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Abstract: Unmanned aircraft systems (UAS), commonly referred to as drones, are an emerging
technology that has changed the way many industries conduct business. Precision agriculture is one
industry that has consistently been predicted to be a major locus of innovation for UAS. However,
this has not been the case globally. The agricultural aircraft sector in the United States is used as a
case study here to consider different metrics to evaluate UAS adoption, including a proposed metric,
the normalized UAS adoption index. In aggregate, UAS operators only make up 5% of the number of
agricultural aircraft operators. However, the annual number of new UAS operators exceeded that of
manned aircraft operators in 2022. When used on a state-by-state basis, the normalized UAS adoption
index shows that there are regional differences in UAS adoption with western and eastern states
having higher UAS adoption rates while central states have significantly lower UAS adoption rates.
This has implications for UAS operators, manufacturers, and regulators as this industry continues to
develop at a rapid pace.
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1. Introduction

Unmanned aircraft systems (UAS), also referred to as unmanned aerial vehicles (UAV)
and drones, have made great strides globally as regulatory frameworks have gradually
accommodated this growing sector. Precision agriculture is frequently projected to be the
most significant industry to benefit from these new tools [1–3]. However, these optimistic
predictions have not been achieved [4,5]. In many cases throughout the world, regulatory
hurdles remain in the United States [6], Europe [7,8], India [9], and Africa [10]. Meanwhile,
UAS have been at the forefront of aerial application in Japan [11], China [12], and Korea [13].

Traditional aerial applications of plant protection products have been at the core of
developments in UAS [14–17]. Additionally, some more specific applications in agriculture
and forestry have crossed over from manned aircraft, including insect sampling [18,19],
encapsulated herbicide applications [20], and aerial ignition [21]. Novel applications that
are unique to this platform include vegetation sampling [22–24] and cattle herding [25].
While these new developments have introduced more cases for UAS, the implementation
has proven difficult to measure.

Recent bibliometric studies on agricultural UAS have shown an increasing trend [26–28].
However, these studies are biased toward research and remote sensing. This study seeks
to measure the implementation of UAS by industry—specifically, agricultural aircraft
operators. Several metrics for the assessment of technology adoption have been developed,
which are typically based on the percentages of users [29]. For agricultural technology,
the Agricultural Technology Adoption Index uses an area that the technology is operated
within as the base metric [30]. While the area is an effective base measurement, this data is
not publicly available for applied areas of different aerial application technology.

In this study, the adoption of UAS compared to existing manned aviation is considered
the use of a number of agricultural aircraft operators in the USA as a case study: Section 2
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describes the materials and methods, including operator data acquisition and analysis;
Section 3 describes the results of aggregated data analysis and annual trends; Section 4
discusses the experimental results including implications for regulators; and Section 5
concludes the work.

2. Materials and Methods

Data on agricultural aircraft operators was downloaded from the FAA databases [31]
on 24 November 2022. Agricultural aircraft operators are regulated under Title 14 of the
Code of Federal Regulations Part 137. The data was partitioned first by operator type
(i.e., Part 137) and then by aircraft operated to separate those operators who had UAS listed
on the operator certificates and those who did not. Data were then aggregated by year and
by state for temporal and spatial analyses. Agricultural aircraft operators utilizing UAS
who had certificates prior to the introduction of Part 107, i.e., operated manned aircraft
and added UAS to their existing certificate, were aggregated together during the temporal
analysis. The number of farms and the average farm size on a state basis, based on a 2021
USDA report [32], were also incorporated into the analysis. ANOVA was performed using
R [33] to identify significant factors correlating with the number of agricultural aircraft
operators using UAS.

To illustrate the adoption of UAS, an additional metric, the normalized UAS adoption
index, I, is defined as

I =
nUAS,x

nUAS
− nM,x

nM

where nUAS is the total number of agricultural aircraft operators using UAS, nM is the total
number of agricultural aircraft operators only using manned aircraft, and the subscript x
denotes the quantity at the individual state level. The normalized UAS adoption index was
calculated for each state and regional trends were analyzed qualitatively.

3. Results

Following the initial introduction of the Part 137 operator certificate in 1967, there
has been a steady increase in the number of operators (Figure 1). We see a similar pattern
for UAS agricultural aircraft operators following the introduction of 14 CFR 107 in 2016
and the standardized exemption for agricultural UAS operations. At the end of the study
period, there were 1767 Part 137 operators, of which 93 (5%) made use of UAS.
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Comparing the rate of new operators per year, we see that the addition of UAS 
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which did not have the initial spike that manned agricultural aircraft operators 
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Figure 1. The total number of manned ((A), red) and unmanned ((B), blue) agricultural aircraft
operators in the United States.
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Focusing on manned agricultural aircraft operators, we see that the annual increase in
the number of operators was relatively stable after 1986 until 2008 (Figure 2). The years
from 2009 to 2020 saw an increase in the annual increase in operators, with a sharp increase
starting in 2014. This increase is likely due to changes in the certification process following
the FAA Modernization and Reform Act of 2012 [34], and in response to an audit report
by the Inspector General [35]. Since 2021, the rate has fallen back to average levels of
29.3 new operators per year, likely due to complications in the certification process caused
by COVID-19, e.g., restrictions on travel and meetings preventing in-person knowledge
and skill tests.
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Figure 2. The annual increase in manned agricultural aircraft operators. The average annual increase
is 29.3 (black dashed) with a 95% confidence interval of 25.8–32.7 (dashed grey).

