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Abstract: Remote sensing is a powerful tool used in biometeorology to study the interactions
between the atmosphere and living organisms, particularly plants. Through satellite-based
sensors, researchers can observe and analyze a range of biophysical parameters related to
vegetation, such as leaf area index, biomass, vegetation cover, and land surface temperature. This
data can be used to estimate plant growth, productivity, and water use efficiency, as well as
monitor environmental conditions, such as drought, heat stress, and air pollution. Remote sensing
is used in the development of crop models for agricultural management and to study the impact of
climate change on plant communities and ecosystems. By tracking changes in vegetation cover
and productivity, as well as changes in phenology, remote sensing helps researchers identify
optimal planting times, irrigation schedules, and predict crop yields.
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1. INTRODUCTION

Remote sensing is a powerful tool in biometeorology that allows researchers to
observe and analyze vegetation and other environmental variables at large spatial and
temporal scales. Biometeorology is the study of the interactions between the atmosphere
and living organisms, particularly plants, and how these interactions affect the climate
and weather. [1].

Remote sensing technologies, such as satellite-based sensors, can provide data on a
range of biophysical parameters related to vegetation, including leaf area index (LAI),
biomass, vegetation cover, and land surface temperature (LST). These data can be used to
estimate plant growth, productivity, and water use efficiency, as well as to monitor
environmental conditions, such as drought, heat stress, and air pollution.[1][2]

Remote sensing is used in biometeorology in the development of crop models for
agricultural management. These models use remote sensing data, along with weather and
soil information, to predict crop yields and identify optimal planting times and irrigation
schedules.Another example is the use of remote sensing to study the impact of climate
change on plant communities and ecosystems. Remote sensing data can help researchers
track changes in vegetation cover and productivity, as well as changes in phenology (the
timing of seasonal events, such as leaf emergence and flowering). [3][4] [5].

2. REMOTE SENSING

Remote sensing has become an important tool in biometeorology for studying the
complex interactions between the atmosphere and living organisms, and for monitoring
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and predicting changes in the environment over time. Remote sensing is the process of
collecting data about the environment without physically being present. In
biometeorology, remote sensing is used to collect data on the Earth's surface and
atmosphere to study the impacts of weather and climate on living organisms. [4] [5]

Different remote sensing techniques can be used to monitor changes in vegetation,
land use, and weather patterns over time, providing valuable information for
biometeorologists. For example, satellite imagery can be used to track changes in
vegetation cover and identify areas affected by drought or other weather-related stressors.
In addition, it can be used to measure various atmospheric parameters, such as
temperature, humidity, and air pressure, which can help researchers to better understand
the impacts of weather and climate on living organisms. For example, remote sensing
data can be used to track the movement of air masses, which can impact the distribution
and migration patterns of birds and other animals. [6]

The use of remote sensing in biometeorology has led to a better understanding of the
complex relationship between the natural environment and living organisms, and has
enabled researchers to develop more accurate models and predictions of how weather and
climate impact the health, behavior, and well-being of different species. [3][4]

3. FURTHER USE OF REMOTE SENSING APPLIED TO BIOMETEOROLOGY
FILEDS

Remote sensing provides a way to measure and monitor a variety of environmental
variables over large spatial and temporal scales. Some of the key ways in which remote
sensing can be applied in biometeorology include:

Vegetation monitoring: The use of remote sensing can enable the measurement of
vegetation indices, including but not limited to the normalized difference vegetation index
(NDVI) and leaf area index (LAI), which offer valuable insight into the extent and
condition of vegetation coverage. These indices can be used to monitor changes in
vegetation productivity, health, and distribution, and to identify areas of drought stress or
other environmental stressors. [7][8]

Land surface temperature (LST) mapping: Remote sensing can be used to measure
LST, which is an important parameter for understanding biophysical processes such as
evapotranspiration and energy balance. LST mapping can be used to identify areas of
urban heat island effect or to monitor changes in temperature associated with land cover
changes or climate change.

Crop monitoring: Remote sensing can be used to monitor crop health and
productivity, by measuring parameters such as leaf chlorophyll content and canopy
temperature. These measurements can be used to optimize irrigation and fertilizer use,
and to predict crop yields.

Phenological monitoring: Remote sensing can be used to track the timing of seasonal
events, such as leaf emergence and flowering, which can provide important information
on changes in plant growth and climate patterns.

Air quality monitoring: Remote sensing can be used to monitor air quality, by
measuring parameters such as atmospheric particulate matter and ozone concentration.
These measurements can be used to identify areas of high pollution and to assess the
impact of pollution on vegetation and human health.

