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Abstract: In the oil and gas sector, drones offer a safe and efficient solution for inspecting and managing critical oil and
gas assets, including refineries, storage tanks, offshore platforms and flare stacks. Usage of drones minimizes downtime
and eliminates the need for personnel to work in hazardous environments. Drones, also known as unmanned aerial
vehicles (UAVs), have the ability to efficiently access remote or hazardous locations, coupled with advanced, high
resolution sensor technology, provides valuable insights into our planet's health. These technologies are playing an
increasingly important role in environment monitoring, providing data and insights that are essential for environmental
research, management, and conservation.

Kuwait Oil Company (KOC) has utilized drones for several activities within its oil fields. Specifically, KOC recently
conducted a drone survey covering approximately 40 km? of land in North Kuwait & Southeast Kuwait (NK and SEK) oil
fields which will inform projects aimed at improving the ecology and environment for human health and other flora and
fauna within the State of Kuwait.

Within this survey, drones were used to map the distribution of the wildlife and the vegetation cover in selected areas
proposed for revegetation in NK & SEK fields. This survey was carried out during the fourth quarter of 2024-2025 fiscal
year. The abstract primarily emphasizes that the baseline data obtained through drone survey are instrumental in deriving

ecological metrics such as vegetation cover, soil surface characteristics and land cover changes.
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1. Introduction

The State of Kuwait is situated at the northwestern corner of the Arabian Gulf between latitudes 28°30 and
30°05 N and longitudes 46°33 and 48°35 E. The total land area is about 17,818 km?2. It has hot, windy and arid
desert environment. The climatic aridity and the extreme diurnal air temperature variations are characterized
by extremely high temperatures during summer, short mild winters, strong sunshine, low humidity, and
generally dry conditions. The desert ecosystem of Kuwait is covering almost 14,240 km2 representing

virtually 80% of the country [1]. Although Kuwait has harsh climatic conditions and limited water resources, it
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has a desert ecosystem with unique ecological characteristic, comprising of tentatively 381 plants species, 28
mammalian fauna, over 300 birds and 40 reptilian species.

The baseline drone survey which consists of monitor mapping the distribution of the wildlife and the
vegetation cover in selected area in KOC fields. Vegetation cover monitoring is the process of assessing and
tracking the presence, condition, and density of plant life within a specified area, typically conducted through
remote sensing techniques, drone surveys that capture multispectral images. Additionaly, the ananlysisi of
wildlife population trends and the factors influencing them is essential for establishing baseline data, thereby
allowing temporal comparisons and informed conservation strategies.

Vegetation cover and wildlife population data both plays a pivotal roles in supporting Kuwait Oil
Company’s (KOC) efforts to enhance baseline studies by integrating comprehensive data, thereby promoting
sustainable management practices. In this study, UAVs equipped with multispectral and thermal sensors are
deployed to monitor and count animal populations across 35 areas during the day and at night, using drones.
Field observation is necessary for ground-truthing during the data collection. To ensure accuracy in generating
maps from drone images, ground control points (GCPs) are essential for image correction and precision.

The coordinates of areas were provided by the monitoring team. Moreover, the team created a base map and
a database for the revegetation project. The objective of the base line study is to monitor and document
vegetation cover distribution and wildlife within the revegetation project areas, and to extract information of

changes detected on the revegetation project areas during different seasons (winter and summer).

2. Baseline Drone Survey Works

The project survey areas are located across the KOC fields protected areas in North Kuwait (NK) and South
Kuwait (SK). The survey area covers approximately 51,200- square meters, and it is divided into 35 plots. The
project period is one year, and each area was captured and mapped by drones twice, during summer and winter.
All the areas were captured using different types of sensors mounted on specialized drones. Multispectral
sensors were used to capture images at a 5-centimeter resolution for the areas, and these data were to study and
monitor the vegetation cover. In addition, thermal and red, green and blue (RGB) sensors were used to capture
images with a spatial resolution of 5 cm for thermal images and 1.3 cm for the RGB images to collect wildlife
information. The data were used in the creation of the database and the base map for the monitoring plots and

sites
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2.1 Drone Monitoring Locations

The monitoring areas are 35 Nos. of locations and total cover area of 51,200 meters square, divided into 12
areas in the North Kuwait (NK) (Fig. 1) covering an area of 16,800 square meters, and 23 areas in the South

Kuwait (SK) covering an area of 34,400 square meters (Fig. 2).
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2.2 Survey Method

The drone survey methodology involved selecting the appropriate sensors, devices, and equipment, as well
as defining the flight paths and altitude for each drone after importing the location of selected areas for
monitoring of wildlife and vegetation cover.

