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Evaluarea indicilor morfometrici peisagistici și importanța lor în
amenajarea teritoriului. Studiu de caz – Bazinul hidrografic Băiașu
(Țara Loviștei, România). Cadrul natural poate fi considerat un factor
favorabil sau restrictiv pentru desfășurarea activităților antropice, în
special datorită caracteristicilor lito-structurale și morfologice.
Principalul element de condiționalitate în organizarea spațială este
relieful, care se impune prin morfometrie, morfografie și dinamica
proceselor geomorfologice actuale. În acest context, lucrarea își propune
analiza indicilor morfometrici peisagistici – deschiderea topografică,
masivitatea și aerarea reliefului, care reprezintă o necesitate în
planificarea și amenajarea teritorială. Rezultatele studiului surprind cu
acuratețe raporturile care se stabilesc între aspectele geologice,
variabilele morfometrice și amploarea activităților antropice, într-un
areal depresionar, locuit încă din cele mai vechi timpuri, fapt dovedit de
existența castrelor romane din cuprinsul acestuia.
Cuvinte cheie relief, masivitate, aerare, deschidere topografică,
amenajare teritorială, infrastructură, Băiașu, Țara Loviștei.
Evaluation of landscape morphometric indices and their
importance in spatial planning. Case study - Băiașu river basin
(Țara Loviștei, Romania). The natural environment can be considered a
favorable or restrictive factor for the development of anthropogenic
activities, especially due to the litho-structural and morphological
characteristics. The main element of conditionality in spatial
organization is the relief imposed by morphometry, morphography and
dynamics of current geomorphological processes. In this context, the
paper aims to analyze the morphometric landscape indices - topographic
openness, massiveness and aeration of the relief, which is a necessity in
spatial planning and landscaping. The results of the study accurately
capture the relationships between geological aspects, morphometric
variables and the extent of anthropogenic activities in a depression area,
inhabited since ancient times, as evidenced by the existence of Roman
castra within it.
Keywords: relief, massiveness, aeration, topographic openness, spatial
planning, infrastructure, Băiașu, Țara Loviștei.
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1. INTRODUCTION
The relief represents the general support on which all the anthropic activities are
carried out, its morphometric, morphographic and morphodynamic particularities being
elements with a limiting or favoring role in the organization of the geographical space
(Comănescu et al. 2010).
In this paper, we analyse the relief from the perspective of the conditions it
imposes in the location and spatial expansion of the settlements, and in the development
and complexity of the transport network. Thus, the study focuses on morphometric
parameters of major importance in the process of design and construction of
anthropogenic infrastructure (Ovreiu 2020).
Morphometric analysis is an extremely necessary approach, as it involves a
quantitative approach to the relief, designed to highlight its ability to support and
influence the extent of spatial planning actions (Bilașco et al. 2013).
The topographic openness, the massiveness and the aeration of the relief are the
main evaluated morphometric indices, which have developed in accordance with the
lithology, structure and tectonics of the study area, and which play a decisive role in the
manifestation of different human activities (Anders et al. 2009).
These landscape morphometric indices are used to describe the particularities of
the topographic surface and have a wide practical applicability, including tourism. It is a
very efficient way of digital terrain modelling that uses the information generated by the
DEM, in order to outline the geomorphological landscape of a region. The method
facilitates the semi-automatic mapping of the dominant relief forms, being widely
applied to capture the topographic character of a territory. In addition, the topographic
openness index is not limited to the representation and interpretation of natural
landscapes on the earth's surface, and it can be applied to ocean basins or for the digital
characterization of industrial areas (Smith and Sandwell 1997; Pike 2000; Pike 2001;
Yokoyama et al. 2002).
The issue of landscape morphometric indices has been addressed mainly in the
foreign literature (Yoeli 1967; Horn, Brooks 1989; Theli, Pike 1991; Vigil et al. 2000;
Tobler 1969; Peucker, Douglas 1975; Weibel, Heller 1991; Blaszczynski 1997; Guth
2001; Anders et al. 2009) and to a lesser extent in the Romanian one (Nedelea 2006),
and it can be important input data in the assessment studies of geomorphological
hazards and risks.
The relationship between relief and human activities has been treated in
numerous works of geomorphology, which are part of both international and Romanian
literature (Brunsden 1988; Cooke, Dornkamp 1990; Panizza 2000; Patrono et al. 2001;
Hearn et. al 2011; Șandric et al. 2011; Manea 2011; Bilașco et al. 2013; Dobre 2016;
Mihai et al. 2016; Rujoiu-Mare 2017; Purcăreață 2015; Ovreiu et al. 2019), and which
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focuses on issues related to the arrangement and sustainable development of
geographical space, as well as on capturing the influence of morphology in building
anthropic infrastructure (Ovreiu 2020).
Therefore, geological and geomorphological support is the basis of the spatial
organization of a territory, while imposing limits on the arrangement and distribution of
buildings of different types.
This study aims to highlight the importance of relief in the geographical spatial
planning this being the element that most influences anthropogenic activities. Since
mountainous and hilly areas generally have a high degree of restriction for spatial
planning, the paper aims to capture the dependence of the infrastructure on the
quantitative aspects of the relief mentioned above.

