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INTRODUCTION

Monitoring the environment and especially preventing its degradation is at present a
major desideratum. Soil degradation, diminishing forest areas, global warming phenomena,
etc., generate effects that are difficult to assess in the future. In this respect, any effort to
monitor the environment and identify environmental changes is impetuous.

The emergence and development of the human being was the "event" that introduced
strong influences on the natural environment. If plants and animals adapt to the environment,
man imposes his will by adapting the environment to his needs. Through the continuous
improvement of science and technology, the anthropic factor has produced important changes
in the functional structure of the environment, starting with deforestation, which currently
affects the entire world and up to radioactive pollution due to excessive and defective atomic
energy use. Environmental degradation means the destruction of ecological balance and the
occurrence of an inverse reaction from nature to man, the new conditions of the modified
environment being less favorable to the life of all living things.

Galati County enters the area of the Danubian Counties, being relatively close to the
Black Sea, at the confluence of three major river waters - Danube, Siret, Prut. The natural
conditions of climate, relief, precipitation regime, vegetation and lithological substratum,
coupled with inadequate agrotechnics of land management, make Galati County among the
counties with the largest areas of degraded land in the country. The need for immediate
ecological actions is dictated by the emergence of severe forms of degradation, namely:
increased erosion of surface and deep erosion, numerous ravines, pits, gullies and streams,
forms of degradation leading to: decrease of soil fertility, drought activation, Agricultural
production, reduction of arable land, worsening of water regime, clogging of accumulation
lakes, soil pollution, impoverishment of agricultural land, and finally the degradation of roads
and human settlements. The lands in Galati County are also characterized by extremely
limiting ecological factors: strong water loss in the soil during the vegetation period, long
uneven waves with high degree of kneading, sunstroke, excessive evapo-sweating, sun
exposure, high slope, lack of soil Mostly humus. The characteristic forms of these landscapes,
combined with climatic elements (wind, wind, temperature and petrographic subsoil shaped
like loess and sands), continuously favor surface and depth erosion.

On the other hand, a great emphasis was put on the development, implementation and
use of new and modern methods and methods for monitoring and evaluation of forest
ecosystems in the county.

From this point of view, the developed and applied means and processes have
emphasized the use of contemporary air monitoring methods using ortho-photograms and
satellite imagery. Such an approach fully complies with modern research requirements in the
field. There are exposed procedures for efficient use of satellite photographers and those taken
from our own UAVs, but, on the other hand, new methods of study are proposed and
explained.

In this spirit, the present paper analyzes in a critical perspective the modern methods
used in the monitoring of vegetation on large areas and it could say that these methods are not
at all effective and offer no immediate response to concrete problems raised by society. We
can proudly say that we have come up with an alternative solution that has been tested in this
work on 4 forest bodies for the deficiencies observed.

The success and effectiveness of the designed, implemented and implemented
methods in this study is not entirely assured, as it is necessary to verify and implement in
other parts of the country other relief forms with other structures and compositions of the
wooded areas. However, the methods and procedures developed in this paper correspond to
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those used at national and world level, the only impediment being the resolution of the
photographers taken over.

From this point of view, this paper can be considered as a beginning in the
development of new researches in this direction, as evidenced by the large number of papers
presented and published on this topic.

The choice of the 4 forest bodies within Galati County, namely the Balabanesti,
Buciumeni, Valenii Vaslui, Independenta forests, was made on the basis of an objective
reason: it was wanted that models developed by us could be verified in the field by actual
measurements and Then the reason to select close bodies was essential.

This selection also brought some procedural and methodological advantages by the
fact that from the selection of some forest areas in the area of Galati county, the relief forms
encountered were almost similar. This aspect, combined with the fact that these forms of relief
were devoid of uneven areas, has certainly been an advantage in terms of the applicability of
our methods. In the research that will continue, we will test the effectiveness of the analysis
methods in some wooded areas located in the valleys or on the mountainside.

Another major advantage that we exploited was the fact that the used satellite photos
were non-referenced, taken and processed according to the same standard. This was essential
in our analysis, especially during the processing of image elements. Thus, the resolution was
rigorously respected, the sampling period was the same, and especially the fact that the
photographs were referenced with a precision of up to 4 meters, obviously constituted an
advantage that allowed the development of an efficient method of highlighting the dynamics
and The development of a forest ecosystem.

Regarding the set of methods presented in the present paper, we can state that these
methods, used, studied, tested and validated with good precision, fall into the field of modern
methods used worldwide in similar cases.

On the other hand, more and more emphasis is now being placed on the use of
software to help with the processing of information taken over by various surveillance means:
satellites, airplanes, unmanned aerial vehicles. This important aspect was also a starting point
in the writing of this thesis. In this respect, it can be said that the emphasis on the use of
monitoring and evaluation methods using remote sensing is high on a global level, which was
a starting point for the drafting of this thesis.

The main purpose of this paper is to test and prove the possibility of combining
relatively complementary surveillance and monitoring techniques - the first technique based
on the reception of satellite images in the visible resolution with acceptable resolution to
provide the basis of a first analysis and two methods based on Taking high-precision aerial
photographs using UAV devices. In this way, this paper is part of the current general context
of combining different monitoring techniques to achieve superior performance. This goal is
easily detached from the works published in the literature. Another objective pursued in this
paper was to test and demonstrate the possibility of obtaining a reliable monitoring system
with minimal cost. In this sense, the design, testing and verification of a methodology that
combines LANDSAT-type photos - comprising only three spectral bands (red band, green and
blue respectively) - photos that can be obtained at a minimal price and The use of high-
resolution aerial photographs taken by UAVs from carefully selected points to confirm and
correct the model built on satellite imagery.
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CHAPTER 1.

The current state of development of monitoring and assessment
systems for forest areas

1.1 History of monitoring systems

In the development of human civilization, from the earliest times, one can identify a
series of moments and essential periods that have been marked by the connection between
man and forest (Balenovic¢ I. et al., 2011, Balenovi¢ I. et al., 2012 Balenovi¢ I. Et al., 2013,
Murariu et al., 2015). Since ancient times, when forests have been a shelter for humans and
ending today, when forests contribute to mitigating the effects of climate variability, they
purify, filter and oxygenate the air while also providing raw materials, and so man is always
in close contact with them (Balenovi¢ . et al., 2011-2013, Murariu et al., 2015).

Fig. 1.1. - UAV used in monitoring protected areas - Dundrea de Jos University - Galati

1.1.a History of classic monitoring systems

From ancient times, man has always been interested in the supervision and care of
forests (Anttila P., 1998, Anttila P., 2005). Many beneficial effects have been recorded over
time, with the stabilization of soil against landslides and ending with the means used by
humans to fight against desertification (Anttila P., 1998, Anttila P., 2005). These requirements
and methods were encountered both during the Middle Ages when forests were the source of
food and shelter, but also in the modern historical period, when the wooded areas were
considered as sources of income for religious orders, landowners and communities (Balenovi¢
L. etal. 2011-2013, Murariu et al., 2015).

1.1.b History of modern monitoring systems
In the contemporary age, especially in the last 50 years, surveillance techniques have
multiplied (Alberti G, et al., 2013). If at first people traveled through difficult forest trails to
inspect all areas of interest, after 1945, aerial surveillance methods were developed using self-
8
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propelled means such as airplanes and airships (Michailoff 1., 1943, Meyer P., Et al., 1996,
Korpela I., 2004, Magnusson M., et al., 2005, Mingireanu et al 2011, Benko M., 1993,
Balenovi¢ 1., 2011).

