396,028  ha.
Grasslands included in natural areas are aimed
at preserving biodiversity and conserving
genetic resources. Protected areas overlap
with 21% of grasslands (50,691 ha) and have
been rated with 1 (maximum value), while
grasslands not within protected areas have
been rated with 5.

The Accessibility Factor (A)

Studies in the field have shown that
grasslands are exploited differently depending
on accessibility, especially those near
settlements and roads with immediate access
are more intensively used [35]. The A factor
is an indirect factor in grassland management,
and we considered that its impact increases as
they move away from access roads (Figure 5).

The distribution of grasslands based on the A factor

Distribution of grasslands/impact classes
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Fig. 5. A factor in the sudy area

Source: processing after: CLC, 2023; Geospatial, 2023 [15, 21].

Among the grasslands, 57% (136,509 ha) are
located at distances less than 5 km from
access routes (rating 1); 37% of grasslands
(64,224 ha) were classified with a rating of 2,
being located at distances between 5-10 km
from the main access routes. Out of the total
grassland area, 16% are located at distances
between 10-25 km from the main roads,
which classifies them with a lower score (in
the high mountain area). Accessibility,
broadly understood (transport infrastructure,
water sources), plays an important role in the

lives of livestock breeders and in the
marketing of products. In plain areas, easily
accessible, milk sales are daily, even twice a
day. This explains the concentration of
animals (sheep) in plain areas, which are more
easily accessible, even though the grasslands
occupy smaller areas and have a lower
production potential.

The Tourism Potential Factor (Tp)

In Banat, there are many tourist and cultural
attractions, natural and man-made (Figure 6).
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The distribution of grasslands based on the Tp factor
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Fig. 6. Tp factor in the study area

Sourc: processing after: CLC, 2023; Geospatial, 2023; Intercultural Institute, 2023 [15, 21, 29].

In this study, the analysis of the tourist
potential of grasslands was done based on
their proximity to various attractions:
balneoclimatic resorts, water mills, castles,
industrial heritage, etc.

Additionally, the location of grasslands in
areas with specific traditions (German,
Hungarian, Serbian etc.) was taken into
account, many of which are carried out in
grasslands  (rural  festivals) or have
connections to pastoral space, such as sheep
measuring rituals [27].

Grasslands located close to tourist attractions
were rated with maximum scores, on the
principle that they can be easily integrated
into tourist circuits.

Thus, 35% of the analyzed grasslands (83,348
ha) are located within 5 km of tourist
attractions (Figure 6), being included in the
class with the highest potential (rating 1).

The Human Potential Factor (Hp)

One of the most important resources of a
territory is the human population, and in
relation to grasslands, people direct the mode

of exploitation and valorization, the dynamics
of areas, or the role of these resources in the
local economy.

In Banat, the anthropogenic potential in the
exploitation of grasslands, appreciated
through the GAIl index [14], varies
territorially (Figure 7).

Based on Hp, grasslands were rated as follows
(Figure 7): with rating 1, accounting for 13%
(30,240 ha), grasslands where GAIl had
optimal values (0.71 - 1.0 ha/inhabitant); with
rating 2, accounting for 33% (78,686 ha),
GAIl values ranging between 1.1 - 4.0
ha/inhabitant; with rating 3, respectively 15%
(36,634 ha), with GAII values between 0.51 -
0.70 ha/inhabitant; with rating 4, accounting
for 33% (79,897 ha), with reduced GAII
values, between 0.01 - 0.5ha/inhabitant; with
rating 5, accounting for 6% (13,311 ha), with
GAII ranging between 4.1-8.0ha/inhabitant.

In calibrating this indicator, we considered
that low GAIl values may indicate
overexploitation of grasslands, while high
values may indicate underutilization.

The distribution of grasslands based on the Hp factor

Distribution of grasslands/impact classes
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Fig. 7. Hp factor in the study area

Source: processing after: CLC, 2023; Geospatial, 2023; INS, 2023 [15, 21, 30].
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Potential for Animal Grazing Factor (Pg)

In the case of grasslands, one of the modes of
exploitation is their use with animals (Figure
8).

The current situation in our country shows
that in the plain areas there are many animals

and a small area of grasslands, while in the
hilly areas where there are many grassland
areas, the number of animals is reduced (INS,
2023)[30]. This situation is also reflected at
the level of the study area (Figure 8).

The distribution of grasslands based on the Pg factor

Distribution of grasslands/impact classes
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Fig. 8. Pg factor in the study area

Source: processing after: CLC, 2023; Geospatial, 2023; data.gov, 2023 [15, 21, 19].

In this context, we considered Pg as a factor
for quantifying the 'density’ of animals (LU)
per unit area (ha). To enable integrated
analysis, we quantified all categories of
animals (cattle, sheep, goats) in LU.

From Figure 8, it can be seen that 15% of the
total grassland area in the analyzed area
(36,131 ha) received a rating of 1, with values
ranging from 0.7 to 1.0 LU/ha (considered
optimal for grassland exploitation). Of the
total grasslands, 27% (65,200 ha) were rated
2, with values between 0.41 and 0.7 LU/ha,
mainly in depressions or hilly areas,
accessible areas with more intense agricultural
activities. A percentage of 34% (81,043 ha) of
the grasslands were quantified with a rating of
3, with values between 1.1-3.0 LU/ha, in the
plain areas with a large number of animals
and reduced grassland areas (risk of
overexploitation).

In contrast, the grasslands rated 4, with values
between 0.01 and 0.4 LU/ha, are found in
mountainous areas (risk of underutilization
and abandonment).

