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Abstract: Since the 20th century, satellites have been key in remote sensing, but the 21st century saw
the rise of UAVs, especially in agriculture. While both are vital tools, their implications are often
misunderstood. Precision agriculture requires understanding its strengths and weaknesses, espe-
cially with changing climate patterns affecting crops like pistachio in Southern Europe. This study
evaluates the effectiveness of satellites and UAVs in measuring NDVI for pistachio orchards in Spain,
utilizing Sentinel-2 and a UAV equipped with a MicaSense Altum sensor. Results show satellite data
consistently underestimated NDVI values compared to UAV data, with a correlation of r-values
ranging from 0.65 in July to 0.71 in September. Correlation values were consistent and very similar
in all orchards. Despite the underestimation, satellites are deemed suitable for broader trend analy-
sis, while UAVs provide more granular, precise agronomical assessments. An integrated utilization
of both technologies is recommended for comprehensive and accurate precision agriculture prac-
tices.
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1. Introduction

Since the inception of satellites in the mid-20th century, remote sensing has experi-
enced revolutionary progress. For decades, satellites were heralded as the epitome of in-
novation, opening avenues for vast applications across diverse sectors. These celestial in-
struments, with their birds-eye view of the planet, brought forth new opportunities for
scientific, military, meteorological, and environmental applications. [1-3]. Their unparal-
leled reach and ability to capture large expanses of the Earth’s surface rendered them in-
dispensable, reshaping the way humans understand and interact with their environment.

Yet, with the 21st century came a novel and transformative instrument: the Un-
manned Aerial Vehicle, commonly known as a drone or UAV. Compact, flexible, and agile,
UAVs began to demonstrate vast potential beyond their initial military applications, no-
tably in fields requiring fine-scale observations such as agriculture [4,5].

Agriculture, a sector as ancient as civilization itself, stands at the cusp of a new era.
Precision agriculture —driven by the desire to optimize production and resources—de-
mands accurate, timely, and granular data [6]. With a growing global population and the
threats posed by climate change, ensuring food security has become a paramount concern.
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The adaptability of agriculture to these challenges hinges upon its incorporation of ad-
vanced technologies, among which remote sensing plays a pivotal role [7]. However,
while the rapid integration of remote sensing into agriculture has yielded significant ben-
efits, it also comes with the risk of its misapplication. When utilized without a clear un-
derstanding of their inherent strengths and limitations, even the most advanced tools can
lead to suboptimal decisions, potentially jeopardizing the very objectives they were meant
to achieve [8].

One of the most employed tools are the Vegetation Indices, which are essential tools
in remote sensing that provide a quantifiable measure of plant health and vigor by ana-
lyzing the light reflected off the vegetation surface. One of the most widely used vegeta-
tion indices is the Normalized Difference Vegetation Index (NDVI). NDVI leverages the
difference between near-infrared (which vegetation strongly reflects) and red light (which
vegetation absorbs) to assess whether an area contains live green vegetation or not. Values
of NDVI range from -1 to 1, with higher values indicating healthier and denser vegetation.
NDVTI has a clear relationship with satellite images [9] and by utilizing NDVI, researchers
and agriculturists can monitor crop health, vegetation, assess drought impact, and predict
yields [10-13], making it a pivotal tool in precision agriculture and the broader realm of
environmental monitoring.

Satellites and UAVs, while complementary, serve distinct purposes. Satellites, with
their broad reach, offer a macroscopic perspective, capturing vast terrains and temporal
patterns. UAVs, in contrast, provide a microscopic lens, capturing finer details and nu-
ances that satellites might overlook [14]. Their utility becomes especially evident in the
cultivation of specific crops that have gained prominence in the wake of changing global
climate patterns. A prime example is the pistachio, a crop that has seen a surge in Southern
Europe, particularly in Spain [15].

Nevertheless, despite the extended use of satellites for agriculture, a significant
knowledge gap persists in their application [16]. A nuanced, evidence-based approach is
required to assess which technology, or combination thereof, is best suited for specific
agronomic scenarios [17]. This research seeks to bridge this gap, delving deep into the
comparative efficiencies of satellite and UAV remote sensing for pistachio orchards in
Spain. Through an assessment of agronomical parameters, this study aims to shed light
on the intricate interplay between these two technologies, guiding farmers, policymakers,
and industry stakeholders towards making informed, future-proof decisions.

2. Materials and Methods

The study was conducted in two distinct pistachio orchards (Pistacia vera L.) located
in Valladolid, Spain. The first orchard is situated in La Seca (X: 341,455.662, Y:
4,589,735.763 in ETRS89/UTM zone 30N), whereas the second orchard is located in Mo-
raleja de las Panaderas (X: 347,802.062, Y: 4,570,373.104 in ETRS89/UTM zone 30N). Both
orchards exhibit the typical characteristics of pistachio cultivation in the region, and were
cultivated free of weeds.

