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ABSTRACT:

Tangbo River is an important resource in Cebu’s southern town of Samboan for being the site of Aguinid Falls, a known tourist
destination. Monitoring the changes in the river’s riparian vegetation is important since it has impacts on its ecological role of helping
maintain biodiversity and river water quality. This study aims to detect vegetation index changes along the Tangbo River corridor
using three vegetation indices: NDVI, EVI, NDMI, and Tasseled Cap indices, specifically for the years 1998, 2004, 2009, 2016, and
2019. It also aims to monitor the changes in NDVI and EVI values alongside tourism arrivals in Aguinid in 2018.

Cloudless Landsat 5 (1998, 2004, 2009, and 2016) and Landsat 8 (2019) imagery were selected. Thirty reference points were plotted
along the river with a 30-m distance between each point. Vegetation Indices (V1) and Tasseled Cap values were generated using data
from these points and were compared for each selected year. NDVI and EVI values from the same reference points used in Landsat
were generated from selected cloudless months of 2018 Planetscope imagery. Inbound tourist records were acquired from the tourism
office of Samboan and the tourism arrivals for the year 2018 was then graphed with the Planetscope V1 values for better visualization.

Landsat imagery showed that there was a general upward trend in the vegetation indices from 1998 to 2019. Tasseled Cap Greenness
and Wetness showed an increase in values from 1998 - 2019 while Tasseled Cap Brightness showed the opposite. Results from
Planetscope data for the year 2018 showed that there was an inverse pattern between NDVI and tourism arrivals. Tourism arrivals
peaked during the months of April and May based on annual records, while VI values dropped. On the other hand, both VI values
peaked towards the last quarter of the year while tourist numbers dropped. This suggests that the pattern of VI values and tourism
arrivals seemed to be influenced by seasonal changes rather than with each other. Findings from the study shows that further data
collection is required to be able to establish a relationship between tourism and vegetation index values.

1. INTRODUCTION destinations, in both its mountainous and coastal regions, thus
becoming one of the most visited destinations in Cebu (l.
Gamallo, personal communication, July 3, 2019). Arguably the
most known of its” attractions is Aguinid Falls, in Tangbo River,
which has seen a steady flow of visitors since its opening to the
public in 2013. Three years later, the site experienced a boom in
tourism when it won an award for being the best ecotourism
experience in the province which heightened interest around the
area (Tizon, 2019).

1.1 Background of the study

Tourism creates a sharing of knowledge between communities to
promote a better understanding of cultures and the environment.
It has become one of the sectors of the economy that developing
countries have relied on since it has created more employment
opportunities for locals (Dritsakis and Agorastos, 1999). A study
on tourism sustainability shows that it is important to consider
the effectiveness of tourism economy-wise, society-wise and

. : Urisr Recently however, the municipality announced the temporary
environmental-wise (Spilanis and Glyptou, 2012).

closure of the site. This was done to allow the river to recover
from both natural and anthropogenic impacts caused by the El
Nifio and the tourism influx (Tizon, 2019). This event was one in
a series of temporary closures of environmental tourist attractions

Tourists continuously seek a more organic approach to
attractions. Ecotourism, a subsector of tourism, involves visiting

a more natural environment, as tourists want to be more
environmentally aware, to seek adventure, or to appreciate
culture that is foreign to them (Fennell, 2003).

The Philippines has seen a steady increase in its GDP, due in part
to the tourism boom in the country (Business World, 2018).

Ecotourism and adventure tourism have been strongly endorsed
by the Philippine government because of how easily available
these destinations are (Gatdula, 2018). The province of Cebu is
one of the country’s top contributors to tourism influx in the
Philippines, specifically the ecotourism experiences that the
island offers (Buslon-Sia et al., 2019). One of the province’s
municipalities, Samboan, boasts a number of natural tourist

which began with Boracay last year, in an attempt to rehabilitate
the popular island (Yang, 2019).

While the rise of tourism in the Philippines has had a positive
impact on its economy, great care must still be placed on the
management of these natural destinations because they have been
found to be highly sensitive to even the slightest influence
(Alampay, 2005). Several countries in the past have adopted the
ecotourism approach with varied results. One outcome common
to the countries that have seen high numbers of guests is the
endangerment or extinction of species in the said areas (Honey,
2008).
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Monitoring the riparian vegetation along Tangbo River is
important since it is an area which receives a high number of
tourists daily, with only a few days in the year set for cleanups
save for its extended closure last June to July (I. Gamallo, phone
communication, September 13, 2019). Riparian vegetation plays
an important role in the ecosystem. It promotes biodiversity,
serving as a bridge between the terrestrial and aquatic
environment (Toribio et al., 2014). It also helps in maintaining
the water chemistry of a river by taking in nutrients from the
water, providing detritus for the soil, and altering the flow of
water to stabilizing the riverbanks, thereby preventing erosion
(Dosskey et al, 2010).

