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Abstract
Hurricanes pose immediate threats to equatorial, often developing, countries. The ability to monitor

specific areas for hurricane prediction is of utmost importance. Unfortunately, localized hurricane prediction and
monitoring is somewhat unavailable for developing countries in these regions. A possible solution is the
deployment of a CubeSat constellation of areas of interest. With a network of CubeSats in place over a localized
area one would be able to provide targeted atmospheric data to better predict hurricane developments. CubeSats
provide many advantages over conventional medium sized satellites. For one, both financial and time costs are
much lower than that of a conventional medium sized satellite. Due to this, entire networks of CubeSats could be
deployed over a specific area for the same cost as a regular satellite. This makes CubeSats a great option for
developing countries and space programs. As well, rather than taking years developing a singular satellite
mission, an array of CubeSats could be deployed over that same time frame allowing for earlier data collection.
With this lowered price, the cost of failure of a CubeSat is much less detrimental as compared to that of a regular
satellite. On top of this, inexpensive satellite development allows for iterative satellite programs and evolutions.
If any problems are found they can be quickly mitigated in future deployments. Besides their cost, CubeSat
constellations are beneficial to developing countries as they can cover specific areas in sub-synchronous orbits
without the great devotion of resources required for larger CubeSat missions. This means developing countries
could get data specific to their region with instruments tuned to that area without having to spend exorbitant
funds on a satellite program. With this, having a CubeSat constellation passing over a specific area allows for
multiple passes over a period of time as compared to a conventional satellite providing a single pass per orbit.
This also allows for quicker transmissions as communicating CubeSat networks don’t have to wait for orbit as a
singular satellite would. Students at Carleton University have been working on a CubeSat as their final year
project. The CubeSat carries instruments capable of reading atmospheric data which could be used in hurricane
prediction. The deployment of CubeSat constellations offers significant advantages over traditional large
satellites for hurricane prediction by providing cost-effective, rapid, and targeted data collection, which enhances
the accuracy and timeliness of hurricane forecasts

1. Introduction
The increasing frequency and severity of

hurricanes necessitates advancements in predictive
technologies to better safeguard communities and
resources. Traditional large satellites have long been
used for weather monitoring and prediction, but they
come with substantial costs and limitations. CubeSats,
with their smaller size, lower cost, and advanced
capabilities, offer a transformative approach to
hurricane prediction. This paper explores the advantages
of CubeSat constellations over traditional satellites in
three main areas: localized data collection, rapid
deployment and analysis, and cost efficiency.

CubeSats provide high temporal and spatial
resolution, crucial for detailed and frequent monitoring
of hurricanes. Their

ability to transmit data in real-time and be rapidly
deployed makes them invaluable for timely disaster
response. Furthermore, the cost benefits of CubeSats,
from lower development and launch expenses to
economies of scale in deployment, highlight their
potential to revolutionize weather forecasting and
enhance our ability to predict and respond to hurricanes
more effectively. By leveraging CubeSats,

meteorologists can gather more precise data on
hurricane formation, intensity, and trajectory, ultimately
leading to improved warning systems and preparedness
measures.

In addition to their cost and operational
advantages, CubeSats also offer significant
technological benefits. Their modular design allows for
quick integration of new technologies and sensors,
enabling continuous improvement and adaptation to
evolving scientific needs. This flexibility is particularly
important in the context of climate change, where rapid
advancements in technology are necessary to keep pace
with the increasing complexity of weather patterns. The
integration of artificial intelligence and machine
learning algorithms further enhances the capabilities of
CubeSats, allowing for real-time data processing and
more accurate predictions.

Moreover, the collaborative nature of CubeSat
missions, often involving partnerships between
government agencies, academic institutions, and private
companies, fosters innovation and accelerates the
development of new solutions. These collaborations not
only advance the field of meteorology but also
contribute to the growth of the space industry as a
whole, promoting the development of new technologies
and creating opportunities for commercial applications.



