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Abstract 
This paper presents the results of geophysical research (geomagnetic and GPR) and preliminary hypotheses 
concerning "Valley Forts" type settlements in the cultural landscape of the Biebrza-Narew river valleys, in the Bronze 
Age, which were developed on the base of the results of geophysical research of selected sites. Non-invasive 
identification of this type of sites was carried out using the magnetometric prospecting method. Two sites in the 
Biebrza river valley (Jatwieź Duża) and Narew river valleys were selected. The map of distribution of magnetic 
anomalies allowed to outline the organization and structure of sediments in the horizontal dimension. Magnetometric 
images of the sites show a complicated arrangement of objects. A number of types of anomalies have been registered, 
out of which those describing the defensive character of fortified settlements point to stone and earth structures. At 
least two lines of fortifications have been registered for all the stands, manifesting themselves as linear groupings of 
anomalies, thus contradicting any possible cavities in the type of ditch or moat. In addition, the distribution of the 
anomalies indicates the existence of clear gaps in the fortification lines, which can be interpreted as entrances to the 
settlement or gateways. These objects clearly indicate the anthropogenic character or adaptation of this place for 
defensive purposes in the form of terracing and strengthening of slopes. This is indicated by multiple anomalies, which 
form concentric assumptions of the palisade/wooden and stone embankment type or their combinations. 
  
Keywords: Valley Forts, Narew Valley, Biebrza Valley, geophysical prospecting method, 

 
INTRODUCTION  
The remains of defensive (fortified) settlements 
have been an important element of the cultural 
landscape of Podlasie for a long time. This type of 
objects is most often connected with the Middle 
Ages. The year 2017 brought a change, when 
several new structures of this type were discovered. 
The prospection of the digital elevation model 
(DEM) registered 25 new, related settlement forms 
- "Valley Forts". They constitute, in the territory of 
NE Poland (Podlasie), a complex settlement 
network in an extensive system of Narew and 
Biebrza river valleys [6], [10], [11], [12]. All these 
objects are located within the river valleys and have 
a similar structure (Fig. 1). These forms were 
constructed in a coherent system, and their 

 
classification was made possible by their  
morphological features (a) and topographical 
location (b): 
(a)the design of all structures is characterized by a 
circular or slightly oval centre surrounded by one, 
two or three rings of embankments; 
(b)all facilities are located within Narew and 
Biebrza river valleys or their smaller tributaries. 
They are poorly visible in the relief, which is 
probably a result of a significant denudation 
processes as well as anthropogenic factors [10], 
[11], [12]. It is assumed that objects of this type are 
defensive settlements of Urnfield Culture Circle, as 
shown by analogies from other excavation sites 
from the region [2], [9], [10], [11], [12]..
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Figure 1. Location of study area (red arrows) in NE Poland, Podlasie province

 
AIM OF STUDY AND METHODS 
The main objective of this paper is to present the 
results of geophysical research (geomagnetic and 
GPR) and to present preliminary research 
hypotheses concerning "Valley Forts" type 
settlements in the cultural landscape of the Biebrza-
Narew River, in the late Bronze Age and early Iron 
Age, which were developed on the base of the 
results of geophysical research of selected sites. 
Two sites were selected to presents preliminary 
results - one located in the north in the Biebrza river 
valley (Jatwieź Duża) [1], [4] and second located in 
the south in the Narew river valley (Filipy) [8], [3] 
in to identify records of human activity related to 
Prehistoric settlements, especially in the Late 
Bronze Age and Early Iron Age (Fig. 1). Examined 
objects may include structural elements of the 
fortification, such as stones or their concentrations, 
wooden structures (palisades, box forms) or moat 
ditches or earth embankments.  
Considering the nature of expected structures 
related to the settlement, the magnetometric method 
and later verification of selected areas with the use  
of the GPR method were used. 

 
 
The applied research methodology allows to 
register the said groups and classes of objects on the 
flat plan [1], [3], [4], [8], [10], [11], [12]. 
The measurements were done within the grid of the 
measuring fields, so-called grids, which was 
founded on selected positions and was common for 
magnetometric and GPR. Each grid was a square of 
20 m sides, surveying with a Leica RTK GPS 
receiver (Leica NetRover GS08/CS10). 
Magnetometric measurements were made using 
Bartington equipment (Fluxgate), model Grad-601, 
while the georadar surveys were made using Mala 
GeoScience ProEx System equipment (Professional 
Explorer) with a 500 MHz antenna. 
The results of geophysical surveys were carried out 
in two levels. In the first stage magnetometric 
surveys were carried out on the surface of all 
selected objects. The data from these measurements 
were visualized in GeoPlot program, which allowed 
for the selection of grids for GPR research. In the 
second stage, GPR studies were started and the 
results of the collected data were developed in the 
Ground Vision and Reflex programs.. 

 
RESULTS 
Jatwieź Duża - results of magnetometer surveys 
The resultant image of magnetometric prospection 
at this site, which is the result of field work and  
 

 
office analyses carried out with the use of 
specialized software, is characterized by the 
complexity of recorded readings (1 in Fig. 2) [1]. 
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Figure 2. The results of magnetometric prospectus at the Jatwieź Duża site. Value range nT: -3 / 3 (1), Graphic 
interpretation of the magnetometric image at the Jatwieź Duża site. Distribution of six types of anomalies (2)

The range of values of recorded signals, their 
number, differentiation in terms of magnetic 
properties and the grouping itself, made it possible 
to distinguish six classes of readings - polygonal 
anomalies which their groupings forming linear 
arrangements (2 in Fig 2) [1]. 
Type I - high readings of bipolar nature and mostly 
unspecified magnetic fields. The most readable and 
easy to interpret anomalies are those running 
through, more or less, the middle of the site on the 
SW-NE axis. The objects generating the described 
strong signals are metal wires attached to wooden 
piles dug into the ground, forming a fence of 
individual plots (2 in Fig 2) [1]. Bipolar signals 
located in the eastern corner of the research area 
were also classified into the group of such 
anomalies.  
Type II - bipolar signals with separating centers, 
which makes it possible to specify individual 
objects generating such readings. The values of the 
recorded signals are in the range from -50 to 50 nT. 
They should be interpreted as boulders containing 
ferrimagnetic minerals. Some of the signals in this 
category are part of the supposed defensive 
structures, strengthening their interpretation as 
boulders or stones (2 in Fig 2) [1]. 
Type III - bipolar signals of an unspecified nature 
of the emitting center. They generate wide ranges 
of values magnetization in the range from -50 to 50 
nT. The highest frequency of their occurrence is 
within the boundaries of a recognizable object. 
They represent a large variety of shapes and sizes. 
Often these readings have overlapping fields 
magnetic, which directs recognition of their origin 
towards the accumulation of boulders or stones (2 
in Fig 2) [1]. Type IV - positive anomalies, with an 
unspecified and heterogeneous shape on a flat plan 
of the resulting magnetometer image. The range of 

values that has been registered by the measuring 
device is positive and reaches a maximum of 50 nT. 
These signals were located mainly in the fort 
structure under study, as well as in its immediate 
context. It should be connected with the activity of 
the Prehistoric human being in the area and his 
deliberate actions (2 in Fig 2) [1]. 
Type V - one-field anomalies with positive 
magnetic field values. They are quite homogeneous 
in terms of shapes and sizes - the vast majority of 
them are circular, oval and relatively small. They 
have a fairly wide spatial distribution on study area, 
however, their greater concentration occurs within 
the studied Prehistoric structure, especially its 
central part. They can be pit holes or smaller 
boulders lying below the surface (2 in Fig 2) [1]. 
Type VI - this category is created by only one 
broad-plane traverse anomaly. It is located in the 
central-western part of the studied area and crosses 
two alleged circles of fortifications on the SE-NW 
axis. Has a regular outline with increased value of 
magnetization. Comparing the collected data with 
the results of excavations carried out at the site in 
2018, it should certainly be considered a registered 
anomaly as a signal generated by the backfill of the 
archeological survey excavation (2 in Fig 2) [1]. 
 
Jatwieź Duża - results of GPR surveys 
The research area of the site was divided into two 
sections J_1 and J_2 each with dimensions of 20x40 
m for GPR research based on geomagnetic data 
(Fig. 3). The results obtained show anomalies that 
overlap in part with the results obtained during 
magnetic research. The measurements recorded on 
them can probably be associated with linear 
constructions, such as stone and wooden 
embankments [4]. Two types of anomalies were 
identified in both studied space. 
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Figure 3. DEM of the Jatwieź Duża site with location of areas for georadar research (GUGiK data) 

Type I - anomalies forming a polygonal linear 
system. It coincides with the data from the DEM. 
The measurements recorded on them can probably 
be associated with linear constructions, such as 
stone and wooden embankments (A2 & B2 in Fig. 
4) [4]. 
Type II - polygonal anomalies that do not form a 

linear system. Most of them are characterized by a 
strong signal from the central core. These can be 
large objects such as stones as well as remnants of 
other infrastructure of the object. Another 
explanation may be the remnants of pit holes, 
especially within the central square of the site (A2 
& B2 in Fig. 4) [4]. 
 

 
Figure 4. Section J_1 (A1 and A2). Processed image from the depth of about 1.0 m Section J_2 (B1 and B2) 

Processed image from the depth of about 1.20 m 
 
Filipy - results of magnetometer surveys 
The magnetometric image of the site has relatively 
low complexity in terms of recorded values (Fig. 2 
& 5). Considering the number of anomalies,  

diversity in terms of magnetic properties, field 
orientation and grouping, it was decided to describe 
them under four types of polygonal anomalies (Fig. 
5) [8]. 
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Figure 5. The results of magnetometric prospectus at the Filipy site. Value range nT: -5 / 5 (1). Graphic 

interpretation of the magnetometric image. Distribution of four types of anomalies (2)  
 

Type I - have a single magnetic positive center, and 
do not have a clearly regular shape. Their 
dimensions range from a few cm to over 2 m in 
diameter. Distribution of these objects can be 
observed throughout the area research. However, 
the most visible are their circular-shaped 
concentrations in the central part of the area (two 
concentric strips consisting). This can be 
interpreted as places of occurrence of differences 
in sediment lithology, which may indicate the 
presence of pit holes. They may also be boulder 
positions used for construction of fortifications or 
other objects (2 in Fig. 5) [8]. 
Type II - This anomaly is two-field structures with 
a clearly visible positive and negative center of 
magnetization value. A significant concentricity of 
both fields is visible, which suggests the type of 
remnant magnetization. The dimensions of these 
anomalies range from a dozen or so cm to a few 
meters in diameter that crosses both fields (+/-). 
Most of the anomalies are between -30 and 30 nT. 
This type was interpreted as small metal waste. In 
addition, these structures should not be treated as 
modern objects because of the expected 
chronology of the site (Late Bronze Age/Early Iron 
Age). Therefore, it can be assumed that these 
anomalies may also signal the position of iron 
artifacts (2 in Fig. 5) [8]. 
Type III - Anomalies are similar to those of type 
two in terms of magnetization values. It was 
decided to distinguish them based on the different 

shape and arrangement of negative and positive 
centers. In all cases, these anomalies are much 
larger from type two and often reach several meters 
in length or diameter. Characterized by 
heterogeneity and a significant degree of 
overlapping fields. The concentration of objects 
with strong magnetic properties may be 
responsible for such a manifestation in the image. 
This group includes, for example, boulders with a 
high content of ferromagnetic minerals and as well 
as in an archaeological context it could be a burned 
clay or burned wooden constructions (2 in Fig. 5) 
[8]. 
Type IV - Three anomalies were also recorded on 
the magnetometric image, which are certainly 
associated with modern human activity. These are 
characterized signals a clear and high positive 
center, and a concentrically divergent center 
negative all around (2 in Fig. 5) [8] .  
 
