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ABSTRACT The structural characteristics of tree populations and their spatial distribution is an
essential indicator of forest health. A subjective sampling of the Aleppo pine (Pinus halepensis
Mill) of El-Harhouria afforestation in Algeria made it possible to establish the characteristics of
this plant formation. In this case, five plots of 900 m* were subjected to the following dendromet-
ric measurements: circumference, total elevation, slenderness coefficient, and density of trees.
The diachronic measurement of the total photosynthesis (Normalized Difference Vegetation
Index) was estimated with remote sensing methods based on Landsat images from 1986 to 2021.
Data analysis showed that the average density of ligneous trees is 1,207 individuals per hectare
including an average basal area of 41.95 m?/ha. The diameter and height structures of the wooded
stands show a predominance of old individuals. In addition, NDVI values are correlated with
the age of the trees, while low values were recorded in old trees.
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1. Introduction

Plants play a crucial role in maintaining the global climate by regulating the water
and carbon cycles, as well as influencing the earth’s albedo, which determines the
level of surface reflectance and heat absorption. Additionally, they contribute
significantly to feedback cycles (Kempes et al. 2011).

In this case it is very important to protect and utilize the natural resources in
arational way not only as means of regulating, but as a source of wood to ensure
this resource for wood raw material (Dau, Mati, Dawaki 2015).

Several variables such as characteristics of species, growth patterns, dimen-
sions of the tree, location and type of environment, contribute to determine the
level of service trees within ecosystems (Jose 2009; Rétzer et al. 2019). In an
alarming situation of climate change and a decrease of biodiversity, it is neces-
sary to maintain the ecosystem services provided by the forest ecosystem. Forest
measurement are designed to survey the expansion, abundance, composition,
and state of forest resources (Kangas, Gove, Scott 2006). In addition, remote
sensing may be considered as an important approach for measuring tree health
(Degerickx et al. 2018; Meng et al. 2018). According to the spectral vegetation
index (SVI), biophysical parameters of vegetation can be estimated through
multiple spectral bands to a single band (Myneni et al. 1995). Many different
types of spectral vegetation index exist that combine the surface reflectance at
two or more wavelengths in order to characterize property of the vegetation,
the most common index is the Normalized Difference vegetation index (NDVI)
(Sims, Gamon 2002).

Among the species of forest composition, it was found a large number of trees
and shrubs in Algeria presented by 70 trees taxa of the Algerian spontaneous flora
(Quezel 1976) distributed in several types of plant formation. As part of increasing
the forest area, several afforestation programs have been carried out in Algeria
since the 1970s, including the afforestation of El-Harhouria. The richness floristic
of the El-Harhouria afforestation consists of the Aleppo pine as the main species.
Sustainable use of these important ecosystem services requires sustainable forest
planning and management. Learning structural and ecological characteristics of
forests is indispensable for this purpose. The density, the structure in diameter,
height and the spatial distribution of a population are very important parameters
for characterizing the demographic population (Herrero-Jauregui et al. 2012,
Rached-Kanouni et al. 2020). Tree height constitutes a better indicator of forest
productivity and growth demographics compared to circumference (Kempes et
al. 2011, Rupsys 2016).

The Aleppo pine (Pinus halepensis Mill.) is recognized as a crucial element of
the Mediterranean forest, playing a significant role in the majority of countries
surrounding the Mediterranean Sea, especially in Algeria (Boudy 1950, Nahal
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1962). This species is highly favored for its fast growth, resilience to dry conditions,
and capacity to rehabilitate degraded areas and colonize barren land (Zavala, Zea
2004).

In Algeria, the Aleppo pine covers 35% of the wooded area in the northern
region, totaling approximately 850,000 hectares. These forests hold significant
ecological importance, as highlighted by Bentouati, Bariteau (2006) and Guit et al.
(2015), and are also economically valuable. Forest productivity has traditionally
been assessed using forest inventory data such as age and diameter. The primary
aim of this research is to analyze and characterize the structure and dynamics of
Aleppo pine populations within the El-Harhouria afforestation area (Setif, North
East of Algeria) using dendrometric parameters and remote sensing techniques.
Additionally, the adjustment of NDVI is crucial for gaining insights into changes in
wood volume and evaluating forest responses to climate change in terms of both
the scale and direction of ecosystem distribution changes.

