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ABSTRACT

Laser Return Intensity (LRI) holds excellent opportunity in helping to map lithology and discriminating rock units based on their
reflectivity. To date, many rock types have been examined under a controlled environment using Terrestrial Lidar Scanning (TLS).
However, the utilization of LRI for detection of rocks properties in a geothermal environment still has received less attention
especially from Airborne Lidar Scanning (ALS). This study proposes a novel approach to map and characterize geothermal surface
manifestations using airborne lidar return intensity. We use an airborne lidar dataset acquired by a Leica ALS70 above the geothermal
field near Bajawa, Flores, Indonesia. The effects of scan angle and atmosphere on the resulting LRI images were investigated and
where possible corrected for optimizing the positional and spectral information. Characterization of geothermal surface manifestation
signatures based on altered volcanic rock reflectivity through LRI were validated by the ground truth observation and airborne thermal
infrared imagery in Wawomuda and Mataloko, Bajawa. We will present an overview of the data corrections needed to evaluate the
lidar return intensity values for detecting geothermal surface manifestations in the tropical mountainous environment.

1. INTRODUCTION

The Laser Return Intensity (LRI), a value of reflectance detected from a scanned object, has been used for helping detection and
mapping lithology as it can sense the physical properties of sedimentary rocks (Clark and Roush, 1984; Clark, 1999; Franceschi et
al., 2009; Burton ef al., 2011; Penasa et al., 2014; Zivec, Anzur and Verboviek, 2017), igneous and metamorphic rocks (Carrea et
al.,2016). These studies used Terrestrial Laser Scanning (TLS) to distinguish rocks from laboratory to outcrop scale, e.g., marls and
limestone (Franceschi et al., 2009), chert (Penasa et al., 2014), peridotite, gneiss, serpentinite, mica-schist, and marble (Carrea et al.,
2016), clay-rich and quartz-rich sedimentary rocks in a set of drill core and stratigraphic outcrop (Burton et al., 2011).

The texture of rocks influences the value of intensity (Clark, 1981, 1999; Burton et al., 2011) such as grain size and fabric—related
to porosity. Even fresh sedimentary rocks are mostly clastic-matrix supported which can contain more water than fresh crystalline
rock. This water content can be a proxy of rock texture in the intensity value of most LiDAR dataset, which are produced in visible-
near infrared (VNIR) region (Chust et al., 2008; Hartzell et al., 2014; Shi et al., 2015; Yan, Shaker and El-Ashmawy, 2015; Eitel et
al., 2016; Errington and Daku, 2017; Budei et al., 2018; Ekhtari, Glennie and Fernandez-Diaz, 2018; Zhao et al., 2018). The water,
the photon absorbent (Clark, 1999), will be low value and appeared as dark in the intensity map. On the contrary, fresh crystalline
rocks may have a brighter tone in the intensity map as they are often massive unless they have pores with water content.

Many rocks have been scrutinized using LiDAR technology but the rocks from the geothermal process. In a geothermal environment,
the rocks ranging from fresh as host rock to fully hydrothermally altered with diverse mineral abundance. Each mineral association
indicates an interaction between meteoric-magmatic fluid, heat influx, and geological setting (host rocks and geological structures).
Terrain setting where the geothermal system locates also contributes to set up the fluid circulation as a system. This complexity has
been classified to describe the geothermal manifestations (Hochstein and Browne, 2000).

We are curious about ‘Can the LiDAR intensity characterize and map the geothermal surface manifestations?” We choose this natural
product as the target since they are obviously indicating the occurrence of a geothermal system. In a geothermal environment, there
is a contradictive hypothesis on intensity response. We assume that most active surface manifestations are wet because the fluid
circulates. They will be darker compared to drier land surrounding. However, the surface manifestations are also often brighter in
physical color, e.g. white or yellowish ground, that should have a higher value of LRI than surrounding. Therefore, it is an interesting
curiosity to see how the LRI reacts to the geothermal surface manifestations, so we can look at the possibility to use the LRI especially
from Airborne Laser Scanning (ALS) survey to map and characterize the geothermal surface manifestations.

2. METHODS

This preliminary study proposes an approach to detect and map geothermal surface manifestations using an airborne LiDAR dataset
acquired from a geothermal field near Bajawa city, Flores, Indonesia (Figure 1). We will use the ALS dataset collected by Leica
ALS70 with wavelength 1064 nm (within the VNIR region) that can approach the moisture variation. The time of LIDAR acquisition
was in July when the peak dry season approaching the area. This period was chosen to minimize the cloud thickness as part of
atmospheric effect.
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Figure 1: Location of the research area in Bajawa, Flores Island, Indonesia.

First, we will overview the readiness level of data for interpretation (Kashani et al., 2015). This level can lead us to decide which
processing is necessary and explain the limitation of interpretation. Hence, some corrections may be needed to minimize the
misinterpretation. We will observe and extract the intensity value throughout the dataset. We also will use the x-y-z position as a
digital elevation model and its derivative information to support the interpretation especially for indicating the possibility of sun
heating influences.

In the case of the geothermal field in Bajawa, the known manifestations are in Wawomuda and Mataloko. They are nested in the
aligned monogenetic volcanoes which some of the volcanoes are still active. Therefore, there are hot mud pools and hot springs with
and without aerosol coming out from the hydrothermally altered ground. This phenomenon indicates the active geothermal system.
The ground truth will be described to verify the behavior of intensity value. Thermal imagery will be used to provide information
about heat anomalies. This data can roughly discriminate against the active from fossil manifestations.