Filipy - results of GPR surveys 
On the sections under analysis anomalies whose 
shape does not coincide with the ALS map were 
recorded. In the first section of F_1 20x40 m (A1 
& A2 in Fig. 7). Legible anomalies can be observed 
only below 2 m deep. This is probably related to 
the heavily transformed area. The readability of the 
echograms at this depth is clear enough to 
distinguish the outlines of supposed linear objects 
- outline of shafts, moats or other structures [3].
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Figure 6. DEM of Filipy site with location of areas for georadar research (GUGiK data) 

 

  
Figure 7. Section F_1 (A1 and A2). Processed image from the depth of about 2.20 m 

Section F_2 (B1 and B2). Processed image from the depth of about 2.00 m 
 

On the section of 20x40 m, marked F_2 (20x30 m) 
and F_3 (20x10 m), (B1 & B2 in Fig. 7), six levels 
with anomalies were generated, whose legibility 
starts from 1.15 m and 1.60 m, and ends at about 
2.4 m depth [3]. Two types of anomalies are 
separated - type I, field anomalies that do not form 
linear structures and type II, anomalies whose 
layout refers to linear structures (Fig 7). The image 
of this site obtained by means of the GPR 
prospectus is very distorted. The most interesting 
results were obtained in section F_3 (Fig 8). At a 
depth of 1 m to 2.4 m polygonal anomaly appears. 

A rectangular polygonal anomaly is observed at 
depths of 1 m to 2.4 m. It may be interpreted as a 
residue of some complex structure (gateway?) [3], 
[8]. The reason for obtaining such ambiguous 
images of GPR measurements may be the 
environment condition. The lithological structure 
on which the site is located as well as the high 
groundwater level [3], [5], [7]. However, 
anomalies were reported at individual levels, 
probably related to the settlement and fortifications 
(embankments or moat).
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Figure 8. Section F_3. Processed image from the depth of about 1.0 m (A) and 2.4 m (B) 

 
DISCUSSION AND CONCLUSIONS 
As part of non-invasive geomagnetic 
reconnaissance, a rich pool of various types of 
polygonal anomalies was recorded at both sites, 
which in a broader context create linear systems. 
Their regular arrangement is evidence of 
anthropogenic origin, which in addition, based on a 
flat plan, can be called defensive [1], [3], [4], [8]. 
Two concentric circles composed of anomalies are 
clearly visible, which testify to the presence of 
stones, burnt wooden structures or also pits or burnt 
clay (Fig 2, A2 & B2 in Fig 4, Fig. 5, B2 in Fig. 7). 
Most of the anomaly, perfectly corresponds to the 
DEM made on the basis of data made available by 
aerial laser scanning. At both examined stands they 
coincide with the outline of the fortification 
ramparts from the model of the area. Results  
obtained from magnetometric and GPR  
 

 
 
measurements it has become possible to trace the 
installation sequence and to determine the number 
of embankments. At least two regular fortification 
districts (external and internal) have been 
confirmed. 
Important from the point of view of the 
reconstruction of human activity in the past in the 
studied area are the polygon anomalies recorded in 
the central part of the facilities, which do not create 
any linear arrangements in themselves (Fig 8). In 
this case, the obtained image of geo-radar surveys 
enhances the interpretation of these types of 
anomalies as the remains of a pit holes. 
The results of geophysical research give a picture of 
a defence settlements which, in the Bronze and Iron 
Age, could be used by human communities not only 
as a refugium. 
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Abstract 
The paper presents the experimental data obtained on two groups of students, one witness, in two normal classrooms and 
respectively in the outdoor gymnasium and another in the same type of rooms, but with halochamber regime, 
differentiated on gender and age, including children born in 2006 and 2007, at the age with the highest growth rate. 
Starting from the fact that the solions reformulated in situ act on the body through inhalation and absorption at the skin 
level, it offers a remedy for many conditions, as halotherapy is a complementary and / or alternative method of protecting 
the airways and improving the morpho-structural characteristics of the skin of the human body. An original system was 
used to process the experimental data regarding the evolution of the characteristics studied, expressed as a percentage 
increase, allowed a good highlighting of the effect of saline aerosols/solions on the morpho-structural type biometric 
characteristics (weight, height, thoracic perimeter), pulse and blood pressure in children, depending on age and gender. 
It has been shown that girls interact more strongly with solions, and register higher values for most of the studied 
parameters than boys. 

Keywords: solions, saline anhydrous aerosols, halochamber (salt room), halo-therapy, microclimatic parameters, 
biometric morpho- structural and dynamic characteristics 

INTRODUCTION 
Saline aerosols in the form of nano dispersions in 
gaseous environments behave, as far as 
concentration levels and lifetime, in the form of 
trimodal Gaussian distributions: fine Aitken 
particles (below 50 μm), medium (between 50 and 
500 μm) and coarse or large (between 500 and 1000 
μm) respectively [1-7]. The fine and medium ones 
have the stability over time depending on the active 
surface of the porous granules of the source of 
generation (diaphragm), the shape (cylindrical or 
parallelepiped diaphragm), size and structural 
profile of the diaphragm, number of generation 
centers, particle size and position of superficial 
fluorescent microcrystallites. superficial (external 
surface and that of the pores of the granules), the 
porosity of the granules, the levels of the climatic 

parameters and other characteristics of the gaseous 
environment of the halochamber [3-3]. The works  
elaborated in the last years within our group [3-5, 
14-23] have experimentally demonstrated that the
solion-type hydrated nano-aerosols, as such or
doped with other halo-salts, in addition to the ability
to prevent and treat diseases cardio-respiratory,
osteo-muscular and psychomotor, have at certain
levels of concentration beneficial effects on the
development of children, in increasing the athletic
performance in young sportsmen and in improving
the resistance of the persons who carry out activities
with intense physical effort, in severe or high
performance work regimes.
For people working in severe conditions (eg.
welders), the aerial metal smoke resulting from the
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welding process can be inhaled by welders, being 
used in studies, respiratory filters (FFR), which stop 
the particles from entering the airways of the 
workers [8]. Research has been carried out on the 
effect they have on relative humidity, particles 
composed of sodium chloride and sodium sulfate, 
thus it was investigated how the particle size 
influences the efflorescence rate  and which of them  
nucleate faster, when the NaCl particles are larger 
than 70 nm, the ERH decreases with decreasing dry 
particle sizes [9]. Therefore, in the particle size 
distribution of saline aerosols (Aitken nanoparticles 
of NaCl), two subgroups are differentiated: 
anhydrous and hydrated ones, called solions. The 
first are non-symmetrical, poorly aquatized 
nanopolyhedrons, which by the anhydrizing effect 
of the membrane systems will chronicize the 
affections, while the solions (continuously/ 
dynamically reformed at atmospheric humidities 
greater than 85%), with a movable glomerular 
structure at the level of a tissue in vivo through 
deliquescence will facilitate the directing of the ions 
to the specific channels, stimulating the membrane 
biochemical processes.  In other words, solions 
have good bioactive compatibility with living 
tissues, activating a number of membrane processes 
in vivo. Moreover, they, in addition to creating 

clean air environments, allow, as previously 
mentioned, the prevention/treatment of certain 
diseases and to improve the physical performance 
of human subjects. 
Aerosol therapy (inhalation therapy) is a field of 
science that deals with the methods of treatment and 
prevention of airway disease, the efficiency of the 
treatment depends on the size distribution of the 
aerosol particles, their physical properties (density, 
shape, hygroscopicity, morphology). 
In connection with these nanoparticles, a series of 
patented artificial halochambers were developed, 
which were experienced in the teaching activities 
with the students. With their help it has been shown 
that solions active at a certain level of concentration 
have a beneficial influence on the development of 
the young, with the female having a higher 
receptivity regarding the effect of improving human 
performances [24-31]. 
The paper presents the influence of solions on the 
development of children, aged between 12 and 15 
years, in terms of the evolution of body weight, 
height, chest perimeter or chest thickness, for a 
period of 15 months. In this respect, the influence 
of the active residence time in the halochamber is 
studied, which is ten times higher than in other 
studies of the group [3-5, 14, 15].. 

 
EXPERIMENTAL PART 
Methods and techniques used to determine the 
characteristics of active solions 
The characteristics of the solions during the rest 
periods, 50 minutes after the start and the end of the 
classes, were determined using two particle 
counters type SIBATA GT 321 and Dust Trok, an 
Air Ion Counter type ionometer and by the method 
of differential conductometry, using a patented 
device within our group [32]. Also, the evolution in 
time and work stages of the following parameters 
registering the main climatic factors in the 
classrooms were monitored, namely: temperature 
(C), air humidity (% UR), atmospheric pressure 
(mmHg) and lighting (lx), using specific laboratory 
devices. 
The study used a series of generators with 
diaphragms containing porous granules of NaCl, 
obtained by recrystallization, at 50… 60ºC, from 
supersaturated solutions. Four generators were 
placed at the windows of two classrooms with a 
volume of 126 cubic meters (7×6×3) and six in the 
320m3 (10×8×4) gyms. In order to achieve an 
optimal level in solions, the generators were started 
about 60 minutes before the start of class hours. 
After 50 minutes of operation, the average level of 
solions was determined, and then determined 
againat the end of the classes. For the Physical 
Education classes, there was a progressive program 

 
 
 
of exercises, training and games over the period of 
50 minutes, twice a week, distributed on even time 
intervals. For the two groups of activities (normal 
lessons in the classroom and physical education in 
the school gym) there were two groups of students 
who performed in parallel, one group in salt rooms 
and another in normal classrooms or gym, using the 
same work schedule and the respective time 
intervals. The students were monitored throughout 
the school year, twice a week regarding the 
evolution of morphostructural and biometric 
characteristics. For each work program, the level 
reached by saline aerosols/solions was correlated 
with the average data of the biometric 
characteristics of the students, separated on gender 
[33]. 
 