Since the 1960s surveillance methods have diversified by introducing satellite and
combined observations (avio-satellite) (Morgan JL, et al., 2010, Lemmens M., 2011, L.
Barrett, et al., 2015, Murariu et al. , 2016a). This practical moment marks the birth of
organizations and services specialized in the global observation of vegetation parameters and
the level of forest development in an automated way (http://www.nnvl.noaa.gov/).

1.2 Contemporary applications of monitoring systems

In the last, 30 years ago, our country was affiliated to a European soil monitoring
system. Forest monitoring is a systematic transnational and national network where, starting
with 1987, annual assessments of the state of forest health are made. (Badea O., et al., 2010,
Mihai D., et al., 2000). The main role is to know the dynamics and spatial distribution of
injured forests in Europe, to build a database on the state of the tree crowns, the soil and their
nutrient content. The overall objectives of the monitoring are to track the effects of air
pollution and other biotic and abiotic harmful factors at the level of the entire forestry fund
and to provide a unitary and operational information support at national and European level
regarding the spatial and temporal variation of forest environmental conditions. The ultimate
goal is to inventory the forest fund and assess the health of forests.

This paper supports the above-mentioned method by creating a time-based surveillance
and monitoring model, using initially measurements and data from the ground and
subsequently in the coming years, identifying expeditiously an important part of the criteria
pursued using digital data, aerial photographs and satellite imagery.

1.5 National applications and local uses of satellite and airborne systems

At national level, there are a number of specialists who have carried out research
activities in the field of monitoring and evaluation of the economic and tourist potential of the
forested areas in Romania (Badea O., et al., 2010, Borz S. et al., 2013, Popa I. et al., 2007,
Dragoi M. et al., 2011, Mihai D., et al., 2000).
The research carried out was a reference point for this work. On the other hand, using the
methods presented further in this thesis, the results obtained are comparable to those at
national and world level.
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CHAPTER 2.
MATERIALS AND METHODS

2.1. Introduction
The investigations described in this paper were conducted on the territory of Galati
County (Murariu et al., 2015, Hahuie et al., 2015a, Hahuie et al., 2016).
Galati County is the main economic and industrial center in the central-eastern part of
Romania (Murariu et al., 2015, Hahuie et al., 2015a, Hahuie et al., 2016).
o —

Fig. 2.1 Representing map of Romania with the position of Galati County (www.google.ro).

2.2, Studied forest areas
There are a number of 23 protected areas in Galati County. In this study there were

systematically approached a number of 4 forest areas from 3 production units (UP) from the
territory of Galati county (Fig. 2.2).

In Grivita Forestry it was chosen the Balabanesti Forest (Fig 2.3) due to the
composition of this forest body. In the case of Balabanesti Forest (position 1 - Fig. 2.3) we
were able to conceive, check and then generalize in other cases the nonlinear models and the
method proposed in this paper.

In the north-west, at the border with Vrancea county, it was chosen the Buciumeni forest
(position 2 - Fig. 2.2) because in this case we were able to check the linear models of study
(models to be presented further).

=

T T o R e

i

iy g i s oA
Fig. 2.2 Map of forest areas in Galati County
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In the western part of Galati county we chose the forest outside the Independenta commune
(position 3 - Fig. 2.3). Within this forest body, we conducted a large-scale statistical study to
validate nonlinear and color distribution models - models to be presented further.

Table 2.2 Galati County - forest bodies studied

No. Area of interest composition Consistency Density
(Coverage (Number of
crt. degree of trees / ha)
crown
0 1 2 3 4
50Sc 20Go 13Te 5St 3Fr 3Ca
1 | Balabanesti (GL,VS) 6DT DM 0.83 650-1300
33Te 18Sc 13St 12Ca 8Fa
2 | Buciumeni (GL,VN) 16DT DM 0.8 500-1100
Piscu-Independenta 29Sa 26Pla 17Plea 9Sc 6Pi 700-900 Sa si
3 | (GL) 11DTDM 0.76 350 Pl.ea
45Go 25St 15Te 5Sc 5Fa
Valeni (VS) 5DT DM 0.85 700
4
Legend:

GL = Galati County

VN = County of Vrancea

VS = Vaslui County

Composition - proportion of percentage species
Consistency = degree of crown cover on the ground
Production class = quality of exploitable timber
Density = number of trees (strains) at ha
Species:

Sc¢ = acacia

St = oak (all species)

St.b. = oak brumariu

St.p. = pedunculate oak

Go = gorun
Fa =beech
Sa = willow

P1 = poplar (all species)

Plane = Euramerican poplar (hybrid clones)
Pl.nn = black poplar

Pl.a. = White poplar

Te = tei

Fr = ash

Ca = hornbeam
Pi = pin

DT = other hardwood hardwoods
DM = other hardwoods with softwood

The natural conditions of climate, relief, precipitation regime, vegetation and
lithological substratum, coupled with inappropriate agro-technical management of the land
fund, make Galati county among the counties with the largest degraded land areas in the
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country. This area is also very poor in forests, and the increase in the phenomenon of drought
and aridity in the last two decades leads to a strong ecological degradation of the area.

PRy,

Lalts ™ (kAN Ll .
Fig. 2.3 Map of studied forest areas in Galati County
2.3 Methods of data acquisition

The main methods used for data acquisition were mainly those based on field studies,
by direct observations from the studied areas (Figure 2.4), but also by the use of photograms
and aerial observation means (Fig 2.5a and Fig.2.5b) .

Fig.2.4 — Photo from field monitoring campaign - Independenta forest (original photo)

2.3.1 Direct monitoring methods
Direct monitoring and observation methods have been used throughout the three years
of study. Observations and measurements were made quarterly, noting compositional
elements, harvest volume, coverage, etc.. Also, the average age, density per hectare, volume
was monitored and the harvesting of studied forest bodies was recorded.
Territorial, research and analysis have been carried out both in the forest areas in Galati
County, within the management of the Galati, Grivita, Hanu Conachi and Tecuci forest farms,
as well as in areas outside the forestry forest owned by the administrative units Territorial

12
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areas where erosion and land degradation phenomena occur and where ecological
reconstruction and reconstruction work is required (Hahuie et al, 2014).

Fig. 2.5.a — Fixed-wing UAVs equipped by the Faculty of Science and Environment of
the Dunarea de Jos University in Galati

2.3.2 Aerial monitoring and observation methods

Aerial monitoring and observation methods are a set of modern procedures, widely
used worldwide in research on fauna and flora.

In this context, the girl's work falls within the international framework through the
modernity of the methods and procedures used. Thus, for the observations performed on
larger areas, aerial photographs taken by flying wing UAVs from the Faculty of Science and
Environment of the Duanrea de Jos University in Galati (Fig. 2.5.a) were used, but also with
the help of the Multi-rotor UAV device equipped with the Faculty of Sciences and the
Environment (Figure 2.5.b).

The winged wings used have 2.8 m (Fig 2.5.a) and 4.2 m respectively. The 2,8 m
flying wing has electric traction and is equipped with engines powered by 10-cell batteries.
The payload capacity is about lkg and has been used in several monitoring campaigns,
equipped with digital photographic equipment and position recording equipment, respectively.

The flight cap was between 200 m and maximum 2000 meters (according to the
regulations in force) and in the case of forest studies, the flight cap was programmed at 150
m, being in the autopilot mode (PicsHawk 3.2 compatible autopilot With Mission Planner
type programming).

