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Abstract

Monitoring coastal ecosystem resilience for climatic and/or anthropogenic vulnerabilities is
challenging with moderately resolution Landsat images. A simple, low-cost Kite Aerial Photograph
platform (KAP) was vital to obtain high-resolution images for a small area to develop coastal GIS models.
This study examines post-tsunami relief in two coastal shrub ecosystem and a mangrove ecosystem in
terms of vegetation bioshield mass and sea level rise perspectives. A KAP platform was created using two
light-weight automatic cameras with dual bandpass Red-NIR filters, a Picavet stabilizing rig, a GPS
tracker and a Parafoil Kite. The KAP images were processed to build mosaic images, orthorectified and
geo-referenced Digital Elevation Model (DEM) using structure-from-motion (SFM) and remote sensing
software (Agisoft PhotoScan and ENVI respectively). KAP has been utilised for coastal mapping under
three scenarios: (i) object-orient feature extraction for discriminate Prosopis juliflora, an invasive alien
species, and texture analysis for coastal shrub and herbaceous vegetation classification (ii) DEM for sea
level rise, and (iii) Normalized Difference Vegetation Index (NDVI) for mangrove bioshield mass
estimation. The image processing produced a point cloud with an average density of 35 points/m?; a DEM
with 17 cm resolution; and an orthophoto mosaic with an average resolution of 4.0 cm. The results
showed that object orient feature extraction can discriminate Prosopis juliflora from the coastal shrubs
with 62% accuracy, while supervised classification accuracy was 51%. Mangrove vegetation in Rekawa
was discriminated from grassland and other coastal shrub vegetation types at >4 NDV| threshold resulted
in 0.33 ha of mangroves (28% of 1.15 ha of the total area). The Kahandamodara beach coastal vegetation
was dominant by Ipomoea pes-capre with 26% coverage. In conclusion, KAP has a wide potential to
bridge science with high spatial/temporal resolution in-situ data for coastal habitat mapping, where the
researchers can utilize the data within a low-cost budget.
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1. Introduction

Coastal habitats are dynamic ecosystems that are critically important to conserve and provide
better ecological services. In Sri Lanka, diverse coastal habitats are vulnerable to natural and/or
anthropogenic disturbances such as tsunami, climate change, land-use/cover change and invasion of alien
species etc. For example, coastal highlands in Sri Lanka transform to different land-uses often due to
human settlements (Chen and Ye, 2014), agriculture (Dellysse and Madurapperuma, 2017), fish
hatcheries (Cattermoul and Devendra, 2002), and tourist industries (Savundranayagam et al., 1994).

*Correspondence: bdm280@humboldt.ed
ISSN 2235-9370 Print/ISSN 2235-9362 Online © University of Sri Jayewardenepura

25


Daham
DOI: 10.31357/jtfe.v8i1.3480


This leads to change coastal geomorphology as well as coastal biomass loss causing
environmental vulnerabilities such as flooding, cyclones and sea level rise. Therefore, monitoring
historical land-use change along the coastline is important to make sustainable land-use planning in future
to mitigate climatic and/or anthropogenic disturbances.

A wide-scale mapping conducts using medium resolution images, such as Landsat images
(Dellysse and Madurapperuma, 2017; Dellysse et al., 2017) due to limited availability of high-resolution
images. For example, a coastal GIS model was developed to measure the changes to coastal vegetation
and assess the resilience of several coastal biomes of Sri Lanka Pre and Post 2004 tsunami based on land-
use categories; paddy, garden, coconut, dense forest, open forest, water bodies and other types of land-
uses (Dellysse and Madurapperuma, 2017). Furthermore, Dellysse et al. (2017), reported that human-
induced land uses such as paddy and garden were more vulnerable than natural vegetation for tsunami
disaster in Hambantota district. These land-use categories were used to extrapolate changes and as
indicators of health and resilience for several coastal biological services or biomes; mangrove forests, salt
marshes, home gardens and coastal scrubs (Bambaradeniya et al., 2005).

These biological services offer protection from previous and current coastal land disturbances i.e.
increased wave action from Sea Level Rise (SLR) and large, infrequent actions i.e., tsunamis.
Furthermore, these biomes and root structures offer coastal stabilization of terrestrial soil structures and
prevent coastal ecosystem degradation while acting as a biosheild. Almost half of Sri Lanka's southern
coastline was affected by the devastating effects of seawater inundation and related debris contamination
post-tsunami (lllangasekare, 2006). Much of the coastal and inland ecosystems were severely affected by
salt water and a host of other contaminants (Dellysse et al., 2017). When analyzing the effects on these
ecosystems by wave action, inland flooding from SLR and tsunamis the inevitable consequences and
vulnerability of these low lying coastal communities and habitats becomes apparent.