2. Material and methods
2.1. Study area

The Setifois occupies a territory which extends from the chain of Babors, in the
north, to the Hodna Mountains in the south, about 135 km away. Between these
two mountainous entities the High Tellian Plains are found, dotted with more
or less isolated mountains and depressions occupied by sabkhas. The southern
foothills of the Babors chain at 2004 m above sea level are occupied by a series of
more or less isolated massifs located in the eastward extension of the Bibans chain
(Missaoui et al. 2020). The reforestation of El-Harhouria is in the commune of
el-Ouricia, Daira Ain Arnet which is located 7 kilometers west of the city of Setif.
It is geographically located between 05°23' 05°24' East longitude and between
36°15' and 36°16' North latitude (Fig. 1). It occupies a total area of 22 ha 41 ar 25 ca
with an average density of 2,000 subjects/ha. The altitude of this region varies
between 900 and 1,200 m.

2.2. Climate of the study area

In Algeria, extensive research has been conducted on the growth of the Aleppo
pine species, revealing a significant mortality rate. This alarming trend can be
attributed to the fluctuating patterns of precipitation. Moreover, in northeastern
Algeria, the expansion of vegetation is closely intertwined with climate changes.
Through the implementation of various research methods, scientists have been
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Fig. 1 - Location map of study area

able to identify several climatic, biological, and ecological phenomena and their
subsequent impact on living organisms. It is evident that aridification is a loom-
ing concern in the forthcoming decades. Certain regions, currently experiencing
a semi-arid climate, are projected to transition into an arid climate due to rising
temperatures and a noticeable decline in precipitation. (Djellouli et al. 2020).

Examination of precipitation data collected from 1982 to 2020 at Setif station
reveals that significant rainfall is recorded in May, averaging at 394.57 mm. The
peak temperature is typically experienced in July, averaging at 26.55 °C. Conversely,
the lowest temperatures are usually observed in February, with a monthly average
of 1.2°C.

2.3. Study plots

We have selected five plots of Aleppo pine with an area of 900 m? for each plot.
All individuals are inventoried. The choice of this surface is accorded to the pixel
resolution of Landsat 8 satellite image which is 30 m. All trees in plots are inven-
toried according to these parameters: diameter of the trees measured on bark at
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breast height (1.30 m) from the soil and the total height (Ht). Informations of plot
situation (longitude and latitude) were taken using a Global Positioning System
(GPS; Fig. 2).

2.4. Imagery data

We have chosen three years of Landsat satellite images acquired in 1986, 2007
and 2021 obtained from the United States Geological Survey (USGS) to study the
dynamics of the forest, with the 30 m spatial resolution.

2.5. Data processing and analysis

2.5.1. Dendrometric parameters

The dominance is utilized to evaluate the basal area of a stand, representing the
overall surface area of a tree trunk at a height of 1.30 m from the ground. This
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measurement indicates the amount of forest canopy cover (Kakai, Sinsin, Palm
2008) as calculated by the following formula:

N=n/s

Which n is the number of individuals found in the plot, s is the size of the plot
(in hectare).

We use the dominance to assess the basal area of a stand, which is the total
surface of a tree trunk at 1.30 m in height from surface area. It reflects the quantity
of forest filling (Kakai, Sinsin, Palm 2008) according to this formula:

G=2gi=m/42di* (m*/ha)

The unit of this parameter is m?/ha, di is diameter situated at 1.30 m from the
soil of each rod (in meter).

2.5.2. Weibull distribution

The demographic structure of the species is analyzed according to the diameters
of the trees (defined from a threshold of 5 cm) and the height of the trees; the
latter defined from a threshold of 1.30 m, with an amplitude of 2 m. The above
mentioned diameter and height classes were used to construct distribution histo-
grams. Observed structures are fitted to the theoretical Weibull distribution with
three parameters using the MINITAB 18 software (Rondeux 1999; Goba et al 2019)
with this function f(x):

flx) = %(x —a/b)*"texp [_ (?)C]

Where: x is the diameter of the shafts, a is the positional parameter, b is the
scale or size parameter, c is the shape parameter related to the observed structure.