The flight time was up to 15 minutes, being influenced by the amount of payload
loaded on board. Flight scheduling is done on site using the software used and the launch is
done using a specially designed catapult.

Fig. 2.5.b — Multi-rotor UAVs equipped by the Science and Environment Faculty,
Dunarea de Jos University of Galati
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The second type of equipment used to capture high-resolution images for restricted
areas was the DJI Phantom 3 (Fig.2.5.b).

2.4. Mathematical models

Generally, a photo is a collection of colored cells. Normally, each pixel - the cell contains a
number between 0 - of the black color and 255 - of the white color if it is part of a black and
white photograph. In this case, a black-and-white photograph can be considered as a whole
and positive array of arrays ranging from 0 to 255 The number m represents the number of
lines and the number n - the number of columns.

2.4.1 Modele matematice utilizate

In our work we propose a combination of the two dedicated photogrammetry modes in
order to obtain improved results with minimal resources.

In principle, airborne or satellite aerial images offer several advantages - take-off speed
and high-coverage coverage. At the same time, there are a number of disadvantages such as
high costs and high processing times. On the other hand, in the case of photographers taken
from the UAV, the advantages include: low processing times, reduced costs, etc. A big
disadvantage is the relatively small surface covered on a flight (about 10 hectares in a 12-
minute flight).

In this respect, the processes and algorithms built and tested in the Department of
Chemistry, Physics and Environment consists in approaching on three directions the study of
the photograms associated with the areas in the forests:

- - an approach based on the study of the spectrum of reflection using linguistic and
non-linear models

- - a purely geometric approach, studying the properties of satellite and aerial
photograms, considering the hypothesis that a forest can be assimilated to a fractal

- - achromatic approach, using color analysis and layout techniques

2.4.1.1 Linear mathematical models used in studying the reflection

spectrum

In literature many references are made to the analysis and use of the reflection spectrum.
Light, as an energy transport vector, interacts with different surfaces and experiences a
reflection phenomenon. The color and intensity of reflected light can provide valuable
information.

It is known that for vegetation, the spectrum used is the infra red - visible. With its help, it
is possible to assess the state of vegetation development on a certain surface.

The most commonly used index in studying the reflection spectrum is the NDVI index (Fig
2.6).
_ NIR-R

NIR+ R

where NIR - the intensity of infrared light, R - the intensity of red light,

The NDVI index translates into the ratio of the energy difference in Near Infra Red to Red
and their sum.

At this point, we can see that this index does not respond effectively to our

requirements for assessing the state of health and vegetation of a forest.

The color-based analysis is based on dynamic RGB reflection spectra for satellite or aerial
photogra- phy of the same area.

NDVI (H
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NDVI Anomaly

I .
<05 0 >05 Fig. 2.6.b - NDVI i lcul for th
Fig. 2.6.a - NDVI index calculated for the ig. 2.6b - NDVI index calculated for the

US Balabanesti forest

Fig. 2.6.c - Satellite image for the Balabanesti forest

For the beginning, we studied the possibility of defining a linear model to efficiently
process these color spectra, and the results were encouraging.

We describe the algorithm as follows: For a first-order linear pattern, a set of at least 3
complete aerial photographers for the same area is considered. In this case, the three
photograms must contain at least one landmark - for example a geodetic strand, common in
the three photo lézraphs to be Easily synchronized.
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Fig. 2.7 - Schematic representation of the calculation method for the evaluation of each
cell based on historical data.
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In this way, our system built by us will make the comparison of the spectra from the
first two photograms, chronologically placed, and bee based on a MATLAB program and
described in Appendix 1, will then make a prediction over the spectrum for the most recent
photogram.

Limo piot for Blue Channed Color ndex - Balabanastl Foresd
The historical records spectrum

60000 -

= Hhse Channal 005
50000 | = Bluse Channed S0iE
| . = Biee Channed 2010
" " Hlue Channel 366"
40000 |

10000 |

1 44 -4 121 181 201 241
Cisdar Indox

Fig. 2.8 - Successive spectral series for the same forest over a 10-year period

For each color, we will note 4 [k,l', j]: 4 [k,i, j](tl) the value of each pixel for the
color channel k (k can be R, G or B) for the time ¢,.

Analogously we will note 4,[k,i, j]= 4,[k,i, j]z,) the value of each pixel for the color
channel k of the moment ¢,. In this case, for a later moment ¢,, in the case of a linear
variation, we can write relationships of the form::

Alk,i, j)t;)= at; +b )
Where, based on the first data, we can determine that

a= A[k,i,j](tz)—A[k,i,j](tl) (3)

tz _tl

respectively

b= _tlA[kaioj](tz)+t2A[k’iaj](t1) (5)
L, —

Through this process, we were able to achieve good results in comparison with the
photographers offered by specialized services. In the case of the present study between the
first photograms we had a difference of 3-4 years and for the last photogram considered as
witness, the time interval was half the time between the first two images.

Thus, this procedure works relatively well for photographic surveys of the forest
bodies taken in 2005 and 2009, on the basis of which we can predict with sufficient precision
the spectrum for 2010 and 2011.

2.4.1.2 Nonlinear mathematical models used in studying the reflection

spectrum

The method of interpolation using neural networks is not new, being a classic
interpolation method. This process is based on the construction of matrix mathematical
models with a number of inputs (for each input parameter being considered such input) and a
convenient number of outputs (for each parameter being defined, such output is defined). The
structure considered by this mathematical model is quite simple: between the first layer of
input sizes (called layer of input neurons) and the last layer - that of the outputs (called the
layer of output neurons) can also be inserted intermediate layers .
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RBF (Radial Basis Function) and MLP (Multi Layer Percepton), respectively, are the
established structures (from the literature).

In this case, using satellite spectrum spectra from the previous 2 or 3 years, we
succeed, based on neural RBF neural networks with a flexible structure, having a single layer
of neurons, a model that manages to predict predictive errors below 1%. In this case, the
degree of correlation obtained between the model and the actual data series.

Table 2.5 Values of correlation coefficients with the data series for the neural network
model used in the study of reflection spectra for the Balabanesti forest

Blue Channel 2106 Red Channel 2016 Green Channel 2016'
Reteaua neuronala Train Train Train
1.MLP 10-11-3 0.995474 0.997963 0.991399
2.MLP 10-9-3 0.997298 0.998506 0.992571
3.MLP 10-5-3 0.995869 0.997787 0.986805
4.MLP 10-11-3 0.997279 0.998302 0.995006
5.MLP 10-12-3 0.997367 0.998160 0.992989
30 graphical repaes ian of the L i-a | mostlid deseribed nsural nebwark po. 1 - Blue
ealar chaniel

Calar Index (Enpud), Biue Chamnel 2108 {Targst), Blue Channel 2108 (Dutput)

I - ES
M < ES
B - BCO0n
B - E0000
1 = 40000
Il = Zo000
-

Fig. 2.9 - The result of the model based on the use of neural networks, in which the
two axes are the intensity (color indexes) for the blue color channel and the intensity for each
index in part and on the vertical is represented the result obtained - the color index resulting
from the model

2.4.1.3 Methods used to study color distributions

In this sense, we built an algorithm and then a program that initially builds a
distribution in the representative RGB stitch with the different colors of the studied photo, and
then, using the k-mens cluster method, it is possible to separate the groups, identify the
distribution of Colors and calculates the area of each color. The color group that it takes into
account is a variable that the user determines. Considering the finite and small number of
compositions found in each of the 4 forest areas, we ran for all forest bodies considered
program under the same conditions, assuming a number of 6 color groups (Figure 2.10).