Selection of experimental groups of students 
The experiments were performed on two groups of 
students (girls and boys) from classes VI and VII, 
for each age category, noted by the year of birth 
(2006 and 2007): the reference group for outdoor or 
gym applications, made of the group of girls noted 
F0i200X (X = 6 and 7), with student i, having the 
year of birth 200X and the group of boys noted 
B0i200X, with student i, having the year of birth 
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200X and respectively the halochamber group 
formed by the group of girls noted Fhi200X having 
student i, with the year of birth 200X and the group 
of boys noted Bhi200X with student i, having the 
year of birth 200X, where i = 1, 2, 3…, represents 
the number of the student in the group, each group 
with 7 to 25 students. In order to select the students 
for the two experimental groups (from the 
halochamber and from the open air), a series of data 
was used according to a standard form that includes 
information regarding the family living conditions, 
the family medical history (hemophilia, diabetes 
mellitus, HTA, parasites , heart disease, cancer, 
rheumatic diseases, TB), personal physiological, 
pathological history (eruptive diseases, whooping 
cough, hepatitis, gastritis, cardiovascular, 
immunological, metabolic and endocrine disorders) 
[33]. 
 
Biometric characteristics and their 
determination 
Within the morphometric and functional biometric 
examination, in order to determine the level of 
physical development of the subjects, a series of 
measurements were made, namely [33]: 

 - the weight, which was made with the help of the 
electronic scale and was expressed in 
kilograms; 

 - stature (height), which was determined with the 
staturometer, being expressed in centimeters; 

 - the thoracic perimeter, respectively the 
thickness of the thorax, was measured with a 
metric band (100cm), recording two 
dimensions, with the thoracic perimeter in 
respiratory rest (the moment between 
inspiration and expiration) and respectively the 
thoracic perimeter in maximum inspiration. 

 
Processing of experimental data 
In order to facilitate the interpretation of the 
experimental results, the percentage increase of the 

characteristic over time was used graphically. For 
this purpose, the biometric data were determined 
periodically, at 3, 6, 9, 12, 15, 18, 21 and 24 months 
respectively for establishing the evolution of the 
subjects' weight and height, and for highlighting the 
increase of the thoracic perimeter, at 3, 6, 9, 12, 15, 
18 and respectively 21 months.  
Based on the recorded data, a primary table was 
prepared. Then the average of the values for the 
same period evaluated for each group of students, 
respectively the group of girls, noted F0m200X and 
the group of boys, noted B0m200X, where m 
represents the arithmetic mean, and X - values 6 or 
7, corresponding to the year of birth. .  
After this, the percentage (%) was calculated with 
the evolution of the characteristic C, compared to 
the start time of the experiment (C0), in relation to 
the subsequent readings (Cj), the period of 
determination being denoted by j, which represents 
the month of the year of readings, using relationship 
[33]: 
 
C (%) F0m200X or C (%) B0m200X = 100 × (Cj-
C0) / C0, (1) 
respectively: 
C (%) Fhm200X or C (%) Bhm200X = 100 × (Cj-
C0) / C0; (2) 
 
Finally, the graphs C (%) = f (t) are drawn, the time 
being in months, for the average values of the girls 
and boys, in the two different working conditions, 
taken separately (outdoors, noted in the lower right 
indicates "0" and halochamber, noted down right 
indicates "h"). Each biometric characteristic, taken 
in the study, was represented in the same coordinate 
system, having in order C (%) and in the abscissa 
time in months.  
Based on these graphs, the evolution of each group 
of students was appreciated and the influence of 
saline aerosols and reformulated solions in situ on 
the characteristics studied was established..

 
RESULTS AND CONCLUSIONS 
Since the dynamics of aerosol emissions from 
halochambers is influenced by the environmental 
conditions, humidity, temperature, pressure and 
lighting, the determinations were made keeping the 
values of the parameters of the pumped air constant 
and monitoring the microclimate formed in the salt 
room. The main factor for improving and 

 
 
maintaining student health in our case is the sodium 
chloride solution, made up of nanoparticles with 
diameters ranging from 2 to 5 μm, structurally 
reformed from Aitken particles in a humid 
environment (≥ 65% RH) [34]. The results obtained 
for the climatic parameters and the concentrations 
in solions from halochamber are presented in table 
1. 
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Table 1. Evolution in time of the climatic characteristics of the two types of 
 environments used in the experiment (outdoor / controlled and halochamber). 

   System   Parameter Oct 2018 Jan 2019 May 2019 Aug 2019 Nov 2019 
 C, mg/m³, 

solion 
0.0 0.0 0.0 0.0 0.0 

Gym/ 
Outdoor field 

(Witness) 

TºC 19 18 20 21 20 
P, atm 750 740 760 760 750 
UR,  % 70 60 65 60 70 
I, lx 120 116 120 130 120 

Gym 
(Halochamber) 

C, mg/m³, 
solion 

0.660 0.665 0.680 0.670 0.665 

 TºC 21 20 21 22 20 
 P,atm 750 740 760 760 750 
 UR,  % 75 70 75 75 70 
 I, lx 110 105 110 120 110 

Classroom I 
(Witness) 

C, mg/m³, 
solion 

0.0 0.0 0.0 0.0 0.0 

 TºC 21 22 22 22 21 
 P,atm 750 740 760 760 750 
 UR,  % 75 70 75 75 70 
 I, lx 110 105 110 120 110 

Classroom I 
(Halochamber) 

C, mg/m³, 
solion 

0.860 0.965 0.980 0.970 0.865 

 TºC 21 22 22 22 21 
 P,atm 750 740 760 760 750 
 UR,  % 75 70 75 75 70 
 I, lx 110 105 110 120 110 

Classroom II 
(Witness) 

C, mg/m³, 
solion 

0.0 0.0 0.0 0.0 0.0 

 TºC 21 22 22 22 21 
 P,atm 750 740 760 760 750 
 UR,  % 75 70 75 75 70 
 I, lx 110 105 110 120 110 

Classroom II 
(Halochamber) 

C, mg/m³, 
solion 

0.850 0.935 0.940 0.930 0.845 

 TºC 21 22 22 22 21 
 P,atm 750 740 760 760 750 
 UR,  % 76 72 78 79 72 

 I, lx 110 105 110 120 110 

The data in Table 1, show the average value of the 
microclimate parameters and the concentration of 
solions in the three groups of rooms, each having a 
witness room and a halochamber), respectively the 
gymnasium (bad weather)/the sports field (good 
weather,  witness only) and the four classrooms, 
two with sixth form students, born in 2006 and 
another two for seventh-graders, born in 2007. So, 
each group is composed of two classrooms, one 
blank, with level of solions 0.0 and  the second with 
halochambers for the experiment. As the gym is 

used alternatively, 2 hours a week, on Tuesdays and 
Fridays, for both classes, but for different time 
intervals, monitoring of the three morpho-
structural/biometric characteristics (body weight, 
height and circumference of the thoracic perimeter) 
is made only for the period of activities in the two 
classrooms, the witness and the experimental one. 
Figures 1-6 show the evolution charts of the three 
main characteristics in children (body weight, 
height and circumference of the thoracic perimeter).
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Figure 1. Evolution of body weight students born in 2006, from the two classes I and II 

 

 
 Figure 2. Evolution of body weight of students born in 2007, from the two classes I and II. 

 

 
Figure 3. Evolution of students’ heights, born in 2006 from the two classes I and II. 

 

 
Figure 4. Evolution of students heights, born in 2007, from the two classes I and II. 
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Figure 5. Evolution of the circumference of the thoracic perimeter of students,  

born in 2006, from the two classes I and II. 
 

 
Figure 6. Evolution of the circumference of the thoracic perimeter of students, 

 born in 2007, from the two classes I and II. 
 

Based on the graphs in the figures above, it can be 
observed that for girls born in 2006 the two 
representative curves for weight evolution are 
strongly differentiated, the curve corresponding to 
the halochamber is much higher in the first 18 
months than for the witness. On the other hand, for 
boys the increase in weight for the two curves (from 
the halochamber and from the witness) has parallel 
and similar evolution rates, but after 18 months it is 
above the development curve for girls. This effect 
is due to the fact that boys have a higher rate of 
development than girls, whereas girls are more 
vulnerable to the influence of aerosols. 
We find the same effect for students born in 2007, 
with the difference that from the beginning the 
evolution of the weight for boys is above that 
corresponding to girls. 
In terms of height, both for students born in 2006 
and 2007, the percentage growth rate for girls is 
higher than for boys. 
For the third characteristic, the circumference of the 
thoracic perimeter, the students born in 2006 have 
a higher percentage growth rate than for the girls, 
and for those born in 2007, the results parallel the 
halochamber curve and the one in the witness room 
corresponding to the girls. The average growth of 
the thoracic perimeter recorded in respiratory rest 

and in maximum inspiration (inspire) respectively 
under the influence of saline aerosols/solions, for 
the large age series presents a lower growth rate in 
girls than in boys, a phenomenon considered 
normal. 
In contrast, for the younger ages, the same 
evolution of the size of the thoracic perimeter 
registers a higher growth rate in girls than in boys, 
and in the first 12 months the values recorded in the 
inspiration, both in the case of the witness groups 
and in the halochamber are very close, because 
then, the average size of the thoracic perimeter will 
increase more strongly in girls, than in boys, an 
evolution that can be explained by the genetic 
diversity and the existence of large differences in 
the quality of life of the children in the study area 
(rural, mountainous area with oil and forestry 
industry). The organization of the didactic program 
in the classroom and in the physical education 
classes was differentiated according to the lesson 
plan. In time, the harmonious physical development 
of the children was pursued (the development of the 
muscles, the chest, the height, the improvement of 
the strength and the resistance of the body, 
achieving a balance between the optimal weight and 
the height of the students). In order to reach these 
goals, differentiated by age, according to the 
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curriculum, those physical exercises were selected 
from the beginning and the end of the lessons that 
allowed a better harmonization of the morpho-
structural/biometric characteristics, of which we 
mention: walking (variants) around the class, 

assisted by exercises for all body segments. All the 
exercises were executed, in terms of effort, 
gradually. Students who worked in the halochamber 
came into contact with the solions atmosphere, both 
through the skin and by inhalation..

