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Abstract
It was just over a century ago when manned flight transformed how humans approach global
affairs and regional challenges. In just over two decades, unmanned flight is attempting to
overcome the same challenges through technological innovations. In a newly emerging field,
Unmanned Aerial Vehicles have the potential to be an efficient means to solve human problems
including, disease, crime, food insecurity, and war. While Unmanned Aerial Vehicles are shown
to have positive impacts on human issues, their applications should require thoughtful
considerations before capital is invested. In several cases, Unmanned Aerial Vehicles are not an
appropriate choice, though further development of the technology in the future can increase their
effectiveness. However, in the cases where Unmanned Aerial Vehicles are determined to be
effective, particularly non-profit based solutions, their implementation is highly beneficial and
recommended. Recommended funding solutions include current governmental aid programs
vectoring funding allocation towards humanitarian development and research of Unmanned
Aerial Vehicle Solutions based on new cost-effective solutions.
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Introduction
Technologies have advanced and become affordable in providing low-cost medical aid
and humanitarian assistance to people globally, but the global delivery system remains the same.
However, there may be technologies that can innovate on this front. To address this, the area of
unmanned aerial systems (UAS) has become a new frontier of development. To meet current
global challenges, policy experts need to understand the rapidly changing and low-cost
technologies that have been opening these frontiers of military, surveillance, commercial, and
humanitarian uses in the world of aviation.
Outside of military application, there has not been a firm grasp on how to best utilize
unmanned technologies in the civilian, humanitarian, and commercial sphere. The current usage
of UAVs (unmanned aerial vehicles) is developing and evolving, but it relies on how well the
public is knowledgeable of their operations and how they can best benefit from them. Current
research presents promising cases but also large unknowns and problem areas.
How do unmanned aerial systems operate?
An Unmanned aerial system (UAS) is comprised of three parts, a take-off system, a ground
flight control and administration station, and finally the unmanned aerial vehicle (UAV) itself
(Ułanowicz Leszek, Jóźko Michał, & Szczepaniak Paweł, 2017). The elements of the UAV
typically consist of the drive assembly, onboard transmission system onboard flight control
system (FCS), onboard task system, and the airframe itself (Ułanowicz et al., 2017). UAS largely
fall into two categories, autonomous systems, and manned controlled or monitoring systems. In
either case, both systems use their on-board electronics and computers to create efficient flight
by monitoring airspeed, wind speed, elevation, temperature, and acceleration. These aspects of
UAS are similar to today’s commercial autopilot features on larger, manned aircraft. In essence,
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the systems on the ground and in the UAV as a whole, work together to create a vehicle capable
of the same tasks that a manned aerial vehicle can do.
Types of UAVs
There are several types of UAVs and their systems. They range from handheld and
portable UAVs, to the size of corporate jets depending on their applications (Fahlstrom &
Gleason, 2012). The size variances are relevant in comparing their efficiencies and applications
to manned aircraft. While small and portable UAVs have a clear advantage to manned aircraft,
the efficient uses of the larger UAVs which are in the same size class as a small manned craft,
needs to be investigated. The main advantage that larger UAVs have over manned systems is the
endurance capabilities. That is, their ability to fly for many more hours than a human can behind
the controls in the air, at higher altitudes, at a lower cost. (Fahlstrom & Gleason, 2012).
Classifications of UAVs can even go down to the “micro” level, at small as one foot in length.
These purpose-built UAVs are primarily for covert surveillance and land mapping. The
construction of these micro UAVs is relatively simple. The Aurora Flight Sciences Skate is
constructed of Styrofoam and two propellers controlled by small electronic motors. A step up
from the micro level is the “small” classification, requiring one length of the UAV to be greater
than 20 inches (Fahlstrom & Gleason, 2012). An example of the RQ-11 Raven, in use by the
U.S. Army since 2005, it is a single operator needed, hand-launched UAV, with a 4.6-foot
wingspan and capable of one hour of flight by its electric motor (Fahlstrom & Gleason, 2012).
The RQ-11 is a step into the aerial systems module, requiring operators to first deploy mobile
ground control stations to establish a full system-linkage (RQ-11B Raven, n.d.). The “medium”
class of UAVs are typically described as systems that are too large for a single person to carry
but are not as large as a light aircraft (Fahlstrom & Gleason, 2012). The medium and above class
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of UAVs are usually reserved for government uses, as it encroaches on Federal Aviation
Administration regulations and falls outside of civilian needs. Current U.S. government uses of
medium class UAVs include the Northrop Grumman MQ-8B Fire Scout. The MQ-8B is a small
helicopter design UAV. However, the Fire Scout is not a conventional small, as it is in the same
size range as the two-manned OH-58 Kiowa helicopter, with a rotor diameter of over 27 feet
(Fahlstrom & Gleason, 2012). Its helicopter design allows for no runway needed take-offs,
making it more specially situated for navy ships that lack adequate horizontal runway space. The
final size classification of UAVs is the “large” category. Typically described as UAV that have
extended flight abilities, surveillance and weapon functions, large class UAVs are reserved for
military and law enforcement use. This class contains the General Atomics MQ-9 Reaper attack
class UAV, as well as the Northrop Grumman RQ-4 Global Hawk. The RQ-4 is the largest UAV
and has a wingspan of 129-feet, for comparison, a Boeing 737 has a wingspan of just over 117feet.
A Sample of UAV use cases
Exploring UAVs for disaster management
During the 2010 Haiti earthquake, the UAV senseFly, a small, hand thrown aircraft
equipped with mapping technology, was able to quickly create maps of the affected earthquake
regions for authorities to analyze and respond to (Tanzi et al., 2016). In another 2015 study that
analyzed UAV helicopters for post-earthquake responses, they noted that the use of UAV
helicopters for disaster relief efforts had rarely, if ever, been considered (Nedjati, Vizvari, &
Izbirak, 2016). Earthquake response requires extensive land surveying to assess damage and
where lifesaving efforts should best be allocated to. It is a time sensitive operation as well,
requiring a rapid assessment of the affected areas. Noted by Nedjati, Vizvari, and Izbirak (2016),
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rapid coordination by air is often required in an earthquake and many other natural disasters due
to inoperable road conditions. The ability to use a system like senseFly to build a real-time map
is crucial to resource allocation as it brings knowledge of bridges, water supplies, roads, and
other important infrastructure that needs priority attention to rebuild. However, UAVs are not the
only solution to disaster response, but just one needed step. UAVs cannot provide direct aid to
people. Manned land, sea, and air vehicles are still needed to bring in supplies and aid injured
(Nedjati, Vizvari, & Izbirak, 2016). During the aftermath of a natural disaster, surveying the
affected areas is crucial to determine a proper response. Current methods of detecting and
monitoring disaster areas include space and airborne sensors (Tanzi et al., 2016). These systems
have limitations however, with difficulties in observing at night or with cloud cover (Tanzi et al.,
2016). Unmanned aerial vehicles may be a better observation method when outfitted with proper
sensor, imaging, and detection equipment, allowing for observation under cloud cover (Tanzi et
al., 2016). Their potential portability may also allow them to be brought by search and rescue
teams to deploy when needed to survey specific sites by allowing a safely extended exploration
range (Tanzi et al., 2016).
Humanitarian drones
The deployment of unmanned warfare in the 21st century has led to a trickle down into
the humanitarian sphere with a dual-use. The U.S. Air Force’s Global Hawk UAV, primarily
used for endurance, high elevation surveillance and imaging over foreign countries, was
deployed in 2007 to assist in surveying a California wildfire (Sandvik & Lohne, 2014). While
direct top-down imaging is a clear-cut moral “good” in humanitarian aid, could the UAV also be
deployed as a peacekeeping unit? The UAV’s commonly advertised precision strike capabilities,
its ability to minimize collateral damage as compared to other conventual lethal means, could be
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considered a humanitarian good in removing the possibility of harming the operator, and
targeting and killing only the specific people needed (Sandvik & Lohne, 2014). These accurate
strikes are due to a JDAM (Joint Direct Attack Munition). The JDAM is a kit outfitted onto a
conventional bomb to guide it with the accuracy of a few meters on target, and when polled, a
majority of Americans are in support of targeted strikes (Byrne, 2018). The other side of
precision bomb strikes is precision air drops. There have been many projects in Africa to meet
the challenges that the HIV epidemic brings, and the U.S. company Zipline has created a
network of UAVs capable of delivering blood and medicine to remote hospitals and clinics by
dropping the light-weight payload and having it parachute down safely. This process cut delivery
times from potentially weeks through traditional land-based transport, to hours by airdrop (Anna,
2016). The network isn’t without its challenges, however, as range of the UAVs is limited; they
require consistent recharging, governmental policy is little to non-existent on their legality to
operate, locals are wary of their use, and crash retrieval of the UAVs is difficult in the remote
African regions (Anna, 2016).
Commercial exploration
As noble as humanitarian uses for technology are, it is likely not what will drive the
technology further. What potentially will, is the commercial for-profit use of UAVs. Bridging the
gap between altruism and consumerism is the future use of UAVs as a platform to prevent bird
strikes by airlines. In North America, it is reported that bird strikes are costing airlines $500
million annually. To help save the birds and airlines, a special UAV is programmed to mimic the
birds flock behavior and respond to incoming birds appropriately, scaring them away from the
flight line (Paranjape, Chung, Kim, & Shim, 2018). While airlines may be excited about the costsaving UAVs to enter the market, the consumer adoption isn’t as clear-cut. The benefits may
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seem obvious with faster and cheaper deliveries of our goods, but the consumer’s attitudes and
perceptions of UAVs replacing human deliveries are complex (Yoo, Yu, & Jung, 2018). The
adoption of UAV based delivery systems puts people generally into two groups, those that are
positive towards faster deliveries and less environmental impact, and those that are suspicious of
the privacy and malfunction risks with UAV deliveries (Yoo, et al. 2018). These groups are
further diffused depending on urban and rural residence, with rural residence more likely to
accept UAV deliveries than rural residences (Yoo, et al. 2018). Further compounding to the
resistance to UAV delivery adoption and general acceptance of UAVs in consumer applications,
is the vocabulary used. The average consumer may not be aware of the terms RPA (remotely
piloted aircraft), UAS, UAV, or multirotor, but the term “drone” produces a general public
image. This verbiage would be similar to calling all four-wheel vehicles “cars” when there are
other more descriptive terms to call a vehicle like truck, van, or bus. By labeling all unmanned
vehicles as a “drone” users focus more on the perceived violation of their privacy, whereas pilots
of UAVs are more focused on accident mitigation (Lidynia, Philipsen, & Ziefle, 2017). Further