2. STUDY AREA
Băiașu river basin is located in the northeast of Vâlcea county and it has an area of
88 km2. Within it, the following relief subunits can be identified: Cozia Mountains,
Poiana Spinului Mountains, Loviștei Mountains, Poiana Depression and Perișani
Depression (Bărsoianu et al. 2021; Figure 1).
From a geological point of view, the studied area presents two tectono-structural
units: the Supragetic Nappe that corresponds to Cozia Unit formed by the crystalline of
Cozia Massif and Poiana Spinului Mountains, and the Getic Depression that includes the
sedimentary of Loviștei and Poiana Depressions (Hann 1990).
The crystalline complex is made up predominantly of ocular gneisses, also called
Cozia gneisses, to which are added the cataclastic rocks encountered on the fault
alignments as a result of intense tectonization. In addition, the structure plays an
important role in the individualization of Cozia Massif, which is considered a crystalline
horst, being delimited by the adjacent depression surfaces by important tectonic
fractures. The most representative fault is called Falia Brezoi and it represents the
northern limit of the massif (Ghika - Budești 1958; Badea 1983; Popescu, Călin 1987;
Hann 1990).
The sedimentary formations related to the depressions are represented by:
massive sandstones (Turnu sandstone), Paleogene marls, calcareous conglomerates,
marls and red clays, Mățău conglomerates, fluvial deposits (Moise 2015; Badea 2007).
The geological, geomorphological and morphoclimatic context in which the relief
of Băiașu Hydrographic Basin evolved determined the outline of two distinct sectors
from a morphographic and morphometric point of view: the mountain sector,
respectively the depression.
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The mountainous part is almost completely in the area of Cozia ocular gneisses, at
altitudes of over 1000 m. Its specificity is given by the ruinous relief represented by
sharp rocky peaks in the form of columns, towers, needles and tusks, by mountainsides
with high slopes, over 35o, frequently reaching values higher than 50o or vertical walls
with open rock and considerable heights. The valleys have a narrow transversal profile;
they are strongly deepened and have wide slope breaks in thalweg being the support of
many waterfalls and rapids (e.g., Valea Roșiei). In this sector, cryonival modeling
predominates, to which is added the torrential erosion manifested effectively on the
alignments of the discontinuities in the rock mass (Ovreiu 2020).
The depression sector corresponds to the hilly peaks made up of sedimentary
rocks that favour the manifestation of landslides on large areas. Compared to the
mountainous area, it is characterized by low relief energy and lower altitudes, of 600 800 m. The region has evolved predominantly in the fluvio-torrential modelling system,
presenting wide, shallow-looking valleys with low inclination of the riverbed. Therefore,
the valleys provided optimal conditions for the development of roads of different types,
in this part of the study area registering the highest density of transport infrastructure.

Figure 1. Location and tectono-structural characteristics of the study area
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3. METHODOLOGY
The topographic character of Băiașu river basin was captured in this paper with
the help of three landscape morphometric indices, such as: the topographic openness
index, the massiveness and the aeration of the relief.
Opening is an angular measure of the relation between the surface of the relief and
the horizontal distance, which expresses the degree of dominance or topographic
closure of a location on an irregular surface, represented by a DEM. It is based on the
principle of the land line and it is calculated from a multitude of zenith and nadir angles
along eight azimuths. The opening has two perspectives for visualizing the morphology
of the topographic surface: the positive openness emphasizes the convex features of the
earth's surface, while the negative openness expresses the concave shapes of the terrain
(Figure 2). The concept of positive and negative openness was initially proposed by
Yokoyama et al. (2002), in order to enhance the visual effect of DEMs. The different
topographic features can be highlighted by adapting a radial sampling distance to the
scale of the selected area. Thus, the two parameters create new possibilities for
geomorphological and geographical interpretation (Yokoyama et al. 2002; MENG Xin et
al. 2018). In this study, the topographic aperture index (positive and negative) was
determined in the SAGA GIS program using data from the numerical terrain model and
applying the following syntax:
Tools  Terrain Analysis  Lighting, Visibility  Topographic Openness.
Massiveness and aeration are coefficients that describe the relationship between
morphological aspects and fragmentation of the relief. Their determination requires the
performance of statistical calculations at the grid level, using the data generated by the
numerical model of the terrain. Therefore, massiveness and aeration are indices that
take into account the altitudinal variation of the relief per unit area.
The massiveness of the relief is a peculiarity of the homogeneous relief units in
lithological aspect, made of rocks with high hardness. From a mathematical point of
view, this parameter is expressed as the ratio between the maximum and the average
altitude of the analyzed surface (Loup 1963; Nedelea 2006).
Aeration is the inverse of the mass coefficient, being associated with the degree of
relief discontinuity. It is determined by relating the average altitude to the maximum
one, resulting in subunit values. It depends on the density of the relief fragmentation, the
energy of the relief and the declivity, and the higher the massiveness, the lower the
aeration (Loup 1963; Nedelea 2006).
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Figure 2. Positive openness and negative openness
Source: Yokoyama et al. (2002), with modifications and completions

