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Abstract. The Recas wine-growing area, Romania, was analyzed and characterized through remote sensing and
multivariate analysis. ASPECT, SLOPE and DEM were the parameters determined for the morphological
characterization of the surface in the considered area. The parameter values were classified into nine classes
characterizing the vineyard area (VLCI to VLC9). For the vineyard areas ASPECT is a very important
parameter. Classes VLC4, VLCS, VLC6 (S-E, S, and S-V) recorded 713.94 ha, which represented 58.85% of the
total ASPECT parameter. To these classes can be added the VLC3 (10.10%) and VLC7 (15.59%) classes. In the
case of the SLOPE parameter, values between 13.19 ha (VLC9) and 238.31 ha (VLC3) were recorded. In the
case of the DEM parameter, values between 51.67 ha (VLCY) and 191.52 ha (VLC6) were recorded. Based on
multivariate analysis, the principal components explained 95.983% of the total variance, and the VLC were
distributed within the PCA diagram correlated with territorial parameters. The cluster analysis led to the
grouping of VLC classes based on similarity, into three distinct subclusters (Coph.corr.=0.785). Cluster CI
included the first two subclusters, C1-A (VLC2,VLC3), VLC1) and C1-B ((VLC4,VLCS), (VLC6,VLC7)). Cluster
C2 included the classes (VLCS, VLC9). A high level of similarity was recorded between classes VLC6 and VLC7,
SDI=47.46. Mathematical models described the variation of parameter values in relation to the classes position
for the vineyard area.
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INTRODUCTION

The wine-growing areas present certain specific characteristics of the morphology of the territory, of the
climatic profile, of the soil properties, which ensure highly favorable conditions for the vine (Townsend, 2011;
Salata et al., 2022).

The land topography, the soil and the climate are important elements for the vine, for the yield and for the
quality of the wine products (Fraga et al., 2014).

An important role in the characteristics of the land, suitable for the vine, is the exposure of the land, the
southern, southeastern and southwestern exposure ensuring adequate solar radiation conditions for the vine
(Uyan et al., 2023).

The slope of the land is of particular importance for vineyard plantations, for plantation management,
technical and technological works, and influences the manifestation of other factors and soil quality (Roy et al.,
2018; Cossart et al., 2020).

The altitude is important for vineyard plantations, for the manifestation of other climatic and soil factors,
for the physiology of the vine, yield and quality of wine production (Arias et al., 2022; Mansour et al., 2022).

Soil is also important in relation to the requirements of the vine, and contributes essentially to the quality
of the grapes, down to the specific characteristic of "terroir" (White, 2020; Bonfante and Brillante, 2022).

Climatic conditions are of vital importance for wine-growing areas, for vines, yield and quality of wine
production (Prada et al., 2024).

Techniques based on remote sensing and GIS provide useful information for land analysis and
characterization of wine-growing areas and plantation management (De Petris et al., 2024; Towers et al., 2024).

The present study used techniques based on remote sensing and mathematical analysis to characterize a
vineyard area based on the ASPECT, SLOPE and DEM parameters.

MATERIAL AND METHODS

The study analyzed the Recas wine-growing area, Romania (Figure 1), based on representative
parameters of the terrain morphology. The study area is located in the Western Plain of Romania.

To characterize the vineyard area, ASPECT, SLOPE and DEM parameters were determined. The
determination of the parameters and the generation of maps for the study location were done in ArcGIS (ESRI,
2011).

Nine classes of the studied vineyard area (VLC1 to VLC9) were generated, based on the determined
parameter values. The statistical reliability of the data was evaluated based on the Anova Test.

Multivariate analysis was used to evaluate the positioning of the parameters in relation to the principal
components (PC1, PC2).
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Figure 1. Study location, Recas wine-growing area, Recas ATU, Romania

The intensity of action of the parameters (as factors) was quantified based on the correlation coefficient.
Through PCA analysis, the correlation of the vineyard area classes with morphological parameters of the land
was evaluated.

The level of variance was explained based on the principal components. Cluster analysis was used to
generate a cluster dendrogram for grouping classes based on similarity. The level of class similarity was assessed
based on similarity and distance indices (SDI).

Ranking analysis was used to generate a value hierarchy of the classes. In relation to the objectives of the
study, the experimental data were analyzed with the PAST software (Hammer et al., 2001), Wolfram Alpha
(2020), and JASP (2022).

RESULTS AND DISCUSSIONS

The Recas vineyard area, Romania, was analyzed using remote sensing. ASPECT, SLOPE and DEM
parameters were determined to evaluate the territorial area. 9 classes were generated (VLC1 to VLC9), and the
parameter values, for the determined classes, are presented in Table 1. According to the Anova Test, the results
showed statistical reliability (F > Ferit), p = 0.030, Alpha = 0.05).