Remote sensing provides a powerful tool for monitoring and analyzing environmental
variables related to biometeorology, and can help researchers better understand the
complex interactions between living organisms and the atmosphere. [9][10] [11]
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4. USING LST MAPPING IN BIOMETEOROLOGY

Land surface temperature (LST) mapping is an important tool in biometeorology, as it
provides information on the temperature of the Earth's surface, which can impact the
energy balance between the surface and the atmosphere. Some of the key ways in which
LST mapping is used in biometeorology include:

Urban heat island effect: LST mapping can be used to identify areas of urban heat
island effect, where cities and other developed areas are significantly warmer than
surrounding rural areas due to factors such as increased energy use, reduced vegetation
cover, and increased impervious surfaces.

Drought monitoring: LST mapping can be used to monitor drought conditions, as
areas experiencing drought tend to have higher LST values due to reduced vegetation
cover and soil moisture. [12][13]

Evapotranspiration: LST mapping can be used to estimate evapotranspiration rates,
which is the combined loss of water from the Earth's surface through evaporation and
plant transpiration. LST mapping can be used to estimate the amount of energy used for
these processes, which is an important parameter for understanding the water balance in
ecosystems.

Climate change impacts: LST mapping can be used to monitor changes in temperature
associated with climate change, such as changes in the timing and duration of the growing
season, or changes in the distribution of vegetation types.

Vegetation health: LST mapping can be used to monitor vegetation health, as changes
in LST can indicate changes in plant water stress, disease, or other factors affecting
vegetation health.

LST mapping is a valuable tool in biometeorology for monitoring and analyzing the
impacts of environmental factors on the Earth's surface temperature and the associated
biophysical processes. [13][14]

5. HEAT STRESS AND URBAN HEAT. THERMAL PERCEPTION STUDY OF
URBAN AREAS

Thermal perception in urban areas is an important area of study in biometeorology, as
it relates to the way that people experience and respond to temperature in urban
environments. Some of the key ways in which biometeorology researchers study thermal
perception in urban areas include:

Heat stress assessments: Biometeorologists use thermal perception data to assess the
potential for heat stress in urban areas, which can help city planners and public health
officials to develop strategies for mitigating the negative impacts of heat on human
health. [30]

Thermal comfort mapping: Biometeorologists use data on thermal perception to create
maps of thermal comfort in urban areas, which can help city planners and architects to
design buildings and public spaces that are more comfortable for people to use in
different weather conditions. [30][31]

Urban heat island effect: Biometeorologists study the effect on urban heat island,
which is the phenomenon of warmer areas in urban environment than surrounding rural
areas due to factors such as increased energy use and reduced vegetation cover. This can
lead to increased thermal discomfort for urban residents, and biometeorologists study
ways to mitigate this effect through urban greening and other strategies. [32][33]
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Microclimate monitoring: Biometeorologists use sensors and other technology to
monitor microclimates in urban areas, which can help to identify areas of high thermal
discomfort and inform strategies for reducing heat stress.

Human behavior and adaptation: Biometeorologists study the way that people adapt to
and respond to different thermal conditions in urban environments, such as the use of air
conditioning or changes in outdoor activities.

The examination of how humans perceive temperature in urban settings is a
significant subject in biometeorology investigation. Its significance lies in the impact it
has on the health and welfare of people living in urban areas, and on the planning and
administration of cities in the context of a changing climate. [33][34][35]

6. SATELLITE IMAGERY

Satellite imagery is a valuable tool in biometeorology as it allows researchers to
monitor large-scale weather patterns and changes in vegetation and land use over time.
This data can then be used to study the impacts of weather and climate on living
organisms, including humans, animals, and plants. For example, satellite imagery can be
used to track the distribution and movement of weather systems, such as hurricanes and
typhoons, which can have a significant impact on human populations and ecosystems.
Satellite data can also be used to monitor changes in vegetation cover and land use, which
can provide insights into the impacts of climate change and human activities on
ecosystems and wildlife. [27]

It can be used to monitor environmental conditions in real-time, providing early
warning systems for natural disasters, such as droughts, floods, and wildfires. This data
can help inform decision-making processes and enable communities to prepare and
respond to potential threats.