The Subsidies Factor for Grasslands(S)

At the EU level and implicitly in Romania,
through the Common Agricultural Policy
(CAP) and/or national programs (PNDR) [38],
grasslands benefit from subsidies for

exploitation.  Measure 10 for  Agri-
environment and climate (M10) protects the
biodiversity of grassland habitats and at the
same time ensures the protection of soil,
water, and carbon sequestration, in
accordance with the principles of sustainable
development.

In conceiving Factor S (Figure 9), the amount
of subsidies was taken into account.Thus,
M10 provides subsidies for forage losses, for
High Nature Value Grasslands (used in
traditional systems), and for Grasslands
Important for Birds (used in extensive
systems, with the protection of bird species
nesting there).

Depending on the area, additional subsidies
are added for initial packages through
Measure 13, which includes areas located in
mountainous regions (ZM) or areas with
significant natural constraints (SEMN). The
measure also provides subsidies for animals
from traditional breeds, but this is not the
subject of studies in this work, strictly
referring to grassland areas.

The spatialization of factor S, at the level of
Banat, showed that 34% of grasslands (82,150
ha) are under the incidence of M10 (HNV
grasslands, in packages P1, P2, with the
related variants) and M13-ZM, being located

335



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 24, Issue 2, 2024
PRINT ISSN 2284-7995, E-ISSN 2285-3952

in mountainous areas and included in the
maximum subsidy category (grade 1). In the
second subsidy category, grasslands under the
incidence of M10 (HNV grasslands), but
located in SEMN, represent 3% of the total
(6,627 ha). Category 3 funding includes only
HNV grasslands (M10), located in hilly areas
and depressions, accounting for 25% of total
grasslands (59,505 ha). Looking strictly from
a biodiversity perspective, grasslands included
in category 3 are the most valuable, being

complex ecosystems with a large number of
species, grasslands unaffected by restrictive
environmental  conditions.  Category 4
includes Grasslands Important for Birds,
accounting for 20% of the total, located in
plain areas and in the Lipova Hills. The
minimum score (grade 5) was assigned to
semi-natural grasslands that do not benefit
from subsidies from M10, accounting for 18%
(43,714 ha), located in the plain and hills.

The distribution of grasslands based on the S factor

Distribution of grasslands/impact classes
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Fig. 9. S factor in the study area

Source: processing after: CLC, 2023; Geospatial, 2023; PNDR, 2020; APIA, 2023 [15, 21, 38, 3].

Multicriterial analysis of grasslands

From the analysis depicted in Figure 10, it can
be observed that the grasslands in Banat are
classified into five classes based on their
physical-geographic  and  socio-economic
potential. Out of the total grassland area, 11%
(24,558 ha) were categorized into Class 1,
indicating very high potential. These
grasslands are primarily located in the
mountainous area, on plateaus, and in
intramontane depressions; they are not
restricted by relief factors and have minimal
impacts regarding exploitation factors (Hp
and Pg) and accessibility. These grasslands
exhibit a high degree of biodiversity, overlap
with protected areas, benefit from subsidies,
and can be utilized for agrotourism purposes.
Grasslands with high potential have been
identified on 24% (55,155 ha) of the total area
considered. They are mainly found in
mountainous areas, depressions, and high
hills.
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Source: processing after: CLC, 2023; Geospatial, 2023.
[15, 21].

In their case, factors such as Rg, Hp, and Pg
have a weak to moderate impact, while the
other considered factors remain within
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optimal parameters. Grasslands with moderate
potential (Figure 10), identified on 27%
(62,097 ha) of the total area, are scattered
from the lower mountain ranges to lowland
areas.

In the case of these grasslands, the impact of
the Rg factor is felt, most do not overlap with
protected areas, the GAIl index has lower
values in certain areas, leading to a reduced
number of animals. However, there is a high
potential regarding climatic conditions,
accessibility, and the fact that over 70% are
HNV grasslands benefiting from subsidies.
Grasslands with low potential represent 27%
(62,055 ha) of the total and are located in
lowland and low hill areas. They are
negatively impacted by factors such as Rg, C,
Gc, Hp, and Pg. However, these are
grasslands that benefit from subsidies to the
extent of 80%, of which 60% are for HNV
grasslands and 20% for important bird areas.
Grasslands with very low potential represent
12% (28,791 ha) of the analyzed grassland
area. They are generally located in the
lowland and Lipova Hills area and are
disadvantaged by climatic conditions and
exploitation factors (high population and large
animal stocks relative to small grassland
areas). Most of these grasslands are degraded
due to overgrazing and lack of care.

CONCLUSIONS

The grasslands in Banat are located in
different geographical conditions (plain, hill,
mountain), which create territorial differences
in their physical and socio-economic
potential. Some grasslands are situated in
subzones more favorable for harmonious
development on multiple levels, while others
face various degrees of difficulty (risk and/or
impact factors).

The spatial variability of grasslands has been
demonstrated through the eight indicators
analyzed in this study. Their values differ both
horizontally and vertically.

Based on the multicriteria analysis model
applied in this study, it is evident that out of
the total grassland area, 11% have very high
potential, 24% have high potential, 27% have

moderate potential, 27% have low potential,
and 12% have very low potential.

According to the evaluation indicators
established in the study, grasslands with the
highest physical and socio-economic potential
in Banat are located in mountainous areas,
intramontane depressions, and hilly zones.
Spatial analysis models of grasslands based
on individual and spatialized indicators in the
form of thematic maps provide both the
opportunity to use the results obtained
separately for each indicator and to create an
integrated overview considering all indicators.
Such studies are useful in rural development
strategies, spatial organization and territorial
planning, regional economic development
plans, pastoral management plans, and/or
protected area management plans.
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