surveys into public acceptance of UAV technology showed that risk and safety are not a concern
yet. Ultimately the public does not have a firm opinion positive or negative on the acceptance of
UAV technology, but are interested in learning more about their applications (Clothier, Greer,
Greer, & Mehta, 2015).
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Exploring further
Governments and companies are beginning to trial UAS in targeting inefficiencies in our
humanitarian and commercial lives. The use cases have shown successful application of the
UAV as a platform for future development. What was also shown is that widespread adoption
requires public insight on how UAVs work, and an understanding of the capacities and
limitations each platform offers. It is clear that research in humanitarian use cases is needed to
build the public trust of UAVs, in addition to more information on previous applications of
UAVs with a comparison to their applications with manned systems.
Brazilian and UAV adoption
To build a list of countries that can benefit from the cheap and quick infrastructure UAVs
provide, one can break down what the capabilities of UAVs are, and how their skill sets can best
be utilized. First, the main advantages of air travel compared to road travel is the ability to take a
straight, unobstructed path towards your destination, resulting in faster “A-to-B” transportation.
In Brazil, a national trucker strike in May of 2018 reportedly cost the country $2.8 billion in only
five days, leaving gas stations starved of fuel and stores empty of foods (Genot, 2018). The strike
blocked, or partially impeded traffic of 600 roads, as the trucks which transport 60 percent of
Brazil’s goods, stopped their trucks on the roads in protest of fuel prices.
The main source of good transportation are roadways with railways being not as popular
and only stretching along the eastern coast of the country (Geography, n.d.). Flying is also a
popular option with the country’s nearly 4,000 airports, making it a similar cost to bus transport
(Geography, n.d.).
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Brazil UAV Laws
Brazil has several laws relating to private UAV use, including a UAV registry for drones
above 250 grams, can only be flown in the daylight, a maximum height of 120 meters, and all
UAVs must be within visual line of sight at all times (Drone Laws in Brazil, 2018). While these
laws are for small recreational vehicles, Brazil also has three further categories for
classifications. A category three UAV is one under 55 pounds and may operate beyond visual
line of sight (BVLOS), but must be registered with the Brazilian Aeronautic Registry (Brazilian
Regulations, 2017). A category two UAV is one between 55 and 330 pounds, requiring pilot
training and a license to operate and a flight medical exam (Brazilian Regulations, 2017). The
last classification, category one, is for UAVs over 330 pounds and maintains the same
requirements as categories two and three, but the UAV and systems need to be certified by the
Brazilian Aeronautic Registry through the same process and manned aircraft (Brazilian
Regulations, 2017). Further limitations of UAV use restrict what cannot be carried, restricting
human, animal, and dangerous objects from traveling by unmanned flight (Soares, 2017). The
laws are relatively tame and have some further restrictions, but for typical high elevation
autonomous flight, it is not too restrictive for the typical commercial use for land surveying.
Current Aviation Market
Brazil’s aircraft economy is one of the world’s largest, being one of five countries to
produce commercial jets, and is the top ten for U.S. aircraft and aircraft part exports at $5 billion
in 2016, with aerospace imports at $3.4 billion (Brazil - Aerospace & Aviation, 2017). The UAV
market in Brazil ranges up to $60 million, with the limitation of autonomous flight hampering
the market, legislation is still new and adapting to consumers and producers (Brazil - Aerospace
& Aviation, 2017).
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Dengue Prevention
Mosquitos are carriers of numerous diseases that can be transmitted to humans. Among
those found in Brazil are chikungunya, Zika, and dengue. Between 2015 and 2016, Brazil had
over 1.5 million cases of dengue annually (Lopes, Silva, Pastor, & Silva, 2018). To combat the
spread of the mosquitos carrying the disease, it is important to survey potential mosquito spawn
sites and deploy measures like mosquito fogging to control the insect population. A report by
Chiroli, Montilha, & Samed (2017), examined the feasibility of using UAVs to conduct the
countermeasures in using commercially available UAVs, ones that will not be put into the higher
levels of Brazil’s UAV classification system. They decided the best equipped and priced UAV,
DJI Phantom 3 Advanced, to costs up to $2,500. They further determined that the average
operating cost to purchase the UAV, higher a trained operator to fly and analyze the images
would result in an annual savings cost of around $21,800. These costs are compared to the
traditional method of having environmental health agents on the ground surveying the land. The
report found one UAV and its operator could replace 19 field agents in its ability to survey area
by kilometer at 55.55km2 compared to 3.04km2. The UAVs result in much faster surveying, and
in cases where multiple visits are required, reduces the danger to human agents that may be
exposed to the disease-carrying mosquitos. One example was where agents found an abandoned
pool, an observation that required human agents to expose themselves further, in which a UAV
could have been deployed and all agents would have been a safe distance away from a potential
spawning ground (Chiroli et al., 2017).
While the report was focused on dengue, the findings may be applied to all forms of
mosquito surveying that use the same reporting methods. UAVs have further uses than surveying
the potential mosquito locations, as in 2016 USAID (U.S. Agency for International
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Development), gave funding to UAVs designed to release sterile mosquitos into remote areas
(Fox, 2016). The release of sterile mosquitos is an alternative to mosquito fogging which sprays
insecticides to kill the mosquitos. The sterile mosquito releases are not just limited to remote
areas of countries, but hard to access ones as well, like the tightly packed areas of Brazil’s
favelas, which are densely packed low-income slums (Fox, 2016). The sterile mosquitos are male
mosquitos, (which don’t bite), and are genetically engineered to have a gene that when they mate
with a female mosquito, the resulting offspring will die before they reach adulthood (Oxitec,
2017). The project can fight the spread of several of the disease mosquitos carry like Zika,
malaria, dengue, and yellow fever (Fox, 2016). While sterile mosquito use has been possible
before by truck, UAVs were the first system that allowed for a delivery by air, covering 20
hectares in five minutes (Moloney, 2018). The Brazilian government has funded the release of
millions of mosquitos in 2017 and 2018 during the highs the of mosquito season in populated
areas (Moloney, 2018). Effects specifically attributed to UAV mosquito surveillance and
repellant in Brazil are not known yet, but tests that used sterile mosquitos to combat dengue
resulted in up to an 81-percent reduction of the infected mosquito larva populated compared to
non-treated areas (Oxitec, 2017).
Brazilian Crime
Another issue affecting Brazil is its crime rate. In particular, its homicide rate which was
at over 30 homicides per 100,000 people in 2017, a rise over the previous year (Darlington,
2018). This puts Brazil in the top 13 for the largest number of homicides per capita out of 193
World Health Organization (WHO) member states (Murray, Cerqueira, & Kahn, 2013).
Furthermore, in 2013 the number of homicides corresponded with the highest years of life lost to
violence out of all the WHO member states, with homicide rates increasing since 1980. Factors
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noted as potential indicators for the rise of crime and homicides between 1980 and 2007 include,
low national income, rise in the population of males ages 15 to 24, the availability of firearms,
usage of illicit drugs among the population and globally, numbers of active police forces, and the
rate of incarceration. Of these factors listed, rises in inequality, firearm availability, and drug use
were noted as the most important variables.
It is reported that crime costs Brazil $75 billion annually (Murray, Cerqueira, & Kahn,
2013). This figure is determined from losses due to the cost of public and private security,
prisons, insurance, legal and medical fees, and general productivity loss at over 4.3 percent GDP.
The report recommends allocating current crime-fighting resources away from strategies that
target non-violent crimes that have increased Brazil’s prison population as well as further
increasing the economic costs responsible for having the third-highest prison population
globally.
Brazil’s crime prevention was put to the test in 2014 and 2016 as the country hosted the
World Cup and summer Olympics respectively, where the policing strategy of Pacification Units
was established to patrol Brazil’s slums, or favelas, in the city of Rio de Janeiro. These tightly
constructed hillside shanty homes are often controlled by drug gangs, leading to deadly shootouts
in the narrow streets. In October 2017, a poll found 72-percent of residents of Rio de Janeiro
would move to a safer city if they could, and that less than 10-percent believed the police
responsible for the security of their city, were effective at reducing levels of crime (Londoño,
2017). In addition, corruption among the patrolling police forces has been found to be
responsible for the lack of effective crime reduction and the lack of civilian trust in police.
Adding to this tension, the Brazilian Congress passed a law to allow military police (who are
often the deployed security forces by the cities), to instead be tried by military tribunal rather
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than civilian courts if they commit crimes against civilians. It is believed that this follows the
trend of corruption reported by allowing for more leniency towards military police that commit
crimes.
Recommendations for Brazilian Crime Prevention
Crime in Brazil has been one of its largest national issues for decades. Its current methods
of crime prevention have not been proven to be adequate in reducing homicide rates. One aspect
of policing that Brazil may benefit from is the adoption of UAV based surveillance. In 2018, the
Mexican city of Ensenada partnered with UAV platform company Cape to establish UAS
equipped specifically to reduce crime (Municipal Police, 2018). In less than a year, Ensenada
was able to reduce overall crime rates by 10-percent, with larger reductions in home and violent
robberies and vehicle theft. Even more drastically, the city reported reductions of non-emergency
call response times of 95-percent and reduction of emergency call response times by 90-percent.
These reductions are achieved by sending UAVs on patrol operations as well as emergency call
responses. A single UAV can be dispatched to an area in nearly one minute, leading to over 500
arrests due to the aerial surveillance that was once only possible by helicopters. As a method of
crime prevention, UAVs are an,
…Easier, faster, and cheaper method of data collection… can enter narrow and confined
spaces, produce minimal noise, and can be equipped with night vision cameras and
thermal sensors, allowing them to provide imagery that the human eye is unable to
detect… these UAVs can quickly cover large and difficult-to-reach areas, reducing staff
numbers and costs, and do not require much space for their operators. (Gabier, 2017)
With these advantages, it is recommended that Brazil adopt UAVs as a source of crime
prevention. Advantages to Brazil in adopting UAVs for policing are a reduction in ground-based
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patrol officers, lowering crime prevention costs, ease of patrolling in high-density areas like the
favelas, and ability to more quickly target high priority crimes like homicides.
In 2016, a Rio de Janeiro think tank launched a tool call CrimeRadar to map out the
likelihood of crime occurring at specific regions within Rio. Based on six years of police precinct
crime data and 14 million occurrences of crime reported in that time period, a heat map of
locations where crime may happen was created (CrimeRadar, 2016).