Kite Aerial Photography (KAP) is very reliable for coastal mapping in Sri Lanka due to low-cost,
high resolution, limited regulation and easy flying during high wind velocity. KAP has been used for
different coastal applications such as coral reefs mapping (Currier, 2015), sediment depositional
characteristics (Bryson et al., 2016), coastal erosion (Madurapperuma et al., 2017a) and sea level rise
(Madurapperuma et al., 2017a).

This study examines post-tsunami relief and recovery of coastal shrub and mangrove vegetation in
Hambantota utilizing KAP for vegetation bioshield mass characteristics and sea level rise scenarios. There
are three main objectives of this study. One is to compare Prosopis juliflora (an invasive alien species)
extent in coastal habitat using feature extraction and supervised classification methods. The second is
classify coastal vegetation using high-resolution Kite aerial images and estimate the mangrove vegetation
extent using NDVI threshold. The third objective is to create DEM and elevation profiles in coastal
habitat to determine the sea level rise vulnerabilities.

2. Methodology
2.1 Study Area

The preliminary study on coastal land-use change pinpointing tsunami in Hambantota using
Landsat images (Dellysse and Madurapperuma, 2017) were subjected to a fine scale assessment using
high-resolution kite aerial photographs to understand long-term recovery from boxing day tsunami. We
sampled three tsunami study sites in Hambantota (adopted from Bambaradeniya et al., 2006; site 20:
beach near Sea Spray Hotel in Hambantota, site 12: Kahandamodara beach, and site 10: Rekawa turtle
sanctuary) by acquiring kite aerial photographs to observe vegetation recovery at two coastal shrub and a
mangrove vegetation (Figure 1).
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Figure 1: Google Earth Image showing the three study sites of Hambantota district: two coastal shrub
vegetation (Kahandamodara and Hambantota beach areas) and a mangrove vegetation (Rekawa).

2.2 Equipment and methods

A KAP platform was created using two light-weight automatic cameras with dual bandpass Red-
NIR filters, Picavet stabilizing rig (Bryson et al., 2012), GPS tracker and a Parafoil kite (Figure 2). The
kite was flown 10-15 minutes under 15-20 mph wind speed. Aerial images collected using two
downwards-facing Canon Power Shot A490 digital camera (one color and one near-infrared) at 15 m
altitude. A perpendicular transects from shoreline to interior coastal vegetation were made to cover an
average extent of one ha. Ground control points were collected from land-use features, such as rock,
fishing boats, fence posts and trees using a Garmin GPS receiver with 5 m accuracy (Madurapperuma et
al., 2017a).
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Figure 2: KAP Platform build-up with two cameras (left), attached Picavet stabilizing rig to a string
(middle) and Parafoil kite in the air (right).

2.3 Image processing and analysis

The high-resolution KAP images were processed to build mosaic images, orthorectified and geo-
referenced DEMS using structure-from-motion (SfM) and remote sensing software (Agisoft PhotoScan
and ENVI respectively). High-resolution orthomosaic imagery has been utilized for coastal mapping
under three scenarios: (i) vegetation classification using object-oriented feature extraction, supervised
classification and unsupervised classification (Madurapperuma et al., 2018) (ii) Digital Elevation Model
for sea level rise (Madurapperuma al., 2017a) (iii) Normalized Difference Vegetation Index (NDVI) for
vegetation bioshield mass estimation (Madurapperuma al., 2017b).

Vegetation classification

The coastal shrub vegetation in Hambantota beach area was co-dominant by two invasive alien
species viz., Prosopis juliflora in the overstory and Opuntia dillenii in the understory. The study estimated
the P. juliflora extent using two methods, such as object-oriented feature extraction and supervised
classification (Madurapperuma al., 2018). A 150 random points were generated from the vegetated area to
perform the accuracy assessment for P. juliflora occurrence habitats to evaluate the accuracy of two
classification methods.

Another coastal habitat in Kahandamodara beach area was mapped using texture analysis and
unsupervised classification. Texture Analysis is a method of calculating varying texture differences in
each pixel by comparing its neighboring pixels (Srinivasan and Shobha, 2008). In order to perform texture
analysis, mean and standard deviation of band 3 (red band) and band 1 (blue band) that sensitive to
vegetation signature was performed using focal statistics function in ArcGIS®. The composite image was
created combing the mean and standard deviation images and natural color image. The composite image
(eight bands together) was classified into five classes using an unsupervised classification and then the
classes further collapsed into three land-use classes, namely coastal shrub, coastal herbaceous and open
space.

Sea level rise (SLR)

The DEM that created from the KAP images and ground control points was used to create SLR
model. A Google Earth image was used to create elevation profile from shoreline to upland vegetation
that is useful to get the inundation levels when creating SLR. For example, the elevation for the study area
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ranged from 3 to 9 m and therefore the SLR was created for 3, 5, 7 and 9 m inundation levels (A detailed
SLR adopted to this study is

available at:
http://gsp.humboldt.edu/olm_2016/Activities/GSP_270/09_Seal evelRise_Rasters/Lab9 RasterAnalysisl.
html).