The method has been applied in all four cases, and we have found good correlation of
evolution with the variation in the composition of forests studied.

Calculated and actual densities differ as approximately 10% and in terms of
compositional variation over time, we also have good results here.
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Fig. 2.10 — Color distribution over time - color of group 1 - Balabanesti forest (2005 -
2016)

2.4.1.4 Geometric methods used to study the outline of wooded areas

Fractal dimension is a real number between the topological dimension of the object
and the size of the space in which it is defined in literature .

Naturally, considering a forest as a photogram, it can be assimilated to a fractal. By
calculating the number of dimensional objects with radius /that can cover the contour L of
the forest whose surface we call the size of the fractal corresponding to the number given by
the relation

d = lim 28N (6)
log(1/7)

In this sense, we were able to use both the MATLAB and Fiji programs - Image J that
included a fractal calculus unit.

Fig. 2.12 — Fractal related to the image of the Balabanesti forest (2005)

This method has been systematically applied and studied and its effectiveness has
been limited.

2.5 Conclusions

In these chapters I have reviewed the main studied forest bodies (they are actually
more than 8 wooded elements) and we also reviewed the main 4 methods of analysis applied
in this study.
In the same way we reviewed the main 4 study methods used in monitoring and assessing the
health of the wooded areas.
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CHAPTER 3.

RESULTS AND DISCUSSIONS

In this chapter, we will describe only a forest body of the studied ones and we will
present in great detail the results of the analyzes and investigations carried out for this body.

3.1 Forest body Balabanesti
The Bababanesti forest body is located in the northern part of Galati County, on the
border with Vaslui County.

3.1.1 — Spectral reflection analysis by linear methods

Below we will present a case study, carried out on a forest in the county of Galati. This
study is part of a larger program, in collaboration with ROMSILVA representatives.

In this study, mm chose a forest body with a rather rapid dynamics. This is relatively
common in the South and East due to the large deforestation operations carried out here.

In this sense, photos from this portal were taken from the INSPIRE portal and, based on
the application developed in our Department, we were able to perform image analysis for each
individual channel.

Romanls

Fig. 3.1.1.1 Representation of the map of the Balabanesti forest body.

As we have shown in previous papers, we can not obtain interesting and accurate
information to study vegetation evolution based on the use of the NDVI (normalized
difference vegetation index) [5, 6]. This section describes the use of applications developed
within our laboratory to use as a marker a color index based on the use of historical
information. The case of Baldbanesti forest is discussed, and in figures 3.1.1.2a-d are
represented the images obtained in 2005 by separation on color channels.

As described in the second chapter, each photograph in the set of figures 3.1.1.2bd should
be analyzed wusing the MATLAB script developed in the LASAC Laboratory
(http://erris.gov.ro/European-Centre-of-Excellenc -1), then analyzing the spectra for each
image.

As described in the second chapter, each photograph in the set of figures 3.1.1.2bd should
be analyzed wusing the MATLAB script developed in the LASAC Laboratory
(http://erris.gov.ro/European-Centre-of-Excellenc -1), then analyzing the spectra for each
image.
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In figure 3.1.1.3.a is represented the spectrum of the green channel corresponding to the
image Fig. 3.1.1.2.b. In figure 3.1.1.3.b is represented the spectrum of the red channel
corresponding to the image Fig. 3.1.12.c.

Fig. 3.1.1.2.a Satellite map of the
Balabanesti forest area - year 2005

Fig. 3.1.1.2.b Satellite map of the forest area
of Balabanesti - year 2005 - the green spectrum

Fig. 3.1.1.2.c Satellite map of the
Balabanesti forest area - year 2005 - red
color channel

Fig. 3.1.1.2.d Satellite map of the Balabanesti
forest area - year 2005 - blue color channel

Using these obtained spectra for each elementary color a specific histogram - called color
index (Fig 3.1.1.3.a, Fig 3.1.1.3.b and Fig 3.1.1.3.¢) is obtained.

There is a Gaussian distribution with approximately equal values. We also notice the
tendency, especially in the case of the red and green spectrum, of the existence of two local
maxima, possibly due to the fact that there are three different species with individual

absorption indices for each spectrum.
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Fig. 3.1.1.3.a Representation of the

histogram obtained for the Balabanesti
forest - 2005 - the green channel
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Fig. 3.1.1.3.b Representation of the histogram
obtained for the Balabanesti forest - 2005 - the

red channel
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Fig. 3.1.1.3.c Representation of the histogram obtained for the Balabanesti forest - 2005 - the
blue channel

In Figures 3.1.1.4 and 3.1.1.5 are represented the images obtained in 2009 and 2010

Fig. 3.1.1.4. Satellite Map of the Balabanesti Fig. 3.1.5 Satellite Map of the Balabanesti
Forest Area - 2009 Forest Area — 2010

By comparison with Figures 3.1.1.3 a-c there is a rather obvious change in the histogram
forms. What is to be noted is that the area of the small values has increased, which indicates a
much reduced reflection phenomenon for both the red channel and the blue one. Movements
of histogram maxima to minimum values only mean that the number of pixels colored in
black increased, i.e.. The vegetation is lower or the coefficient of reflection is greatly reduced.

Analyzing the histogram transformation mode for each color channel during the 5 years,
one can notice that there is a continuous transformation of the spectra, the maximum having a
tendency to move to the area of the small values for each color index.

At this point, the question arises as to whether we can build a model and application that
can capture this continuity of histogram transformation, i.e., If we can obtain a linear model
which, using the data for the years 2005 and 2009, we can present a benchmark for 2010.

The application based on a 1 st model involves iteratively solving a number of 256
equation systems in order to obtain a value corresponding to the evaluation for each index.
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Fig. 3.1.1.6.a Representation of histogram Fig. 3.1.1.6.b Representation of histogram
obtained and evaluated histogram for the obtained and evaluated histogram
Balabanesti forest - 2010 - the blue channel
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Fig. 3.1.1.6.c Statistical analysis of histogram obtained and evaluated histogram
For the Balabanesti forest - 2010 - the blue channel
In Figures 3.1.1.6 a-c are the spectral obtained values on the basis of the model
described above and that obtained from the satellite photograms. Also, the average values
obtained by the model are presented, and the elements of primary statistics - average value,
standard error, mean square, median, etc. are also presented.

The fact that the average value is absolutely comparable, and for the intervals determined
by the standard error, the average square error is obtained with lower values, it is explained
only on the fact that in reality the Balabanesti forest area contains different species with
evolutionary speeds And different modifications, which the 1st order model we built failed to
surprise.

In Figures 3.1.1.7a-d are represented the images obtained in 2016 by color channel
separation, using the same procedure, and in Figures 3.1.1.8.a-c are presented the spectra
obtained for photograms for the year 2016.