Table 1. Parameter values on generated classes

Area acording to parameters

Viticultural Land Class ASPECT SLOPE DEM
(ha)

VLCl1 18.89 174.86 84.06
VLC2 3491 232.29 166.28
VLC3 122.57 238.31 179.95
VLC4 250.22 200.06 173.28
VLCS 255.80 143.96 176.26
VLC6 207.91 95.65 191.52
VLC7 189.09 70.26 156.11

VLCS8 113.15 38.49 86.09

VLC9 20.59 13.19 51.67
TOTAL 1213.13 1207.07 1265.22

DEM, SLOPE and ASPECT parameters are among the most important elements, in many spatial
databases, for the analysis and characterization of natural resources.

The distribution of classes in concurrent relation with the three land characterization parameters in the
vineyard area is presented in figure 2. With high values, according to the legend, classes VLC4, VLCS5, VLC6,
VLC7 and VLCS are grouped, which show high favorability for the studied vineyard area.

LSSD. Vol. 6, no. 1, 2025 2 https://doi.org/10.58509/paspqs15



Life Science and Sustainable Development-Journal https://www.lssd-journal.com

ASPECT

I 203

135

676

|8.78E-16

Figure 2. Positioning of classes in relation to land characterization indicators

Multivariate analysis generated the distribution of classes according to correlation level for SLOPE, DEM
and ASPECT, figure 3. The two main components explained 95.983% of total variance. Class VLC4 was
positioned strongly correlated with DEM.
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Figure 3. PCA diagram with class distribution in relation to evaluated parameters

The factor loadings in relation to the principal components were analyzed. The DEM parameter showed
positive action, with very strong intensity, at the level of r = 0.969. The ASPECT parameter showed positive
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action, with moderate intensity, r = 0.758. The SLOPE parameter showed positive action, with weak intensity, at
the level of r = 0.594.

The cluster analysis led to the dendrogram in figure 4 (Coph.corr. = 0.785). The terrain classes were
associated, based on similarity, in three distinct subclusters. The classes with high favorability occupied a central
position within the dendrogram, in the C1-B subcluster [(VLC4,VLCS), (VLC6,VLC7)]. On the lateral areas of
the dendrogram, the other classes were positioned, respectively (VLC8, VLC9) in the C2 subcluster, and
((VLC2,VLC3), VLCI1) in the C1-A subcluster.
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Figure 4. Cluster dendrogram of land classes in the studied vineyard area

The similarity level values are presented in Table 2. The highest similarity level was recorded between
VLC 6 and VLC7 classes, respectively SDI = 47.46 (Table 2).

Table 2. SDI values for land classes in the studied vineyard area

VLC1 VLC2 VLC3 VLC4 VLC5 VLC6 VLC7 VLC8 VLC9
VLC1 101.56 154.82 249.22 256.09 231.41 212.37 165.79 164.89
VLC2 101.56 88.92 217.82 238.11 221.89 223.89 223.85 247.68
VLC3 154.82 88.92 133.42 163.30 166.64 182.30 220.97 278.45
VLC4 249.22 217.82 133.42 56.46 114.12 144.50 229.12 320.06
VLC5 256.09 238.11 163.30 56.46 69.72 101.43 199.01 296.56
VLC6 231.41 221.89 166.64 114.12 69.72 47.46 152.85 247.88
VLC7 212.37 223.89 182.30 144.50 101.43 47.46 108.07 206.29
VLC8 165.79 223.85 220.97 229.12 199.01 152.85 108.07 101.94
VLC9 164.89 247.68 278.45 320.06 296.56 247.88 206.29 101.94

The ranking analysis led to the diagram in figure 5 (a), which shows the hierarchy of classes based on the
simultaneous values of the three parameters (SLOPE, ASPECT, DEM), with the classes in the confidence
interval in relation to the parameter with the most pronounced influence in principal components (DEM, r =
0.969), figure 5 (b).
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Figure S. Ranking diagram of classes in the characterization of the vineyard area

Parameters variation, in relation to the classses position was described by equation (1), with R? = 0.955
(in the case of ASPECT), by equation (2), with R? = 0.985 (in the case of SLOPE), and by equation (3), with R?

=0.925 (in the case of DEM).