The multispectral drone (Mavic 3 multispectral) is used to collect multispectral data, where Four bands were
collocated (i.e., green, red, red edge, and infrared bands) at an altitude of 100 m, with the resolution set to 5 cm.
The Mavic 3T drone mounted with thermal and red, green & blue (RGB) sensors was used to collect thermal
data and high resolution natural (RGB) images of the monitoring areas for monitoring the wild life activities in
the revegetation project areas. The flight path of the Mavic 3T drone was set at an altitude of 30 meters
capturing thermal data at a resolution of 5 cm, and RGB images at a resolution of 1.3 cm. The different image

characteristics of drones were used for baseline drone survey as detailed in Tabel 1

1 Multispectral Drone Image resolution Scm
2 Flight Route Altitude 100 m
3 Thermal Images resolution 5cm

Thermal Drone

4 RGB images resolution 1.3 cm
5 Flight Route Altitude 38 m
6 Satellite Imagery Multispectral images 50 cm

Table 1: Different types of Drone Images Characteristics

The collected data went through the process of mosaicking, preprocessing, and post processing analysis to
extract the vegetation cover information and to monitor the wildlife distribution. All processed data from both
drone and satellite sources were integrated into a centralized database, ultimately contributing to the
generation of final maps.

Data was captured two phases: the first between December 2024 and January 2025, and the second in

February 2025, using the DJI Mavic 3 multispectral (M3M) UAV and a DJI Mavic 3 thermal (M3T) UAV.
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2.3 Data Collection

Multispectral drone used to capture 35 areas of the revegetation project and imported to a GIS database, and
then exported to a special software (DJI pilot 2) on the Mavic 3M controller (RC pro) the image resolution is 5
centimeters. Furthermore, the same areas and resolution were used for thermal sensors data capture and
exported to the DJI pilot 2  on the Mavic 3T controller (RC pro). Additionally, Natural color (RGB) images
were captured for the 32 selected areas using the RGB sensor mounted on the Mavic 3 thermal drone and

resolution of the images was 1.3 cm.
Vegetation Monitoring

Monitoring of vegetation cover by drones involves the utilization of vegetation indices which are widely
used for assessing and monitoring vegetation cover, above-ground biomass and leaf area index. Since the
1960s which marks the beginning of the satellite imagery era, Scientists have devoted to developing and model
various indices to be able to extract information from the remotely sensed data. Normalized Difference
Vegetation Index (NDVI) is a vegetation index (VI) that is highly used in field of vegetation cover monitoring
from remotely sensed [2]. NDVI is calculated as the ration between the red band (R) and the near infrared band

(NIR) reflectance values, expressed as.

NIR—-R
NIR—-R

NDVI =

Where R is the red band reflectance, and NIR is the near infrared band reflectance.

NDVI values range between (1 and -1), where positive values represent density in healthy green biomass
and high chlorophyll presence, and negative values represent absence of chlorophyll and green biomass [3].
The NDVI values were divided into three classes [4]. Class 1 represent the area where there is no vegetation
cover, and it has the value of less than 0.15, class 2 represent the moderate vegetation cover area, and it has the
value that lies between 0.15 and 0.3, and class 3 represent the area that has high dense biomass and vegetation

cover, and it has the value above 0.3.
Wildlife Monitoring

Thermal ortho-mosaics data captured using DJI Mavic 3T drones provide a robust method of wildlife
monitoring as it gives more quantitative temperature-based data and improves warm-bodied animals detection
performance in heterogeneous ecosystem. With a thermal sensor, the Mavic 3T can identify animals by their
heat signatures, allowing it to be effective both in low-light conditions and in locations where other imaging