Normalized difference vegetation index (NDVI)
The NDVI was calculated using red and NIR bands of the KAP image using band math function
of ENVI® using the following equation.

NDVI = (NIR - Red) / (IR + Red) (1)
The mangrove vegetation was extracted using NDV| threshold > 4 as suggested by Vo et al. (2013).

3. Results

The KAP is useful for multi-scale assessment of coastal habitat vulnerabilities that produces detail
information, for example, coastal biomass health to pinpoint tsunami mitigation measures. The results
present here for two coastal shrub vegetation and a mangrove vegetation in Hambantota showing the
results of vegetation classification, sea level rise model and NDVI for assessing of vegetation biosheild
health.

Figure 3: Vegetation bioshield at Hambantota coastal area (6.132588 N; 81.130718E). The overstory
vegetation dominant by Prosopis juliflora and understory vegetation dominant by Opuntia dillenii (A).
The KAP images of coastal vegetation at 15 m altitude: (i) RGB color (B) and (ii) NIR color (C).

Vegetation bioshield at Hambantota coastal area is studied using high-resolution kite aerial
photographs. A coastal shrub vegetation of Hambantota beach was mainly dominant by Prosopis juliflora
in the overstory and Opuntia dillinii in the understory (Figure 3).

Two classification techniques were used to compare the Prosopis juliflora acreage in the coastal
shrub vegetation. Feature extraction techniques estimated 1.32 ha of P. juliflora, while supervised
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classification estimated 3.11 ha. The accuracy assessment for the two methods revealed that
comparatively high accuracy for feature extraction technique (Figure 4).

KAP images at Kahandamodara beach area were used to classify coastal shrub and herbaceous
vegetation using texture analysis and unsupervised classification. The extent of the area is one ha. The
unsupervised classification identified three classes, such as coastal shrub, coastal herbaceous and open
space (Figure 5). The major vegetation type is coastal shrub dominant by Pandanus odoratissimus,
Scaevola takkada and Calotropis gigantea (Bambaradeniya et al., 2006). The leading herbaceous species
is Ipomoea pes-capre. The total coverage of coastal shrub and coastal herbaceous was 55% and 26%
respectively.

A

Classification Method  Total Area (ha) Classification Accuracy

Feature Extraction 1.3188 62
Supervised 3.1092 51
Prosopis juliflora
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Figure 4: Estimation of Prosopis Juliflora extent in coastal shrub vegetation in Hambantota (6.132548 N;
81.130816 E) using feature extraction (A) and supervised classification (B) techniques. A locator map and
high-resolution kite aerial photograph are shown in Fig 1C.
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Figure 5: Vegetation bioshield at Kahandamodara beach area (6.063593 N; 80.89767 E). A Google Earth
image of Kahandamodara beach area (A), Color image (B) and texture analysis and unsupervised
classified image (C).

The elevation profile from coastline to inland vegetation was created using the Google Earth
imagery and the elevation was ranged from 3 m to 9 m (Figure 6). This elevation range was used to create
sea level rise model at 2 m intervals, i.e. 3m,5m, 7 mand 9 m. The SLR results show that 3 m elevation
inundates coastline, while 9 m elevation floods some coastal vegetation (Figure 7).
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Figure 6: Elevation profile of the study area from the sea level 3m to the upland 9 m.
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Figure 7: Sea level rise model created from DEM at Hambantota coastal shrub vegetation.
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Figure 8: Vegetation bioshield at Rekawa mangrove area (6.056456 N; 80.854696 E). A Google Earth
image of Rekawa mangrove area and its surrounding (A). A NIR image (B) and the NDVI image (C)
mangrove vegetation.

We assessed vegetation health at Rekawa mangrove restoration area in Hambantota using NDVI
that was derived from NIR images (Figure 8). The vegetation cover in the area is 1.15 ha with 4 cm
spatial resolution and the point cloud density is 56 points/m?. Mangrove acreages within the study area
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were estimated using NDVI1 threshold of 0.4 that adopted by Vo et al. (2013) and the NDVI ranged for
this study was 0.4 to 0.95. According to the results, 0.33 ha (28% of total area) was mangroves and 0.46
ha (40%) was grassland and other coastal shrub vegetation.