Fig. 3.1.7.a Satellite map of Balabanesti Fig. 3.1.7.b Satellite map of the Balabanesti
forest area - year 2016 forest area - year 2016 - the green spectrum

Fig. 3.1.7.c Satellite map of the Balabanesti
forest area - 2016 - red color channel Fig. 3.1.7.d Satellite map of the Balabanesti
forest area - 2016 - blue color channel
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As in previous cases, we applied the same procedure to obtain the spectra on each

channel.
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Fig. 3.1.1.8.a Representation of the histogram
pattern obtained for the Balabanesti forest -
year 2016 - the blue channel

Fig. 3.1.1.8.b Representation of the
histogram obtained for the Balabanesti
forest - 2016 - the red channel
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Fig. 3.1.1.8.c Representation of the histogram obtained for the Balabanesti forest - 2016 - the
green channel

Lbsa st P By Crrpel Sk irales  Butalusseati Farest Livas phih for el Chrasarst Salad ingen - Balapenasti Fowsi
T Wiwtoncs recorts Bpectrum Tha REsGHECE] IFCO0ER LPRINar
B0 - - L - b
= Hisw Dharsd 7008 oo | _x:':m?fn-“-;
- | & & - Fosel uarvoss 2008
— a Blun Charrasl 7009 ] Chr X153
u = Diss Charasd 710 | e o] Crreal 200
=0 | 3
** Misw Dsrasl FH0E
R Haaa |
e |
., s 000 |
# d L
b ]
15004 |
r
-
L] 0L e
'

1 o " m L] m L 1 i a i i 21 P

Colcr indus Cofoe indan

Fig. 3.1.1.9.a Representation of the histogram Fig. 3.1.1.9.b  Representation of the
obtained for the Baldbanesti forest - the blue histogram obtained for the Balabanesti forest
channel - 2016 - the red channel
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Fig. 3.1.1.9.c Representation of the histogram obtained for the Balabanesti forest - 2016 - the
green channel
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To make a comparison, we could represent the experimental data obtained so far, and
we could see that the order-1 model and even a 2-nd model are not enough to get a good

enough prediction.

In this case, algebraically constructed models have proved ineffective (Fig 3.1.1.10).
Needless to say, in order to obtain a global model that can make predictions of spectrum and
color distribution, literature procedures [10, 11] have proven to be effective.

In fact, the values of the correlation coefficients between the different series of data
clearly show a rather pronounced decora- tion between 2016 and the previous data series.

Fig. 3.1.1.10 Representation o
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f the histogram obtained for the Bélabanesti forest - 2016 -
the blue channel, based on a model of the 2nd order

Table 3.1 - the values of the correlation coefficients between the data series of the blue

channel
Blue Blue Blue Blue Blue Channel
Means Channel Channel Channel Channel 2016

2005 2009 2010 2106-s | Evaluated
23332 Channel 2578.152 | 1.000000 | 0.237125 | -0.249949 | 0.388259 -0.498926
]233‘6; Channel 2594.746 | 0.237125 | 1.000000 | 0.842996 | 0.156627 0.599268
ZBé‘llf) Channel 2594.746 | -0.249949 | 0.842996 | 1.000000 | 0.054679 0.934816
]2311‘666 ?lslannel 4288.213 | 0.388259 | 0.156627 | 0.054679 | 1.000000 |  0.004407
Blue Channel 2559.899 | -0.498926 | 0.599268 | 0.934816 | 0.004407 1.000000
2016 Evaluated

Table 3.2 - Correlation coefficient values between red-line data series
Red Red Red Red C}ﬁ icrtel
Means Channel Channel Channel Channel 2016
2005 2009 2010 2016'
Evaluated

Red Channel 2005 | 2578.152 | 1.000000 | -0.234213 | -0.288609 | -0.052433 | -0.057563
Red Channel 2009 | 2594.746 | -0.234213 | 1.000000 | 0.039112 | -0.092700 | -0.518077
Red Channel 2010 | 2594.746 | -0.288609 | 0.039112 | 1.000000 | 0.743648 |  0.832017
Red Channel 2016' | 4288.213 | -0.052433 | -0.092700 | 0.743648 | 1.000000 |  0.695174
Red Channel 2016 | <29 299 | _0.057563 | -0.518077 | 0.832017 | 0.695174 |  1.000000
Evaluated
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Table 3.3 - Correlation coefficient values between the green channel data series

Means Green Green Green Green
Channel Channel [Channel 2010| Channel
2005 2009 2016
Green Channel 2005 2578.152 1.000000{ 0.154052 -0.367407 0.050715
Green Channel 2009 2594.746 0.154052| 1.000000 0.618560 0.485016
Green Channel 2010 2594.746| -0.367407| 0.618560 1.000000 0.302148
Green Channel 2016 4288.213 0.050715| 0.485016 0.302148 1.000000

3.1.2 — Reflection analysis by non-linear methods
In this way, Neural Networks type MLP and RBF were built. For this purpose, a total
of 10 ANN neural networks were built and trained, in a process where 10% of the records
were used for validation. Next we present the results and selection mode for the top 5 best
mathematical models. Table 3.4 shows the characteristics of the neural networks built with the
best results. The optimization criterion was Sum of Errors (SOS) for all.

Table 3.4 - values of the correlation coefficients between the green channel data series

Inde Training Test Validation Training Test Validation
Net. name

X perf. perf. perf. error error error

1 MLP 9-12-3 | 0.996281 | 0.995058 0.993973 | 0.000408 | 0.000560 0.000245
2 MLP 9-9-3 0.998359 | 0.998389 0.995732 | 0.000169 | 0.000200 0.000254
3 MLP9-13-3 | 0.997225 | 0.997152 0.996439 | 0.000276 | 0.000287 0.000122
4 MLP 9-10-3 | 0.996362 | 0.994023 0.992233 | 0.000374 | 0.000593 0.000364
5 MLP9-11-3 | 0.997652 | 0.997609 0.992730 | 0.000266 | 0.000246 0.000312

In Figures 3.1.1.11.a-c the values obtained after the training and validation process for the
neuronal retina no. 1. There is a good performance in training (over 99%) and small errors in
training (less than 1 in one error), respectively in testing and validation (both with errors
below 1 in a thousand) - Table 3.5.
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Fig. 3.1.1.11.a Representing the result of
the neural network no. 1 - Blue channel
according to color index values and values
used for driving

Fig. 3.1.1.11.b Representing the result of
the neural network no. 1 - Green channel
according to color index values and values
used for driving
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Fig. 3.1.1.11.c Representing the result of
the neural network no. 1 - Red channel
according to color index values and values

used for driving

oodor channsl
Cokor Ingas [Ispiidl. Bue Chasnal 2106 [Targeth. Blis Channsl 2906 (Oulpath

emurnl martweona iz 3 - Hus

ot g
- < PO
< BE000
e im
- pre
] = 3e000
! - E-xma
i ]
= o
L~
= !
.
- e
e P
' S
., S T
N - e i
Y o

Fig. 3.1.1.12.a Representing the result of
the neural network no. 2. The blue channel
according to the color index values and the

values used for the drive
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Fig. 3.1.1.12.c Representing the result of
the neural network no. 2. The red channel
according to the color index values and the

values used for the drive
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Fig. 3.1.1.11.d Representation of residual
values of the neural network no. 1-channel
green depending on the color index values

and the values used for the drive
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Fig. 3.1.1.12.b Representing the result of
the neural network no. 2. The green channel
according to the color index values and the
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Fig. 3.1.1.12.d Representation of residual
values of the neural network no. 2-channel
green depending on the color index values

and the values used for the drive

In Figures 3.1.1.12.a-c the values obtained after the training and validation process for the
neuronal retina no. 2. It is also noticeable for this neural network a good performance in
training (over 99%) even better than the network no. 1. Low drive errors (less than 1 in one
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error), respectively testing and validation (both with errors below 1 in a thousand) - see Table
3.5, with even better performance than previous network.

