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Abstract

Many of the radio telescope's wireless sensor networks operate outdoors, where
changing weather might impact their system performance. Therefore, it is necessary
to explore the climatic and topographic factors that affect the quality of the radio
link to mitigate its impact and adapt to different conditions. In this study, the effects
of the region's topography and climate on the strength of the radio signal were
studied. Besides studying the effects of the soil of the area and land flatness on
determining the optimal location for erecting a radio telescope in Iraq within four
governorates (Nineveh, AL-Anbar, Al-Najaf, and Al-Muthanna). Data from relevant
ministries and a digital map dataset for the area's topography with dimensions of 4
km x 6 km were used. The obtained results, via applying the SWOT model, showed
that the best Iraqi area for erecting a radio telescope (LOFAR) among the selected
regions according to the atmospheric parameters, such as air temperature, relative
humidity, and wind speed, and other conditions such as transportation, the security
component, number of buildings, population, and communication towers was Al-
Muthanna governorate. It is considered the best radio zone for observing radio
signals.

Keywords: LOFAR Radio Telescope, Topography, Atmospheric parameter, SWOT
Model.
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Introduction

The Low Frequency Array (LOFAR) is a large distributed radio telescope, consisting of
phased array antenna stations that are combined in an aperture synthesis array. The key
science programs for LOFAR challenge the technical specifications in several directions,
resulting in a highly reconfigurable architecture [1]. Many antennas used in constructing
LOFAR and their outdoor applications are subject to changing their properties due to the
environmental and atmospheric conditions at which these antennas are installed. Atmospheric
conditions, in particular, can affect the performance of the antenna. The climate is one of the
important factors affecting the various activities of the governorates (Nineveh, Al-Anbar, Al-
Najaf, and Al-Muthanna) [2]. These governorates are distinguished by climate characteristics
such as temperature, relative humidity, and wind speed that change and fluctuate temporarily
with daily and seasonal variations, along with the spatial variations in the weather due to the
local climate. Although these variations in weather conditions are inevitable and have
significant impacts, they are usually measurable and can be mitigated based on experience.
Thus, it is necessary to study the weather-related factors that affect radio link quality to
minimize their impacts and adapt to different conditions [3-4]. Governorate user preference is
strongly related to the complexity of the physical features of the urban structure, these
physical features are presented as inputs perceived by users, these physical features will then
be preserved in the user's memory as a result of the main occasions that took place in them[4].
The geographic information systems technology is considered one of the most important
technologies that have multiple uses in the spatial dimension. This technology is a software
application, used to create and display information, process, organize and analyze the spatial
reference database and produce outputs in the form of a table and map [5-6]. Antennas that
make up the radio telescope have been studied in many types of research; however, no
consensus has been reached yet [7].

Some studies indicate that temperature is the dominant factor affecting radio signal quality
[8-10]. Others claim humidity is the main factor, but some sources confirm other reasons,
including wind speed, which controls the work of antennas and thus affects the efficiency of
such radio telescopes [11]. Other studies used maps that represented topographical maps to
show the Earth's features accurately that can be measured on a two-dimensional surface [12].
As the topographic maps are an excellent planning tool and guide with a detailed and accurate
depiction of natural features on the Earth, such as roads, railways, power lines, lines,
elevations, rivers, lakes, and geographical names [13]. To build a typical station, an area of
land with a width of about 180 x 100 m?, or a little more, is needed to ensure good sensitivity
on longer baselines [14]. A topographic map is a two-dimensional representation of the three-
dimensional landscape of the Earth by using the Digital Elevation Model (DEM), which is a
numerical mapping data set representing a continuous topographic elevation surface across a
series of cells. Each cell only contains information about the height of geological (ground)
features, such as valleys, mountains, and landslides and does not include any elevation data
related to non-terrestrial features, such as vegetation or buildings [15]. The DEM can create
topographical maps of terrestrial terrain and bathymetric maps, which illustrate underwater
landscapes [16].
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Practical Framework

