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ABSTRACT: Modeling of landscape visibility using digital data offers an efficient way to assess a geographic
area systematically. This approach has been widely used in historical and archeological studies, renewable energy
such as solar and wind farm, telecommunications tower assessments, military use, landscape architecture,
landscape planning and management, spatial planning, among others. Disaster events such as flooding and
landslides as a result weather disturbance has significantly changed our landscapes affecting population and
resources. With the availability of Digital Elevation Models (DEMs) of various spatial scales, visibility analyses
can be carried out for rapid landscape assessment. This study was done in a 46km? area in Bongabong, Oriental
Mindoro, Philippines. Visibility analyses used: 1) Light Detection and Ranging (LiDAR) derived Digital Terrain
Model (DTM) and Digital Surface Model (DSM) at 1m spatial resolution; 2) Synthetic Aperture Radar (SAR)
DEM at 10m spatial resolution; 3) Advanced Land Observing Satellite (ALOS) DSM at 30m spatial resolution; and
4) Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model
Version 2 (GDEM V2). Observer location was randomly established along major roads and compared with the
observer location at ecotourism sites. Results showed that LIDAR-derived elevation models offer greater details
concerning the visibility of landscapes along the main roads compared to SAR DEM, ALOS DSM, and ASTER
GDEM, respectively. On the other hand, regardless of spatial resolution, visible areas of the study area along the
main roads using SAR DEM (30.07 km?), ALOS DSM (30.16 km?) and ASTER GDEM (30.18 km?) is
comparable to LIDAR-derived DTM (25.77 km?). Computationally, LiDAR DTM took about 28 mins to complete
the visibility analysis compared to about 19 sec. for SAR DEM, and about 3 sec. for ALOS DSM and ASTER
GDEM, respectively. Further investigation reveals that the visible areas of the landscapes are predominantly
agricultural lands, and prone to flooding. High spatial resolution elevation/surface data offer greater detail when it
comes to visibility analysis of the landscape. In areas where these data are not available, medium resolution
elevation data can be used for landscape assessments.

1. INTRODUCTION

Assessment of the landscape requires the evaluation of its environmental, aesthetic, and perceived values which in
most cases, depends upon the individual or observers experiences and psychological perceptions. The value of a
landscape as an environmental resource must be considered across spatial scales for sustainable land use planning
and landscape management (Ramos & Pastor, 2012). Remote sensing (RS) and Geographic Information Systems
(GIS) are increasingly used in studying the human environment and landscape interactions mainly as a tool for
efficient planning and management (Ayad, 2005; Crawford, 1994; Fabrega-Alvarez & Parcero-Oubifia, 2019;
Franch-Pardo, Cancer-Pomar, & Napoletano, 2017; Hilal, Joly, Roy, & Vuidel, 2018; Sahraoui, Vuidel, Joly, &
Foltéte, 2018; Wu, Bishop, Hossain, & Sposito, 2006).

Modeling of landscape visibility using digital data offers an efficient way to assess a geographic area
systematically. Using digital data such as topographic models and satellite imageries, the visual perception of the
physical environment can be quantified using landscape metrics or indicators (Ervin & Steinitz, 2003; O’Sullivan
& Turner, 2001; Sahraoui et al., 2018). This approach has been widely used in historical and archeological
studies, renewable energy such as solar and wind farm, telecommunications tower assessments, military use,
landscape architecture, landscape planning and management, spatial planning, among others (Bishop, 2019;
Brown & Brabyn, 2012; Czynska & Rubinowicz, 2019; Kim, Rana, & Wise, 2004; Lopes, Macedo, Brito, &
Furtado, 2019; Manchado et al., 2013; Pinto-Correia & Kristensen, 2013; Poerwoningsih, Antariksa, Leksono, &
Hasyim, 2016; Sunak & Madlener, 2016). Renewable energy such as wind farms is a valuable energy resource
that is beneficial to the environment but may have a positive or negative impact on property values in terms of
visibility (Sunak & Madlener, 2016). The changes in the landscapes and its surroundings are likewise affecting the
visibility of important heritage sites (Lopes et al., 2019). Problems associated with this can be assessed and
quantified using a variety of computation tool within a GIS system. Disaster events such as flooding and