The values obtained for the landscape morphometric indices are dimensionless.
The more the values exceed one unit, the higher the topographic openness, massiveness
and aeration. Thus, a quantitative scale is made depending on the values obtained and
the specifics of the study area. Subsequently, they are compared with the values
obtained for other mountain areas.
Therefore, massiveness and aeration are coefficients that describe the
geomorphological features of valleys, slopes and interfluves, and their correlation with
other morphometric indicators (fragmentation, slopes, exposure) and they give us an
overview of the studied area, having an important practical - applicative character.

[11]
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4. RESULTS
The analysis of the landscape morphometric indices provides an overview of
Băiașu river basin morphology, highlighting the contrast between the depression sector
with relatively low slopes and the mountainous sector with slopes, energies and
densities of high relief fragmentation.
A first evaluated parameter is the topographic openness that emphasizes the
convexities (positive openness), respectively the dominant concavities (negative
openness) of the land surface. In the study area, the highest values (1.5 - 1.6) of the
positive openness are registered at the level of the mountain ridges related to Cozia
Massif, Poiana Spinului and Loviștei Mountains, but also within the hilly interfluves that
exceed 800 m altitude. The minimum values (1 - 1.1) are associated with the valley
thalweg, especially those that drain the areas with rugged relief (Figure 3). The negative
openness describes the inverse situation, so that the maximum values (1.5 - 1.6) are
specific to the valley corridors (Băiașu, Perișani, Mlăceni Valley, Pârâul Alb Valley), while
the very low values (1 - 1.1) characterize the mountain interfluves and the upper part of
the slopes (Figure 4). The values obtained describe a medium to high topographic
openness of the river basin.

Figure 3. Positive Openness Index determined for Băiașu river basin
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Figure 4. Negative Openness Index determined for Băiașu river basin

Figure 5. Massiveness coefficient determined for Băiașu river basin
[13]
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Figure 6. The aeration coefficient determined for Băiașu River Basin