There are disturbances and stressors that may affect riparian
vegetation. Disturbances are natural events, such as landslide,
erosion, or flood. Stressors are anthropogenic influences, some
of which are land use change, a decline in habitat quality, climate
change, and invasive species (Stella and Bendix, 2019).

The need for sustainable tourism arises not just because it is
practical but also because it encourages people from all walks of
life to be more environmentally aware. Monitoring of the natural
environment, careful planning, policymaking and most
importantly the cooperation of the consumers all makes it
possible to be able to create a sustainable tourist destination
(Kiper, 2013).

One of the ways that can be used to monitor the riparian
vegetation of the river are Vegetation Indices (V1) and Tasseled
Cap indices. These may allow people to detect changes in
vegetation cover through the use of unmanned aerial vehicles
recording satellite images over a long period of time. It is an
indirect method which uses data from visible and non-visible
spectra reflected by plants to calculate vegetation health using
specific mathematical equations (Xue, Su, 2017). Selection of
appropriate indices may depend on which spectra the index uses
as well as what variables it can eliminate (Jafari, Lewis,
Ostendorf, 2007).

Vegetation indices are found to be influenced by climate (Perez
and Comiso, 2014). Rainfall is shown to have a significant effect
on vegetation index values through time (Liu et al., 2015).
Phenomena such as the El Nifio Southern Oscillation are also
shown to affect vegetation cover as well (Patel et al., 2007).
These indices are most commonly utilized in agriculture, such as
in predicting and monitoring drought (Perez et al., 2016).

Results of the assessment of the changes in Tangbo River’s
riparan vegetation indices through time could contribute to the
development of more improved tourism management practices
and environmental maintenance.

1.2 Objectives

The study aims to monitor vegetation index changes along the
Tangbo River Corridor, using three (3) vegetation indices:
Normalized Difference Vegetation Index (NDVI), Enhanced
Vegetation Index (EVI), Normalized Difference Moisture Index
(NDMI), and three (3) Tasseled Cap indices: Brightness (b),
Greenness (g) and Wetness (w).

Specifically, the study aims to monitor the trend of each
vegetation index from 1998 to 2019, using cloudless Landsat 5
(1998, 2004, 2009, and 2016) and Landsat 8 (2019) imagery. It
also aims to monitor the changes in NDVI and EVI along with
inbound tourist records for the year 2018 using cloudless
Planetscope imagery.

2. METHODOLOGY
2.1 Study Area

Tangbo River lies in Barangay Tangbo, Samboan in the
southwestern region of Cebu Province. The river is commonly
known to host the location of Aguinid Falls, a popular tourist
destination (Buslon-Sia et al., 2019). Figure 1 shows the map of
Tangbo River in the Municipality of Samboan, Cebu.

H
U Samboan

Figure 1. Location map of Tangbo River, Samboan, Cebu
(9°30'27" N, 123° 18' 42.48"E)

2.2 Data Sources
2.2.1 Satellite Imagery

Satellite imagery were downloaded from the United States
Geological Survey and Planetscope website. Table 1 shows the
details of the satellite imagery which were collected for the study:

Table 1. Satellite imagery details collected from 1998 to 2019
Satellite Date Spatial Temporal | Bands
Acquired | Resolution | Resolution
19980504 30m 16 days 7

Landsat
5
20040214
20090619
20160130
Landsat | 20190207 11
8

Planet

20180210 3m
20180425
20180603
20180703
20180815
20180924
20181026
20181125
20181217

Daily 4

Cloudless images were selected from the months of January to
June to ensure that there would be no variances in the data caused
by seasonal changes. More details about the imagery collected
can be found in Table 2.

Table 2. Bands available for satellite imagery used

Satellite Bands used

Landsat 5 6 (B, G, R, NIR, SWIR1, SWIR2)

Landsat 8 6 (B, G, R, NIR, SWIR1, SWIR2)
Planetscope 4 (B, G, R,NIR)
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Cloudless Planetscope imagery were downloaded for the months
of 2018. This excluded images from January, March, and May
due to cloud cover. To match the temporal resolution of the
monthly tourism influx data of 2018, Planetscope imagery was
used since it acquires images daily and it also has a higher spatial
resolution of 3 m (Gasparovic et al., 2018) compared to Landsat’s
30-m resolution.

2.2.2 Tourism

The data for tourism arrivals was gathered from the Tourism
Office of the Municipality of Samboan. The data available
spanned 2015 through 2019, with total number of guests provided
for each month of the mentioned years.

Tourism data from the year 2018 was then normalized and plotted
together with the vegetation index values generated from the
2018 Planetscope imagery.