rio.crimeradar.org
mapmaker.nationalgeographic.org

The map above is a combination of CrimeRadar’s crime heat map and eight 7 kilometers long
circles that showcase the Inspire UAVs control range, which is the measurement of how far the
UAV can fly away from its initial launch point. The center of each circle radius is near a city
within the state of Rio de Janeiro that is assumed to have proper police staffing capability or
potential infrastructure to develop policing UAS. The circles are placed to best represent the
most coverage of potential crime locations, with green squares being low potential crime, to red
being high potential crime. Gray areas represent no data or no potential crime (CrimeRadar,
2016). To cover these key issue areas, one can take Cape software’s CEO’s estimate of 12 UAVs
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needed to cover the urban area of Ensenada at 61 square kilometers and apply the same square
kilometer coverage needed to Rio de Janeiro. This estimate would require over 3300 UAVs to
cover the entire state of Rio de Janeiro. The unit cost of Ensenada’s UAV, the Inspire 2
Professional, is $10,703 (Buy Inspire, 2018). The cost of the UAVs would be over $35 million
for Rio de Janeiro, with an unknown amount required to license Cape’s monitoring software.
However, this cost may be offset by lower national GDP spending on crime prevention and
prisons if the previous reports of increased efficiency and costs of UAVs as a policing tool are
accurate. However, it may not be necessary to patrol the entire state. By focusing on the largest
number of potential crime locations, these eight circles capture nearly 38.5 square kilometers
each for a total of 304 square kilometers. Much of this reduction is a result of not capturing the
sea-based territory of the state and instead focusing on where the majority of crime takes place.
Using these numbers, it is estimated that the state of Rio de Janeiro may require five times the
UAV capacity of Ensenada, bringing the number of UAVs needed to 60 at a cost of $642,180.
To further visualize crime locations and police response, another map was created that
overlays the favelas in Rio with the CrimeRadar map. Areas in light blue and purple are favelas
mapmaker.nationalgeographic.org
(Adam Towle, 2018)

mapmaker.nationalgeographic.org
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with the areas in orange representing the location of the Rio 2016 Olympics (Towle, 2018). As
visualized by the overlay map, the UAV range is congruent with both the majority of potential
crime as well as a majority of favelas.
With the starting pay for a police officer in Rio being nearly $10,000 as of 2014, a
reduction in crime rate may be enough to offset the cost of implementing the UAV program
(Parkin, 2014). This year, Brazilian President Michel Temer sent an additional 8,500 personnel
to patrol the city of Rio (Woody, 2018). While overall cost saving estimates are unknown, it is
reasonable to assume that a 10-percent reduction in crime may equal a 10-percent reduction in
additional policing, bringing a savings of potentially $8.5 million in adopting the UAV based
surveillance program. From using the reported benefits of utilizing UAVs for policing in
Ensenada and the known Brazilian crime spending numbers, it is reasonable to assume that UAV
use in Rio de Janeiro is both a cost saving, and crime reduction tool currently underutilized by
the state. Adoption of UAV policing may address the Brazilian challenge of police corruption,
high GDP spending on crime, and low public opinion of police forces through a reduction of
ground patrol officers.
Limitations
While current implementations of UAV based policing have been successful in several
cases, it is not widespread enough that every city or state can benefit the technology. Costs of
large-scale adoption may be in the millions of dollars and there is no guarantee that the program
will reduce overall operating costs. Furthermore, CrimeRadar states that the accuracy of its heat
map is subject to various uncertainties and should be used in combination of multiple sources of
information. Additionally, further information on Cape’s system acquisition and implementation
costs are needed to generate a more accurate monetary cost of UAV policing.
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Future of Aerial Policing
Current consumer UAVs provide promising capabilities for police departments to
quickly deploy a small electric drone to monitor an area or chase a fleeing suspect. However,
aerial policing can be grown to a much larger scale. Persistent Surveillance Systems (PSS), an
American company founded by one of the researchers of the first persistent aerial surveillance
system used in the War of Terror in 2006, has developed technology to provide persistent
coverage to up to 64 square kilometers (Angel Fire, 2011). The persistent coverage is provided
by a small Cessna plane, equivalent in size to the MQ-9, with an attached array of 12 cameras
that take a picture each second. The pictures are saved and updated in real time to a monitoring
site where specialists analyze the incoming images (HawkEye II, n.d.). The HawkEye system is
supported by image processors, command centers, mobile communication arrays, and image
storage systems. This system has been deployed by the city of Baltimore, Maryland where police
departments have reported a crime reduction of up to 20-percent and was pitched as, “Google
Earth with TiVo capability” (Reel, 2016). However, the HawkEye system is only supported on
manned aircraft due to current expenses of UAVs and federal aviation restrictions (PSS, 2016). It
is estimated that a contract with a U.S. city like Baltimore, is close to $2 million annually, with
further knowledge of HawkEye’s deployments being confidential. However, the company has
disclosed contracts with Central American and African countries (Reel, 2016).
Border Patrol
What UAVs bring that manned aircraft cannot, are high endurance flight times, with the
MQ-9 capable of a potential continuous flight of over 40 hours compared to the Cessna’s 10
hours (Szondy, 2016). However, endurance drone monitoring may not be the current most
effective system. In a 2018 report by the Cato Institute, they found that from 2013 through 2016,
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U.S. Customs and Border Patrol (CBP) used the MQ-9 predecessor, the MQ-1, to conduct patrol
operations along the Mexico-United States border. The length of the UAV flights averaged close
to 90 minutes daily, far from its maximum flight time of 20 hours (Bier, 2018). However, it is
estimated that if the MQ-1 engine operated at 6 to 7 hours daily, it would reduce its engine life
by 15 years of its 20-year lifespan. Continuing limitations of large UAV patrols include missing
31-percent of scheduled launches, 20-percent of flights canceled due to weather conditions, and
airspace restrictions around high trafficked commercial airspace (Bier, 2018). Conclusions of the
report found UAVs were responsible for 0.5-percent of all border arrests, at a cost of up to
$2,000 per operating hour, 3.5 times higher than the average cost of apprehensions. The Office
of Inspector General in 2014 found the use of MQ-1s to have not demonstrated efficiency and
effectiveness with the CBP, and in 2016, recommended that CBP not expand its current UAV
program due to costs and the operational challenges.
From the reports gathered, it can be assumed that a large-scale, national or state sized
UAV monitoring system is not cost-effective. However, small-scale city-based monitoring has
been proven to provide crime reductions of 10 to 20-percent. Current large endurance UAVs are
not cost-effective compared to previous methods of policing and monitoring. This may be
attributed to large UAV production costs with consumer and business level UAVs showing
economic viability due to mass production.
Future recommendations for Rio UAV Policing
With PPS offering another alternative to aerial policing, it may be advisable over
unmanned recommendations. Benefits over UAV policing in Rio include a wider coverage
range, increased operational time, and a more tested system. First, PPS offers a 64 square
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mapmaker.nationalgeographic.org