landslides as a result weather disturbance has also significantly changed our landscapes affecting population and
resources. To deal with such challenges, decision-makers must recognize the inherent nature and spatial aspect in
landscape planning and management which can be aided with the use of remote sensing and geographic
information system tools (Kaku, 2019; Lagmay, Racoma, Aracan, Alconis-Ayco, & Saddi, 2017; Van Western,
2013). For development planning, natural disasters pose challenge in ensuring continued and sustainable
development of the communities towards resiliency (Mohammed, 2018; Raza, 2018).

Digital surface data with a moderate spatial resolution are accessible and available to the public with global
coverage such as the Advanced Land Observing Satellite (ALOS) Digital Surface Model (DSM), Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model Version 2
(GDEM V2). With the availability of these spatial data of various spatial scales, visibility analyses, for example,
can be carried out for rapid landscape assessment. These data can also complement country/locally available
surface data which can provide relevant information for efficient handling of landscape resources.

This paper attempts to assess landscape visibility using locally and globally available surface data for a case study
area in the Philippines. A comparison will be made for locally available LIDAR data with fine spatial resolution
and globally available medium spatial resolution surface data. Additionally, initial landscape attributes of visible
areas will be identified and quantified.

2. METHODS

The study was done in a 46 km? landscape area in the municipality of Bongabong, Oriental Mindoro, the
Philippines dominated by agricultural and trees/shrubs land cover (Fig. 1). Areas close to the river tributary has
moderate and high flood susceptibility accounting to about 8.89 km? and 5.25 km?, respectively (Fig. 2). The
municipality of Bongabong with a total population of 72,073 (2015 Census) is located about 102 km from
Calapan City, capital of Oriental Mindoro island province and has a total land area of about 498.20 km?.
Moreover, it is situated roughly 293 km south of Manila, Philippines.
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Figure 1. The study area and its existing land cover map, Bongabong,
Oriental Mindoro, Philippines.

Data processing and analysis workflow are shown in Fig. 3. Visibility analyses used: 1) Light Detection and
Ranging (LiDAR) derived Digital Terrain Model (DTM) and Digital Surface Model (DSM) at 1m spatial
resolution; 2) Synthetic Aperture Radar (SAR) DEM at 10m spatial resolution; 3) Advanced Land Observing
Satellite (ALOS) DSM at 30m spatial resolution; and 4) Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) Global Digital Elevation Model Version 2 (GDEM V2). Visibility analyses were carried out
in ArcGIS 10.5 through its visibility toolset using default settings. Input observer location was randomly
established along major roads and compared with the observer location at three ecotourism sites. Land cover types
were derived from PlanetScope imagery using supervised image classification techniques.
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Figure 2. Flood hazard map of the study area based on a 25-year rain -
return period, Bongabong, Oriental Mindoro, Philippines.
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Figure 3. Data processing and analysis workflow.

The data were collected from various sources while globally available surface data were downloaded from their
respective access websites (Table 1).

Table 1. Summary of data sources used in the study.

Data Format Source

Road network Vector PHIL-LiDAR 1 UPLB
(polyline)

Political boundary Vector Philippine Statistics Authority (PSA) and National
(polygon) Mapping and Resource Information Authority

(NAMRIA) in the context of the 2015 census
Flood hazard (~10m Vector PHIL-LiDAR Program: https://lipad.dream.upd.edu.ph
spatial resolution) (polygon)

Ecotourism sites

Vector (point)

Local Government Unit Bongabong, Oriental Mindoro

LiDAR DSM & DTM
(~1m spatial resolution)

Raster

PHIL-LiDAR 1 UPLB

SAR DEM (10m spatial Raster PHIL-LiDAR Program: https://lipad.dream.upd.edu.ph
resolution)

DSM (30m spatial Raster Advance Land Observing Satellite (ALOS):
resolution) https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm
GDEM (30m spatial Raster ASTER Global DEM: https://gdex.cr.usgs.gov/gdex/




resolution)
Satellite imagery (~3m Raster Planet Team (2017). Planet Application Program
spatial resolution) Interface: In Space for Life on Earth. San Francisco,
CA. https://api.planet.com.