Table 3.5 - Correlation coefficient values between constructed models and 2016 data series used
for training

Net. name Blue Chanpel Red Chanpel Green Chagnel
2106 Train 2016 Train 2016 Train
1.MLP 10-11-3 0.995474 0.997963 0.991399
2.MLP 10-9-3 0.997298 0.998506 0.992571
3.MLP 10-5-3 0.995869 0.997787 0.986805
4.MLP 10-11-3 0.997279 0.998302 0.995006
5.MLP 10-12-3 0.997367 0.998160 0.992989

All these results show that nonlinear mathematical models can be obtained that can
accurately identify and construct the histograms for each color channel for this forest over the
time span.

This aspect is certainly a novelty issue - the use of nonlinear models in constructing the
behavior of a reflection spectrum on the three fundamental channels.

3.1.3 Chromatic analysis and color distribution method
Using the method described in the second chapter, sub-paragraph 2, developed
programs developed within the LASAC Laboratory to determine the number of color shades
and identify the dynamics of these color sets. This could be a way of assessing the health of a
forest.

Fig. 3.1.2.1. Representing initially defined pitch positions to define the list of base colors
that will then be searched in all the photos in the set.
In this case, the algorithm, as described in Appendix 2 of this thesis, aligns the photos on
the same area, and, based on a predefined list of positions, builds a list of basic colors that
will then be searched in all the photos of the studied set.

Fig. 3.1.2.2.a Representing the result
obtained by selecting the color distribution
of area 1 from the 2005 color photograph

Fig. 3.1.2.2.b Representing the result
obtained by selecting the color distribution in
area 1 from the 2009 photogram
27



Valentin Hahuie - Modern forest ecosystems monitoring methods for health level assessing

. F

Fig. 3.1.2.2.c Representing the result
obtained by selecting the color distribution
in area 1 from the 2010 photogram

Fig. 3.1.2.3.a Representing the result
obtained by selecting the color distribution
in area 2 from the 2005 color photograph

Fig. 3.1.2.3.c the result

Representing
obtained by selecting the color distribution
in area 2 from the 2010 color photograph

Table 3.6 - Balabanegti ecosystem structure

Color 1 distribution - Balabanesti Forest
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Fig. 3.1.2.2.d Representation of the
obtained result for color distribution in
reference zone 1

Fig. 3.1.2.3.b Representing the result
obtained by selecting the color distribution in
area 2 from the 2009 color photograph

Fig. 3.1.2.2.d Representation of the
obtained result for color distribution in
reference zone 2

Nr. Zona de interes Consistenta Desime Varsta | Volum | Crestere
crt. rata (nr.arborifha) medie | mediu | medie
recoltate (mc/an/ha) (ani) | m.c/ha|m.c./an/ha

0 1 2' 3 4 5 6 7

3 [Balabanesti (GL,VS) -2005 2 0.830 975.00 37 121.000f 5.200

4 |Balabanesti (GL,VS) -2006 2.5 0.781 916.98 37 113.800] 4.891

5 [Balabanesti (GL,VS) -2007 2 0.730 857.43 37 106.409| 4.573

6 |Balabanesti (GL,VS) -2008 2.5 0.685 804.47 37 99.836 [ 4.290

7 |Balabanesti (GL,VS) -2009 2 0.638 749.75 37 93.046| 3.999

8 |Balabanesti (GL,VS) -2010 1 0.597 701.41 37 87.047| 3.741

Based on the fact that for this forest body, the composition is based on a limited set of tree
species, we ran the application iteratively, considering the satellite photograms in 2005, 2009

and 2010 respectively.

Next, we present the results obtained when the base color number is built on 6 reference

areas.
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Running was done on a graphics station and, due to the large number of iterations, the
running time is quite long.

For the first selected area, the results are presented in Figures 3.1.2.2a-d. There is a relative
increase in the number of pixels, which is transposed by increasing surface coverage over the
period 2005-2009, followed by a decrease for this distribution. What is important to
emphasize is that in the 2010 image (Figure 3.1.2.2¢), removal areas can be identified across
the surface, not only at the edges, which means that technological processes have been
harvested.
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Fig. 3.1.2.10. Representation of the result obtained for conventional color distributions
following field identification

For the second selected area, the results are presented in Figures 3.1.2.3a-d. There is a
steady decrease in the number of pixels associated with what is transposed by the constant
decrease in surface coverage over the period 2005-2010. What is important to emphasize is
that in all images we can identify areas of sight, which means harvesting / cutting across the
entire mass of forest.

We will briefly present the results obtained by this method for the whole study period
between 2005-2016.

Table 3.6 presents field assessments for years for this forest body.

The encouraging results allowed us to continue this analysis for the other forest bodies as
well.

3.1.4 For the geometric analysis of the fractal dimension

A fractal analysis was made for the Balabanesti forest. The method was the Box-Count
method (the method being found in the literature and described in detail in Chapter 2).

Figures 3.1.3.1a, 3.1.3.1b and 3.1.3.1c respectively represent the results of fractal
geometric analysis for determining the fractal dimension of the forested area in the
Balabanesti area. The program used was the Fiji-Imago J program and the protocol used was
extensively described in Chapter 2. The classical method used in literature - the Box-Count
method has obtained histograms of the number of dimensional domains that cover the contour
of the area image studied. In Figures 3.1.3.1a, 3.1.3.1b and 3.1.3.1c respectively are the
logarithmic values of these numbers identified according to the logarithm of the size of the
considered domain. From the graph gradient, the value of the fractal dimension is obtained, as
defined. There is an increase of this value by about 2.66%.
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Fig. 3.1.3.1a — Balabanesti Forest - representation of the logarithm of the number of blocks
counted according to the size of the selected block - for the determination of the fractal
dimension (2005)

What should be noted, in correlation with the other types of analysis, is that the
wooded area from Bababanesti suffered a slight reduction of the number of large crown-sized
trees inside the area (the reflection spectrum suggests this) and the number of Small elements

increased, as suggested by the geometric analysis described above.
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Fig. 3.1.3.1b — Balabanesti Forest - representation of the logarithm of the number of blocks
counted according to the size of the selected block - to determine the gradient dimension
(2009)
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Fig. 3.1.3.1c — Balabanesti Forest - representation of the logarithm of the number of blocks
counted according to the size of the selected block - to determine the gradient dimension
(2010)
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Fig. 3.1.3.2 — Balabanesti Forest - representation of the histograms of the number of blocks
counted according to the size of the block considered - for the determination of the fractal
dimension
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Fig. 3.1.3.3 — Bélabanesti Forest - representing the variation of the fractal dimension
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CHAPTER 4.
MATHEMATICAL MODELS OF OPTIMIZATION
THE EVOLUTION OF THE FOUNTAINS

In this chapter we will describe extensively the studied forests and present the results
of the analyzes and investigations carried out for Independenta - Hanu Conachi Forest Body
to expose our study method.

4.1 The system of plots in the forest body Independenta - Hanu
Conachi

Study Locations
The study sites are all located in southeastern Romania, on publicly-owned forested land in
the eastern part of Galati County (Fig. 4.1). Galati County is the main economic and industrial
centre of southeastern Romania, and is situated in the eastern part the state, on the
convergence of the Siret and Prut rivers with the Danube. The Galati region has an area of
4466 square kilometres, which is about 1.9% of the country surface.

)/

Fig. 1. The location of the forest land study area

Two different parts belonging to the area of forest flora of the Covurlui Plateau have
been selected for this study. The zone is characterised by a continental weather, with cold
winters and long, dry summers.

The areas were divided into different parts according to the predominant species of
trees, in order to produce homogenous sectors in terms of tree age and species. A particular
geographical feature of this region is that the Prut and Siret valleys are oriented in such a way
as to function as genuine couloirs that lead towards the centre of the county air masses
pending from the steppe.