kilometer coverage area, a 60-percent increase over the Inspire 2. Overlaying the new increased
area in yellow shows the visual representation of the size difference. Furthermore, fossil fuel
engines maintain higher operational times than electric battery capacity with a flight length 20times greater. However, the manned operations are estimated to cost $2 million per 64-kilometer
surveillance zone, bringing costs to a possible $16 million annually. While sizably more
expensive, manned flight offers a reliable system tested in a major American city showing
similar results of crime reduction compared to Ensenada, Mexico. Tradeoffs of manned flight
compared to UAVs, are slower response times and less maneuverability. However, these are
traded for consistent coverage of a wider zone.
Sub-Saharan Africa
Many African countries are plagued by some of the world’s worst infrastructures, making
land-based transportation costs higher than any other regional areas of the world at twice the cost
of the world average (Gwilliam, 2011). Malawi, Chad, and Rwanda face rates at over six times
the average for developing countries (Gwilliam, 2011). Sub-Saharan African countries except for
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South Africa, all suffer greatly relating to infrastructure efficiency in regard to getting goods to
markets. A large reasoning for this is the physical geography, lack of government interest in
addressing the infrastructure issue, political corruption, and lack of an agency responsible for
creating a good network (Gwilliam, 2011). It is important to recognize that the continent of
Africa contains 54 recognized countries, and the entirety of the United States, Europe, India,
Japan, and China can all fit within the boundaries of the continent (Africa Map), n.d.). This scale
combined with being the poorest continent on Earth by GDP contributes to many of the problems
the countries in the large land mass face. However, the future for Africa isn’t as bleak as its past
has been, with seven of the world’s ten fastest growing economies being in Africa, their
developing wealth can lead to important and lifesaving infrastructure improvements (Kaberuka,
2013).
USAID, Africa, and Ethiopia
Current initiatives with the United States Agency for International Development
(USAID) include programs to increase agricultural productivity, support health networks,
development democracies, help resist rapid climate shifts, and response to humanitarian crises
(Africa 2018). These initiatives on the continental scale, funded through U.S. tax dollars, are a
part of the United States global initiative to support developing nations.
One country, Ethiopia, is trying to prevent cycles of famine that have plagued the country
for generations. The goal stated by USAID (2018) in this country is to reduce the impact of this
cycle so that the country can focus on their own other human developmental goals of increasing
GDP, access to education, improve health services, and grow businesses. In partnership with
USAID, Ethiopia set out a five-year Growth and Transformation Plan (GTP) that focuses on the
previous areas and improve investments with the United States. However, the country still faces
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severe food security issues that target up to 15-percent of its population in drought years. Adding
to this, the size and scale of the country compound their challenges, being the second most
populous country in Africa at 80 million people, the challenge is to secure food for what is
classified as “Hungry Ethiopia” and “Pastoral Ethiopia” that encompasses 35 million people.
These two classes face unpredictable low rainfall, poor soils, minimal family land holdings, but
are also responsible for over 90-percent of the country’s meat and live animal exports, an
important area that is critically challenged. Current roadblocks that USAID has identified which
prevent faster development and reach of the country’s resources include restrictive laws on
Genetically Modified Organisms (GMO) in plant seeds (USAID, 2018).
The current chairman of the African Biodiversity Network, Dr. Sulemana Abudulai,
states that GMOs are not a sure way to increase food or nutrition security (Welle & Suuk, 2018).
Further issues according to Takalani Mashudu (2018), the head of a Ghanaian NGO, are the
cultural challenges that GMOs present to the people. He states, “Culture without food is not
culture. So, when you lose your food, you lose your identity. So yes, we can talk about increased
production, but we also need to recognize that people around Africa are very passionate about
their culture” (Welle & Suuk, 2018). This reluctance to use GMO seeds for sustaining high
yields and resist drought and disease is a contributing factor to the food insecurity in Ethiopia.
When a group of 18 farmers in 2010 from around the world were asked on how to feed an
estimated 2.6 billion new people over the next 45 years, they noted that seed genetics, lower
GMO regulation, efficient uses of land, water, and natural resources, were all concerns that
needed to be addressed to feed the globe (Winsor, 2010).
With the main issues outlined one can begin to focus on how new technologies can help
assist in the five-year GTP and the food crisis.
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UAVs and Ethiopian Transport
Country Development Cooperation Strategy, 2016