Lot of forms of the distribution is related to the shape value parameter c (Husch,
Beers, Kershaw 2003; Kakai, Bonou Lykke 2016); for “c” the shape parameter (or
Weibull slope) defined the structure tested and “b” the scale parameter linked to the
middle value of the probability distribution of the variable “x”. The amount of c <1,
“reversed]” distribution is marked by various species or uneven-aged population,
although a value of ¢ > 3.6 is associated with population including a predominance
of old individuals. Moreover, if c is between 1 and 3.6, this means that recent indi-

viduals or slight diameter individuals are predominant in this population.
2.5.3. Spectral vegetation index
Spectral vegetation indexes are equations which utilize multispectral data of re-

mote sensing, to quantum chlorophyll and vitality of vegetation (Xue, Su 2017).
In order to assess vegetation health, we use the Normalized Difference Vegetation
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Index (NDVI) calculated according to the Near-Infrared (NIR) and RED spectral
bands of Landsat imagery. It measures the activity of photosynthesis so that veg-
etation greenness following this formula (Rouse et al. 1973):

— (NIR — RED)
~ (NIR + RED)

The spectral characteristics of field information can vary due to various factors
such as environmental reactions, changes in materials, seasonal variations, pollu-
tion in the area, and the influence of nearby objects (Bao et al. 2013). To calculate
vegetation indices, we utilized Google Earth Engine, a cloud-based platform that
offers a vast collection of satellite images. We specifically employed LandSAT 5 and
LandSat 8 images, which are atmospherically corrected surface reflectance level
1 images. After exporting the resulting images, we performed spatial statistics
using ArcGIS Pro. The study plots’ GPS locations were used to extract values using
the point extraction tools in ArcGIS Pro, specifically for the years 1986, 2007, and
2021. Finally, cartographic maps were created using ArcGIS Pro, incorporating
NDVI raster maps and vector data for plot locations.

3. Results and discussion

Dendrometric approaches are the most useful to illustrate density in forest stands
in which simple parameters like tree diameter and height stand utilized as a proxy
for more complex morphological and physiological variables (Del Rio et al. 2018).

Our results of the main characteristics of the Aleppo pine stand in each plot,
highlights an average diameter among 15.08 and 24.33 cm in the state of high poles
with young forest. The measure of tree density with a diameter at breast height
greater than 5 cm varies from 822 to 1,500 individuals per hectare. Intraspecific
variation allows that the youngest plot is the second where the average diameter
is 15.08 cm and we found a lot of young trees (Table 1).

Basal area varies in the same direction as density and mean diameter. The
4 plots (2, 1, 3 and 5), having a mean diameter among 15.08 and 24.33 cm and

Table 1 - Measurements of stand properties

Plot D (cm) H (m) H/D N/ha G (m?/ha)
P1 15.31 9.35 62.34 989 19.62
P2 15.08 9.24 65.63 822 15.60
P3 19.80 11.46 62.81 1,256 41.85
P4 21.04 15.02 85.70 1,500 58.79

P5 24.33 14.56 65.90 1,467 73.90
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Fig. 4 - Slenderness coefficient of the average diameter

have average slenderness coefficient among 62.34 and 65.90%. Plot 4, which has
an average diameter of 21.04 cm (average slenderness coefficient = 85.70%), the
ratio H/D is changeable (Fig. 3). This data lets us conclude that the slenderness
coefficient is a function of the diameter of the tree and therefore the age of the
tree (Kakai, Bonou Lykke 2016).
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Fig. 5 - Structure of Aleppo pine diameters

According to the slenderness coefficient, which a strong negative trend is
a function of the average diameter. The trend curve explains that only 8.34% of
our values are not demonstrated in this curve. These 8.34% surely correspond to
the level from 15.08 cm to 15.31 cm interval. And therefore average diameter is
associated to an average height of the natural regeneration state (Fig. 4).

In fact of forest management, stands require control of the structure in diam-
eter and height of woody species, which are characteristics of the settlements
vitality. It is obvious that the demographic structure of stands can be described
and analyzed using other distributions such as the Weibull distribution quite
commonly cited in specialized forestry literature (Rondeux 2021). This distribu-
tion is used to assess the structure of the vegetation. Furthermore, the definition
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Fig. 6 - Structure of Aleppo pine heights