Although some sectors are located on hilly terrain, all the studied areas are located on
flat land with a slope almost always less than 5%. Since the land shape is such that the
majority of large watercourses drain southwards, and because of the way the air moves across
the seasons, producing small quantities of rains that make up the additional core of
hydrographic network, Galati County is located in what is the dry area of the country.

The weather conditions described above were shaped and evolved soils in the area, the
terraces, with the parent material loess and loess deposits and fluvial deposits in the meadow
and river-lake.
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Experimental design

The study was led on 356 sectors of forest. This paper presents the outcomes of the
plots with 100% species of white poplar. Measurements were made every year nearby the end
of the growing period (September—October). In each experimental plot, an area equal to the
surface unit was nominated, and measurements were carried out. The following parameters
were taken into account: current age, composition, consistency, average density, allocation
unit of surface area, volume of harvest.

Recording of the field measurements and methods of analysis

For authenticating the results, two sets of measurements were led for each plot. To
determine the production volume, techniques described in the literature were applied.

The numerical analysis procedures engaged are those found in the specialised literature, by
resorting to statistical analysis software (StatSoft Statistics) or specific calculation procedures
(MATLAB).

The used methods are:

1. Method of field records: this procedure includes a standard set of measurements
conducted for each section of the studied area. The sectors’ limits were shaped so as to be
similar in terms of composition, consistency and the current age of the trees. The reason
behind this division was primarily technical.

Field interpretations were used to fetch the raw database records. This was followed
by the procedures for checking and validating the sizes. In total, entirely of the 365 sectors
were monitored between 2010 and 2015, and thus a reliable database was obtained. In this
article the statistics for 36 parcels containing only white poplar, found in the conditions
described above, have been used.

The following factors were evaluated for each monitored sector: current age, growth
rate, composition — the concentration of the various species of trees per unit area,
consistency and density — the number of copies per unit of surface area, the volume of the
timber produced per unit of surface.

2. Methods of statistical analysis: methods for analysis of variance (ANOVA) of
multifactorial type were used. Similarly, statistical analysis methods and multi-variety type,
such as PCA, were also used.

The value of the confidence coefficient which characterizes is considered to be equal
to 0.05 (acceptable value in most studies). The used programs are recognized and used
worldwide (StatSoft Statistica X and MATLAB).

The numerous correlation coefficients between the measured magnitudes were
assessed.

3. Numerical procedures: in the present study, we have used several techniques for
numerical analysis and interpolation. For interpolation, as a rule there were used primarily
software programs that contain procedures and predefined interpolation methods. Thus, in all
studied cases the interpolation approaches were used with predefined type: (a) quadratic; (b)
distance weighted least square interpolation method; (c) non-linear interpolation by
considering that the neural network; and (d) multi-dimensional specific polynomial
interpolation method with mixed terms. The general condition for optimizing interpolation
was considered to be the Sum of Square Errors (SS). As is known, this criterion needs that the
sum of squares of deviations to be the minimum for optimal interpolation.

3.a) For quadratic interpolation type we could highlight the dynamic character of the
identified models. At the same time we have emphasized the limited character of these
second-order mathematical models.

3,b) For polynomial predefined interpolation methods in the statistical analysis they
were also able to put out the dynamic character of the identified models. At the same time it
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showed the quality of interpolations to be superior to those obtained by second-order
mathematical models. For these representations it was revealed yet about and limited
character of these models.

3.c) methods of interpolation and fitting by using neural networks are very effective
approaches used in recent years. Inevitably for high performance, Radial Basis Function
(RBF) and Multilayer Perceptron (MLP) neural network type have been chosen. These
structures were shown to be efficient, especially when 3 layers of neurons were used. For the
present study, a total of 20 different neural network structures of RBF and of MLP type were
built, of which the best six were retained.

3.d) interpolation method by analytical polynomial function with mixed terms. This
method is less found in the literature, because of the complexity and huge volume of
calculations. The advantage of the method is that it allows increased degree polynomial
interpolation, thus avoiding the appearance of the Runge effect. The Runge effect causes
oscillations obtained from fictitious functions, and it has negative concerns on the
implications resulting from the use of these models. This specific method was used
successfully in systems that have significant changes in relation to certain state parameters,.

Results and Discussions
The first step in data analysis was the computation of the correlation coefficients for
the monitored magnitudes. The coefficients of correlation are presented in Table 4.2.

Table 4.2. The coefficients of correlation

Current  Consistence Volume Growth Extracted Density
age (percent) (m?/ha) (m*'year/ha)  volume (m*®  (no.
(years) production  specimens /
unit) ha)
Current age 4 1999 3422 9136 4739 2071 -1657
(years)
(p=--) (p=.000)  (p=0.00) (p=.000) (p=.002) (p=.015)
Consistence 1.0000 .3398 4751 .0325 .8129
| (p=--) (p=.000) (p=.000) (p=.636) (p=0.00)
Volume
(cubic m/ha) 1.0000 4416 .1649 -.1768
(=--) (p=000)  (p=015) (p=.009)
Growth
(c. .0289 2122
m./year/ha)
(p=.673) (p=.002)
Extracted
volume (c.m./ 1.0000 -.0964
production
unit)
(p=--) (p=-159)
Density (no.
specimens 1.0000

/ha)
(=)

The primary observation relates to the coefficient of correlation between the volume
of production per unit area, and the current age of the manor. The value of this coefficient
specifies the strong link between the age of the trees and the volumes recorded. It should be
noted that the registered volume of production for the unit of surface is actually only the
incorporation result of the value of the growth rate over time.

Necessarily, there have been inspected and investigated how the growth rate varied
depending on the current age. The outcomes of this analysis are shown in Fig. 2. In contrast to
other papers from the literature in which only the interpolation quality by mixing different
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types of models is followed, in the present paper a single form of mathematical models has
been used.

The fact that neighbouring forest sectors with the same declared soil structure and the
same climatic conditions, indicated different growth rates with different coefficients is very
interesting. This observation prompted a univariate test of significance for Growth, i.e. an
ANOVA statistical analysis, with a very interesting assumption: the consistence, i.e. the
equivalent area covered by the tree crown per surface unit, shows an important role. The
ANOVA analysis amounts are shown in Table 4.3, and represents the first model.
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Fig. 4.2. The growth rate variation depending on current age

Table 4.3. The univariate test of significance analysis coefficients

SS Degrees of Freedom | MS F p
Intercept 2383 1 23832 [0.26235 [0.609043
Current age (years) | 307.172 1 307.1720 |33.81447 |0.000000
Consistence | 336.682 1 336.6817 [37.06299 [0.000000
Error 1934.901 213 9.0840
From Table 4.3 it can be realized that both parameters — current age and the

consistence of the studied plantations — have a clear influence on the rate of growth (p
<0.001). One such theme is less studied in the literature and therefore the analysis of the
effect of the consistence on the growth rate is valuable issue in this respect.

Table 4.4 presents the test characteristics for the proposed model in Table 3 —namely
the possibility of explaining the growth rate magnitude on the two monitored parameters —
the current age and the consistence. The p coefficient value exposes that this pattern is
acceptable and can be used (p <0.0001).