3. RESULTS AND DISCUSSION

Results showed that LIDAR-derived elevation models offer greater and finer details concerning the visibility of
landscapes along the main roads compared to SAR DEM, ALOS DSM, and ASTER GDEM, respectively (Fig. 4
and 5). With three ecotourism sites as observer location, analysis showed that there were less visible areas of the
landscape using LiDAR DSM (Fig. 4a) than LIDAR DTM (Fig. 4c). On the other hand, when an observer is
traveling along the road, visible areas are more substantial in LIDAR DTM than LiDAR DSM (Fig. 4b and 4d).
DTM represents the bare ground of the earth which has less surface obstruction from the standpoint of an
observer location. DSM practically represent the entire surface of the landscape, including natural and human-
built structures.

Regardless of spatial resolution, visible areas of the study area along the main roads using SAR DEM (30.07 km?),
ALOS DSM (30.16 km?) and ASTER GDEM (30.18 km?) is comparable to LiDAR-derived DTM (25.77 km?)
(Figs. 4d, 5b, 5d, and 5f; Table 2). On the other hand, areas visible to the identified ecotourism locations were
limited or small compared to that of observer location along the main road (Fig. 4a, 4c, 5a, 5c, and 5¢). While
LiDAR DSM offers very high-resolution information. However, it may not be ideal for visibility analysis over
more extensive landscape area sand best suited for smaller ones.
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Figure 4. Visibility analyses maps for LIDAR derived DSM (a. ecotourism
sites, b. major road) and LiDAR derived DTM (c. ecotourism sites, d. major
road).

The analysis of landscape visibility without direct observation can be referred to as geometric visibility (Mufioz-
Pedreros, 2017; Nagy, 1994). It provides an indicative measure of visible areas of the landscape based on a set of
observation points. For the promotion of ecotourism activities in an area, identification of what scenic areas can
be seen along an established route is essential for planning, development, and implementation tourism plans
(Mufioz-Pedreros, 2017; Tveit, Ode Sang, & Hagerhall, 2018). LiDAR-derived surface data are inherently fine
resolution compared to openly available surface data such as that of ASTER GDEM. Determining the acceptable
data resolution for landscape visibility analyses can impact the data size and computational aspect (Qiang, Shen,
& Chen, 2019). The extent of an area, accuracy of surface data, shape and number of landscape elements are
essential considerations in identification of observer location(Weitkamp, Bregt, van Lammeren, & van den Berg,
2007). This study simulated what an individual can see within the landscape based on randomly established
observer point along the road and three identified ecotourism locations using different resolution surface data. The
initial findings suggest that moderate resolution surface data can be used for visibility analysis. The accuracy of
such an analysis would, however, depend on the level of accuracy of the data.
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Figure 5. Visibility analyses map for SAR DEM (a. ecotourism sites, b.
major road), ALOS DSM (c. ecotourism sites, d. major road) and ASTER
GDEM (e. ecotourism sites, f. major road).

Table 2. Summary of visibility analyses area statistics.

. _ . Visible (km?) Not visible (km?)
Terrain model Spatial Resolution - - - -
Ecotourism Main road Ecotourism | Main road

LiDAR DSM Im 0.1215 0.9298 45.6064 44.7981
LiDAR DTM Im 5.5985 25.7722 40.1295 19.9558
SAR DEM 10m 5.7840 30.0681 39.2346 14.9505
ALOS DSM 30m 5.1300 30.1563 38.6766 13.6503
ASTER GDEM 30m 1.5579 30.1779 42.2487 13.6287

Computationally, LIDAR DTM took about 28 minutes to complete the visibility analysis compared to about 19
seconds for SAR DEM, and about 3 seconds for ALOS DSM and ASTER GDEM, respectively (Table 3). Given
that this study only focused on a 46 km? landscape area, processing time would be longer for larger areas such as

a province or a region. Moreover, computational time would also depend on the computer configuration and
number of observation locations.