2. High Temporal Resolution
CubeSats, with their ability to achieve high

temporal resolution, provide a significant advantage in
localized data collection for hurricane prediction. One
of the key strengths of CubeSats is their ability to offer
frequent revisit times over specific regions. The
TROPICS (Time-Resolved Observations of
Precipitation structure and storm Intensity with a
Constellation of Smallsats) mission, a part of NASA’s
Earth System Science Pathfinder Program, deploys
CubeSats to achieve revisit times of about once per hour
for monitoring tropical cyclones. This frequency is a
significant improvement over traditional weather
satellites, which typically revisit the same area every six
hours [1]. Similarly, the Planet Labs CubeSat
constellation provides near-daily revisit times globally,
with certain regions being revisited multiple times per
day. This high temporal resolution allows for continuous
monitoring and rapid data collection, which is crucial
for tracking dynamic weather events like hurricanes [2].

CubeSat constellations can be strategically
deployed in multiple orbital planes to ensure frequent
passes over the same region. This deployment strategy
maximizes temporal resolution and ensures consistent
and timely data collection. For instance, the TROPICS
mission utilizes multiple orbital planes to effectively
cover tropical regions, thereby enhancing the frequency
and quality of data collection [1]. Equipped with
advanced communication systems, CubeSats are
capable of real-time data transmission to ground
stations. The frequent overpasses and quick data
downlink capabilities mean that scientists can receive
and analyze data with minimal delay, significantly
improving the timeliness and accuracy of weather
predictions and disaster response efforts [3], [4].

CubeSats, with their advanced imaging
capabilities, provide significant advantages in achieving
high spatial resolution for localized data collection,
crucial for hurricane prediction. CubeSats equipped
with advanced optical payloads, such as the Dragonfly
Aerospace Gecko, Mantis, Chameleon, and Caiman
imagers, can achieve ground sample distances (GSD) as
fine as 1.5 meters. These high-resolution imaging
capabilities allow for detailed observation and analysis,
which is essential for monitoring specific weather
events like hurricanes [5]. The ability to capture fine
details in the imagery helps in understanding the
intricate dynamics of storm development and
progression [2].

The Planet Labs CubeSat constellation offers
high spatial resolution imagery with a 3-meter
resolution globally and even finer resolutions for
specific regions. This high-resolution data is crucial for
identifying small-scale features and changes in weather
patterns, significantly enhancing hurricane prediction
and tracking efforts. Detailed observations enable
meteorologists to pinpoint the location and intensity of
storms more accurately, leading to better-informed
forecasts [2]. CubeSats like those used in the TROPICS

mission carry instruments such as microwave
radiometers and infrared cameras, which provide
high-resolution imagery and data. These instruments
allow for detailed monitoring of storm intensity and
structure, contributing to more accurate and timely
hurricane forecasts [1], [3]. The advanced sensors on
these CubeSats enable comprehensive data collection
that enhances the overall understanding of hurricane
behavior [4].

The customizable nature of CubeSat payloads
means they can be tailored to specific missions, such as
high-resolution Earth observation. This flexibility
allows CubeSats to be optimized for particular regions
and weather events, providing precise and relevant data.
The ability to scale and customize imaging solutions
ensures that CubeSats can meet the specific needs of
different weather monitoring missions effectively [5].

Furthermore, CubeSats are being integrated
with innovative technologies such as artificial
intelligence (AI) and machine learning (ML) to enhance
their data processing capabilities. By using AI and ML
algorithms, CubeSats can autonomously process and
analyze data onboard, reducing the time it takes to
transmit raw data to ground stations and increasing the
efficiency of real-time monitoring [6]. These
advancements allow for more accurate and timely
detection of hurricane formation, intensity changes, and
path prediction, providing critical information that can
improve disaster preparedness and response.