2.3 Image Processing

Thirty reference points were plotted along the Tangbo river line
with a 30-m distance between each point, due to the spatial
resolution of the imagery being 30 meters.. Sample images from
Landsat and Planetscope satellite imagery from the most recent
dates used in the study are shown in Figures 2 and 3, respectively.

Figure 2. Landsat false-color (4,3,2) composite of Tangbo
River, 2019.

Figure 3. Planetscope false-color (4,3,2) composite of Tangbo
River, 2018.

2.4 Vegetation Indices (VI)

Three vegetation indices, as well as Tasselled Cap
Transformation (TCT) were calculated for the Landsat imagery
generated for the years 1998, 2004, 2009, 2016, and 2019. The
V1 values were extracted from the thirty reference points plotted
along Tangbo River.

241 Normalized Vegetation Index (NDVI)

The NDVI is calculated using Near Infrared and Infrared bands.
Landsat 5 utilizes band 3 (red) and band 4 (near-infrared) (Masek
et al., 2006). Landsat 8 uses band 4 (red) and band 5 (near-
infrared) (Vermote et al., 2016). The NDVI was calculated using
the equation below:

rrytrr _ MNIE -
NDVI = B=& W

where NDVI = Normalized Difference Vegetation Index
NIR = Near Infrared Band
R = Red Band
2.4.2  Enhanced Vegetation Index (EVI)
EVI was used as an alternative for some of the limitations of
NDVI, since the former corrects distortions made by air particles
and the ground. Landsat 5°s blue band is band 1 (Masek et al.,

2006) and Landsat 8’s blue band is band 2 (Vermote et al., 2016).
EVI was calculated using the following:

(VIR B}
NIR=C, "R-C,=B-L

—

EVI =

@)

Where NIR = Near Infrared Band

R = Red Band

B = Blue band

L = To adjust for canopy background

C = Atmospheric resistance coefficient
2.43 Normalized Difference Moisture Index (NDMI)
NDMI was used to detect subtle changes in the moisture of the
vegetation. The formula for NDMI for Landsat 5 (Masek et al.,
2006) and Landsat 8 (Vermote et al., 2016) is shown below:

(NIR — SWIR)

NDMI= ——— -
(NIR + SWIR)

®)

Where NIR = Near Infrared Band
SWIR = Shortwave Infrared Band

2.4.4  Tasseled Cap Indices

TCT was performed on all Landsat 5 and Landsat 8 on the

selected imagery. The outputs of the Tasseled Cap transformation

are the brightness, greenness, and wetness of the input pixel and
can be calculated using the equation below (Devries et al., 2016):

Tass Cap = (Coef f = B) + (Coef f = G) + (Coeff = R) +
(Coeff « NIR) + (Coeff « SWIRL) + (Coeff + SWIRZ)

(4)

Where Tass. Cap. = Tasseled cap index computed
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Coeff = The coefficients for each band
SWIR1 = Short-wave Infrared 1
SWIR2 = Short-wave Infrared 2

The coefficients for each transformation differs for brightness
(b), greenness (g), and wetness (w) and can be found in Table 3.

Table 3. TCT coefficients for surface reflectances

B G R NIR SWIR | SWIR
1 2
b 0.204 0.415 0.552 | 0.312 | 0.312 0.230
g | -0.160 0.281 -0.493 | 0.794 | -0.000 | -0.144
w | 0.031 0.202 0.310 | 0.159 | -0.680 | -0.610
2.5 Tourism

NDVI and EVI values for the year 2018 were generated from
Planetscope imagery. The data was then normalized and plotted
in order to better understand the patterns between NDVI and EVI
in context with tourism. Only the trends in 2018 was plotted due
to the availability of the three datasets.

3. RESULTS AND DISCUSSIONS

Following the above-mentioned procedures, the values of the
vegetation and tasselled cap indices in specific points plotted
along the riparian vegetation of Tangbo River were generated for
the years 1998, 2004, 2009, 2016 and 2019 respectively. The
results can be found in the next section of this paper.

3.1 Vegetation Indices

Figure 4 shows the vegetation indices’ values in 1998, 2004,
2009, 2016, and 2019 respectively. NDVI values from 1998 to
2019 were found to have an upward trend. The maximum NDVI
value was in 2016 at 0.84, while the lowest was in 1998 at 0.65.
NDVI values close to 1 denote healthy vegetation while values
close to 0 means there is sparse or no vegetation present.

25
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Figure 4. Trends of Vegetation Indices from 1998 to 2019

Likewise, the values of EVI show an increasing trend from 1998
to 2019. The highest EVI value was also in 2016 at 2.1, while the
lowest was in 1998 at 1.57.

The NDMI values also showed an upward trend through time.
NDMI values can range from -1 to 1, with -1 representing no
vegetation and 1 as healthy vegetation. The peak NDMI value
was in 2016 at 0.42, while the lowest was in 1998 at 0.24.