In the research phase, the specifications of the study area of four Iraqi governorates were
studied to test and prove the possibility of installing a wireless telescope consisting of many
antennas using the SWOT maodel, according to the climate and terrain of these areas. The
study of the Earth's flatness in the selected areas was evaluated through the Digital Elevation
Model (DEM), operating at low frequencies, to the extent of optimizing the best location for
installing LOFAR radio telescopes. This showed us the values of the land heights accurately
to get a comprehensive perception of the nature of the land in the selected areas.
Alternatively, to identify the most suitable location for radio interference among the remote
locations in Irag, which are Nineveh, Al-Anbar, Al-Najaf, and Al-Muthanna, in terms of
climate and terrain, the climate software (http:// climate.onebuilding.org/) was utilized to
assess the temperature, humidity, and wind for each governorate. The images of the land
elevation model used in this research had a spatial accuracy of 5 m horizontally and a vertical
accuracy of 1 m. These models were taken, studied, and projected to a grid with dimensions
of 4 X 6 km?, to provide sufficient space to install radio stations.

After that, several essential specifications for installing stations were gathered and put into
the SWOT model. This model considered the strengths, weaknesses, opportunities, and
threats. It sorted the factors that affected the installation of stations based on the internal and
external environment of the study area, where the strengths and weaknesses were. In contrast,
the opportunities and threats were outside the study area and giving suggested and studied
weights with the help of specialists in this field to obtain impartial and accurate results for
choosing the best places for installing radio stations. Several locations were obtained in the
study areas, some of which were suitable, and others needed to be more appropriate according
to the DEM. Figures (1-4) show the chosen points to which the required specifications may
apply in terms of altitude, as the global stations need, such as the relative specific height and
an impact distance of 90 km [15].

The monthly average of atmospheric elements such as relative humidity, wind speed, and
air temperature variables has great influence on the radio waves propagation through the
troposphere (lower atmosphere). Thus, the received signal from any radio source will suffer
from high degradation, especially those received by LOFAR telescope. The monthly average
of atmospheric elements in the selected governorate, which are Nineveh, Al-Anbar, Al-Najaf,
and Al-Muthanna according to the climate program, have been summarized in table 1.

Table 1: The monthly average air temperature, relative humidity and wind speed for
Nineveh, Al-Anbar, Al-Najaf, and Al-Muthanna governorates.

Governorate Temperature Humidity Wind
ce (%) m/Sec

Nineveh 21.1 46.25 254.1
Al-Anbar 23 42.6 253.3
Al-Najaf 24.4 36.5 271.6
Al-Muthanna 24.1 36 293.3

On the other hand, the topography of each of the selected governorates was also tested and
demonstrated in the maps shown in Figures (1-4). The topography of each governorate,
Figures (1-4)A, shows the area’s height and flatness measured in units of meters with a color
scale ranging from green (minimum value) to red (maximum value). While, Figures (1-4)B
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Figure 1: A) The topography of Nineveh governorate indicated the area’s height
and flatness measured in meters, the color ranges from the minimum value (green)
to the maximum (red) (B): Fish net model of topography in Nineveh governorate,
the line presents the most suitable space for flat land to install a radio telescope.
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Figure 2: A) The topography of Al-Anbar governorate indicated the area’s height
and flatness measured in meters, the color ranges from the minimum value (green) to
the maximum (red).

(B): Fish net model of topography in Al-Anbar governorate, The line presents the
most suitable space for flat land to install a radio telescope.
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Figure 3: A) The topography of Al-Najaf governorate indicated the area’s
height and flatness measured in meters, the color ranges from the minimum
value (green) to the maximum (red).

(B): Fish net model of topography in Al-Najaf governorate, the line presents
the most suitable space for flat land to install a radio telescope.
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Figure 4: A) The topography of AL-Muthana governorate indicated the area’s
height and flatness measured in meters, the color ranges from the minimum value
(green) to the maximum (red). (B): Fish net model of topography in AL-Muthana
governorate, the line presents the most suitable space for flat land to install a radio

The SWOT model parameters represent an essential tool in studying the possibility of
making the most appropriate choice from a set of correct and feasible options. Strength, for
instance, contributes to distinguishing the establishment of the project in one place from the
others, according to its percentage in that region. Weakness, on the other hand, shows signs of
weakness in the project because it represents the deficit that affects it and prevents it from
achieving its objectives. While the opportunity and threat present the external factors related
to the project and they reflect the positive effects that help in achieving the desired goal, such
as the number of buildings surrounding the place that cause radio interference or the security
factors that have a role in the safety of installing radio stations in a specific area. Each of these

1758



Kahdim and Abood Iragi Journal of Science, 2024, Vol. 65, No. 3, pp: 1752-1761

parameters (strengths, weaknesses, opportunities, and threats) and their weights (5) have been
determined using the SWOT model, tabulated in table 2, to examine the appropriate planning
strategies for the areas under study.