Biometeorology relies heavily on satellite imagery as a critical resource to better
understand the intricate interactions between the environment and organisms, aiding in
the creation of precise models and forecasts of the effects of weather and climate on
various species' health, behavior, and overall welfare. [28][29]

7. URBAN MAPING

Urban mapping is the process of creating detailed maps of urban areas, including
buildings, streets, and infrastructure. In biometeorology, urban mapping is used to study
how the built environment affects local weather and climate, as well as the health and
well-being of urban populations. [24][25]

Urban mapping is used to identify areas of the city that are more susceptible to heat
island effects, where temperatures are significantly higher than surrounding areas due to
the presence of buildings and other infrastructure. This information can then be used to
develop strategies to mitigate the impacts of heat on urban populations, such as the
installation of green roofs and other urban green spaces.Urban mapping can also be used
to study how air pollution levels vary across different neighborhoods and urban areas,
providing insights into how these factors impact the health and well-being of residents.
This information can be used to inform policies and interventions to reduce air pollution
and improve public health.

By using this tool in biometeorology, it’s providing valuable insights into the complex
relationship between the built environment, weather and climate, and the health and well-
being of urban populations. By understanding these relationships, researchers and
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policymakers can develop strategies to improve the resilience and sustainability of urban
areas, while also promoting the health and well-being of urban residents. [24][26]

8. URBAN FOOTPRINT MAPPING

Urban footprint mapping is a process of mapping the extent and characteristics of
urban land use, often using remote sensing and geographic information systems (GIS)
technologies. In biometeorology, urban footprint mapping is used to understand the
impacts of urbanization on the environment and human health.

Urbanization can lead to significant changes in the local climate, including increased
temperatures, altered wind patterns, and changes in precipitation. Urban footprint
mapping can help identify areas that are particularly vulnerable to these impacts, such as
neighborhoods with low levels of green space or areas with a high concentration of
impervious surfaces like roads and buildings. By analyzing the extent and characteristics
of urban land use, researchers can also identify areas where urban development may be
encroaching on sensitive ecosystems or agricultural land, and develop strategies to
promote more sustainable land use patterns.

It can also be used to study the distribution of environmental health hazards in urban
areas, such as air pollution and heat stress, and to develop targeted interventions to
address these hazards and promote public health.

This tool allows for a comprehensive understanding of the effects of urbanization on
both the environment and human health. This knowledge can be used by researchers and
policymakers to devise effective strategies aimed at promoting sustainable and healthy
urban development. [26]

9. LANDSAT SATELLITES

Landsat is a series of Earth observation satellites operated by the United States
Geological Survey (USGS). The Landsat program provides a continuous stream of
moderate-resolution imagery of the Earth's land surfaces, helping scientists, resource
managers, and policymakers make informed decisions about natural resources and the
environment. The satellites are in a polar orbit, circling the Earth from north to south and
taking images of the same areas at regular intervals. The latest Landsat satellite, Landsat
9, was launched on September 27, 2021, and it is now in operational mode.

The Landsat program has several operational components that work together to
provide continuous and reliable satellite imagery. These include:

Satellite Operations Control Center (SOCC): This facility is responsible for
controlling the Landsat satellites, monitoring their health, and ensuring they are
functioning correctly. SOCC is located at the Goddard Space Flight Center in Maryland,
USA.

Ground Data System (GDS): The GDS receives the data transmitted by the Landsat
satellites and processes it into usable imagery products. The GDS is responsible for
archiving Landsat data, generating products, and distributing data to users.

Landsat Science Team: The Landsat Science Team is a group of scientists who advise
the USGS on scientific and technical issues related to Landsat data. The team helps
ensure that Landsat data is of the highest quality and meets the needs of the scientific
community.

Landsat Ground Stations: There are several Landsat ground stations located around
the world that receive data from the Landsat satellites. These ground stations are
responsible for receiving, processing, and distributing Landsat data to users.
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Landsat operations involve the coordination of these different components to ensure
that the satellites are functioning correctly, the data is being received and processed
efficiently, and the resulting imagery is of the highest quality. [23][22]

10. LANDSAT ROMANIA

Landsat data has been used extensively in Romania for a variety of applications,
including land cover and land use mapping, agriculture, forestry, geology, and hydrology.
One example of Landsat's use in Romania is in monitoring land cover change. Landsat
data has been used to study changes in land use and land cover in the country, such as the
expansion of urban areas, deforestation, and changes in agricultural practices.

This data has also been used to study the effects of climate change on vegetation
dynamics and agricultural productivity. Researchers have usedLandsat data to study the
response of vegetation to changes in temperature and precipitation patterns, and how
these changes may affect crop yields and agricultural productivity. In addition, acquired
data has been used to study water resources in Romania, including surface water and
groundwater. Researchers have used Landsat data to map and monitor changes in the
country's river systems, as well as to study the impacts of climate change and land use on
water resources.