Table 4.4. The test of SS whole Model vs. SS residual (Populus alba database)

Multiple - R?
Adjusted - R?
SS - Model
df - Model
MS - Model
SS - Residual
df - Residual |

MS -
Residual
F
p

Multiple - R

Growth rate |0.92473 |0.85513 |0.83393 |234.514 |6 |39.0857 |39.7288 |41 |0.968995 |40.336 0.000
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Both magnitudes for quality assessment model, i.e. R-square and Adjusted R-square,
and the p coefficient size highlight the quality of this model. Note the size of SS, which
represents the sum of squared errors (Table 4.3). However, the ANOVA method is considered
to be a distinct case of linear regression, which in turn is a special case of the general linear
representation. All the following processes consider the aim to be the sum of a model (fit) and
a residual (error) to be minimized. All the next presented representations will be
improvements of this model.

The quadratic methodology model represents an progress of the previous linear model.
The expression for these models is of the form:

F =a,+ax+a,x" +byxy+by+b,y’ (1)
Where x represents the consistence value and b is the current age magnitude.
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Fig. 4.3. The growth rate models using quadratic interpolation expressions

In figure 4.3 are represented the obtained models for each year of investigation. In this
picture the vertical axis represent the growth rate magnitudes, and the horizontal axes are the
consistence and the current age. The representations from Fig. 4.3 depicted the models found
for the recorded database for each year. Even though these quadratic models are more
performant than above (the size for SS being smaller), these representations still have some
inadequacies. One deficiency comes from the significant change of the obtained results from
one year to another. Thus, if in 2010 the maximum level of growth rate per unit of surface
obtained for trees of 30 years old reached a value 10 cubic meters, for the next year the value
doubled (Fig. 3b). Another shortage relates to a drastic change in the shape of the represented
surface, which corresponds to s significant change in the evolution of production (Fig. 3f).

The distance weighted least squares approach model represents an supplementary
improvement of the previous quadratic model (Fig. 4.4). The distance-weighted least squares
method fits a curve to the data by using a specific procedure: a second-order polynomial
regression is computed for each value on the X variable scale to determine the corresponding
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Y value such that the influence of the individual data points on the regression decreases with
their distance from the particular X value. Although the distance weighted least squares
models are more adequate than quadratic representations, these approaches still have some
inadequacies. A major deficiency lies in the high value of the growth rate in the case of a void
consistence (Fig. 4.4¢).
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Fig. 4.4. The growth rate models using distance weighted least squares interpolation method

The next type of studied models is based on the usage of neural network (Fig. 4.5). In
this case, based on the values of the two monitored parameters, i.e. consistence and current
age (considered as input factors), we can obtain assessments of growth rate magnitude,
regarded as an output value. These models have better efficiency than previous
representations. In this approach it was used the previous obtained outcomes in the
interpolation method field. For these models a total number of 20 different RBF and MLP
type structures were constructed, and the most performant 6 models were retained.
Effectiveness data are shown in Table 4.5.

The ANN structures of RBF and MLP type are recommended for multi-dimensional
interpolation of magnitudes that occur in significant variations in the fitting process. Many
papers in this field have shown that the use of these structures led to remarkable results.
Pursuant to this approach, the data set was used in sampling, for the operation of drill and
testing and model authentication, respectively. Sampling was done according to other
common works in the literature - i.e. 80% of the data were used for exercise and testing of the
networks, and the remaining 20% for the validation of models. On the other hand, these
neural networks need databases with very large entries, as each parameter for performance
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match each structure with the best results (Table 4.5). The important parameters for each
network are presented in Table 4.6.
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Fig. 4.5. The growth rate evaluation models using neural network interpolation method

In Figure 4.5 are shown the results of the built models. For ease of analysis, the data
points were shown for comparison drives. Note that these models offer lower values than the
experimental ones (Fig. 4.5a — 4.5f). Even though the training errors are quite small, the final
results do not always correspond to the experimental values.

This led us to the idea of building a specific model, to increase the performance of the
obtained results up to that point. In this respect, a special technique was used taken from other
systems which changes their properties relatively than the change of status factors.

Table 4.5. The neural network interpolation performance

No.  Net. Training perf. Test Validation Training Test error Validation error
crt.  Type perf. perf. error

1 RBF 0.617001 0.579831 0.454419 0.029046 0.036605 0.051537

2 RBF 0.719975 0.591009 0.617389 0.021189 0.034348 0.039542

3 MLP 0.659374 0.586917 0.452141 0.024967 0.034581 0.050288

4 RBF 0.693041 0.584725 0.491657 0.022864 0.034798 0.047879

5 MLP 0.654044 0.582093 0.459993 0.025232 0.035040 0.049566

6 MLP 0.717736 0.618197 0.594872 0.021339 0.032467 0.040531
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Table 4.6. The neural network structural parameters

No. Net.

ot Type Training algorithm  Error function Hidden activation Output activation
1 RBF BFGS 37 SS Logistic Exponential

2 RBF BFGS 73 SS Logistic Logistic

3 MLP BFGS 54 SS Logistic Tanh

4 RBF BFGS 101 SS Logistic Logistic

5 MLP BFGS 57 SS Logistic Exponential

6 MLP BFGS 43 SS Exponential Exponential

The multidimensional polynomial with mixed terms models approach represents an
improvement of the previous non-linear model. The expression for these models is of the
form:

F=A,+ At + Ayt’ +..+ Dyxt +..+ Bx + B,x* + .+
+Cy+C,y" +Eyt+.. )

where t represents the current age, x represents the consistence value and y is the current age
magnitude. In figure 4.6 are represented the obtained results for SS magnitudes against the
polynomial rank of the multidimensional models with mixed terms for each of the considered
independent parameter. In this representation, the vertical axis represents the SS magnitude,
and the horizontal axis lists the polynomial rank for time series, consistence magnitude and,
respectively, for current age. It could be observed that the time series carries no significant
improvements. The best results are by the consistence polynomial development series and
especially by the current age polynomial expansion series (Fig. 6).

In table 4.7 are presented a series of configurations and the optimal polynomial model
— 1. e. model no. 6 expressed by the relation (2) and represented in figure 4.7. In this way it
can be obtain the finest analytical model for white poplar growth rate evaluation against the
state measured parameters.
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Fig. 4.6. The obtained results for SS magnitudes against the polynomial rank of the
multidimensional models for each of the considered independent parameter
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3D Surface plot
Growth magnitude (c.m.yearfha) against
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Fig. 4.7. The representation for the optimal multidimensional model with mixed terms
configuration

Table 4.7. The multidimensional polynomial configuration for optimal result

No.  Polynomial rank Polynomial rank

crt. for time series Z(;ies consistence l;:rl):;?rr;ilatﬂaggank ?;I}Bngnméalé corzgvl,( SS magnitude
1 7 10 10 5-5 1491.943077
2 8 10 10 5-5 1498.170268
3 7 10 11 5-5 1516.363699
4 7 10 11 5-6 1513.405674
5 7 10 11 8-6 1474.639669
6 7 10 11 10-6 1473.909667
7 7 11 11 9-5 1483.962850
Conclusion

This study showed that the least studied factors like consistence and density are the
main factors that must be considered in order to obtain high yield in the plots with poplar. The
significant influence of these factors resulted in a greater effect on the growth rate and harvest
production volume. The analysis was made based on numerous methods, and was performed
by comparison. The influence of the environmental gradient has proved to be of secondary
importance, and these effects have been neglected.

The problem of use and exploitation of forests is a current issue of worldwide concern.
The optimization of costs and maximisation of production purposes are carefully sought
nowadays, due to a national demand for preserving forests. We believe that the resolution
advanced in this study provides a solution of international interest.
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