Table 2: The obtained results of strength, weakness, opportunity, threat, and their weights (5)
from the SWOT model for Nineveh, Al-Anbar, Al-Najaf, and Al-Muthanna governorates

Govignora Strength V\t/(zgg)h Weak V\t/(zifgh Opportunity V\tl(z'ISg)h Threat V\t/(EIS%h
The security
Topograph 5 component
y (173-
Temperatu 4 308m) Population
Nineveh re aroblnd Transportatio 3 (3,270,400) 5
(21°) n
Communicati
Relative 5 on towers 4
humidity
(46.25) Number of
buildings
The security 4
Temperatu 5 component
re around
(23°) Population 5
Topograph (1,561,400)
y (339- Transportatio
ey 854m) 3 n 3 Communicati
. 5
Relative on towers
humidity 5
(46.25) Number of
buildings 4
Transportatio 5
Topograph 4 The security 4 n
y (8-420m) component
. Temperatu Population
Al-Najaf Relative re around 4 (1,285,500) 4
humidit (24.4) Number of
y 4 o 3 o
(36.5) buildings Communicati
on towers 3
5 The security 3
Topo;;:;raph component
Al- (188-414) Temperatu Transf)(;)r:tatlo 4 Number of 2
. re around 3 . buildings
Muthana Relative (24.1) Population
humidity 4 ’ (719.1)
Communicati 4
on towers

Result and Discussions

From the obtained results, it was shown that the optimal location for erecting a radio
telescope in Iraq was within four governorates (Nineveh, AL-Anbar, Al-Najaf, and Al-
Muthanna), from all topographical, geographical, and climatic perspectives. This conclusion
was reached through the application of the SWOT model by placing all external and internal
influencing factors of the studied areas, the adoption of urban planners in analyzing the data,
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and determining the strengths, weaknesses, opportunities, and threats associated with each
planning strategy. We considered addressing each factor that influenced the construction of
radio telescopes in these governorates. It was found that the governorate of Nineveh, with a
temperature of 21 C, had the strongest parameter according to the air temperature fluctuation
perspective. While based on the relative humidity, the strongest parameter was found in Al-
Najaf and Al-Muthanna with values of 36.5 and 36, respectively. As for the landscape, the
average height of land in Nineveh governorate reached (173-308m), although it was a
weakness due to its flatness. As for the terrains of Al-Anbar, Al-Najaf, and Al-Muthanna,
their elevations ranged as (339-854m), (8-420m), and (188-414m), respectively, but the
adaptability of their soil was their greatest asset. In our analysis, we utilized data from the
Ministry of Planning to establish which roads led to the region were the best. These weights
and the number of structures surrounding the property, that can have an adverse effect, were
assigned. Regarding the security situation, each governorate in the research region was
assigned a weight based on its security status. This was accomplished by communicating with
security agencies. It was evident from the statistics that the majority of the population resided
in the governorates of Nineveh (3,270,400), Al-Anbar (1,561,400), Al-Najaf (1,285,500), and
Al-Muthanna (719.1), except Al-Muthanna, which represented an opportunity. In conclusion,
taking all these factors into account, it was found that the most suitable area for installing a
radio telescope in Iraq is located in Al-Muthanna governorate as a result of several factors
including: the flatness of the land in this area made it the most suitable for installing telescope
antennas; the population decline in the governorate, which plays an influential role in
reducing noise and interference factors in this area; from a climatic perspective, it is also
suitable in terms of low humidity and the wind speed that is not so high as to affect the
installation of antennas; in addition to the security aspect, which is found to be appropriate
from this point of view.
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