To address these outline issues, it is important to outline capable UAV technologies on
the market and determine the best course of action for their use in food security, improving
health services, and improving U.S. investments. It is unknown if UAVs can help in these areas
and which system may be the most suitable for the mentioned issue areas of Ethiopia. From the
assumption that will be determined, one can determine if UAV technologies benefit the issue
area, are neutral on the issue area, or are ineffective in the issue area.
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Road Networks
Ethiopia is approximately 60 percent larger than the state of Texas at 426,400 square
miles with a 2017 estimate of 104 million people (Population, 2017.) Though current road
networks are over 70,000 miles, it is estimated that the country is at 30-percent of the required
networking for optimal transportation and efficiency. As of the fiscal year 2015 and 2016, the
government has allocated over $2 billion for construction of roads. The government of Ethiopia
has chosen road investment to be its main pillar of their Growth and Transformation plan that
seeks to grow the current road network to cover over 84,000 miles. Within the past 16 years, the
government has invested over $7 billion in road construction. Currently, future plans for road
network development are set to grow the country to over 136,000 miles of roads in 2019 and
2020. While a majority of the network funding comes from within Ethiopia itself (77-percent per
2014), outside investors are also interested in funding the projects as well such as the World
Bank and the African Development Bank (Road and Railways, 2017).
Rail networks
As Ethiopia is a landlocked country, it requires cooperation from neighboring country
Djibouti to import and export goods from its port. Djibouti handles 90 to 95-percent of
Ethiopia’s internationally traded goods (Road and Railways, 2017). The vast majority of these
goods brought to and from port and transported by truck, a largely inefficient way to move large
amounts of goods across the large territory of Ethiopia. This has prompted the government to
begin investments in a modern rail network. Current plans include a 400-mile railway network
that links the capital city of Addis Ababa to city of Dire Dawa then to Djibouti’s port (Road and
Railways, 2017). Benefits of the expanded railway are a reduction of time to bring goods to
market and cost of transportation, a resulting reduction from the 84-hour current transport time
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of Addis Ababa to port Modjo to 10 hours (Road and Railways, 2017). Future expansions of rail
are targeted to connect to Mombasa, Kenya’s port to Ethiopia’s south, and Weldiya, Ethiopia,
which is North East of Addis Ababa (Road and Railways, 2017). Further funding of $2 billion is
being searched for from internal and international investors to link several major towns of the
country hours (Road and Railways, 2017).
UAVs for Transportation
The current stages of large cargo capacity UAVs are prototypal, with commercially
available UAVs only having small payload capacities. The Microdrones md4-3000 features a
carrying capacity of up to 11 pounds at a flight time of 45 minutes at 2.5 miles altitude with a 30mile range (md4-3000 n.d.). Microdrones features integrated systems based on their UAV
platforms which include surveying and mapping for forestry, excavation, mining, and
photogrammetry able to detect gas pipelines and visualize and leaks (Integrated Systems, n.d.).
Issues with the platform are evident in its limits of weight and range. For a network of these
UAVs to cover the shown roads and population centers would likely require 2000 miles of
airspace. This could be accomplished through a system of leap-frogging from system to system
every 30 miles, requiring 66 microdrone md4-3000 UAVs. However, with such a low capacity
and range, it should be deemed ineffective to use this specific UAV for general good
transportation compared to the growing road and rail networks. This does not incorporate the
cost of the systems and maintenance or payment for operator personnel. Other companies like
Amazon, Google, and UPS are also innovating in the field of unmanned delivery aircraft, but
such deliveries are for small-scale packages that for consumer use, are not relevant to Ethiopia
due to a variety of constraints, the least of which is access to internet deliveries. Such a market is
currently not feasible for commercial profit due to 15-percent internet penetration, making it one
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of the least connected countries in the world (Ethiopia Country Report, 2017). Unfortunately,
there are no current UAVs available out of prototyping in the market that can meet or replace
truck or rail methods for transporting commercial products efficiently. However, unmanned
systems may be relevant in specialized fields where carrying capacity isn’t a necessity that may
be able to benefit Ethiopia and its relevant challenges.
Food Security
An analysis by the Technical Center for Agricultural and Rural Cooperation (CTA),
surveyed close to 1400 members of the African, Caribbean and Pacific (ACP) group of states
about topics relating to drones and agriculture in Africa. The members surveyed were identified
to have some working knowledge of drones and agriculture. The results showed that 85-percent
of respondents viewed drone use in agriculture to be favorable, noting that it modernized
agriculture and would be important in increasing crop yield and farming efficiency. Further
important applications of drones in agriculture that the respondents viewed as being integral
include drone’s ability to assess crop health, topographical map creation, fertilizer usage
variation, detecting pests and diseases on crops, and quickly collect this agriculture data over a
large area of land. Areas that the respondents felt were problem areas included security and costs
with generally not having much understanding of how the systems operate, and current policy on
UAVs (Soesilo & Rambaldi, 2018).
One way in which UAVs may attribute to an increase of food security for Ethiopians is
the ability to differentiate soils and grasses and track crop growth. By tracking crop growth at
important stages, one can determine what their yield will be, and if needed, address a low-yield
appropriately in the early stages. This is done through various camera technologies including
infrared sensors to determine crop and soil health accurately. The cameras pick up on the
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reflectiveness of light of leaves close to the infrared spectrum. Discrepancies in plant health like
dehydration are shown by reflecting less infrared light. These technologies allow for the
detection of healthy and sick plants (Sylvester, 2018).
A 2017 case of farmland devastation occurred in Zambia which destroyed over 100,000
hectares of maize. Upon discovering the infestation of the fall armyworm, Zambia directed
aircraft to deploy pesticides aerially in certain locations. A further incident also required the use
of fixed wing and rotary aircraft to spread the pesticides. Could UAVs have been used for early
detection of the infestations and for the applications of pesticides as a quicker, more costeffective option (Sylvester, 2018)? The use of manned surveying of farmland has been used for
decades to cover large areas of land and not have to track through the crops on the ground. The
difference that UAVs bring that is disrupting the conventional aircraft use, is their affordability
and equipped sensing technology. Remote sensing, available in UAVs, allows for fast crop
inventorying and yield estimates. However, current restrictions targeted towards UAVs hampers
their ability to operate, and South Africa is regarded as having the most restrictive UAV laws in
the world (Sylvester, 2018). Restrictions include obtaining a remote pilot license, registered the
UAV, and obtaining several other licenses and certifications before one can fly. This process
inherently slows down or restricts access to more rural farmers to comply with the regulations,
with estimates that complying with the regulations costing $37,000 and two years to complete
(Sylvester, 2018). While the people of African states are optimistic over the uses of UAVs, and
UAVs have been shown to have technological benefits available to farmers at a low cost to
prevent crop devastation or low-yields, there are concerns that over-regulation like that shown in
South Africa can become to new normal throughout the continent.
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Agricultural Use Case
Growth in the agricultural field is a global concern due to rising consumption due to
population increases, and one of the ways to increase production is through technology. What
sets apart UAV agricultural sensing technology from the conventional satellite or plane cameras
is an increased resolution, increased accuracy of mapping and plant health detection, as well as
lower cost. In an analysis done by Wahab et al. (2018), the team used UAVs used to measure
farmlands in Sub-Saharan Africa. Beneficial to the UAV platform, they do not require runways
and only need vertical take-off and landings. They are man-portable and require a system of a
computer running software that connects the camera data with the remote-control transmitter and
telemetry radio for takeoff and landings (Wahab et al., 2018). The UAV can cover 160 acres on a
charged battery and is flow autonomously. Using georeferencing tools in ArcGIS, they were able
to quantitatively measure vegetation and their conditions through the near infra-red spectrum.
Measurements were subsequently taken at 4-5 weeks, 9 weeks, and 13 weeks after planting. The
measurements collected were able to determine the mean maximum of maize growth to be 9
weeks after planting, with little discernible different at 13 weeks after planting (Wahab et al.,
2018). Their findings showed that consumer-grade UAVs and cameras were sufficient in
estimating maximum maize yields on smallholder farms in SSA. What this study provides are
that trained teams are capable to assess farm plots in making informed decisions for crop
cultivation yields. Constraints of further applications are the overall costs in ascertaining trained
members to perform accurate sensing across the country. The research has shown that UAV
technology in the field of agriculture will benefit Ethiopia. Furthermore, applications in Pastoral
Ethiopia should be considered due to the challenges the area has. The pastoral areas contain 15
million people and lands require heavy optimization of water and land usage due to long periods
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of low rainfall and high temperatures (Yimer, 2015). As such, a lifestyle of nomadic livestock
pastoralists exists, moving from area to area of vegetation. While the culture of the pastoralists
does not necessitate to the life of a farmer, a combination of agriculture and livestock usage may
be a possible mesh to prevent malnourishment in the extreme environment the millions live in.
The World Bank (2016) recommends small-scale irrigation and water conservation with the
combination of agro-pastoral communities to increase resilience to drought. The combination of
UAV land sensing to determine more accurately where water should be routed to which crops,
and the optimal harvest time are factors that can reduce water usage and still allow for a pastoral
lifestyle due to less wait time for the highest crop yields because of accurate aerial crop sensing
(Empowering, 2016).
Estimated Cost of Agricultural Sensing