traditional signals may not be effective, such as heavy foliage or very tall grass. This ability enables overnight
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monitoring, which is important for the monitoring of nocturnal species, as well as determining animal behavior
patterns while not disturbing its natural habitat. Thermal ortho-mosaics images generated from Mavic 3T
imagery also offer accurate geospatial mapping, enabling fine-scale tracking of wildlife habitat use, movement
paths and resource selection over time. Integrated International for Environmental Services (IIES) team used
the thermal images to extract the animal location in the project areas by studying the animals body heat. High
resolution RGB images are used to map the location and distribution of the animals’ burrows within the project

areas.
Ground Truthing and Quality Control

The quality control operations are of utmost importance for any project to ensure that the data meets the
defined quality standards and accuracy. This is the process of providing assurance that the final product fulfills
the intended purpose through rigorous checking of the final product. The monitoring personnel conducted
ground truthing and quality control by collecting data from the field surveys, and these data were used to

ensure the final processed data accuracy.
2.4 Results

The vegetation distribution across the investigated area was assessed in 35 designated areas. Each area was
classified into three classes based on NDVI values. The first class includes areas with NDVI values below 0.15
(<0.15), which represent the absence of vegetation cover. The second class represents moderate vegetation
cover, corresponding to NDVI values between 0.15 and 0.3. finally, the third class signifies very healthy
vegetation, with NDVI values exceeding 0.3. Some of the NDVI values were extracted to assess the vegetation

cover selected areas in NK & SK fields refer Fig.3, Fig.4
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Fig.3 Burrows distribution, distribution of NDVI values, surface temperature of Plot in NK
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Fig.4 Burrows distribution, distribution of NDVI values, surface temperature of Plot in SK
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The monitoring of the wildlife in the investigated areas was conducted using thermal sensors and no animal
was detected during the thermal data acquisyion, which likely attributed to the data being collected during the
daytime hours for safety seasons, thereby recucing the effectiveness of thermal sensors in detecting animals.
As an lternative approach to the wildlife monitoring. By very high-resolution images (1.3 cm) were used to
extract information about the animal burrows (Fig. 5), which serve as indicators for the wildlife activity within

the investigated areas.

Fig. 5: Insect (Domino beetle, Anthia duodecimguttatta) in the field observation

The collected data presents a valuable information for monitoring and assessing the vegetation cover and the
wildlife distribution within the monitoring areas. The most of the study area exhibited an increase in vegetated
cover during the winter season (2nd capture) compared to the summer (1st capture). Most of the North Kuwait
(NK) area exhibited decrease in vegetated cover during winter compered to summer, with 9 out of 12 areas
showing a reduction in vegetation while only 3 areas experienced an increase (Fig.6). In contrast to northern
plots, the majority of South Kuwait areas exhibited increase in vegetation cover during the winter season (2nd
capture) compared to summer (first capture), with only 4 plots out of the 23 plots showing decrease in

vegetated area (Fig.7)
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Fig.6: Seasonal Variation in Vegetation cover in the North Kuwait (NK) plots
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Fig.7: Seasonal Variation in Vegetation cover in the South Kuwait (SEK) plots

The wildlife assessment and monitoring indicated high wildlife activity within the project areas, as more
than 3000 animal burrows identified and digitized. Burrows were present in all surveyed areas except for a few
located outside KOC protected zones. Burrows were not identified in some areas due to the spatial resolution
of the satellite images (50 cm) being coarser than the size of the burrow’s sizes. The distribution and number of
burrows remained unchanged during the second capture. The captured thermal data were analyzed; however

detecting changes within the areas was challenging due to differences in the timing of data acquisition
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3. Conclusions

The survey was conducted to evaluate the potential of utilizing drones to support vegetation and wildlife
monitoring. Furthermore, drone technology has proven effective in identifying sites within the ecosystem that
are suitable for monitoring land cover changes in vegetated areas of the North Kuwait & South Kuwait Oil
fields.. Based on the drone survey and the generated data, the survey concluded that spatial analysis of NDVI
values, land cover distribution, and surface temperature revealed variation across different locations in NK &

SK fields during the summer and winter seasons.
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