of management options for a stand first assumes the establishment of these
structures in diameter and height (Kakai, Bonou Lykke 2016). We found a similar
distribution of the trees in three plots (P1, P2 and P3) depending on diameter
of the Aleppo pine stands in the El-Harhouria afforestation. The values of the
shape coefficient c of the Weibull distribution are among 3.752 and 3.997 (Fig. 5).
The distribution is left asymmetrical or negative asymmetrical, properties of
monospecific stands associated with a dominance of old individuals or wide
diameters (c > 3.6). Analysis of the diameter structures of plots 4 and 5 show
the appearance of bell-shaped structures, with values of ¢ between 1 and 3.6
being obtained. They are characteristic of abundance of young trees or small
diameters.
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The partition of the individuals inventoried by classes of total height at 2m
amplitude for the different plots is illustrated in Figure 6. The shape parameter c is
between 4.005 and 9.469 in the El-Harhouria afforestation. It is therefore evident
that the height distribution of the Aleppo pine population is left-skewed or negative-
skewed. The modal classes are respectively 8 to 14 m for plots 1, 2 and 3 and 12 to
18 m for plots 4 and 5. Individuals taller than 18 m are low revealed in this forest.

The diameter and height structures of the wooded stands show a predomi-
nance of old individuals (c >3.6) for the different plots of the study area. The
diameter structures, established on the basis of the distribution of individuals
into classes of diameter (5-10 cm), are characterized by a large number of adult
trees. Furthermore, the demographic structure of trees in height classes highlights
the abundance of medium-sized trees (8 to 16 m).

These structures show a negative development of the Pinus halepensis popu-
lations in this area, where the renewal of the population is risky. Contrary to
previous results, those of Hani, Rached-Kanouni, Menasri (2021), where the di-
ameter and height structures of natural stands show an abundance of young trees
(c<1;1<c<3.6) for the different exposures of the Benis Oudjana forest in Algeria.
Diameter structures, established on the basis of the distribution of individuals
into diameter classes (5-10 cm), are characterized by a large number of small
trees and a regular reduction in the number of individuals from one class to the
next. The abundance of medium size individuals (2 to 8 m) a positive structures
evolution of the stands of P. halepensis in this afforestation where the regenera-
tion of the stand is assured because of its extraordinary power of expansion and
its low requirements (Quezel 1986, Bentouati 2006, Feeley et al. 2007). Spatial
diachnronic analysis of the study area showed that NDVI varied from year to year
(Fig. 7). We have observed important values of NDVI in the year of 1986 that varied
from 0.01 to 0.55. This corresponds to the beginning years of plantation. In 2007
a significant increase was observed (NDVI varied from 0.18 to 0.76) which revealed
a good productivity of the Allepo pine trees. Whereas spatial reflectance curve of
the NDVI in 2021 indicate that NDVI values have been considerably reduced, so
a decrease of the photosynthesis in these trees.

The temporal dynamics of NDVI enhances data content required for improved
management decisions. The NDVI wavelengths decreased relative to the health
state of Allepo pine formation.

Our findings provide information that we can use NDVI across the years to see
specific plant parameters. A decrease of NDVI values in the year of 2021 is due to
the predominance of the old trees that is demonstrated by the diameter and height
structures of the wooded stands.

In order to compare NDVI values from plots to another, diachronic study was
established (Fig. 8 and 9). Results showed that plot 3 presents a very important
values to other plots according to the years.
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Our results reveal an agreement between values of dendrometric (height and
diameter) measured at pixel level (where the trees sampled) and using a spatial
values of NDVI for all variables (Fig. 10).

Our analysis shows positive correlation between integrated NDVI and tree
production, diameter increase, and so the increase of photosynthetic activity.
Also, tree height increase is best related with integrated NDVI of different plots
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of Aleppo pine. It was found that NDVI can help to better evaluate the condition
of the tree growth than other types of indices. This is due to the polyfunctionality
of NDVI, which achieves good results in different environments; it also serves as
a point of comparison with other indices (Kim et al. 2017; Haghighian, Yousefi,
Keesstra 2020).

4. Conclusion

This study revealed the opportunities of Aleppo pine which can provide services
to the forestry sector in Algeria. Wooded species are used in reforestation with
the aim of producing lumber. The choice of species is to contribute to enhancing
the various qualities of wood, and also to diversifying wood production and soils
protection of certain arid zones. Demographic and structural characterization
of Aleppo pine indicate that the pine forest of the El Harhouria afforestation is
good with high density. The combined information from tree dendrometric and
remote sensing is statistically significant to reconstruct stand-level sensitivity
for high-elevation Aleppo Pine forests during the last century. The demographic
structure and spatial diachnronic analysis of the NDVI reflectance wavelenghts
indicates that the old individuals are more abundant, and the natural regeneration
of this forest is weak. This is associated with less productivity where strengthening
strategies and sustainable management of this area must be developed.
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