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Integrating generative Al (GenAl)

Satellites provide a considerable amount of data relevant to the terrestrial surface, which includes data regarding plant
health, aquatic bodies, soil types etc. The collected data has a large volume and is complex, and sophisticated, making it
extremely difficult to filter and analyse. This is where GenAl can be leveraged.

Artificial intelligence (Al) models can be remarkably adept in processing massive amounts of data and identifying patterns
that aren’t easily visible by performing a manual analysis. This can be done using GenAl. According to research conducted
by engineers who specialise in geospatial analysis and image processing, key indices can be calculated using bands
extracted by satellite imagery, which can be fed into these GenAl models which can be trained to provide insights.
Additionally, machine learning (ML) can be used to perform forecasting. These forecasts can be useful for companies that
can leverage them to predict future environmental conditions and appropriately allocate resources to enhance decision-
making. GenAl can also be used to summarise and visualise complex data, making it a must-have tool for all stakeholders
from urban planners to farmers.




Key environmental indices

Satellite imagery is used to extract several remote sensing indices which will be explained in detail further in this article.
These can be leveraged to evaluate climatic conditions and the quality of the earth’s surface such as soil, cloud cover
and water index. There are numerous indices used to analyse various environmental factors across different terrains.
Spectrometric data, which is represented in the form of bands, are extracted by performing image processing on satellite
images. This satellite imagery is retrieved for a certain region specified by a bounding box. Variation in wavelength

is captured by sensors to provide spectral information which can be utilised to further assess various environmental
parameters as below.

The normalised difference vegetation index (NDVI) is a metric used to measure the quality of vegetation, calculated using
the red band and near-infrared band. The enhanced vegetation index (EVI) is devised to monitor plant health so that
customers can monitor their crops, check forest density and view pastoral lands. This indicator can also be further used to
predict potential crop yield, detect early signs of crop stress and assist in the management of natural resources, thereby
facilitating sustainable development. The canopy chlorophyll content index (CCCI) and leaf area index (LAI) are used to
understand vegetation density and crop quality based on chlorophyll content. Cloud cover index (CCI) is used to filter

out images with too much cloud cover as clouds hinder visibility. This is done so that only clear usable data is utilised for
further analysis. Soil adjusted vegetation index (SAVI) is used in semi-arid regions with bare landscapes and areas with
poor vegetation to help assess plant health by accounting for soil brightness.

Similar to NDVI, the normalized difference water index (NDWI) is used to detect water bodies and soil moisture levels which
can help in flood prediction, disaster management and allocation of water resources. Another key index is the land surface
temperature (LST) used to track temperature variations on the earth’s surface to study climate change.

Harnessing GenAl and satellite data for effective solutioning

Satellite data can be integrated with GenAl models to help better monitor changes in the environment, keep track of
resources and even perform urban planning. We discussed various indices which can be utilised to detect trends and
predict future calamities, agricultural yield and even weather patterns.

Let us consider using satellite data for agricultural purposes. A GenAl model can leverage this data to help optimise
irrigation and automate fertilisation based on pattern analysis performed on historical data. It could further be used to
foretell any possibility of drought, pest infestation and disease.

In the urban planning sector, satellite imagery can be used when incorporated with Al models to develop more sustainable
cities. This can be done by using surface temperature and land use data. This data can be leveraged to optimise green
spaces, thus reducing the effect of urban heat islands which generally make city areas significantly warmer due to the lack
of vegetation, presence of several buildings and human activities.

Additionally, natural language explanations and visualisations done using GenAl tools could make complex satellite
imagery more consumable even for non-specialists. Taking this a step further and integrating it with decision support
systems —i.e. a software that is capable of automatically sending trigger alerts based on anomalies, generating reports,
and recommending corrective or preventive actions — would empower all our stakeholders to make quick and informed
decisions even in critical situations.