  
CONCLUSIONS 
The experimental data obtained on the groups of 
students, one witness, who worked in the outdoor 
sports hours or on the sports field (in good 
weather)/the gymnasium (in bad weather), 
respectively for the other teaching hours in two 
classes without aerosols and two halochamber type 
classes (classrooms equipped with dynamic 
aerosol/solion generators), the students being 
differentiated by the two genders and ages, 
including children born in 2006 and 2007, and the 
time spent sitting/working in the halochamber 
being ten times more than the one studied before [3-
5, 14, 15]  the following conclusions can be made: 

- saline aerosols and solions reformulated in situ 
in humid environment respectively act on the 
body through inhalation and absorption at the 
skin level, which according to the literature 
offers a remedy for many conditions, 
halotherapy being a complementary and/or 
alternative method of airway protection, but and 
improving morpho-structural/biometric 
characteristics of the human body; 

- the system of processing the experimental data 
regarding the evolution of the three morpho-
structural/biometric characteristics (body 
weight, height and circumference of the 
thoracic perimeter), expressed as a percentage 
increase, allowed a good highlighting of the 
effect of saline aerosols/solions on the three 
characteristics taken in you study, by age and 
gender; 

- it can be observed that for the girls born in 2006 
the two curves of weight gain are strongly 
separated, the curve corresponding to the 
halochamber is higher in the first 18 months 
than the one in the witness room. In contrast, for 
boys the increase in weight for the two curves 
(from the 

halochamber and from the witness room) have 
parallel and similar values and close evolution 
rates, but after 18 months they are above the 
development curves in girls; this effect is due to  

 
the fact that boys have a higher development 
rate than girls, while girls are more vulnerable 
to the influence of solions. 

- the same effect is found for students born in 
2007, with the difference that from the 
beginning the evolution of weight for boys is 
above that corresponding to girls. 

- in terms of height, both for students born in 2006 
and 2007, the percentage growth rate for girls is 
higher than for boys. 

- the third characteristic, the circumference of the 
thoracic perimeter, presents for the students 
born in 2006 a higher percentage growth rate 
than for the girls, and for those born in 2007 it 
is located between curve related to the 
halochamber and that of the witness room 
corresponding to girls. 

- the increase of the average dimensions of the 
thoracic perimeter dimensions recorded in 
respiratory rest and respectively in maximum 
inspiration (inspire) under the influence of 
saline aerosols/solions, for the largest age 
series, presents a lower growth rate in girls than 
in boys, a phenomenon considered normal; 

- on the other hand, for the younger series, the 
same evolution of the size of the thoracic 
perimeter registers a higher growth rate in girls 
than in boys, and in the first 12 months the 
values recorded in inspiration, both in the case 
of the witness and in the halochamber groups 
are very close, so that later, the average size of 
the thoracic perimeter will increase more 
strongly in girls, than in boys, an evolution that 
can be explained by the genetic diversity and 
the existence of large differences in the quality 
of life of children in the study area (rural, 
mountain with oil and forestry industry). 
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Abstract 
In order to achieve successful agriculture, it is necessary for sustainable use of the soil resources, because soils can lose 
their quality. Therefore, for sustainable agricultural practice is required basic knowledge regarding the rational use of the 
land. A success in soil management to maintain the quality depends on the understanding of how the soil responds to 
agricultural practices over time. Recent interest in evaluating the quality of our soil resource has therefore been simulated 
by increasing awareness that soil is a critically important component of the earth’s biosphere. Soil properties can be 
affected by land-use types, through addition and removal of the nutrient element. Therefore, an assessment of the soil 
fertility status is required periodically, to adopt appropriate land management practices; to increase soil productivity, 
resulting in high crop production. 
The aim of this study was to analyse the effect of land-use on physicochemical soil properties for different types of 
culture. Samples were collected according to horizon differentiation, and also at predetermined depths of 0-15 and 15-
30 cm in all land use types, giving a total of 48 samples, humus, total N (TN); available P (AP); available K (AK); pH. 
Soil samples were collected from different uses of land, namely arable land, pastures, vineyards, hygrophilous vegetation, 
and unproductive land. Valea Oii is located in the north-eastern part of Romania and occupies a central-western position 
in the Bahlui watershed, having a catchment area of 97 km2. Soil chemical properties are the most important among the 
factors that determine the nutrient supplying power of the soil to the plants. The chemical reactions that occur in the soil 
affect soil development and fertility. To increase soil organic matter and other nutrients in the soil of cultivated land, it 
is proposed to implement on a large scale some elementary measures for soil and water conservation, which would favor 
the optimum use of agricultural land (land management through compost, cover crops, manures, minimum tillage, crop 
rotation). 
 
Keywords: land use, soil properties, horizons, agriculture, NE part of Romania 
 

INTRODUCTION 
The soil is a natural body dependent on the parental 
material and the pedogenetic processes to which it 
was exposed. With regard to soil properties 
(physical, chemical and biological), they have 
dynamic variability, both vertically and 
horizontally. In order to know and understand the 
effects of land use types and their management it is 
necessary to monitor the variation of soil properties. 
Over time, studies on the variability of soil 
properties have analyzed several factors such as: 
land slope, crop types, but also land use [1]. Soil 
properties are very important characteristics, 
especially when used for agronomic purposes. The 
land use in an area must take into account the 
compatibility between physical - chemical, 
bioclimatic characteristics and crop types [2]. In 

 
practice, especially in the case of individual farmers 
or small farms, the use of land is not 
alwayscorrelated with the soil type, the decisions  
depending on the level of education and experience 
of the land owners. However, the efficiency with 
which land use systems can be optimized will be 
based on soil properties that must correspond to the 
requirements of the crop type. 
The type of land use, soil management practices 
influence soil nutrients and soil processes, such as 
erosion, oxidation, mineralization and runoff [3,4], 
the transport and redistribution circuits of nutrients 
being modified. In fallow lands, the type of 
vegetative cover represents a factor that influences 
the organic matter content of the soil, which leads 
to the compulsory determination of soil 
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characteristics [3]. The data regarding the physical 
and chemical properties of the soil are of particular 
importance in the planning and management of 
spatial variations of the soil, saving both time and 
financial resources, directly influencing the proper 
management of soil and crops, as well as the 
efficiency of soil research [5]. Inadequate soil 
management can lead to rapid deterioration of 
important land areas, often becoming a major threat 

to rural livelihoods in many developing and 
developed countries. Rarely, the consequences of 
changes in the land use on the soil are difficult to 
highlight, which leads to the delay of the initiation 
of ameliorative measures by the administrators of 
the respective lands. 
The aim of this study was to analyse the effect of 
land-use on physicochemical soil properties for 
different types of culture.].. 

 
MATERIAL AND METHODS 
Study area 
The Valea Oii catchment is located in the north-
eastern part of Romania and occupies a central-
western position within the Bahlui catchment 
(Figure 1), with an area of 97 km². Although it has 
a small area, the catchment stretches over two well-
individualized areas within the Moldovan Plateau: 
the Moldavian Plain (84.60% of the total area of the 
catchment) and the Suceava Plateau (15.40%); 
besides the two zones, there are other subunits: the 
coast of Dealului Mare-Hârlău (Suceava Plain). [6] 
The substrate is formed by quaternary deposits with 
cryptomacra, with variable petrographic 
composition with sands, loamy and heavy clay and 
clays.  
Five soil classes from the study area (Cernisols, 
Hydrisols, Protisols, Anthriosols and Luvisols) 
were divided into nine soil types (Figure 2). 
According to the study conducted by OJSPA Iași 
[7], the Cernisols class has the largest expansion in 
the study area (5419.43 ha), represented by 
chernozems with an area of 4643.78 ha (47.88%), 
followed by phaeozems occupying an area of 675.1 
ha (6.96 %), 14.40 % being occupied by other types 
of soils from the other classes. A quite significant 
area of land (18.19%) is covered by soil complexes 
where various soil associations are found. 
 
Methodology 
The soil map was based on the pedological studies 
from OSJPA [7] Iasi, and the land use map was  

 
 
made based on 2012 orthophotoplan [8] and the 
CLC from 2018 [9].  
From the main categories of land use identified in 
the area, data from 48 georeferenced soil profiles 
which include different soil parameters (n=10) were 
extracted from the Local Soil Survey database [7] 
including arable land (39), grassland (2), orchards 
(1), vines (1), non-productive lands (4) and 
hydrophilic vegetation (1). For the present study 
database were taking into account: pH, humus, total 
N, P assimilable, K assimilable and the texture for 
2018 from the first 30 cm.  
In order to reveal statistically significant 
differences between the physical and chemical 
properties of the soil and the land uses, the variance 
was analysed (parametric one-way ANOVA). The 
dependence between land use and the soil physical- 
chemistry properties type were tested using the 
Pearson chi-square test contingency table and the 
correlation between soil properties by Spearman's 
rank order correlation, by principal component 
analysis (PCA) and hierarchical cluster analysis 
(HCA) for quantitative evaluation of multivariate 
relationships between data. PCA and HCA have 
been used to distinguish different groups of 
physical-chemical properties as traces of natural or 
anthropic sources. The analysis was performed 
using XLSTAT trial version 
(https://www.xlstat.com/en/) [10]. The tests were 
performed at a 95% confidence interval. [11] 
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Figure 1. Valea Oii catchment located in north-eastern part of Romania 

 
Figure 2. Soil and land use map of the study area 
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RESULTS 
The land use and management practices directly 
influence all types of soil properties. The increased 
need to provide food resources for the population 
has over time led to the transformation of forest-
covered land into arable land, leading to 
degradation of soil cover and modification of 
nutrient cycles and flows, becoming a worldwide 
concern. Intensive farming techniques have 
generated consequences that are difficult to predict 
on soils and groundwater, so that the pattern left 
could be detected even after the activity is stopped. 
In this sense, on arable land, the amount of soil 
organic matter is generally lower, compared to the 
soils of forests or natural grasslands, with the crops 
benefiting from the initial reserve, the input / output 
ratio being favorable to consumption. Disruption of 
the degree of cover with vegetation of the lands,  
 

 
leads to higher soil erosion rates and consequently 
losses of nutrients and organic matter with 
consequences in lowering the buffering capacity 
and that of cation exchange, soil productivity, 
reducing biodiversity. Soil sustainability requires 
regular assessment of soil fertility status and 
quality, as it provides quality knowledge of the 
factors that impose restrictions on increasing crop 
production and soil productivity in different types 
of land use and for adopting appropriate 
management practices. Of the entire surface of the 
basin (9700 ha), about 3/5 belong to agricultural 
lands and only 2/5 to non-agricultural ones (Table 
1). This fact indicates an intense transformation of 
the initial vegetal cover (from forests and pastures) 
into arable land surfaces. 
 