3.2 Tasseled Cap Indices

Figure 5 shows the values of Tasseled Cap Transformation from
1998 to 2019. TCB values were decreasing for the past 21 years.

The peak mean value of TCB was in 1998; at 3110.957, and the
lowest value was at 2469.392 in 2004. TCB values represent the
degree of dryness of a certain area.
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Figure 5. Trends of Tasseled Cap Indices from 1998 to 2019

Greenness values for the past 21 years were also decreasing. The
peak mean TCG value was in 2009 at 2541.694, while the lowest
was in 2004 at 1930.592. TCG values represent the greenness of
the pixels of the image. A higher degree of greenness denotes
more photosynthetically active vegetation (Tasseled-Cap
Transformation, 2012).

Finally, TCW values were increasing from 1998 to 2012. Its peak
average value was at -531.613 in 2016, while the lowest value
was in 1998 at -977.198. TCW values denotes the wetness or
yellowness of the soil. Higher values represent higher soil or
surface moisture content (Tasseled-Cap Transformation, 2012).

3.3 Tourism influx

Figure 6 shows the municipal tourism office’s record of tourist
arrivals in Aguinid Falls. The data was normalized for better
visualization. Tourist arrivals’ records were collated beginning in
2015. This was when the municipality received a budget for the
maintenance of the area (Cacho, 2016). The highest number of
arrivals occurred at around May 2015.
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Figure 6. Tourism Percentage in Aguinid Falls, Samboan, Cebu
from 2015 to 2019

Notably, they had a high total number of guests in 2016 as well.
During this year, Aguinid was awarded as the best ecotourism
destination by a local news site, which heightened the interest in
the area (Tizon, 2019). Despite an announcement by the
government on the decreased water level of the river due to the
El Nifio phenomenon, it still received a high number of both
foreign and local visitors (Gitgano, 2016). The pattern of NDVI,
EVI and tourism arrivals is shown in the figure below:
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Figure 7. Time Series of Tourist influx vs NDVI and EVI
values in 2018

Figure 7 shows a graph of tourism arrivals with NDVI and EVI
values plotted together. Only data from 2018 was plotted in this
graph because of the availability data from all three variables.
The figure shows that Tourism and NDVI are generally
decreasing throughout the year, while EVI was generally
increasing.

Tourism arrivals hit its peak during April and May of 2018, while
arrivals lessened during the second half of the year. NDVI values
were lesser during the first half of the year and increased in July
to September, coinciding with the decrease in tourist arrivals.
EVI values were lowest in July and peaked at the latter part of
the year.

Several studies have found that one of the main factors that affect
NDVI is climate (Dai et al., 2010). Rainfall and temperature are
shown to have an influence on these values. Wet season is from
June through November, producing high NDVI and EVI values,
while dry season occurs from March to May (Perez and
Comiso,2014), which coincides with the data in Figure 7.

According to Figure 6, peak season for tourist arrivals all occur
on the same months, which are March to May (dry season). On
the other hand, lowest numbers in tourism records occur on the
months of September to November (wet season). The rise and fall
of VI values and tourism arrivals seemed to be related to the
seasonal changes rather than with each other.

4. LIMITATIONS AND RECOMMENDATIONS

The data used for vegetation indices consisted of satellite images
from the years 1998 to 2019. Only cloudless imagery were
selected, which limited the years data collected to the years
selected above, as well as from January to June.

The conversion of land for agricultural use and the impact of
invasive species on the distribution of riparian vegetation were
not considered for this study due to time limitations. Determining
the pattern between tourism arrivals and vegetation index values
was limited to the year of 2018 since it was only in this year when
both datasets were available. The months of March and May was
excluded from the tourism data due to the lack of cloudless
Planetscope imagery for these two months.

Studying the impact of tourism using changes in vegetation
indices is still a relatively unexplored concept. The monitoring of
vegetation in natural tourist destinations is important as this sets
up a precedent into proper management of natural resources and
local government policy declaration. Further data collection is
needed to determine a definite relationship between tourism
arrivals and its effect on the values of vegetation indices. As such,

the limitations of this study may be used as factors in future
research.

5. CONCLUSIONS

This study monitored changes in vegetation indices and tasseled
cap values. In 21 years, vegetation indices have generally shown
an increase in value, with tasseled cap brightness and greenness
showing the same trend. This imply that riparian vegetation along
the river from 1998 to 2019 increased.

Tourism arrivals also showed a steady increase around March to
May from 2015 to 2018. However, the vegetation indices in 2018
decreased from the months March to May as well, which falls
under the dry season and increased at the latter part of the year
which is at the same time as the wet season. This suggests that
vegetation indices and tourism arrivals are heavily influenced by
seasonal changes rather than with each other.
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