Table 3. Visibility analyses computational time (units in seconds).

Terrain model Spatial Resolution Ecotourism sites Main road
LiDAR DSM Im 60.00 1,715.40
LiDAR DTM Im 59.50 1,689.00
SAR DEM 10m 1.10 19.03
ALOS DSM 30m 0.70 2.98
ASTER GDEM 30m 0.69 3.03




Optimization techniques such as the selection of key topographic locations and maximum location-allocation
coverage in landscape visibility analysis can be done to reduce the processing time (Kim et al., 2004). Other
research has implemented the simultaneous computation of viewshed algorithm to improve computation times for
large high-resolution spatial data (Tabik, Zapata, & Romero, 2013). However, this study only explored how each
set of surface data with various spatial resolution can be processed using the visibility toolset in ArcGIS 10.5 with
the objective of identifying the ideal data for rapid landscape assessment. Landscape assessment is an important
aspect of spatial planning to describe the general characteristics of an area, the environment character (e.g., visible
space), establishing aesthetic and ecological qualities particularly (Poerwoningsih et al., 2016).

Further investigation reveals that the visible areas along major roads of the landscapes using SAR DEM are
predominantly agricultural lands and trees/shrubs accounting to about 11.0753 km? and 12.3320 km? of the total
landscape area, respectively. Additionally, about 5.6125 km? and 2.5177 km? of the visible areas along major
roads in this study are prone to moderate and high flooding, respectively.

Establishing visibility of the landscape at the human perspective as a realistic approach can be done but maybe be
challenging (Nutsford, Reitsma, Pearson, & Kingham, 2015). Quantification of the landscape physical attributes
can also be mapped as an important input for the decision-making process using landscape geographic models
with the aid of digital surface data (Ramos & Pastor, 2012). The visibility analysis can be combined with other
landscape attributes such as type of land use, and perceived value of the landscape in simulating the landscape
experience when traveling on a set of observer location (Brabyn, 2015). An individual can assign multiple values
to a landscape based on his/her experience but maybe complex in nature (Brown & Brabyn, 2012). The results of
this study have identified and quantified initial landscape attributes such as land cover and its susceptibility to
hazards like the flooding of the visible areas. However, assigning values to the identified landscape attribute was
not done in this study.

4. CONCLUSION AND FURTHER RESEARCH

High spatial resolution elevation/surface data offer greater detail when it comes to visibility analysis of the
landscape. However, processing high-resolution data over large landscapes may require considerable
computational time. Moreover, its availability and accessibility may be limited. Thus, in areas where these data are
not available, medium resolution elevation data such as ASTER GDEM can be used for rapid landscape
assessments. This study has identified and quantified physical landscape attributes such as land cover and hazard
susceptibility of visible areas in a landscape as initial input for further research on landscape quality assessment.
Moreover, this preliminary research hopes to establish a rapid landscape assessment methodology that can be
replicated in other areas.

Further research could be done to explore other landscape visibility models and algorithms in determining the
ideal spatial resolution for various landscape sizes, and in improving the computational times especially when
using high spatial resolution data sets over large areas. Comparison of the results with the latest ASTER GDEM
v.3. could also be made. In other areas in the Philippines where LiDAR data is not available, it is suggested to
conduct studies on the fusion of various surface model to provide better and more accurate terrain data. However,
when only openly accessible data is available, moderate spatial resolution surface data could be used for rapid
landscape assessment. A thorough research and ground validation studies should also be conducted to validate the
findings of geometric visibility assessments.
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