Table 2. Evolution of land use categories between 1950-2018 in the Valea Oii catchment

 
 
The arable lands were more frequent in the flat 
areas with gentle slopes, and the non-productive 
lands were more frequent on the north-facing slopes 

and with low isolation slopes. There was no 
significant dependence between soil type and land 
use. (Table 2)

 
Table 2. Mean values and standard deviations (SD) of measured soil properties  

a) and the correlations between them; b) in on land use types in the studied region; 

 

 
 



ACTA GEOBALCANICA  
6-2, 2020, pp. 75-82 

79 

                        a)          b) 

  c)   d)   e) 
Figure 3. PCA results for soil chemical properties of topsoil a) Eigenvalue diagram; 
b) Correlation circle on F1–F2 axes; c) F1–F3 axes; d) F1–F4 axes; e) F2–F3 axes 

 
Topsoil’s under different land uses indicate a rather 
low variability of the physical - chemical properties 
measured over the entire studied area (table 2). It is 
characterized by the positive loadings of most of the 
variables. Clay, dust pH, Nt, and Pa have higher 
positive loadings, showing the similar patterns 
among all sampling points. On the other hand, only 
sand with SOM- Pa - Ka and SOM with Nt - Pa 
show negative loadings. Those results correspond 
to the strong linear correlation of Pa - Nt, SOM - Ka 
and dust-clay. Analysis of the variance and its 
nonparametric equivalent revealed that several 
measured chemical properties show significant 
differences in average or average values between 
land uses. PCA has been extensively used by 
various researchers to identify key soil quality 
indicators, being used to examine the correlation 
between each soil variable with the locally derived 
components and shows geographic variations in 

multiple soil characteristics across space. The 
principal components (PC) are generated from PCA 
as linear combinations of the original data. The PC1 
explained about 29%, PC2 accounts additional for 
20.2% of total variance while PC3 accounts 14.97% 
and PC4 11. 59% (Figure 3). From screen plot 
graph of eigenvalues of the PCA-soil model (Figure 
4) it can be seen that the first two PCs are enough 
to explain almost 50% of the pattern variation. Land 
use, texture, pH, SOM and nutrients were major 
contributors to PC1 while the Nt, Pa concentration 
was the major contributors to PC2, texture and pH 
being secondary contributors putting into the 
evidence the presence of the nitrogen consuming 
crops as well as the absence of the crop rotation. 
PC3 describes main high positive eigenvectors of 
sand and pH corresponding to the sandy soils while 
PC4 identify dust and clay as main eigenvectors 
characteristic to the loamy clay soil texture.
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Figure 4. PC loadings of soils data from the the study area 

  

 
Figure 5. Cluster analysis by both Ward linkage method and Euclidean distance. 

 

  a)   b) 
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  c)   d) 
 

  e) 

 

  f) 
Figure 6. Results of the ANOVA tests: a) Humus, b) Clay, c) pH, d) Nt, e) Ka, f) Pa 

 
The ANOVA results (Figure 6) showed that land 
use types significantly influenced the chemical 
properties of the soils in the Oii Valley catchment 
over the basin (p <0.05). Thus SOM, clay and 
partially Nt vary significantly between different 
types of land use, indicating a degradation of soil 

quality. These results indicate that soil quality could 
be improved by transforming cultivated land into 
vegetation and that restoration of vegetation would 
be beneficial for SOM, Nt and Pa surface 
accumulation..

  
CONCLUSIONS 
The study was conducted to explore the spatial 
variability of the different soil variables (for 0-
30cm) throughout the Valea Oii catchment. PCA 
and HCA were used to characterize the spatial 
variability of the set of 10 different soil variables. 
The PCA was used to describe the data set and 
represents an adequate statistical approach to 
establish the relative importance of the individual 
variables characteristic of soils subjected to 
intensive use.  
The observed relationships from the PCA analysis 
suggest that there is an intricate connection between 
the various soil parameters across the entire study 
area which can be difficult to physically observe.   
 
The major difference is  between the land that was 
permanently and the agricultural one indicating that 
the contribution of organic fertilizers or residues 

from the previous crops from the traditional 
farming system of the small farmers is insufficient, 
the cultivated land being exhausted by nutrients. 
This effect is intensified by the loss of organic 
matter retained in both agricultural and horticultural 
crops, pastures and silt caused by erosion of the soil 
surface. Among the soil properties affected by low 
organic matter content can be identified cation 
exchange capacity, nutrient availability and soil 
buffering capacity. 
 
AKNOWLEDGMENTS 
This work was financial supported by the Doctoral 
School of Geosciences, Department of Geography 
from the "Alexandru Ioan Cuza" University of Iasi,  
 
and the infrastructure was provided through the 
POSCCE-O 2.2.1, SMIS-CSNR 13984-901, No. 
257/28.09.2010 Project, CERNESIM.

 
REFERENCES 

[1]   Langley- Turnbaugh S. J., Keirstead D. R., Soil properties and land use history: a case study in New Hampshire, 
Northeastern Naturalist, 12, no.  4, pp 391-402, 2005 

[2]   Verheye, W. H., Principles of land appraisal and land use planning within the European community, Soil Use and 
Manage, 2, pp 120-124, 2005 



Alexandra Petronela Stoleriu, Iuliana Gabriela Breaban, Constatin Rusu.  
Effect of land use on soil properties in NE part og Romania. 

82 

[3]   Celik I., Land use effects on organic matter and physical properties of soil in a southern Mediterranean highland of 
Turkey, Soil Tillage Research, 83, pp 270-277, 2005 

[4]   Liu X. L., He Y. Q., Zhang H. L., Shroder J. K., Li C. L., Zhou J., Zhang Z. Y., Impact of land use and soil fertility 
on distributions of soil aggregate fractions and some nutrients, China, Pedosphere, 20, no. 5, pp 666-673, 2010 

[5]   Wasiullah A.U., Bhatti A. U., Khan F., Akmal M., Spatial variability and geostatistics application for mapping of 
soil properties and nutrients in semi-arid district Kohat of Khyber Pakhtunkhwa, Pakistan, Pakistan Soil & 
Environment, 29, no. 2, pp 159-166. 2010, 

[6]   Nicu I. C., Hydrogeomorphic Risk Analysis Affecting Chalcolithic Archaeological Sites from Valea Oii Watershed, 
Northeastern Romania, pp 35-38, 2016. 

[7]   Pedological studies, County Office of Pedological and Agrochemical Studies Iași. 
[8]   Ortophotoplan 2012 - Geoportal of the National Agency for Cadastre and Real Estate Advertising 

(https://geoportal.ancpi.ro/), 2012 
[9]   CLC 2018 Tehnical Guidelines, European Environment Agency, 2017 
[10] Addinsoft, XLSTAT software. Available online at: https://www.xlstat.com/en/ 
[11] Pîrnău R. G., Patriche C. V., Roşca B., Vasiliniuc I., Vornicu N., Stan S., Soil spatial patterns analysis at the ancient 

city of Ibida (Dobrogea, SE Romania), via portable X-ray fluorescence spectrometry and multivariate statistical 
methods, Catena, 189, pp 1-12, 2020 



ACTA GEOBALCANICA  
6-2, 2020, pp. 83-93 

83 

DELIMINATION OF LYMPHATIC FILARIASIS TRANSMISSION  
RISK AREAS: A SOCIO-ECONOMIC AND GEO-ENVIROMENTAL  

RISK MODEL ON NORTHEN REGION OF BANGLADESH  
WITH THE APPLICATION OF GIS 

 
 

DOI:  
UDC:  

https://doi.org/10.18509/AGB.2020.09 
616.995.132:[007:528.9:004(549.3)

 
Rashed Karim1, Sheikh. Monzurul Huq2 

 
 

1Department of Geography and Environment, Government Saroda Shundori Mohila College, Faridpur, Bangladesh,  
2Department of Geography and Environment, Jahangirnagsr University, Savar, Dhaka, Bangladesh 

 
corresponding author: lec.rashed@gmail.com 

 
submitted:  
accepted:  

published:  

08.12.2019 
16.03.2020 
15.06.2020 

 
 

Abstract 
Data integration entails bringing together disparate data sets, which are available on spatial bases, in order that meaningful 
analyses may be undertaken on them. It mainly involves overlaying different datasets (called layers) and then performing 
relational and arithmetical operations on them. This might entail, for example, adding, subtracting or multiplying the ‘data 
layers’. The essential capability of GIS is that it can perform in linking a variety of data through building spatial models. 
International Task Force for Disease Eradication, a task force of world health organization has identified the filariasis is one 
of the six diseases considered eradicable or potentially eradicable. Filariasis can be defined in a geographical area, as there 
is local variation in the socio-economic and environmental conditions. If a government has the necessary information on the 
clustering of filariasis in an area, then a risk zone can be prepared regarding the specific spread of the disease. Delimitation 
of filariasis is an important requirement to have information on spatial spread and status of the risk of filarial infection, which 
would facilitate appropriate planning for control/elimination of the disease. This study attempts to define a socio-economic 
and geo-environmental risk model (SEGERM) for determining the areas of potential transmission of filariasis. 
 