Past couple of years this data has played an important role in understanding and
managing natural resources in Romania, and has and will be used by local authorities and
researchers, to make informed decisions about land use, water management, and
environmental protection. [20][21]

11. LANDSAT 8 AN 9 OVER ROMANIA

In the past few decades, Romania's countryside has undergone significant changes in
response to evolving land management policies and alterations in the natural
environment. Consequently, numerous farms now exhibit a fascinating range of shapes
and sizes, particularly when observed from an aerial perspective.

FI1G.1 Acquired April 8, 2020[36]

10
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These images of the Oltenia province in southwest Romania were captured by the
Operational Land Imager (OLI) on Landsat 8 on April 8, 2020. The false-color
representation of the images using bands 6-5-2 enhances the differentiation of various
land covers across the province's mountains, foothills, and plains.

FIG.2 Acquired April 8, 2020 [36]

The top image provides a comprehensive view of the Oltenia province, encompassing
the Olt River to the east, the Danube River to the south, and the South Carpathian
Mountains to the north. The higher elevations of the Carpathian range, which surpass
2500 meters (8200 feet), are covered in snow and ice, depicted in light blue. The forested
regions of the Carpathians, characterized by a mix of coniferous and deciduous trees,
appear as a blend of dark green and orange colors.

FIG.3 Acquired April 9, 2020 [36]

The lower elevations, ranging between 300 to 800 meters, exhibit forested areas
(mostly orange) primarily consisting of oak and beech trees, spreading across the
foothills. The valleys within the foothills display a vibrant green color, indicating thriving
crops. The flat terrain adjacent to the river channels offers suitable land for farming
amidst the otherwise mountainous terrain. [17][18][19]

11
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12. LANDSAT AS A REMOTE SENSING TOOL

Landsat is a remote sensing program that uses satellites to capture images of the
Earth's land surfaces. The Landsat satellites have a number of instruments on board,
including the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS),
which capture images in visible, near-infrared, short-wave infrared, and thermal infrared
wavelengths. These images are used to study the Earth's land surfaces and the changes
that occur over time.The imagery can be used to detect changes in land use, such as
deforestation, urbanization, and agricultural expansion. It can also be used to monitor
natural disasters, such as wildfires, floods, and landslides.

To analyze Landsat remote sensing data, a number of image processing techniques are
used, such as image enhancement, image classification, and change detection. These
techniques allow researchers to extract information from the images, such as the location
and extent of different land cover types, and changes in land cover over time. The
program provides a valuable resource for monitoring and understanding the Earth's land
surfaces, and the remote sensing data it provides is widely used by researchers,
policymakers, and natural resource managers around the world.

Limits and drawbacks: It is important to note that image sensing is just one tool in a
larger toolbox of biometeorological methods. While image sensing can provide valuable
data on vegetation cover, land use, and other biophysical features, it has limitations that
must be addressed in order to make accurate and useful predictions and assessments.

One key limitation is the weather dependency of image sensing. Cloudy or rainy
weather can reduce image quality or prevent image capture altogether, making it difficult
to gather comprehensive data on a particular area. This limitation can be mitigated by
using multiple sensors or integrating other data sources such as weather data, to ensure
that missing image data is accounted for. Another limitation is the limited spatial
coverage of image sensing. This limitation can be addressed by using satellite-based
sensors or unmanned aerial vehicles (UAVSs) to obtain data from larger or remote areas.
However, these technologies can be expensive and require specialized expertise and
equipment.

Temporal resolution is also a limitation of image sensing, as images are typically
captured at discrete intervals, which may not capture the rapid changes in weather
patterns or biophysical features that occur over short periods of time. To address this
limitation, more frequent image capture can be used, or data from other sources, such as
remote sensing or weather stations, can be used to supplement image data.

The high costs associated with image sensing can also be a barrier to its use in
biometeorology, particularly in developing countries or regions with limited resources. To
address this, alternative data sources and methods may need to be used, such as
participatory methods or community-based monitoring, which can be more cost-effective
and provide valuable data on local conditions.

Finally, the limited spectral resolution of image sensing can also be a limitation,
particularly when attempting to differentiate between different biophysical features or
patterns. This limitation can be addressed by using sensors with higher spectral
resolution, or by combining image data with other types of data, such as meteorological
or ground-based data, to provide a more comprehensive understanding of environmental
conditions.

As a conclusion, while image sensing is a valuable tool in biometeorology, its
limitations must be carefully considered when planning and implementing
biometeorological studies. Alternative data sources and methods may need to be used to

12
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supplement image sensing data in order to obtain a comprehensive understanding of the
impact of weather and climate patterns on living organisms and the environment. [15][16]
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