Data from Sentinel-2, a component of the Copernicus Programme dedicated to regu-
lar optical imagery acquisition, served as a satellite source (Figure 1). Interested individ-
uals can freely access this information via the Copernicus ESA Open Access Hub
[https://scihub.copernicus.eu/]. Satellite images were sourced from the closest available
dates to the UAV flights. The two dates selected for analysis were 30 June 2022 and 18
September 2022 because they were free from clouds. From these images, it was derived
both the Normalized Difference Vegetation Index (NDVI), which offers insights into the
health and vigor of vegetation and is pivotal in agronomical assessments.
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Figure 1. NDVI maps were calculated using UAV multispectral data and Sentinel 2 images. (a) Sen-
tinel 2 NDVI map from La Seca, (d) UAV NDVI map from La Seca, (c) Sentinel 2 NDVI map from
Moraleja, (d) UAV NDVI map from Moraleja.

The UAV DJI Inspire 2, with a maximum flight time of 27 min, outfitted with the
MicaSense Altum sensor, was used in this study. The MicaSense Altum, is a multispectral
sensor designed specifically for precision agriculture. The Altum captures synchronized
multispectral and thermal imagery, providing a complete view of vegetation health and
temperature. It has six individual sensors: blue, green, red, red edge, near-infrared (NIR),
and a thermal infrared band. These sensors work in tandem to produce images with a
resolution of up to 3.2 mpx. With a broad dynamic range, the Altum can capture detailed
data even under varying light conditions. Additionally, its fast capture rate facilitates
high-speed, low-altitude flight, making it suitable for detailed surveys. Its radiometric cal-
ibration ensures data consistency across different flights, making it a reliable choice for
longitudinal studies, like the present work.

Ensuring synchronization with Sentinel 2 imagery, flights were scheduled on 24 June
2022 and 7 September 2022. The aircraft was maintained at an average altitude of 30 m
during these flights with a photographic overlap of 75%, a strategic choice that ensured
comprehensive coverage and optimal image resolution.

Finally, NDVI maps calculated from satellite images and UAV images were com-
pared by calculating the average value of UAV pixels within reach Sentinel 2 pixel, which
is of lower resolution than UAV images. Therefore, through the use of QGIS and R soft-
ware, the performance of satellite measurements was evaluated in comparison to the UAV
datasets, which acted as the ‘ground truth’ reference.
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3. Results and Discussion

The primary aim was to assess the accuracy of Sentinel 2 in estimating crucial param-
eters within pistachio orchards. While satellite data consistently underestimated the
NDVI values on the map, distinct differences between UAV and satellite data were evident
(Figures 2 and 3). Still, patterns of NDVI variation within the plot remained observable. A
satisfactory data correlation was achieved in both instances, recording an r-value of 0.65
in July between the two spectral information sources. This correlation further improved,
reaching r-values as high as 0.71 as the growth cycle progressed and neared harvest time
in September.

The study sought to evaluate Sentinel 2’s proficiency in gauging pivotal metrics
within pistachio orchards. Notably, the satellite-derived data systematically underrepre-
sented the NDVI values, compared to the UAV datasets (refer to Figures 2 and 3). How-
ever, spatial trends in NDVI within the orchard plots were discernible across both plat-
forms, suggesting that satellite images are enough for zonifying. The correlation between
these spectral datasets was commendable, registering an r-value of 0.65 in July. Remarka-
bly, this interrelation bolstered to an r-value of 0.71 by September, paralleling the matu-
ration phase leading up to the harvest season.
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Figure 3. Relationship between UAV-based NDVI and satellite-based NDVI in Moraleja. (a) Septem-
ber, (b) July.

4. Conclusions

Precision agriculture, bolstered by satellites and UAVs, holds significant potential for
modern agronomy. Our findings indicate a correlation of r up to 0.7 between UAV and
Sentinel 2 data, suggesting satellite imagery’s viability for zonification. However, Sentinel
2’s spatial resolution, at up to 10 m, limits the precise estimation of agronomical parame-
ters like vegetation indices.

While Sentinel 2’s frequent revisit time (every 5 days) offers continuous monitoring
capabilities, it lacks the granularity UAVs provide. UAVs, flying at lower altitudes with
high-resolution sensors, excel in site-specific evaluations essential for accurate agricul-
tural decisions. In essence, while satellites can track broader trends, UAVs provide the
needed precision for detailed agronomic practices. For optimal outcomes in precision ag-
riculture, an integrated approach harnessing both technologies may be most effective.

Further exploration into integrating satellite and UAV data seamlessly could lead to
more holistic monitoring systems. Advancements in satellite technology may soon pro-
vide higher spatial resolutions, narrowing the current gaps in data precision. Similarly,
the development of UAVs with extended flight times or advanced sensors could facilitate
deeper insights into agronomic parameters. Research could also focus on machine learn-
ing algorithms to more efficiently interpret and synthesize the vast amounts of data gen-
erated, as well as improve techniques for satellite and UAV data fusion. Furthermore, the
role of other remote sensing technologies, like ground-based sensors or IoT devices, in
conjunction with satellites and UAVs, warrants investigation, potentially offering im-
portant agricultural data for unparalleled precision.
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