Keywords: Geo-Environmental, Risk model, Filariasis, Delimitation, GIS, Risk zones 

 
INTRODUCTION 
Filariasis is a mosquito-borne infectious disease of 
the human beings. Filariasis is a group of human 
and animal infectious diseases caused by nematode 
parasites of the order filrioidea, commonly called 
filariae (Sasa, 1976). It is a communicable parasitic 
disease caused by Wuchereria bancrofti, Brugia 
malayi or Brugia timori that can clinically manifest 
itself in the form of lymphedema or elephantiasis 
(WHO, 2001). Filariasis has been identified as a 
major public health problem and is endemic in over 
80 countries (Ngwira et al., 2007). It is the world’s 
second leading cause of long-term disability 
(WHO, 1995). Currently, more than 1.4 billion 
people in 73 countries are living in areas where 
filariasis is transmitted and are at risk of being 
infected (WHO, 2014b). Approximately 80 percent 
of these people are living in the following 10 
countries: Bangladesh, Democratic Republic of 
Congo, Ethiopia, India, Indonesia, Myanmar, 
Nigeria, Nepal, Philippines and the United 
Republic of Tanzania. It is currently estimated that 

 
up to 120 million people are infected with 
Wuchereria bancrofti in about 83 endemic countries 
(Michale et al., 1996). Of these 120 million people,  
about 40 million have evidence of chronic 
manifestation such as elephantiasis (Ngwira et al. 
2007). Globally, an estimated 25 million men suffer 
from genital disease due to filariasis and over 15 
million people are afflicted with lymphoedema 
(Kanda, 2004).  
Filariasis receives much less international attention 
than other infectious diseases such as Malaria, 
Tuberculosis (TB) and Acquired Immune 
Deficiency Syndrome (AIDS) because people do 
not die as a direct consequence of filariasis. 
Filariasis is almost entirely a disease of the poor 
community. According to Sasa (1976), Filariasis is 
ignored and neglected by the developed world, as 
the disease is not fatal. Filariasis is seen in 
developing countries of the world; as a result, the 
filariasis control programme receives little financial 
support from the international community. The 
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disease exists within the context of poverty and, it 
makes someone very weak and disable. 
Continuously growing physically weaken condition 
contributes significantly to the ongoing incapacity 
of affected individuals and their families to escape 
poverty (Durrheim, et al., 2004). 
Filariasis infection is usually acquired in childhood 
causing hidden damage to the lymphatic system. 
The painful and severely disfiguring visible 
manifestations of the disease, lymphoedema, 
elephantiasis and scrotal swelling occur later in life 
and lead to permanent incapacity. Acute filarial 
attacks account for significant loss of productive 
days of risk population. More severely affected 
people who are physically burdened have social 
stigma. These patients are not only physically 
disabled but suffer mental, social and financial 
losses contributing to social stigma and poverty.  
Throughout the year Bangladesh is a country of 
divergent climatic condition which has a complex 
influence on physical, economic and social aspects, 
mainly for its geographic location. Most of the 
people live in rural areas in this country. A great 
portion of these rural people is poor. Filariasis is the 
disease of the poor people. It is totally neglected for 
more than 50 years in Bangladesh and endemic in 
34 out of 64 districts so far (IACIB, 2014). The 
affected people are generally the poorest and most 
vulnerable segment of the country.  
When geographers conduct disease analysis using 
techniques such as spatial distribution, spatial 
association, and prediction, they concentrate mainly 
on the aspect of where the disease has a tendency to 
occur. Disease incidents, in general are not 
randomly distributed throughout the globe. Their 
distribution is dense at some locations and sparse at 
others (Fan, 2012) The disease is of interest to 

geographers for a variety of reasons. They consider 
a lot of factors to understand the geography of a 
disease. For example, housing, literacy, toilet 
facilities, humidity, agriculture activities, socio-
cultural milieu and overall environment of a 
particular region influence the incidence of 
filariasis. A study conducted by the Directorate 
General of Health Services of Bangladesh has 
revealed that there was high endemicity of filariasis 
in Nilphamari, Thakurgaon, Dinajpur, Rangpur, 
Panchagarh, Kurigram, and Lalmonirhat of 
Bangladesh (DGHS, 2014). It was estimated that 
about 70 million were at risk of infection while 1 
million people were with various forms of clinical 
deformity, and another 10 million people are 
affected with microfilariae (DGHS, 2014).  
Although there has been a significant advancement 
in GIS and its application in disease analysis, its use 
is rather low in underdeveloped countries like 
Bangladesh. In Bangladesh there is a paucity in the 
application of GIS tools to investigate disease 
causation. In this paper, the filariasis morbidity 
pattern has been investigated and analysed using the 
spatial statistical techniques available in GIS. The 
Hot Spot Analysis, OLS and GWR spatial statistical 
tools have been employed for exploring the spatial 
association between filariasis morbidity occurrence 
and the filariasis predictors. The present article 
focuses on the filariasis situation of the population 
of the Northern region (Rangpur Division), 
relatively backward zones of the country.  
This research specifically focuses on morbidity 
situations due to filariasis, the physical environment 
and socio-economic aspects to define a socio-
economic and geo-environmental risk model 
(SEGERM) for determining the areas of potential 
transmission of filariasis

 
STUDY AREA 
The area of this study is the northern region 
(Rangpur Division) of Bangladesh. The region is 
administratively under the Rangpur division, the 
northernmost division of Bangladesh. The district is 
bounded on the north by the province of West 
Bengal Assam state of India, Joypurhat and Bogra 
districts on the south, Jamalpur district on the east 
and West Bengal province of India on the west. The 
study area comprises an area of 16320.26 sq km. 
The area is located between 25°20´ and 26°37´ 
north latitudes and between 88°50´ and 89°53´ east 
longitudes.  
The study area is comprised of the alluvial plain, 
which gently slopes southward with some big 
rivers. The drainage network is meandering, with 
broad, smooth, but irregular-shaped ridges crossed  
 

 
 
by numerous, broad shallow channels that 
frequently branch out and reconnect. There is a 
considerable variation in the type and nature of soil 
belonging to different parts of the study area. Old 
Himalayan Piedmont Plain has deep and rapidly 
permeable sandy loams and sandy clay loams are 
predominant in the region. The region is exposed to 
cold waves during winter due to its proximity to the 
Himalayas. Summer is the hottest season of the year 
and it starts from early March and continues till the 
middle of June. In summer, the average maximum 
and minimum temperatures in summer are about 
390c and 70-100c during the winter. The region has 
a total number of 15665000 population of which 
7824000 male and 7840000 female and the 
population growth rate is 1.2 (BBS, 2011a). 
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METHODS 
This study used quantitative methods. Quantitative 
data on filariasis morbidity, socio-economic and 
environmental issues (based on a literature review) 
were collected from different sources.  
Demographic data were collected from the 
population census 2011 report (B. B. S., 2011a). 
Data on total population, number of male and 
female, population density, literacy rate were 
collected from the population and housing census 
published by the Bangladesh Bureau of Statistics 
(BBS, 2011c). The economic data consisted of 
household material and toilet facilities were also 
collected from the population and housing census 
of 2011 (BBS, 2011b). 
Data on environmental parameters such as annual 
mean maximum and minimum temperature, annual 
mean rainfall, annual mean relative humidity and 
data on irrigated areas on the upazilas of the study 
area were collected from Bangladesh Bureau of  

 
Statistics (BBS), Bangladesh Meteorological 
Department (BMD). In addition, Bangladesh 
Agricultural Research Council (BARC) provided 
the necessary data in this respect.  
Data on filariasis morbidity was collected from the 
filariasis hospital and centre for disease control 
located in Sayedpur of Nilphamari district. This 
hospital keeps the patient’s attendance report in 
several register books containing the name, age, 
sex, address, disease diagnostics, etc.  
The Local Government and Engineering 
Department (LGED) of Bangladesh provided 
spatial data. LGED is one of the leading 
organizations, which has developed a 
comprehensive spatial database for all upazilas of 
Bangladesh. The digital data of 58 upazilas of 
Rangpur Division (1:50 000 scale), were collected 
from LGED which depict many human and 
physical features.  .

 
Procedure of identification of the Risk Zones 
For identifying, the risk zones data on filariasis 
incidences, socio-economic and environmental 
variables have been used. Upazila wise thematic 
information of socio-economic and environmental 
variables (population density, literacy, no sanitary 
facilities, no toilet facilities, maximum temperature, 
minimum temperature, rainfall, relative humidity 
and irrigated areas) and filariasis endemicity was  
developed and the dataset was imported into

 
Statistical Package for Social Science (SPSS, 
Version 20) for geo-statistical analysis. The spatial 
regression model was applied to find out the spatial 
associations among the socio-economic and 
environmental variables with filariasis endemicity. 
Spatial regression integrates space and spatial 
relationships directly into their mathematics (ESRI, 
2014).

 
RESULTS AND DISCUSSION 
Socio-Economic and Geo-Environmental Risk 
Model (SEGERM) 
Sabesan et al., (2006) discovered the Geo-
environmental Risk Model (GERM) for filariasis. 
He noticed that filariasis transmission like other 
vector-borne infectious diseases is dependent on the 
geo-environmental variables (physiographic and 
climatic) at a macro level. These variables are either 
individually or in combination are known to be 
associated with the occurrence of filariasis. This 
approach was used to identify the areas to assess the 
potential risk of filariasis transmission in Tamil 

 
 
 
 
Nadu, India (Sabesan et al., 2006).  

FTRI for an area= ∑
=

5

1i
Yi  

Where  =Y1+Y2+Y3+ Y4+Y5+Y6 
Y1, Y2, Y3, Y4, Y5 and Y6 are the scores for 
Altitude, Temperature, Relative Humidity, Rainfall 
and Soil Type respectively. In order to indicate the 
FTRI for a locality as a standardized quantity, it is 
represented in terms of percentage as follows

 
 

In the light of the approach stated above which was 
only geo-environmental based, an attempt has been 
made to develop a modified socio-economic and 
geo-environmental risk model which can be named 
as SEGERM for determining the areas of potential  

 
transmission of filariasis for the northern region of 
Bangladesh. So, this approach is clearly different in 
many ways from the approach of Sabesan et al. 
(2006). Variables have been selected through 
extensive literature survey. The ideas related to 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑜𝑜𝑜𝑜 𝑎𝑎 𝑙𝑙𝑜𝑜𝑙𝑙𝑎𝑎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =
∑
=

5

1i
Yi

𝑀𝑀𝑎𝑎𝑀𝑀𝑙𝑙𝑀𝑀𝑀𝑀𝑀𝑀 𝑣𝑣𝑎𝑎𝑙𝑙𝑀𝑀𝑣𝑣 𝑜𝑜𝑜𝑜 ∑
=

5

1i
Yi  in the study area

× 100 
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variables also have been captured through statistical 
analysis such as, factor analysis and partial 
regression analysis.  
The model used the environmental and socio-
economic parameters, encompassing the ranges of 
different variables associated with transmission of 
filariasis as the ArcGIS (ArcMap) provided the 
natural breaks (Jenks) in its method of 
classification.  With some low association, all the 
variables such as population density, literacy, 

housing type (kutcha and jhupri), toilet facilities (no 
sanitary facilities and having no toilet), temperature 
(maximum and minimum), rainfall, relative 
humidity, irrigated areas were found to be 
associated (based on factor analysis and spatial 
regression analysis) with the occurrence of filariasis 
in the study area. Later these variables were used 
for computing a composite index, to create a 
filariasis transmission risk index (FTRI) for 
developing the model (Sabesan et al., 2006)..