Comparing the rate of new operators per year, we see that the addition of UAS
operators had a significantly slower start than manned agricultural aircraft operators,
which did not have the initial spike that manned agricultural aircraft operators experienced
(Figure 3). However, the rate of new additions has rapidly climbed and in 2022, for the first
time, the addition of new UAS agricultural aircraft operators has exceeded that of manned
agricultural aircraft operators and also the average annual rate of new manned agricultural
aircraft operators.
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Figure 3. The annual increase in manned (red) and unmanned (blue) agricultural aircraft operators
and the average annual increase in manned operators since 1967, with a 95% confidence interval.
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The ANOVA analysis showed that the number of farms in a state and the number
of manned agricultural aircraft operators were both significant factors in determining the
number of UAS agricultural aircraft operators (Table 1). On a state-by-state basis, the
number of UAS agricultural aircraft operators is only weakly correlated with the number of
manned agricultural aircraft operators (Figure 4A). This indicates that UAS are not simply
replacing a portion of the existing aerial application market. Over a third of states do not
have a UAS agricultural aircraft operator, and yet half have two or more, which indicates a
regional bias (Figure 4B). The primary factor in this regional bias is the number of farms in
a particular state. The normalized UAS adoption index (Figure 5) further illustrates this
regional bias with states with relatively high adoption indices concentrated together. A
positive index value indicates that the rate of increase in the number of agricultural aircraft
operators using UAS exceeds that of operators using only manned aircraft while a negative
index value indicates the opposite.

Table 1. Results of statistical analysis of factors affecting number of UAS agricultural aircraft operators.
Only significant results, number of farms, and number of manned agricultural aircraft operators
are shown.

Variable Sum of Squares Degrees of Freedom F p η2

Number of Farms 127.218 1 62.768 <0.001 0.57
Manned Agricultural Aircraft Operators 9.521 1 4.698 0.03 0.09

Residual 95.26 47
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4. Discussion

While the total number of agricultural aircraft operators utilizing UAS is relatively
low compared to that of manned agricultural aircraft operators, the rapid increase in the
annual rate of new agricultural aircraft operators using UAS, which has now overtaken the
rate of new manned agricultural aircraft operators, provides a strong argument that the
industry has finally started taking these new tools seriously. This also has ramifications for
the FAA as the agency must now account for double the amount of new Part 137 applicants,
with roughly half being potential UAS agricultural aircraft operators. The relatively high
number of states without an agricultural aircraft operator with UAS also impacts local
Flight Standards Districts Offices (FSDO), with many having no experience with these new
aircraft, which will lead to difficulties performing oversight and inspections of these new
agricultural aircraft operators.

Based on the individual state analysis, there is still some regional bias to operators,
as has been previously noted [6]. In particular, western and eastern states have higher
UAS adoption rates while central states have significantly lower UAS adoption rates. The
primary determining factor is the number of farms in a particular state, with the number
of manned agricultural aircraft operators having a smaller effect size. Additional regional
variability may be due to the types of crops in these areas and continuing regulatory
barriers. Manufacturers may use this information when considering customer service
locations, e.g., for repairs of UAS.

The normalized UAS adoption index as a metric was able to capture this regional
bias. To analyze individual factors such as regulation and crops, alternative geographic
boundaries could be used in place of state boundaries, such as Flight Standards Districts.
The normalized UAS adoption index could be further applied within the United States
to analyze other types of operator, such as Part 135 air carrier operators, or applied on a
global scale to analyze the adoption across different nations in order to understand how
variations in regulations have helped or hurt the adoption of UAS.

The limitations of this study include the use of the headquarters’ location listed on
the certificate and the lack of applied area data in the calculation of adoption rates. The
service area of an agricultural aircraft operator can extend beyond the state that the base
of operations is located in. In particular, adjacent states typically accept the pesticide
applicator license based on reciprocity. Due to the limited payload capacity of UAS, the
applied area per flight is typically much lower than that of manned aircraft. This would
result in a bias in area calculations, as manned aircraft are currently a more economical
alternative to UAS.

5. Conclusions

Based on aggregate numbers of operators in the USA, UAS still have a long way to go
in comparison to manned agricultural aircraft operators in agricultural operations, with
only 5% of agricultural aircraft operators using UAS. However, in terms of new operators
being added to the sector, UAS are now leading the charge. The normalized UAS adoption
index, a proposed metric to evaluate the introduction of UAS into a sector, applied on a
state-by-state basis, indicates a strong regional bias in the distribution of these operators.
This index may be applied to other operator types and other geographic boundaries to
determine factors that may be impacting UAS utilization.
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