The stakeholder perspective

GenAl-powered satellite technology can benefit a wide spectrum of stakeholders. Some of these are as outlined below:

1. Agro-industry: The agricultural sector supports farmers and businesses in leveraging satellite technology to monitor the
health of their crops, optimise the use of resources and predict yields. Several environmental indices can be leveraged to
detect signs of crop stress, enhance irrigation management and minimise waste. As each plot of land varies in terms of
size, crop growth, soil quality and other environmental factors, GenAl can be employed to support precision agriculture

based on specific field conditions.




2. Eco-organisations: Environmental management agencies can track water quality, deforestation and weather patterns
using satellite technology to predict the impact of climate change. Environmental indices such as water index,
vegetation index and LST can be used to detect ecosystem health, detect illegal logging activities and create reports on
global warming trends. This information enables effective management and also facilitates timely intervention in case of
emergencies.

3. Urban planning: GenAl can offer key insights into land use and population density and identify areas that are prone
to risk and natural disasters. Satellite-derived data can be incorporated to design sustainable cities and reduce urban
sprawl. This approach helps create a balanced and eco-friendly urban ecosystem while also preserving eco-health and
maintaining aesthetic value.

4. Disaster relief organisations: GenAl can be leveraged to forecast and respond to natural calamities. Weather patterns
— when combined with indicators such as water index, drought severity index burn ratio and LST — can be harnessed to
forecast flood, drought, wildfires, etc., thus enabling better preparedness and quicker and effective response.

5. Financial institutions: Al enables investors and insurers to weigh risks and opportunities. Satellite data can be analysed
to identify potential investments based on the evaluation of environmental factors and how they impact their asset’s
value.

6. Meteorologists: Climate scientists can predict future climate scenarios based on historical patterns in weather data.
This can also be taken a step further to help study long-term environmental changes by using Al to analyse metrics such
as LST, carbon intensity and vegetation index to gain insights into global warming and climate change. Additionally,
visualisations can be generated to present complex patterns clearly for better interpretation.

ML for data-driven predictions

ML, when combined with satellite technology, unlocks countless opportunities as it enables real-time data monitoring

and analysis for informed decision making. ML algorithms can be used to analyse historical data of weather parameters,
moisture level, vegetation density and so on, to help identify high-risk areas and predict flood and drought among other
calamities. Real-time data streams can be sent into these models to constantly improve their accuracy, making them more
reliable to detect newer, more complex patterns and trends. These in-depth insights allow for long-term planning and
informed decision making. Additionally, real-time data allows for precision farming where agriculturists are provided with
daily recommendations consisting of best practices which can be tailored to their specific needs.

Conclusion: Embracing development

Integrating Al tools with data extracted from satellite imagery has considerable benefits and applications while also
having its own set of challenges. For example, consider atmospheric interference, limitations in satellite sensor resolution,
obstacles such as cloud cover and objects covering the camera or sensor - all of which may. introduce errors into data.
These inaccuracies must be weighed in to prevent them from affecting model performance.

We also need to remember that GenAl is an emerging technology with high complexity, making it difficult to understand
— especially for those without domain knowledge. Hence, user-friendly interfaces need to be created with proper
documentation and simple insights to make GenAl platforms/models more accessible and inclusive for all.

Looking forward, advancements in satellite imagery and Al have the potential to significantly enhance the security,
functionality and accuracy in various sectors. Higher-resolution satellites, improved ML models and integration of real-
time data using drones and ground sensors could make solutions more powerful and flexible. Moreover, the evolution of
technology presents a great opportunity for development in the fields of agriculture monitoring, disaster management,
urban planning and environmental tracking, among others

By leveraging satellite technology - i.e. the combination of satellite imagery and Al — we can make informed-decisions
and enhance the ability to address several challenges while also being well-prepared for future opportunities. We. can
better monitor environmental changes, detect patterns and anomalies, and use these to optimise planning and resource
management. Ultimately, we can leverage these emerging technologies to build more resilient systems for growth and
sustainability.
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