 
Building the SEGERM model 
The relationship between the FTRI and the filarial 
morbidity in the study sites has been analysed using 
OLS (Ordinary Least Square) and GWR 
(Geographically Weighted Regression) and Spatial 
Regression (with FTRI as the independent variable, 
and filarial prevalence as the dependent variable). 
The dependent variable indicates the presence or  

 
absence of filariasis transmission in the area. Figure 
1 and Figure 2 show the StResid value of OLS and 
GWR model respectively. Table 1 shows the 
diagnostic statistics of OLS and GWR models. The 
global adjusted r2 is 0.59 and the local adjusted r2 
is 0.75 which suggests that there has been large 
improvement in model performance. .

 
Table 1. Diagnostic statistics of the OLS and GWR model  

OLS model GWR model 
Input Features : Rangpur_Thana Input Features : Rangpur_Thana 

Dependent Variable : Filariiasis Dependent Variable : Filariiasis 

Independent Variable : Risk Incdex Independent Variable : Risk Incdex 

Number of 
observations 

: 58 Number of 
observations 

: 58 

Multiple R-squared[d] : 0.59 Multiple R-squared[d] : 0.80 

Akaike's Information 
Criterion (AICc) [d] 

: 564.58 Akaike's Information 
Criterion (AICc) [d] 

: 542.41 

Adjusted R-Squared [d]: : 0.58 Adjusted R-Squared [d]: : 0.75 
 

The Geographically Weighted Regression (GWR) 
model analyzes the risk index predicted with 75 
percent accuracy whether sites had filariasis 
patients or not. Akaike Information Criterion (AIC) 
is a different measure of goodness-of-fi. It is a 
measure of the ‘relative distance’ between the 
models that have the same independent variable 
(Charlton et al., 2009). As a general rule of thumb, 
models with smaller values of the AIC are 
preferable to models with higher values.Table 1 
shows the OLS and GWR diagnostic statistics. AIC 
of OLS model is 564.58 and AIC of GWR model is 
542.41; the difference of 22.44 is strong evidence 
of an improvement in the fit of the model. 
In such case, the local coefficient estimates has also 
been mapped to realize the association of the risk 
index over the area. Figure 4 shows the variation in 
the coefficient estimates for the risk index. The 
influence of risk index in the model varies 
considerably over the study area, with a strong 
north-west direction. The range of the local 
coefficient is from 0.38 in the southernmost 

upazilas to 3.75 in the northernmost upazilas. 
The results of the spatial regression analysis have 
helped to build a conceptual frame for filariasis 
transmission developed on the basis of current 
knowledge is shown in Figure 1.  
Environmental factors mainly contributed to vector 
abundance and extrinsic incubation (of parasites) 
directly, as well as via vector survival. Once the 
environmental conditions are conducive, the social 
factors become the determinants contributing to the 
occurrence of flariasis at the micro level.  
Based on the relative contribution of socio-economic 
and geo-environmental factors, a filariasis transmission 
risk model (SEGERM) was developed on a GIS 
platform. Depending on the FTRI values, the map was 
stratified into different spatial entities, from high "risk" 
('red') to "non-risk" ('green'). The derived FTRI values 
ranged from 9 to 91 in the study sites. As shown in the 
map (Figure 5) there is no risk of transmission where 
the FTRI value is lower. The risk of transmission 
begins with FTRI value 62, and the potential risk rises 
with increasing value of FTRI..
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Identifying Risk Zones  
Figure 5 depicts the Filariasis Transmission Risk 
Index (FTRI) for the study area. It can be observed 
that Nilphamari Sadar, most of the part of Domar, 
Jaldhaka, Kishorganj, Dinajpur Sadar, Sayedpur 
and some areas of Debiganj, Chrirbandar, 
Badarganj, Rangpur Sadar upazila are under ‘very 
high risk zone’(FTRI-91). Most of the areas of 
Dimla, Debiganj, Thakurgaon Sadar, Birganj, 
Chrirbandar. 
Nawabganj, Parbatipur, Badarganj, Taraganj, 
Mithapukur, Rangpur Sadar, Kaunia, Lalmonirhat 
Sadar, Gangachara and some areas of Pirganj, 
Kaharol, Birol, Fulbari upazila belonged to ‘high 
risk zone’(FTRI-81). On the other hand, some parts 
of the Boda, Thakurgaon sadar, Pirganj, Baliadangi, 
Kaharole, Birganj, Parbatipur, Fulbari, Nawabganj, 
Mithapukur, Kaunia, Lalmonirhat Sadar, 
Gangachara, Kaliganj, Hatibandha and Dimla 
upazila fall under the FTRI index 60. Other upazilas 
are under moderate, low and very low risk zones. 
The socio-economic and geo-environmental risk 
model developed on a GIS platform could be 
employed for spatial delimitation of filariasis risk 
on a macro scale, particularly to identify "non-risk"  
 
 
 

 
areas, more precisely (Sabesan, et al., 2006). 
Filariasis transmission is largely determined by the 
socio-economic and geo-environmental variables, 
and hence it is possible to identify the areas where 
risk of transmission can be determined on a macro-
level. Socio-economic and environmental 
conditions are widely conducive, to transmission 
efficiency; human factors (belief system, 
negligence, hygiene practices, lifestyles etc.) are 
also key determinants contributing to the local 
occurrence of flariasis. 
The results obtained indicate that the "non-risk" 
transmission areas can be identified at national level 
using the SEGERM. This model is very effective 
for identifying non-risk areas and specially has 
importance for a country like Bangladesh where the 
disease is endemic in 34 out of 64 districts of the 
country. From the derived SEGERM model, it may 
be surmised that all people living in the high risk of 
infection may not carry infection. However, one can 
certainly expect that there exists a relatively high 
risk of filariasis transmission and the risk rises with 
the increasing values of FTRI (Sabesan, et al., 
2006). 
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Figure 2. Ordinay Least Square Regression Modelling for Filariasis 
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Figure 3. Geographically Weighted Regression Modeling for Filariasis. 
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Figure 4. Coefficient Map for Risk Index 
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Figure 5. Risk Zone Indentification 
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CONCLUSION 
The risk concept is associated with the uncertainty 
or probability that a future event will occur within 
a certain period and given conditions, resulting in 
economic or social losses and with its eventual 
impact (Salcedo, 2004). The mapping of filariasis 
occurrence is demonstrated in this study and with 
the help of GIS, it was possible to map out the 
regions with the highest disease occurrences. 
In this case, indicators made it possible to stratify 
the space using attribute data, thereby constituting 
a tool that could be used in filariasis control 
programmes. Risk mapping in epidemiology 
enables areas with a low or high risk of disease 
contamination to be localized, and provides a 
measure of risk differences between these regions 
(Garrido, et al., 2011). Analysing the relationship 
between endemic and socio-environmental 
variables one can examine the spatial risk areas.  
It is observed that ‘clusters’ or ‘lots’ are the foci of 
filariasis transmission. The clusters, which were 
detected, could be essential for timely intervention 
to reduce the risk of resurgence. It can be opined 
that geospatial analysis can potentially be used as a 
tool for verifying eradication status and for 
confirming the reduction of transmission. This 
actually provides spatial decision support systems 
which may be used for filariasis elimination 
programmes and to explore possible environmental 
drivers of disease transmission of the country. The 
findings of the study suggest that one can explore 
the use of geospatial data for informing programme 
delivery (e.g. by identifying the size of clusters and 
delineating areas), and calculating the distance of 
influence on infection risk.  The study has also the 
importance of assessing locally relevant risks for  
infection, which could vary significantly between 

 
places depending on cultural, societal, and 
environmental factors. The approach and results of 
this study are specifically relevant for Bangladesh 
but could also provide insight into filarial 
transmission and be relevant to society, culture, 
climate, environmental conditions. The present 
study observes that the Filariasis Transmission Risk 
Index (FTRI) successfully develops a risk map for 
the disease of the study area. The present study 
demonstrated that the filariasis transmission risk is 
mainly controlled by the socio-economic and 
environmental variables. The intensity of 
conformity between the determinant variables and 
the filariasis transmission risk is statistically 
significant and spatially important .Thus, the 
delineation of the areas and categorization of 
filariasis transmission risk zones using geo-
statistical modeling was highly reliable, accurate, 
quick, cost benefit and predictable for replacing the 
usual methods of predicting and mapping of 
filariasis in Bangladesh. Thus, the study depicts the 
application of GIS to the study of geostatistical 
modeling approach for stratification of filariasis 
transmission risk zones could be useful for 
preparing control programme towards the 
achievement of filariasis transmission control at the 
gross root level in the country 
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Abstract 
It is important to know the beginning and the end of the growing season at the plot level, in order to understand the 
dynamics of crops and agricultural systems, but also to know the phenological values related to the crop calendar. 
Detailed data of seasonal vegetation changes can be obtained using the time series of Sentinel 2 images, by recognizing 
the spectral signal that cultures have in all phenological stages. In recent decades, studying the phenology of vegetation 
has become increasingly. The influence of climate change on the evolution of vegetation can be quantified by a series 
of biological indicators, highlighting the impact of changing phenological dynamics on ecosystem functions and 
functionality. By studying the phenology of the terrestrial surface in accordance with the crop calendar using time 
series of vegetation indices obtained from Sentinel 2 images, a new way of monitoring the vegetation response to 
climate change has been developed. The study area is located in Iasi county, between 47 ° 18′01 ″ N and 27 ° 05′54 ″ 
E, maize, wheat and soybeans being the most important crops grown in the region. The analyses were carried out in a 
cropland area located in NE of Romania characterized by continental climate (hot dry summers and cool winter). Soils 
are mainly chernozem (48.62%), followed by alluviosols (6.78%) and anthrosols (2.43%). The aim of this study was 
to understand the phenological stages of the crops and to monitor the crops taking into account the time-series images 
and vegetation indices. In order to achieve this, based on the specifics of the agricultural land use, the updated crop 
calendar highlighted the phenological stages of crops, being selected from fifteen Sentinel 2 only nine (2018-2019) 
satellite images to monitoring multiannual vegetation changes. Vegetation indices included in the analysis were: 
Normalized Differentiation Vegetation Index (NDVI), Enhanced Vegetation Index (EVI2) and Adjusted Soil 
Vegetation Index (SAVI). For the development of efficient agricultural management policies that facilitate the 
implementation of sustainable systems, it is necessary an efficient mapping of agricultural lands.    
 
Keywords crops, phenology, crop calendar, time series, Sentinel 2. 
 