Finally, we will decide the possibility of uses of LRI to characterize the geothermal surface manifestation as well as the limitation
and challenges.

3. RATIONALES

The hypothesis of this study is that the intensity value of geothermal surface manifestation will be various depending on the moisture
of the ground, the amount of aerosol emitted, and the sloping terrain as the incident angle manifestation (as shown in Figure 2). The
moisture indicates how much water absorbed within pores. This parameter is related to the textural properties of rock, e.g., grain size
and compactness. The amount of aerosol can influence the ability of the laser to reach the ground. The terrain landscape is considered
as geometrical factors of the LRI.
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Figure 2: The LRI of an undulating terrain near the geothermal field in Bajawa, Flores. Grading color from blue to red
indicates low (digital number 0) to high reflectivity (digital number 240). This figure shows the effect of object
moisture, aerosol, and sloping terrain. Objects with high moisture (blue) are the area with high level of vegetation and
cloud while drier object (green to yellow) is the land covered by low level of vegetation. A floating-point cloud on the
right side above the terrain is atmospheric cloud, which blocks the laser signal from aircraft to ground and vice versa
(low reflectivity of the ground under the cloud). The upper ridges reflect the laser signal stronger than the gullies as
the effect of terrain.

3.1 Moisture of rock

The value of LRI can be influenced by textural properties, e.g., grain size (Kaasalainen et al., 2011; Nield, King and Jacobs, 2014).
Grain size is related to the degree of porosity and permeability. The pores within the rock may be connected and contain more water.
Hence, the LRI of wet rocks is lower than of drier rocks (Nield, King and Jacobs, 2014). Grain size can contribute to the porosity
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where the smaller size of grains generally will build a high volume of pores. In most clay-size-grained rocks, the permeability is much
lower than coarser-grained. For instance, clay-size-grained rock will tend to absorb more water and need more times to dry than the
coarser-grained rock since the porosity is greater but impermeable. However, it is still possible to have a coarse-grained rock with
high moisture.
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Figure 3: Hypothetical trend of LRI value on moisture.

The freshness of rocks means the degree of alteration caused by the hydrothermal process or meteoric weathering. Compactness is
the extended parameter of rock freshness where the fresh rock will be always more compact than the altered rock. The previous
experiment of grain size (Kaasalainen et al., 2011) and moisture (Nield, King and Jacobs, 2014) did not discuss the LRI response on
the degree of alteration.

3.2 Aerosol effect

The aerosol emitted from the manifestation is mainly steam or water vapor which can block the laser from reaching the ground. It
may absorb the photon of the laser and allow a smaller quantity of the photon to pass. The penetrated photon then reflected by the
ground with a smaller amount. Since the aerosol of manifestations is produced continuously above the ground, the very small photons
of laser are absorbed again. Thus, the aerosol attenuates the intensity value on the ground.
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Figure 4: Attenuating value of LRI due to aerosol in the atmosphere and from fumarole. Note that the reflected laser is not
always in the center of a footprint

The aerosol also can be an atmospheric cloud covering the land. Moreover, the study area is mountainous terrain with hundreds of
meters above sea level. This aircraft Pilatus PC 6 used in the acquisition was flown + 800 m above average ground level. Above this
maximum height, the laser will against thick cloud while lower than that, the scanned swath will be narrower. Consequently, the point
density also will not be uniformly collected which can spatially impact the data quality.

The atmospheric cloud was dynamic through the time of acquisition. Therefore, different flight height might happen to avoid the
cloud. It might cause a different range in the intensity value each scan line since each scanning will collect the intensity arbitrarily in
digital number format from 0 to 255. The different flight height also influences the footprint size of the laser beam. With 800 m above
ground level, it is reported that the footprint size was + 10 cm. The larger footprint will tend to be less accurate than the smaller one
as larger footprint will take more characters of ground into only one value.

3.3 Terrain effect

The mountainous terrain in Bajawa with a diverse degree of slope provide the various incident angle. Following the rule of the
Lambertian angle, the small angle of incidence may yield a high value of LRI. The flatter ground will be more reflective.
Corresponding the incident angle, the range effect will also influence the LRI. The value of LRI in the ridges area will be higher than
on gullies or valleys. Besides the ridges are closer to the scanning sensor, it is also flatter.



Freski et al.

A B C

High

™
2lc
< |8
=5
ge
g_ O

Ridge =
\ 4

Valley

Figure 5: Terrain effects are functions of topographical elevation and slope degree. Note that circles show the reflectance
value due to Lambertian rule. The topographical elevation represents the range effect between scanning sensor and
ground. Laser E reaches the closer ground (higher elevation) than laser C, then the reflected laser E is greater than C.
Laser A-B-D-F shows the smaller value of intensity will be reflected compared to the specular vector.

4. CONCLUSION

Theoretically, geothermal manifestations are possible to be detected using lidar return intensity values from Airborne Lidar Scanning
(ALS) dataset. The minimum corrections for LRI data acquired from a tropical-mountainous terrain environment should
accommodate the intensity variation caused by the effect of moisture, acrosol, and the incidence angle due to the terrain slope. The
challenges also can come from the technical factor e.g., the acquisition process, and the object characteristic factor e.g., the mixing
condition of wetness and brightness of ground.
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