SmartCities, 2015

In the study by Wahab et al (2018), they used an Enduro quadcopter costing $11,900.
This system includes everything needed to operate the sensing, including cameras, laptop,
batteries, charging system, and transmitter. Estimates provided by Agribotix (an aerial system
company that develops agricultural sensing programs), presents use cases in which UAV
imagery was able to provide a response to a farmer that spotted an infestation in their soybean
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crops. A local UAV service found the affected areas and was able to target precisely the needed
crops and presented a savings of over $7,000 in crop loss avoidance and savings from precision
herbicide application (Case studies, n.d.). The previous picture shows what the software
determines to be areas of prime harvest. In selecting the areas in the green first, rather than the
entire field at once, the farmer can collect the optimal crop growth, and use the data for targeting
of fertilizers. Unfortunately, cost-effectiveness for Ethiopian farmers to use this technology may
be prohibitive. While the mean farm size of Sub-Saharan Africa is close to 6 acres (Deininger &
Byerlee, 2011), the cost can be $100 per acre for agricultural sensing (Fisher, 2015). With the
Gross National Income per capita measured by Purchasing Power Parity (PPP) of an Ethiopian at
close to $1900 annually, the current labor rate is not feasible (GNI, 2017). However, the labor
costs in the U.S. are drastically higher than in Ethiopia. Using the same PPP measurement, the
United States is 32 times higher than Ethiopia (GNI, 2017). Using this rough measurement, it is
feasible to assume that sensing costs could range between $3 to $10 per acre using Ethiopian
trained labor.
Improve Health Services
As discussed previously, UAV carrying capabilities are still developing, but are suitable
for light-weight package delivery. This current constraint on UAVs does not allow for large
economical transport opportunities in developing countries, however, the medical field is an area
that greatly benefits from fast transportations networks on a small-scale. The company Zipline
demonstrated its feasibility in Rwanda, and the government of Tanzania wants this technology to
deliver blood, vaccines, and other medicines to health facilities. Currently, as of 2017, Zipline
sits as the only drone company to be integrated with a governmental health service as it will be in
Tanzania (Landhuis, 2017). Tanzania, a nearby country to Ethiopia, also faces similar health
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challenges that can be reduced through more access to medicines. Ethiopia recognized the
medical advancements that UAV transport had on Rwanda and Tanzania, and as of August 2018,
has plans to partner with Zipline to develop its distributions facilities, with Ethiopia’s difference
being it is developing its own specially designed UAVs in country (Tesfaye, 2018).
Recommendations for Ethiopia
Consistent with the above findings, UAVs are not ready to be a consumer product or
service in Ethiopia. This is due to the low incomes of the typical resident compared to the
investment cost of a typical UAV system required for personal use. However, current use
scenarios may be feasible for humanitarian, non-profit, and NGO type organizations. While the
implementation of the UAVs is too costly for typical Ethiopians, the benefits are proven in their
respective areas such as farming and health delivery. With the current government investment in
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Zipline as a health provider, Ethiopia should consider agricultural based UAV applications as
well. This should be implemented alongside the development of Ethiopian UAVs to target
medicinal deliveries and to also expand agricultural sensing. The government investment of
agricultural UAVs solves the financial burden that prevents its citizens from fully utilizing the
technology, and helps alleviate the food crises the country experiences through the benefits of
agricultural sensing. To achieve this, the country will need to increase its UAV production to
first meet its health needs, and then its agricultural needs. Using Tanzania as a comparison, they
plan on servicing 1000 health clinics in the country, requiring 120 drones with a projection of 10
million people being assisted by the UAV technology (Landhuis, 2017). Ethiopia has roughly
double the population of Tanzania and similar total geographic size. Based on the above maps
we can estimate how many additional UAVs Ethiopia should purchase for both agricultural and
health needs. Assumptions will be based on the UAVs in Tanzania operating within a 150KM
radius from the dispatch location (Tesfaye, 2018).
Using National Geographic’s population density map, a blue circle was placed on a map
of Ethiopia that represents 150 kilometers from the center. Each circle was placed to best capture
a majority of the population with minimal overlaps. Each center is placed on, or very near a city
in order to provide the infrastructure needed to supply and support the launching and staffing of
the UAVs. The article by Anteneh Tasfaye (2018) located six cities as dispatch centers, Addis
Ababa, Meqele, Hawasa, Jima, Dire Dewa, and Bahir Dar. The map above locates ten cities as
dispatch centers, Dire Dawa, Nazret, Kibre Mengist, Jima, Mendi, Finote Selam, Gonder,
Mek’ele, Dubti, and Dese. While this coverage area expands the number of medicinal UAV
deliveries, this coverage area may not be the same needed for agricultural sensing use. According
to USAID, a large portion of Ethiopia’s population considered moderately food insecure is in the
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south-east of the above map, areas that are not currently covered by either the six or ten dispatch
center propositions (Ethiopia Complex, 2015).
Allocational Recommendations
United States humanitarian assistance to Ethiopia was over $435 million in the Fiscal
Year 2015 (Ethiopia Complex, 2015). It is recommended that a portion of this budget be
allocated towards the development of agricultural sensing in the regions outline by USAID that
are considered at least moderately food insecure. To cover 150 square kilometers, it would
require nearly 300 UAV systems to accomplish this using the 160-acre figure by Wahab et al
(2018). Using the same pricing by the research team, 300 systems is an estimated $3.6 million. It
is assumed that current sensing technology would not be feasible to equip on a Zipline UAV.
This is due to the sensing technology requiring a lower elevation and a slower speed to create an
accurate map. Furthermore, the areas unincorporated by the systems are close to 1,000
kilometers. These pastoral lands house over 15 million Ethiopians and are not in consideration
for current implementation of UAVs. With this being considered, it is recommended that
Ethiopia continue as planned with its six-city dispatch center and expanding to a minimum ten
city distribution upon the successful implementation of the former. This would allow for an
appropriate scale number of UAVs and distribution centers. This development of UAV
infrastructure and knowledge can then be expected to be exported to the unincorporated areas
that would benefit from UAV attention, being medical or agricultural. Upon the successful
implantation of UAV technology in Ethiopia, it is recommended that USAID allocate a portion
of its annual U.S. humanitarian assistance budget to Ethiopia for the funding of agricultural
sensing based on the known growth to crops that it brings.
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Ethical Uses of UAVs as Weapons Platform
Humanitarian Harm or Good
Consistent with addressing regional challenges, regional warfare is often a long and difficult
problem to solve. In recent years, particularly within the United States, they have moved towards
aerial surveillance and munitions to fight the War on Terror. The United States has access to a global
battlespace with high-altitude, precision, manned and unmanned aircraft. Unmanned systems place
U.S. forces potentially thousands of miles away from combat but are still able to execute a given
mission. Warfare has been evolving technologically for millennia, but we are in a unique time in
history where the ability to observe, bomb, and kill others can be given to someone to enact remotely
far away from danger. As lethal weapons like nuclear bombs, landmines, and cluster munitions, have
undergone international bans or treaties in reducing their scope, access, or power, it is worth
considering if the Unmanned Aerial Vehicle and its pilot should too face international restrictions on
its use in war. Furthermore, UAVs are a system typically only used by nations with the ability to
project power beyond their borders.
According to the United Nations Office for Disarmament Affairs (UNODA), a treaty on
prohibiting the use of anti-personnel mines has been signed by over 150 countries, with reasonings
being,
Such weapons continue to cause many casualties, often civilian. They restrict the movement of
people and humanitarian aid, make land unsuitable for cultivation, and deny citizens access to
water, food, care and trade. Every day, people die or lose limbs from stepping on a landmine.
Mostly in countries at peace – and the majority of victims are civilians. (Landmines, n.d.)
In addition, a UNODA conference in 2010 concluded that the Treaty on the NonProliferation of Nuclear Weapons was needed, finding, “[the] conference expressed its deep
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concern at the catastrophic humanitarian consequences of any use of nuclear weapons (Treaty,
n.d.). In the 2008 Convention on Cluster Munitions, the convention concluded with 107
participating UN members agreeing to the complete restriction of cluster munitions on the basis
that it causes, “unacceptable harm to civilians” (Convention on Cluster Munitions,” n.d.). It is
assumed then that armament considered highly devastating to a civilian population should be
under global scrutiny and be led to a potential ban or ability reduction. Proponents of drones as
tools of war point to operators using best judgment in determining to strike or not to strike.
Considering that a UAV can circle a target for hours, with the Reaper drone requiring two people
to operate, a team of intelligence and imagery analyzers, there are several checks before a lethal
strike can occur. In addition, the pilot requires authority before use of lethal force, determined on
the best assessment from the aforementioned individuals that the person being observed is, in
fact, an enemy combatant. When lethal authority is viable, there is then another risk assessment
to determine acceptable, if any, collateral damage. Because of these checks, it can be believed
that this method of war is a more humanitarian form of warfare. However, the actual number of
civilian casualties caused by UAV warfare is unknown. It is reported that in 2017, U.S. airstrikes
killed 499 civilians, but the statistic does not break down which airframes were responsible, and
a contrary report by an independent organization places the civilian death toll in the thousands
(Cooper, 2018). However, it was reported that figures given by non-governmental sources may
not be accurate due to intentional misinformation spread by the groups targeted by the strikes.
Moral and Ethical Good or Bad
While the fact remains, that UAV based airstrikes are responsible for killing civilian
targets, what is often unaccounted for is the moral attribution of responsibility. In Syria where
the civilian death statistic was taken, can the United States take moral responsibility for civilian
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deaths? Using the English common law felony murder rule, if in the act of committing a felony
and someone dies as a result not caused by the one committing the felony, their death would be
attributed to those that committing the felony in the first place. It the assumption that the act of
the initial crime is inherently dangerous, and that the death would not have occurred if the person
did not commit the felony at all. If this ethical principle is applied to the War on Terror, it is
reasonable to assume that any civilian deaths would not have occurred had it not been for
someone else committing an act inherently dangerous to others. With this reasoning, the United
States can be seen as not responsible for unintended deaths, but rather the combatants they are
fighting are.
Another overlooked second order effect of UAVs killing their intended targets, is that
those considered terrorists (those using violence or threats of violence for political aim against
the civilian population of the state), cannot continue intimidating with violence or using violence
against non-combatant targets. With research finding over 18,000 non-combatant deaths in 2017
were caused by militant groups, it can be further considered a moral good to continue airstrike
campaigns on designated terrorist groups in order to reduce the total number of non-combatant
deaths (Henman, 2018). However, there are limitations to this reasoning as it is unknown how
much, if any, correlation there is between airstrikes killing terrorist targets and a reduction of
global civilian deaths by terrorists. With this statistic not known, it may be possible that more
civilians are killed by airstrikes than the number of terrorists killed that would have caused a
civilian death. However, the Islamic State was cited as being responsible for attacks in 2017 that
caused the death of over 6,400 non-militants (Henman, 2018).
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Limitations
The argument being made is not debating the morality of killing targets, but that more
lives are not killed as a result of the U.S. deliberate targeting enemy combatants. Additionally,
the argument does not go into depth whether U.S. and allied involvement is necessary in these
regions of the world where the strikes are carried out, and, if they cause more harm than good in
creating global resentment that may lead to the recruitment of more targets designated as
combatants.
Recommendations
In a report by the Women’s International League for Peace and Freedom (2017), they
published recommendations for continued U.S. drone strikes in Yemen that are adequate in
reason and feasibility. Some recommendations proposed include further transparency by the U.S.
government in how drone strikes were enacted and carried out, further methodology for counting
civilian casualties, reasonings as to why a strike was necessary, and accountability for ethical
violations of drone strikes. Recommendations for the international community include legal
debates surrounding the ethical issues drone strikes cause, and the United Nations investigating
accountability methodology (Acheson, Bolton, Minor, & Pytlak, 2017). Such recommendations
do not restrict current UAV operations globally but give access to more information for the
general population to be further informed.
Conclusion
Through the presented cases and studies, it has been shown that the use of Unmanned
Aerial Vehicles and the surrounding systems, may have a positive impact on areas they are
deployed it. The use of UAVs goes beyond military service today and is effectively being
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deployed by NGOs, non-profits, businesses, and many governments in providing a low-cost
high-impact solution to problems.
General Future Possibilities
A major limitation of UAV technology is cost. With the unit cost of the RQ-4 Global
Hawk and MQ-9 Reaper UAS costing $222 million and $30 million respectively, these costs
eclipse savings and are untenable for an overwhelming majority of countries and applications
(United States, 2013). However, with more retail expansion of the multi-rotor design and
lightweight high-efficiency batteries, unit costs have been shown to be in the tens of thousands
for quality UAVs. If, however, the current U.S. designed UAS level of technology and
capabilities was available on a consumer or business grade product, it would likely begin a new
frontier of aviation. Currently, unmanned aerial vehicles are not always the most recommended
technology to meet regional and humanitarian issues. Based on the research done, before
introducing UAVs to solve these issues the following criteria should be discussed: the terrain,
determine if current infrastructure and transportation methods can quickly and efficiently reach
the desired location; the payload, if carry transportation is needed, assess if it is time sensitive
and or lightweight; cost-effectiveness, determine if the money spent on UAV infrastructure can
better be spent on further developing current methods; examine current methods, determine if
current solutions can efficiently meet your needs.
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General Recommendations
In cases of disease prevention and medical necessity, current government aid to
developing countries should consider funding Unmanned Aerial Vehicles a viable new method
of humanitarian aid. For countries that do not face these issues on a national scale, adoption of
UAV solutions is recommended as a cost saving initiative if possible.
Due to the growing success of UAVs in their respective fields, it is recommended that
more nations that face challenges similar to the ones outlined, adopt UAV based solutions.
Countries that would best benefit from UAV based solutions include but are not limited to: high
crime areas, areas with poor transportation infrastructure, areas with high rates of transmittable
diseases, areas damaged by natural disasters, and areas with low technological development of
agriculture. In all of these cases, it is reasonable to assume UAVs will provide either a costeffective or resource-effective way to mitigate one or more of the issues. Reasonings as to why it
will be cost and or resource-effective is because of the reduction or replacement of physical
human involvement in these processes. The limitations of peoples physical and mental
capabilities are finite, however, with the augment of computer technology our maximum
capabilities are unknown. The combination of uncrewed flight with an array of digital sensors
and algorithms provides a new breakthrough in human limitations. While UAV deployment may
not be the last venture of humans using technology to solve our problems, it is currently an
avenue worth exploring.
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Table of Discussed and Recommended Aerial Systems
Below is a list of the discussed aerial systems, their recommended usage, applied
location, and an estimated cost for the individual unit.
Usage