ASPECT =0.7992x" —16.832x" +105.13x* —=172.91x +95.994

SLOPE =1.8666x> —31.478x” +124.94x + 86.201

DEM = —0.1866x" +3.945x" —35.535x" +143.58x — 21.829

where:

x — class position in order VLC1 to VLC9

()

2)

©)

The ASPECT parameter is important for wine-growing areas in relation to sunlight reception, duration of
insolation, yield and quality of grape production. The variation of the ASPECT parameter in relation to SLOPE
and DEM, as a direct and interaction effect, was described by equation (4), under conditions of R2 = 0.927. The
variation model of the ASPECT parameter in relation to SLOPE and DEM is presented in figure 6, in 3D format,
figure 6 (a) and in isoquants format, figure 6 (b).

ASPECT =ax*+by’ +cx+dy+exy+f

where:
x — SLOPE;
y — DEM;

a, b, ¢, d, e, f — parameter of equation (4);

a=-0.02358965;
b=-0.01575941;
¢ =1.97905809;
d=1.97731814;
e =10.02790364;
f=-76.29768725

(4)
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Figure 6. ASPECT variation in relation to SLOEP (x — axis), and DEM (y — axes)

ASPECT, SLOPE, and DEM parameters expressed the specificity of the Recas vineyard area, considered
in the study. Due to its geographical position and geomorphological conditions, the analyzed vineyard area was
quantified with favorable values for the determined parameters.

Regarding ASPECT, the classes VLC4, VLCS5, and VLC6 (S-E, S, S-V), total 58.85% of the surface. To
these can be added the class VLC3 (E) with 10.10%, respectively VLC7 (V) with 15.59% of the surface. These
classes were positioned grouped in the triangular representation of the classes (figure 2), along with the three
parameters analyzed simultaneously.

Multivariate analysis included classes VLC3, VLC4, VLC5 and VLC6 closely correlated with ASPECT,
SLOPE and DEM parameters (Figure 3). Cluster analysis grouped classes VLC4, VLCS, VLC6 and VLC7 based
on similarity (Figure 4).

The importance of land morphological parameters, soil quality and fertility for wine-growing areas, and
vine physiology, have been studied and confirmed by other research in the field (Townsend, 2011; Sala and
Blidariu, 2012; Cossart et al., 2020; Uyan et al., 2023). In relation to the specifics of the biological material, the
vineyard plantation system, and the land morphological particularities viticultural practices are adapted to ensure
yields, grape quality, and sustainable viticulture (Dobrei et al., 2015a,b; Zambon et al., 2018; Prada et al., 2024;
O’Brien et al., 2025).

Polynomial mathematical models described the variation of the ASPECT, SLOPE and DEM parameters
in relation to the identified classes, under conditions of statistical safety (R?> = 0.955 in the case of ASPECT, R? =
0.985 in the case of SLOPE, R? = 0.925 in the case of DEM). The variation of ASPECT in relation to SLOPE
and DEM was described mathematically under conditions of R? = 0.927. Metode, modele si algoritmi matematici
au fost folositi in studii de clasificare a arealelor terestre, pentru caracterizarea unor cereale graminee, pentru
estimarea continutului de pigmenti fotosintetici sau a randamentelor (Herbei et al., 2015; Constantinescu et al.,
2018; Andrade et al., 2023).

Different models have been reported in studies of wine-growing areas, regarding land use transitions,
compatibility of vine cultivation in relation to land morphology, or yield estimation in relation to influencing
factors (Cossart et al., 2020; Uyan et al., 2023; Towers et al., 2024).

The hierarchy of classes based on parameter values resulted in the classes falling within the confidence
interval.

CONCLUSIONS

ASPECT, SLOPE and DEM parameters described the specificity of the terrain morphology within the
Recas vineyard area, considered in this study.

ASPECT showed that 58.85% of the studied area has very favorable exposure for vines (S, SE, and SW),
and 25.69% of the wine-growing area has eastern and western exposure, with favorable conditions. A share of

LSSD. Vol. 6, no. 1, 2025 6 https://doi.org/10.58509/paspqs15



Life Science and Sustainable Development-Journal https://www.lssd-journal.com

12.20% of the area has NE and NW exposure, and a share of 3.25% has northern exposure.

Based on the SLOPE parameter, it was assessed that the entire area is adequate for modern technologies,
appropriate for the vine. The DEM parameter showed a variation of the terrain between 140 m and 220 m
altitude, with high favorability for the vine. Based on the values recorded by the analyzed parameters, nine
classes of the vineyard area resulted, with specific values in each class.

The simultaneous approach of the ASPECT, SLOPE and DEM parameters, in a triangular representation,
showed that five classes, with high favorability, were positioned in association, according to the graphic legend.

The results present scientific and practical importance for the characterization of vineyard areas, for the
generation of information in the form of data, mathematical models and graphics useful for management
decisions and the optimization of vineyard operations.
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