4. Discussion

In the coming decades, the coastal biomes will be primary indicators of ecological, agricultural
and sociological health as climate change intensifies the natural forces along the world's coastlines in the
coming decades (Liquete et al., 2013). The predicted SLR up to 1.3 m by 2100 will adversely affect for a
small island like Sri Lanka causing flooding, seawater inundation at agricultural lands and coastline
erosion (Grinsted et al., 2010). For example, Madurapperuma et al. (2017a) SLR model at Oluvil beach
showed that the proposed Oluvil harbor will significantly flood at 1.5 m level due to severe coastal
erosion (Ameer, 2015). Coastal GIS and remote sensing models are useful to recognize spatial patterns of
biophysical features of the coast and bioshield mass resilience from SLR and tsunami. Various sensors
and algorithms have been utilized in remote sensing for mapping biomass in coastal habitats. Landsat
images with moderate resolutions of (~30 m) have been used for regional coastal vegetation mapping at
community levels (i.e., Xie, 2008; O’Donnell and Schalles, 2016; Dellysse and Madurapperuma, 2017;
Dellysse et al., 2017). NDVI as a graphical indicator is a widely used algorithm for estimating biomass
with in-situ empirical biomass data that plugs into mathematical equations (O’Donnell and Schalles,
2016). However, the Landsat data is limiting when mapping particular species distribution. KAP was
acquired at three study sites of Bambaradeniya et al. (2006) and therefore one-to-one habitat
characteristics of two sites were compared to evaluate the rehabilitation of coastal vegetation. According
to Bambaradeniya et al. (2006) survey, Hambantota beach site was poorly regenerated with Ipomoea pes-
caprae but in this study showed Prosopis juliflora and Opuntia dillenii were occupied the habitat. As
previous research suggested P. juliflora and O. dillinii established very well in degraded coastal
ecosystems due to high survival rate in the poor saline soil, high regeneration and the nature of invasive
behavior (Dilhan, 2005, Chandrasekara et al., 2001, Seneviratne et al., 2001). Kahandamodara beach
(Bambaradeniya et al. 2006) had high beach replenishment with >60% plant regeneration with Ipomoea
pes-caprae, Calotropis gigantea and Scaevola taccada. The dominant coastal shrub species recorded in
this study area was Pandanus odoratissimus (Figure 5), which has high resistance potential for waves.
The species composition changes after tsunami disaster have to be considered for best coastal
management implications.

The kite flew in the coast at low altitude and obtained KAP at 4 cm spatial resolution, which was
useful to make vegetation classification and sea level rise model using high-resolution DEM. Similarly,
KAP has taken for mapping of intertidal landscapes at sub-centimeter resolution (Bryson et al., 2013),
intertidal vegetation monitoring at 4 cm resolution (Pauly and Clerck, 2011) and ecological surveys of
coral reef at 15 cm resolution (Currier, 2015). KAP has been utilized for several coastal applications to
address the knowledge gaps. For example, this study was able to extract P. juliflora from KAP derived
orthoimagery using feature extraction technique, which is useful to forest managers to apply management
priority for controlling the species based on its invasiveness. Furthermore, the NDVI derived from this
study can adopt to estimate biomass of P. juliflora as procedures described by Gunawardena et al. (2014).
Furthermore, coupling NDVI with texture analysis was able to estimate mangrove extent in Rekawa,
which is useful to monitor deforestation on mangrove vegetation and implementing best coastal
conservation plans to mitigate human-induced pressures on coastal vegetation. Despite KAP advantages
(low-cost, high spatial resolution, limited regulation) there are a few limitations, such as GPS not being
available in low cost, lightweight cameras onboard as in unmanned aerial vehicle that can geotag each
image and therefore many ground control points need geo-referencing KAP. This affected the creation of
a DEM and some software (precision mapper) could not recognize KAP images due to an unbranded
camera. Some mosaic images have holes and blur features cause errors when image analysis was applied.

33



In addition, some human footprints and GCP markers deteriorate the image quality. Although with such
limitations, we depicted multi-scale utility of KAP through our groundbreaking research. Furthermore,
this preliminary study will be utilized to a larger scale study using UAV imageries to pinpoint GIS model
and coastal recommendations to protect the Sri Lanka coastline from SLR and future tsunami damage.

5. Conclusions

Monitoring finer changes of vegetation and capturing micro-topographical features of coastal
habitats are challenging with 30 m resolution Landsat images. However, high-resolution aerial imageries
are the limited resource available freely for public and therefore we utilized KAP for vegetation bioshield
mass assessment using automated image analysis methods. This study estimated P. juliflora extent in
coastal habitat using feature extraction and supervised classification methods, which is useful to forest
managers to find out critical areas for conservation priorities. The mangrove vegetation delineation using
KAP derived NDVI is precise due to high spatial resolution (~4 cm) compared to Landsat images that
have moderate spatial resolution (~30 m). Creating very high-resolution DEM using KAP is essential to
see how coastal habitats are vulnerable to sea level rise. Overall, KAP has a great potential to bridge
science with high spatial/temporal resolution in-situ data for coastal habitat monitoring, where our
researchers can utilize the data within a low-cost budget.
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