Location

Aerial System

Estimated Unit Cost

Crime Reduction

Rio de Janeiro

Small Plane, Inspire 2

$300,000, $10,700

Disaster Response

Any natural disaster

senseFly

$25,000

Medical Delivery

Sub-Saharan Africa

ZipFly

Unknown

Disease Prevention

Brazil

DJI Phantom 3 Advanced $2,600

Agricultural Sensing

Ethiopia

Enduro

$11,900

War Fighting

Global

MQ-9, RQ-4

$30,000,000, $222,000,000

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

41

Bibliography
Acheson, R., Bolton, M., Minor, E., & Pytlak, A. (2017). The Humanitarian Impact of Drones (p.
160). Women’s International League for Peace and Freedom. Retrieved from
https://reliefweb.int/sites/reliefweb.int/files/resources/humanitarian-impact-of-drones.pdf
Africa | Where We Work | U.S. Agency for International Development. (2018, October 11). Retrieved
October 25, 2018, from https://www.usaid.gov/where-we-work/africa
Angel Fire. (2011, July 28). Retrieved September 7, 2018, from
https://www.globalsecurity.org/intell/systems/angel-fire.htm
Anna, C. (2016). Drones Carrying Medicines, Blood Face Top Challenge: Africa. ECN; Rockaway.
Retrieved from
http://search.proquest.com/docview/1827527351/abstract/88033AD1BEF344CDPQ/1
Bier, D., May 1, M. F., & 2018. (2018, May 1). Drones on the Border: Efficacy and Privacy
Implications. Retrieved November 29, 2018, from
https://www.cato.org/publications/immigration-research-policy-brief/drones-border-efficacyprivacy-implications
Brazil - Aerospace & Aviation | export.gov. (2017, August 10). Retrieved October 8, 2018, from
https://www.export.gov/article?id=Brazil-Aerospace-and-aviation
Brazilian Regulations for Drone Operation | export.gov. (2017, September 8). Retrieved October 6,
2018, from https://www.export.gov/article?id=Brazilian-Regulations-for-Drone-Operation
Breakthrough in mosquito-packed drones to combat Zika in Brazil. (2018, April 25). Reuters.
Retrieved from https://www.reuters.com/article/brazil-health-zika/breakthrough-in-mosquitopacked-drones-to-combat-zika-in-brazil-idUSL8N1S17L4

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

42

Buy Inspire 2 - DJI Store. (n.d.). Retrieved November 26, 2018, from
https://store.dji.com/product/inspire-2?vid=34881
Byrne, E. F. (2018). Making Drones to Kill Civilians: Is it Ethical? Journal of Business Ethics: JBE;
Dordrecht, 147(1), 81–93. http://dx.doi.org.ezproxy.csum.edu:2048/10.1007/s10551-015-2950-4
Case Studies | Agribotix. (n.d.). Retrieved October 29, 2018, from https://agribotix.com/casestudies/
Chiroli, D. M. de G., Montilha, M. M., & Samed, M. M. A. (2017). Feasibility analysis of uav in
dengue control. Independent Journal of Management & Production, 8(2), 319–334.
Clothier, R. A., Greer, D. A., Greer, D. G., & Mehta, A. M. (2015). Risk Perception and the Public
Acceptance of Drones. Risk Analysis: An International Journal, 35(6), 1167–1183.
https://doi.org/10.1111/risa.12330
Convention on Cluster Munitions. (n.d.). Retrieved November 25, 2018, from
https://www.unog.ch/80256EE600585943/(httpPages)/F27A2B84309E0C5AC12574F70036F17
6?OpenDocument
Cooper, H. (2018, November 5). U.S. Strikes Killed Nearly 500 Civilians in 2017, Pentagon Says.
The New York Times. Retrieved from https://www.nytimes.com/2018/06/01/us/politics/pentagoncivilian-casualties.html
Crime Now Costs Brazil More Than $75 Billion a Year, Government Says. (2018, June 11).
Retrieved from https://www.bloomberg.com/news/articles/2018-06-11/brazil-s-crime-costsdouble-in-two-decades-to-over-75-billion
CrimeRadar. (2016). Retrieved November 26, 2018, from https://igarape.org.br/en/apps/crimeradar/

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

43

Darlington, S. (2018, August 10). A Year of Violence Sees Brazil’s Murder Rate Hit Record High.
The New York Times. Retrieved from
https://www.nytimes.com/2018/08/10/world/americas/brazil-murder-rate-record.html
Deininger, K., & Byerlee, D. (2011). Rising Global Interest in Farmland: Can It Yield Sustainable
and Equitable Benefits? The World Bank. https://doi.org/10.1596/978-0-8213-8591-3
Drone Laws in Brazil | UAV Coach (2018). (n.d.). Retrieved October 6, 2018, from
https://uavcoach.com/drone-laws-in-brazil/
Drones | Free Full-Text | Remote Sensing of Yields: Application of UAV Imagery-Derived NDVI for
Estimating Maize Vigor and Yields in Complex Farming Systems in Sub-Saharan Africa. (n.d.).
Retrieved October 29, 2018, from https://www.mdpi.com/2504-446X/2/3/28
Empowering Ethiopia’s Pastoral and Agro-pastoral Communities. (2016, October 6). [Text/HTML].
http://www.worldbank.org/en/news/feature/2016/10/11/empowering-ethiopias-pastoral-andagro-pastoral-communities
Ethiopia - Road and Railways | export.gov. (2017, June 21). Retrieved October 28, 2018, from
https://www.export.gov/article?id=Ethiopia-Road-and-Railways
Ethiopia Complex Emergency Fact Sheet #2. (2015, December 18). Retrieved November 25, 2018,
from https://www.usaid.gov/crisis/ethiopia/fy16/fs02
Ethiopia Country Report | Freedom on the Net 2017. (2017, November 14). Retrieved October 28,
2018, from https://freedomhouse.org/report/freedom-net/2017/ethiopia

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

44

Fahlstrom, P., & Gleason, T. (2012). Introduction to UAV Systems. New York, UNITED KINGDOM:
John Wiley & Sons, Incorporated. Retrieved from
http://ebookcentral.proquest.com/lib/csum/detail.action?docID=967284
Fisher, E. (2015, December 15). Price Challenges Are Blocking Adoption of Sensors in Agriculture |
Lux Research. Retrieved October 29, 2018, from http://www.luxresearchinc.com/news-andevents/press-releases/read/price-challenges-are-blocking-adoption-sensors-agriculture
Fox, M. (2016, October 12). U.S. government funding projects that will use drones to fight Zika.
Retrieved October 8, 2018, from https://www.nbcnews.com/storyline/zika-virus-outbreak/fedsfund-plans-take-zika-virus-drones-n665241
Gabier, B. (2017). Airborne Drones on Patrol - the Answer to Public Safety Policing. PR Newswire
Europe Including UK Disclose; New York. Retrieved from
http://search.proquest.com/docview/1916588158/citation/C4D112D94BCC4629PQ/1
Genot, L. (2018, May 27). Week-long Brazil trucker strike leaves food, fuel scarce. AFP International
Text Wire in English; Washington. Retrieved from
http://search.proquest.com/docview/2044876764/citation/1D16166A68614BD6PQ/1
Geography.pdf. (n.d.). Retrieved from http://www.boomingbrazil.nl/uploads/media/Geography.pdf
GM Mosquitoes Set To Be Released In Brazil To Combat Dengue. (n.d.). Retrieved October 8, 2018,
from https://www.iflscience.com/health-and-medicine/gm-mosquitoes-set-be-released-brazilcombat-dengue-0/
GNI per capita, PPP (current international $) | Data. (2017a). Retrieved October 29, 2018, from
https://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD?locations=ET
GNI per capita, PPP (current international $) | Data. (2017b). Retrieved October 29, 2018, from
https://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD?locations=US