 
INTRODUCTION 
The monitoring of agricultural areas is of high 
importance in the context of global challenges such 
as population growth, increasing food demand and 
climate change. [1] Therefore, the monitoring of 
actual agricultural areas to understand and to adapt 
to possible climate changes is crucial. 
Based on phenology definition: “the study of the 
timing of recurring biological events, the causes of 
their timing regarding biotic and abiotic forces, and 
the interrelation among phases of the same or 
different species” [2], the phenological monitoring 
improves the understanding of crop development 
and growth processes.  
Crop phenology refers to the developments, 
differentiation and initiation of organs of a crop [2]. 
Accurate monitoring of crop development patterns  

 
like phenology and growth is an 
importantcomponent of farm management since it 
allows the  
rapid assessing of the critical stages occur during 
growth, in favorable weather conditions. The 
vegetation phenology is a relevant indicator of crop 
productivity and health. Phenological stage 
monitoring gain more and more importance in the 
decision-making process of the agricultural 
management [3].  
Satellite imagery plays a unique and important role 
in the sustainable management of farms by 
monitoring crop and soil properties [4].  
In recent years, most studies using satellite imagery 
to monitor natural crops and vegetation have 
focused on using optical images. [5] The 
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continuous identification of the phenological status 
of the crops is highly recommended, especially for 
farmers and decision-makers when interventions 
are required such as, irrigation, fertilization, 
pesticides application and yield handling [6]. 
The recent availability of Sentinel-2 images it is 
seen as an opportunity to provide an affordable 
service to monitor growth over time. Indeed, the 
two satellites (2a and 2b) have particularly valuable 
features [7,8]: a revisit period of 5 days that could 
enable the observation of significant changes in 
canopy growth (e.g. new phenological stage or 
biotic and abiotic stresses); 13 different spectral 
bands, 10 of which being - particularly interesting 
for the computation of vegetation indices. Spectral 
features extracted from optical data can serve as 
indicators of vegetation condition, chlorophyll 
content, plant water content and phenology by 
providing information about the reflective and 
emissive characteristics of crops at the visible and 
near-infrared wavelengths. Normalized Difference 

Vegetation Index (NDVI) and Enhanced  
Vegetation Index (EVI) are the most frequently 
used compared to other indices. To learn more 
about scheduling fertilization and harvesting 
operations, efficient irrigation and pest 
management, knowledge of crop phenology is 
essential. In this way, it is easier to make some 
predictions about the healthy stage of the crops. [9] 
Multi-temporal Sentinel-2 images might increase 
the classification results, because the spectral 
signature and phenological indices can better 
describe the vegetation dynamics of the target crop 
types. [10] 
The objective of the present paper was to analyze 
the time series images based on vegetation spectral 
indices NDVI, EVI2 and SAVI in order to 
accomplish the assessment of crop phenology 
during the grow cycle, based on three phenological 
period of crops: planting, mid-season and 
harvesting. 

 
MATERIAL AND METHODS 
Study Area 
The Belcesti commune is located in the central-
northern area of the county, in the southwest of the 
Jijia Plain, on the banks of the Bahlui catchment. 
The relief is developed on sedimentary rocks, 
respectively clays and sarmatic marls with fine 
alternations of fine sands. The current relief of the 
commune derives from an old sea plain that rose 
slightly and was followed by the withdrawal of the  
 

 
 
 
Sarmatic sea, the old relief being replaced by relief 
of lower hills and hills separated by wide valleys. 
[11] The characteristic climate of Belcesti 
commune is temperate-continental climate of 
excessive shade, specific to the Moldavian Plain. 
Pedological cover consist mainly from chernozem 
(48.62%), followed by alluviosols (6.78%) and 
anthrosols (2.43%).. 
 

 
Figure 1. The study area located in north-eastern part of Romania. 

 
Remote sensing data 
Fifteen optical images were acquired by Sentinel 2 
satellites, covering a temporal range between April 
2018 to October 2019.  In this study, only the 
images acquired during the whole growing cycle 
consist from three vegetation period (planting, mid-
season, harvesting) were considered. The pre-

processing of L1C (Top of Atmosphere or TOA 
reflectance) Sentinel 2 images, which includes  
 
ortho-rectification, cloud removal (using cloud 
mask produced by Sen2Cor/ SNAP), radiometric 
calibration, and atmospheric correction, was 
produced using SNAP/Sentinel 2 toolbox. The 
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output of the pre-processing corresponded to L2A 
(bottom of atmosphere or BOA reflectance). [12] 
The values derived from surface reflectance data 
were used to calculate different vegetation spectral 
indices such as: the “greenness" indicator of the 
surface known as NDVI, EVI 2 for reducing 
saturation effects found in densely vegetated 
surface as well as improving linearity with 
biophysical vegetation properties and SAVI to 
minimize soil brightness and for determination of 
vegetation vigor Three crop types (soybean, maize 

and wheat) are analyzed based on their variated 
spectral reflectance during the vegetation periods. 
In order to classify the images was chosen six plots, 
two for each crop, located in different parts of the 
study area. For each plot was generated the spectral 
signature of the crop, according to the phenological 
stages. Phenological profiles for all the crops 
extracted gives the opportunity to identify the 
maximum reflectance value, in order to recognize 
for each crop, the difference and monitor the crops.. 

 
NDVI=((NIR-Red))/((NIR+Red))                                                       (1) 
EVI2=2.4*((Nir-Red))/((NIR+Red+1))                                               (2) 
SAVI=(NIR-Red))/((NIR+Red+L))*(1+L),where L=0.5                    (3) 

 
RESULTS 
In this section are presented the Sentinel-2 images 
acquired for entire grown cycle. (Figures 2).  To 
compare spectral indices were used reflectance value 
in the near infrared and visible red wavelength range 
(B5 to B9). (Figures 3-6). 

 
In figures 3a - 3c, were plotted the spectral signature 
for different dates such as: 21.04.2018(3a), 
26.04.2019(3b) and 01.05.2018(3c) specific for the 
time period of planting for soybeans, maize, wheat. 

 
Figure 2. Acquisition dates of Sentinel 2 time-series used in the current study. 
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Table 1. The maximum reflectance values of crops between 2018-2019.  

 
 

During the planting period, when the plants are not 
developed, the reflected values are below 0.5 (Table 
1) and as the leaves develop, the percentage of near-
infrared reflection increases, due to the extension of 
the size of the leaf surface, implicitly the yield of 
the photosynthesis process of the crops is more 
great. Lately, when the crops approach the harvest 
time, the reflectance decreases, the leaves get a 
yellow color. The spectral profiles indicate that the 
maximum growth occur between bands B4 and B9, 
in 2018, values varying slightly between 0.45-0.46 

for soybeans, 0.38-0.39 for wheat and 0.33-0.38 for 
maize while in 2019 can be noticed a different 
behavior 0.34- soybean, 0.26- wheat and 0.31- 
maize, the phenophases being delayed with 
negative influences on production via a plant's 
response to a particular stimulus such as the 
climatic conditions (mean temperature 14.1-16C in 
April 2018 respectively 8.1-10 C in 2019 and 
precipitation amount of <10 mm in 2018 
comparable with 21-30 mm in 2019)

 

 
Figure 3. Spectral signature for: a) 21.04.2018, b) 26.04.2019, c) 01.05.2018 
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Figure 4. Spectral signature for: a) 31.05.2018, b) 26.05.2019, c) 14.08.2018, d) 26.07.2019.

For the mid-season period, the dates taking into 
consideration are 31.05.2018 (4a), 26.05.2019 (4b), 
14.08.2018 (4c) and 26.07.2019 (4d).  The 
difference between spring and summer crops 
observe in figure 4.  Examination of the reflectance 
profiles of the crops selected clearly indicates the 
vegetation is stressed by landscape position, 

climatic conditions, different soil properties, soil 
tillage, in figures 4a and 4c the maximum 
reflectance slightly varying between 0.34-0.39, 
while figures 4b -4d highlights a slight increase in 
reflectance to values of 0.55 for soybeans, 0.48 for 
maize and 0.36 for wheat. 

 

 
Figure 5: Spectral signature for: a) 28.09.2018, b) 13.10.2018. 

Figures 5a and 5b, present the last vegetation 
period, the harvesting with specific dates: 
28.09.2018 (5a) and 13.10.2018 (5b). The shape of 
the spectra is completely different from the 

previous two, being difficult to highlight the 
maximum value of the reflectance, the maximum 
values indicating the lack of vegetation, being close 
with the specific values of the soil background
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Figure 6: Spectral signature for: a) NDVI, b) EVI2, c) SAVI, d) SAVI/NDVI, e) EVI2/ NDVI.  
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The vegetation indices analyzed provide 
information regarding the vigor of the crops in the 
field. However, the comparison of red and 
broadband and NIR vegetation indices shows better 
accuracy of distance-based vegetation indices 
versus slope vegetation indices.  
The patterns of reflectance during the growing 
season capture impressive amounts of information 
regarding changes in visible and near infrared 
(NIR) wavelengths, being decisive in the 
accomplish and interpretation of seasonal patterns. 
Figure 6 shows the existence of a general tendency 
in the changes of crops as well as, differences  

between cultures. During a full year, from sowing 
to harvesting, changes occurred which affected the 
values of the reflectance of the bare soil. There were 
significant differences in the seasonal NDVI values 
for the growing season mostly for the soybean and 
maize cultures. The vegetation indices were 
represented against the NDVI, the difference 
between the highest and the smallest vegetation 
indices increasing with the increase of the NDVI, 
Surprisingly SAVI is saturated more easily 
compared to EVI2, although it was expected that 
EVI2 would better highlight the evolution of the 
analyzed cultures. (Figures 6d, e). 
 

 
CONCLUSION 
The aim of this study was to understand the 
phenological stages of the crops and to monitor the 
crops taking into account the time-series images 
and vegetation indices. Moreover, the study also 
underlined the spatial behaviors of crop phenology, 
impacts of sowing times/agronomic practices on 
crop behavior and the temporal shifts. The 
phenology of these crops, captured by the 
acquisition of the images, was quite variable, from 
the development of the seeds to the development of 
the main product. The health changes of the plants  
 
 

during the growing period can be quantified using 
crop reflectance. Healthy plants are generally 
characterized by lower reflectance in visible bands 
and higher in NIR bands than unhealthy plants. The 
main conclusion of the present study indicated that 
the crops from the study area are stressed by 
different limiting factors such as (landscape 
position, climatic conditions, different soil 
properties, soil tillage). Once limiting factors of 
crop yield are identified, corrective solutions need 
to be developed. If the current solutions are 
possible, the conclusions and the results obtained 
should be transmitted to the decision maker as 
quickly as possible, who by applying detailed and 
high accuracy information processing can apply 
efficient, protective or stimulating treatments.  
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