In addition, the development of more
sophisticated CubeSat swarms, where multiple
CubeSats work collaboratively, is enhancing data
collection and analysis. These swarms can share data in
space and make collective decisions about data
collection priorities and strategies. This collaborative
approach ensures that data is gathered from multiple
perspectives, providing a more comprehensive
understanding of hurricane dynamics and improving the
overall quality of predictions [7].

CubeSats are also being utilized in conjunction
with other satellite systems and ground-based
observation networks to create a more integrated and
robust hurricane monitoring system. This
multi-platform approach leverages the strengths of
different observation technologies, combining
high-resolution, frequent data from CubeSats with
broader coverage from traditional satellites and detailed
ground observations. This integrated system enhances
the ability to monitor hurricanes from their formation to
landfall, providing continuous and accurate data
throughout the entire lifecycle of a storm [8].

3. Receipt and Analysis
CubeSats offer significant advantages in

enabling real-time data transmission, which is crucial
for rapid analysis and decision-making during weather
events like hurricanes. CubeSat constellations, such as
those deployed by companies like Planet Labs, can
maintain continuous communication with ground
stations. This capability allows for the real-time



transmission of data as the satellites pass over different
regions. The constant communication capabilities
enable immediate data analysis and decision-making,
which is crucial during rapidly evolving weather events
like hurricanes [2].

Advanced CubeSats are equipped with
high-speed communication systems that provide
low-latency data links. This ensures that data collected
by the CubeSats can be transmitted to ground stations
almost instantaneously, enabling real-time monitoring
and analysis. These low-latency capabilities are
essential for timely and accurate hurricane predictions.
For instance, the TROPICS mission’s CubeSats are
designed to provide rapid data transmission,
significantly enhancing the ability to track storm
intensity and movement in near real-time [1], [3].

Many CubeSat missions are supported by
extensive networks of ground stations that facilitate
rapid data downlink. The TROPICS mission's CubeSats,
for example, are designed to provide hourly updates on
storm conditions, transmitting data quickly to ground
stations for immediate processing. This integrated
network ensures that critical data is received and
analyzed without delay, improving the effectiveness of
hurricane prediction and response efforts [1], [3].

Recent advancements in miniaturized
communication equipment for CubeSats have
significantly improved their ability to transmit data in
real-time. These technological improvements include
more efficient antennas, higher data rate transmitters,
and better onboard processing capabilities, allowing
CubeSats to handle large volumes of data and transmit it
quickly to ground stations. These advancements ensure
that CubeSats remain a cost-effective yet highly
efficient option for real-time data transmission during
critical weather events [5], [4].

CubeSats offer significant advantages in rapid
deployment and integration, which are crucial for timely
data collection and analysis. CubeSats are built using
standardized components and form factors, which
simplifies the design and assembly process. This
standardization allows for rapid prototyping and
integration of new technologies, enabling CubeSats to
be developed and prepared for launch much faster than
traditional large satellites. The standardized CubeSat
design also facilitates easier integration with launch
vehicles and ground systems [4].

The small size and low weight of CubeSats
make them suitable for launch as secondary payloads on
a variety of rockets. This increases the frequency of
available launch opportunities and reduces the time
needed to get them into orbit. For instance, the
TROPICS mission's CubeSats were launched within a
short timeframe to meet specific mission requirements,
demonstrating the ability to deploy CubeSats quickly
for time-sensitive applications [1], [3].

CubeSats benefit from shorter development
cycles compared to traditional satellites. This is due to
their smaller size, simpler design, and use of
commercial off-the-shelf components. Rapid

development cycles mean that new CubeSat missions
can be planned, developed, and launched in a matter of
months rather than years, allowing for faster
deployment of new capabilities and technologies [4],
[6]. The modular nature of CubeSats allows for
scalability and easy upgrades. New instruments and
technologies can be quickly integrated into existing
CubeSat designs, enabling rapid deployment of updated
or enhanced capabilities. This flexibility ensures that
CubeSats can be quickly adapted to meet evolving
mission requirements and scientific objectives [5].