Following the determination of the mass coefficient, it was found that the highest
values (1.4 - 1.6 units) are recorded in the Cozia Massif and Lotrișor Hills, due to
crystalline rocks with high hardness (gneiss and paragneiss), as well as tectonic fracture
from the north of the massif (Brezoiului Fault). A low degree of massiveness (1.05 - 1.1
units) presents Vf. Omului from the Cozia Massif, the Mlăcenilor Valley in the upper half
of the course, as well as the south of Poiana Depression. This is determined on the one
hand by the presence of Râu Șes erosion surface, well preserved at an altitude of 1588 m
in Vf. Omului, and on the other hand, by the existence of sedimentary rocks, friable in the
depression area. Although the study area is a mountain river basin, the values of the
mass index are in the range of 1 - 1.6 units (Figure 5), being much lower compared to
other mountain massifs. For example, in the Alps, the value of this coefficient exceeds 2.5
units (Nedelea 2006).
The lower the mass and density of the relief fragmentation, the higher the aeration
coefficient. In Băiașu River Basin, the aeration values vary between 0.64 and 1 units, the
highest (0.91 - 1 units) characterizing the interfluve dominated by Vf. Omului, the south
of Poiana Depression and the upper course of Valea Mlăceni creek. At the opposite pole,
there are the areas with an aeration coefficient of only 0.64 - 0.7, present in Lotrișor
Hills and on the tectonic slope of Cozia. However, over half of the studied area (53.53%)
is dominated by the value range of 0.81 - 0.9 units, which means that the Băiasu river
basin has a relatively high aeration (Figure 6).
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5. DISCUSSION
Landscape morphometric indices are of particular practical importance, as they
can provide valuable information on the tourist attractiveness of the relief and the
conditions it imposes in landscaping. Therefore, the high values of positive openness
and mass coefficient describe areas with high tourist potential but low topographic
accessibility, while high values of negative openness and aeration are characteristic of
less spectacular relief forms, but which facilitate access and deployment of
anthropogenic activities.
Next, it is desired to highlight the dependence of the land use mode and the
distribution of the transport infrastructure on the morphometric aspects of the relief.
The share of areas with different uses within the mass intervals underlines the
relation between these two variables. Therefore, the largest built areas and agricultural
lands are registered at the level of areas with coefficients of massiveness below 1.1
units, where they occupy about 40%. As the mass increases, these areas are
considerably reduced, completely missing at values higher than 1.4 units. The existence
of pastures and hayfields in areas with high mass (over 1.5 units) is explained by the fact
that the erosion surfaces, present at the level of interfluves, ensure the necessary
conditions for agricultural use of meadows (Figure 7). In addition, the influence of relief
morphometry in land use is suggestively expressed by the aeration coefficient. The built
spaces and the agricultural lands have the highest development (over 30%) within the
lands with aeration values exceeding 0.9 units (Figure 8).
This evaluation also highlights the special importance of the topographic openness
in the distribution of the transport infrastructure. This morphometric parameter
conditions both the location of the access roads and their type and extent. The high
values of the negative topographic openness (over 1.5 units) are specific to the areas
favorable for the arrangement of roads of different types and tourist paths. Over 50% of
the existing transport network at their level is represented by national, county and
communal roads. Along with the reduction of the negative openness coefficient, there is
a decrease in the suitability of the relief for the arrangement of the transport network,
so that the values lower than 1.1 units allow the exclusive development of the tourist
routes (Figure 9). Regarding the positive topographic openness, the high values (over
1.5 units) highlight the restrictive areas for the construction of the transport
infrastructure, at their level predominating the exploitation roads and tourist routes in
proportion of approximately 95%. The reduction of the positive openness coefficient
entails the increase of the land’s suitability for the arrangement of the access roads, fact
demonstrated by the areas with minimum values (below 1.1 units) which are totally
occupied by county roads (Figure 10).
[15]
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Figure 7. The share of areas with different uses within the massiveness intervals
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Figure 8. The share of surfaces with different uses within the aeration intervals
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Figure 9. The share of roads of different types and tourist routes within the intervals of negative
topographic openness
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Figure 10. The share of roads of different types and tourist routes within the intervals of positive
topographic openness

In addition, the high values of massiveness and positive openness, respectively low
values of aeration and negative openness correspond to areas with high geotourism
potential, within which are found the most important geomorphosites (Băiașu Gorge,
Valea Roșiei, Vârful Omului, Vârful Șoimului) and belvedere points that provide an
overview of the landscape of the study area (Figure 11).
The obtained results were validated by field observations, but also by overlapping
the existing transport network and land use over the resulting maps of morphometric
indices (Figure 12). There was a direct correlation between the distribution of roads and
topographic openness, respectively between land use and mass and aeration
coefficients, which shows that the proposed analysis model captures the reality of the
land.

6. CONCLUSIONS
The coefficients of massiveness, aeration and topographic openness reflect, on the
one hand, the lithological and tectono-structural contrasts of the region, and on the
other hand, they are key factors in the design and construction of anthropogenic
infrastructure.
Therefore, the approached analysis expresses the relations established between
the particularities of the relief, the settlements and the road network in Băiașu River
Basin. The morphometry of the study area directly influences the configuration and
development of the transport infrastructure, as well as the extension of the built space.

[17]
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The assessed landscape indices are important factors of conditionality that can
impose difficulties in the construction of roads and in the location of constructions. For
future mountain planning projects, the inclusion of these coefficients in the process of

Figure 11. Land use, transport infrastructure and geomorphosites of Băiașu Hygrographic Basin

Figure 12. Sector from the tourist route that descends the eastern slope of Cozia (left) and Perișani
communal road (right) that continues the route until the intersection
with DN 7D
Source: Ovreiu, June 2019
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determining suitable land for different types of use should be considered. On the one
hand, the high values of massiveness and positive openness correspond to areas with a
high degree of restrictivity, favorable for the planning of constructions for tourist use
only, and on the other hand, high values of aeration and negative opening are
characteristic of optimal areas for large planning projects (national roads, highways etc).
Therefore, the relief represents the general support on which all anthropic
activities

are

based,

including

tourism,

morphology,

morphometry

and

morphodynamics of landforms being the elements that favor or restrict spatial planning
actions.
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