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

45

HawkEye II Wide Area Surveillance. (n.d.). Retrieved November 29, 2018, from https://www.pss1.com/wami-image
Henman, M. (2018, January 18). Global Militant Attacks Caused Fewer Fatalities in 2017. Retrieved
November 25, 2018, from https://ihsmarkit.com/research-analysis/global-militant-attackscaused-fewer-fatalities-in-2017.html
humanitarian-impact-of-drones.pdf. (n.d.). Retrieved from
https://reliefweb.int/sites/reliefweb.int/files/resources/humanitarian-impact-of-drones.pdf
Integrated Systems. (n.d.). Retrieved October 28, 2018, from
https://www.microdrones.com/en/integrated-systems/
Kaberuka, D. (2013). Africa’s challenges. Retrieved from
http://search.proquest.com/docview/1503533366/abstract/1D339FF60360458DPQ/1
Landhuis, E. (2017, August 24). Tanzania Gears Up To Become A Nation Of Medical Drones.
Retrieved November 25, 2018, from
https://www.npr.org/sections/goatsandsoda/2017/08/24/545589328/tanzania-gears-up-tobecome-a-nation-of-medical-drones
Landmines – UNODA. (n.d.). Retrieved November 25, 2018, from
https://www.un.org/disarmament/convarms/landmines/
Lidynia, C., Philipsen, R., & Ziefle, M. (2017). Droning on About Drones—Acceptance of and
Perceived Barriers to Drones in Civil Usage Contexts. In P. Savage-Knepshield & J. Chen
(Eds.), Advances in Human Factors in Robots and Unmanned Systems (pp. 317–329). Springer
International Publishing.

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

46

Londoño, E. (2017, November 18). In Rio de Janeiro, ‘Complete Vulnerability’ as Violence Surges.
The New York Times. Retrieved from https://www.nytimes.com/2017/11/18/world/americas/riode-janeiro-brazil-violent-crime-security.html
Lopes, T. R. R., Silva, C. S., Pastor, A. F., & Silva, J. V. J. (2018). Dengue in Brazil in 2017: what
happened? Revista Do Instituto de Medicina Tropical de São Paulo, 60.
https://doi.org/10.1590/S1678-9946201860043
md4-3000: The high-powered VTOL quadrocopter from Microdrones. (n.d.). Retrieved October 28,
2018, from https://www.microdrones.com/en/drones/md4-3000/
Municipal Police of Ensenada Reduce Crime Rate by 10 Percent Through Use of Cape-enabled
Drones: Equipped with Cape Aerial Telepresence, drones drive significant improvements in both
police force operations and community safety. (2018, June 12). PR Newswire; New York.
Retrieved from
http://search.proquest.com/docview/2053285001/citation/92ECE63C9B1E4649PQ/1
Murray, J., Cerqueira, D., & Kahn, T. (2013). Crime and violence in Brazil: Systematic review of time
trends, prevalence rates andrisk factors. University of Cambridge: Department of Psychiatry.
Retrieved from
https://www.researchgate.net/publication/256501467_Crime_and_violence_in_Brazil_Systemati
c_review_of_time_trends_prevalence_rates_and_risk_factors
Nedjati, A., Vizvari, B., & Izbirak, G. (2016). Post-earthquake response by small UAV helicopters.
Natural Hazards, 80(3), 1669–1688. https://doi.org/10.1007/s11069-015-2046-6

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

47

Oxitec Launching FriendlyTM Aedes Project in Juiz de Fora, Brazil. (2017, July 11). Retrieved
October 8, 2018, from https://www.oxitec.com/oxitec-launching-friendly-aedes-project-in-juizde-fora-brazil/
Paranjape, A. A., Chung, S.-J., Kim, K., & Shim, D. H. (2018). Robotic Herding of a Flock of Birds
Using an Unmanned Aerial Vehicle. IEEE Transactions on Robotics, 34(4), 901–915.
https://doi.org/10.1109/TRO.2018.2853610
Parkin, B. (2014, February 11). Rio’s Police to Receive 11% Pay Raises in 2014. Retrieved
November 26, 2018, from https://riotimesonline.com/brazil-news/rio-politics/rios-police-toreceive-11-pay-raises-in-2014/
Population, total | Data. (2017). Retrieved October 25, 2018, from
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=ET
PSS. (2016, June 2). Drones are actually far more expensive and heavily restricted. It’s not
impossible for us to use but not as cost effective [Tweet]. Retrieved November 29, 2018, from
https://twitter.com/PSSWAS/status/738447353993011200
Reel, M. (2016, August 23). Secret Cameras Record Baltimore’s Every Move From Above.
Bloomberg.Com. Retrieved from https://www.bloomberg.com/features/2016-baltimore-secretsurveillance/
Sandvik, K. B., & Lohne, K. (2014). The Rise of the Humanitarian Drone: Giving Content to an
Emerging Concept. Millennium: Journal of International Studies, 43(1), 145–164.
https://doi.org/10.1177/0305829814529470

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

48

Smart Cities Council India | Farming comes of age, with drones to aid. (2015, October 21). Retrieved
November 29, 2018, from https://india.smartcitiescouncil.com/article/farming-comes-agedrones-aid
Soares, E. (2017, May 10). Brazil: New Rules Prohibit the Use of Drones over Populated Areas |
Global Legal Monitor [web page]. Retrieved October 6, 2018, from //www.loc.gov/law/foreignnews/article/brazil-new-rules-prohibits-the-use-of-drones-over-populated-areas/
Soesilo, D., & Rambaldi, G. (2018). Drones in Agriculture in Africa and other ACP countries A
Survey on Perceptions and Applications (ICTs for agriculture) (p. 28). The Netherlands: The
Technical Centre for Agricultural and Rural Cooperation. Retrieved from
https://publications.cta.int/media/publications/downloads/2026_PDF.pdf
Sylvester, G. (Ed.). (2018). E-agriculture in action: Drones for agriculture. Food & Agriculture Org.
Szondy, D. (2016, June 1). MQ-9 Reaper Big Wing sets Predator flight endurance record. Retrieved
November 29, 2018, from https://newatlas.com/predator-b-mq-9-endurance-record/43620/
Tanzi, T. J., Chandra, M., Isnard, J., Camara, D., Sebastien, O., & Harivelo, F. (2016). Towards
"Drone-Borne" Disaster Management: Future Application Scenarios. ISPRS Annals of
Photogrammetry, Remote Sensing and Spatial Information Sciences, III–8, 181–189.
https://doi.org/10.5194/isprsannals-III-8-181-2016
Tesfaye, A. (2018, September 26). “Made in Ethiopia” drones to be used to deliver medical supplies.
Retrieved November 25, 2018, from https://digestafrica.com/made-ethiopia-drones-delivermedical-supplies/
Towle, A. (2018). Favela Visualization. Retrieved November 26, 2018, from
https://i.redd.it/6gzecutes6m11.jpg

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

49

Treaty on the prohibition of nuclear weapons – UNODA. (n.d.). Retrieved November 25, 2018, from
https://www.un.org/disarmament/wmd/nuclear/tpnw/
Ułanowicz, L., Jóźko, M., & Szczepaniak, P. (2017). Controlling the Operation Process of the
Unmanned Aerial System. Journal of KONBiN, 44(1), 5–36. https://doi.org/10.1515/jok-20170059
United States Government Accountability Office. (2013). DEFENSE ACQUISITIONS Assessments of
Selected Weapon Programs (Report to Congressional Committees No. GAO-13-294SP) (p. 190).
Retrieved from https://www.gao.gov/assets/660/653379.pdf
USAID. (2018). Ethiopia Country Development Cooperation Strategy 2011 - 2018 (p. 78). Retrieved
from
https://www.usaid.gov/sites/default/files/documents/1860/CDCS_Ethiopia_December_2018r1.p
df
Wahab, I., Hall, O., Jirström, M., Wahab, I., Hall, O., & Jirström, M. (2018). Remote Sensing of
Yields: Application of UAV Imagery-Derived NDVI for Estimating Maize Vigor and Yields in
Complex Farming Systems in Sub-Saharan Africa. Drones, 2(3), 28.
https://doi.org/10.3390/drones2030028
Welle, D., & Suuk, M. (2018, July 23). Resistance to genetically modified seeds in Africa. Retrieved
October 25, 2018, from https://mg.co.za/article/2018-07-23-resistance-to-genetically-modifiedseeds-in-africa/
Winsor, S. (2010). Farmers Up To Challenge of Feeding 9.1 Billion People, Following Borlaug’s
Footsteps. Corn and Soybean Digest; Overland Park, n/a.

UNMANNED AERIAL SYSTEMS AND REGIONAL CHALLENGES

50

Woody, C. (2018, February 18). Brazil is taking an “extreme measure” to confront crime in Rio —
the first time it’s done so since the country’s dictatorship fell. Retrieved November 26, 2018,
from https://www.businessinsider.com/brazils-army-taking-over-security-in-rio-de-janeiro-20182
Yimer, M. (2015). Pastoral Development Pathways in Ethiopia; the Policy Environment and Critical
Constraints, 3.
Yoo, W., Yu, E., & Jung, J. (2018). Drone delivery: Factors affecting the public’s attitude and
intention to adopt. Telematics and Informatics, 35(6), 1687–1700.
https://doi.org/10.1016/j.tele.2018.04.014