The integration of CubeSats with advanced
data processing technologies further enhances their
rapid analysis capabilities. Onboard processing
capabilities allow CubeSats to analyze data in space and
send only the most relevant information back to Earth,
reducing the volume of data transmitted and speeding
up the analysis process. This onboard processing is
especially useful for applications requiring immediate
data interpretation, such as hurricane monitoring and
prediction [7]. Additionally, the use of AI and ML
algorithms onboard CubeSats can automate the
detection and analysis of weather patterns, further
accelerating the data analysis process [8].

CubeSats are significantly more affordable to
develop and launch compared to traditional large
satellites. Their smaller size and standardized
components reduce manufacturing costs, while their
lightweight nature lowers launch expenses. This
cost-effectiveness allows for the deployment of multiple
CubeSats within the budget that might typically cover a
single large satellite. For instance, the TROPICS
mission utilized cost-effective CubeSats to achieve its
objectives without the financial burden associated with
larger satellites [1], [3]. The modular design of
CubeSats allows for easy scalability. Additional
CubeSats can be launched incrementally to expand the
constellation as needed, providing flexibility in mission
planning and deployment. This scalable approach
enables organizations to start with a smaller network
and expand it over time based on mission requirements
and budget availability. Planet Labs, for example, has
demonstrated the ability to scale its CubeSat
constellation to provide comprehensive Earth
observation capabilities [2].

4. Cost
CubeSats are significantly more cost-effective

to develop than traditional satellites due to several key
factors. They utilize a standardized form factor
(typically 10 cm x 10 cm x 10 cm per unit, or 1U) and
commercial off-the-shelf (COTS) components. This
standardization simplifies the design and manufacturing
process, significantly reducing development costs
compared to custom-built conventional satellites. The
use of COTS components also reduces the need for
bespoke parts, which are often more expensive and
time-consuming to produce, thereby greatly reducing
the overall complexity and cost of development [2], [1].



The smaller size and modular nature of
CubeSats lead to simpler and more streamlined
manufacturing processes requiring less specialized
equipment and fewer resources, further lowering
development costs. For example, the TROPICS
CubeSats benefit from reduced material and labor costs
due to their compact and efficient design, translating to
significant cost savings compared to larger, more
complex satellites [1], [3]. Additionally, CubeSats can
be developed and tested much faster than traditional
satellites due to their smaller size and the use of
pre-existing technology. Shorter development cycles
result in lower labor costs and reduced overhead
expenses. The ability to quickly iterate and improve
designs based on testing results leads to more efficient
use of resources and further cost savings, exemplified
by CubeSat missions like those of Planet Labs, which
have deployed numerous satellites in a short time frame,
demonstrating the cost and time efficiency of CubeSat
development [4], [5].

Furthermore, CubeSats are often built using
modular systems that allow for easy upgrades and
scalability. This means new instruments and
technologies can be integrated into existing designs with
minimal disruption, reducing the need for extensive
redesigns and keeping costs low [5]. The rapid
development cycle also allows for quick adaptation to
technological advancements, ensuring that CubeSats
remain at the cutting edge of satellite technology
without the associated high costs of larger satellites [6].

CubeSats can be launched as secondary
payloads on missions with primary satellites, taking
advantage of the excess capacity on larger rockets. This
rideshare approach significantly reduces launch costs as
the expense is shared among multiple payloads. For
example, the TROPICS mission CubeSats were
launched alongside other payloads, demonstrating how
secondary payload opportunities can minimize costs [1],
[3]. The rise of dedicated small satellite launch services,
such as those provided by Rocket Lab with its Electron
rocket, has further reduced launch costs for CubeSats.
These services are tailored specifically for small
satellites, offering cost-effective and frequent launch
opportunities. Rocket Lab’s Electron missions,
including those for TROPICS, highlight the
affordability and accessibility of these dedicated
services [9].

Additionally, the compact size and low mass of
CubeSats result in lower launch costs compared to
larger satellites. Launch costs are typically calculated
based on weight, and CubeSats, being much lighter,
incur significantly lower expenses. This weight
advantage allows multiple CubeSats to be launched
simultaneously, further optimizing cost efficiency. The
use of lightweight materials and efficient design
practices in CubeSat construction contribute to these
reduced launch expenses [5], [8].

CubeSats achieve significant cost savings
through economies of scale in constellation deployment.
They can be launched incrementally, allowing for

phased deployment of a satellite constellation. This
approach spreads the cost over time and enables
continuous improvements and upgrades with each batch
of satellites. For example, Planet Labs regularly updates
and expands its constellation, benefiting from reduced
per-satellite costs as production processes become more
efficient [4], [6]. When deploying a constellation, many
costs such as ground station infrastructure, mission
planning, and data processing systems are shared across
multiple CubeSats. This shared cost structure leads to
significant savings compared to deploying a single,
large satellite, where all costs are concentrated in one
mission. The TROPICS mission illustrates this approach
by using a fleet of CubeSats to distribute and lower
overall costs while achieving high-frequency data
collection [1], [3].

The standardized design and use of commercial
off-the-shelf (COTS) components in CubeSats allow for
mass production efficiencies. As more CubeSats are
produced, manufacturers benefit from economies of
scale, reducing the cost per unit. This production
efficiency is further enhanced by the ability to rapidly
iterate on designs and incorporate technological
advancements, leading to more cost-effective
deployments over time [6]. These factors collectively
enable CubeSats to provide an affordable and scalable
solution for satellite constellations, making them a
viable alternative to traditional satellites.

5. Conclusion
In conclusion, the deployment of CubeSat

constellations presents a compelling advancement in the
field of hurricane prediction. Through their high
temporal and spatial resolution, CubeSats offer detailed
and frequent monitoring capabilities that are essential
for understanding and predicting the dynamics of
hurricanes. Their ability to transmit data in real-time,
coupled with the rapid deployment and integration
facilitated by standardized designs and modular
systems, ensures that critical information is available
when it is most needed.

Additionally, CubeSats are significantly more
cost-effective than traditional satellites, with lower
development and launch costs and the ability to achieve
economies of scale in constellation deployment. These
attributes make CubeSats a powerful tool in enhancing
our ability to forecast hurricanes, thereby improving
preparedness and response strategies. As technology
continues to advance, CubeSats will likely play an
increasingly vital role in meteorology and disaster
management, offering a scalable, efficient, and effective
solution for weather monitoring and prediction.

Looking forward, the continued integration of
CubeSats with other observational platforms and the
incorporation of advanced data processing techniques
will further enhance their utility. The use of CubeSats in
conjunction with traditional satellites, ground-based
observations, and aerial systems will create a
comprehensive and resilient network for hurricane
monitoring. This integrated approach will enable more



accurate and timely forecasts, ultimately reducing the
impact of hurricanes on vulnerable communities.

Moreover, the expansion of CubeSat missions
to cover a wider range of meteorological phenomena,
such as typhoons, tornadoes, and severe thunderstorms,
will broaden their impact and applicability. By
providing high-resolution data across various weather
events, CubeSats can contribute to a deeper
understanding of atmospheric processes and improve
our overall ability to predict and respond to extreme
weather. The collaborative efforts among international
space agencies, research institutions, and private
companies will continue to drive innovation and push
the boundaries of what is possible with CubeSat
technology, paving the way for a new era of
meteorological observation and disaster management.

By embracing the potential of CubeSats, we
can build a more resilient and informed society, better
equipped to face the challenges posed by an
increasingly volatile climate. The advancements in
CubeSat technology represent not only a significant leap
forward in hurricane prediction but also a testament to
the power of innovation and collaboration in addressing
some of the most pressing issues of our time.
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