Indonesian Journal of Oceanography [February] [2020] Vol 02 No: 01 ISSN:2714-8726

Small Islands Landscape Use Mapping and Its Patches Spatial Structure Analysis at
Parang Islands, Karimunjawa National Park, Indonesia

Muhammad Helmi'*", Nurfatin Adibah’, Rikha Widiaratih', Hariyadi', and Ibnu Pratikto®

'Oceanography Department, Faculty of Fisheries and Marine Science, Universitas Diponegoro, J1. Prof.
Sudharto, SH., Tembalang, Semarang, Central Java (50275) Indonesia
*Center for Coastal Disaster Mitigation and Rehabilitation Study (CoREM), Universitas Diponegoro, Indonesia
Universiti Malaysia Terengganu, 21300, Kuala Terengganu, Terengganu, Malaysia
*Marine Science Department, Faculty of Fisheries and Marine Science, Universitas Diponegoro
E-mail: *muhammadhelmi69@gmail.com

Abstract

The results of small islands landscape ecology analyses within remote sensing science are not widely discovered
on the inferential capabilities of such research. This issue presents a series of papers on the use of landscape
ecology techniques to explore the landscape use and its patches spatial structure patterns. The aim of this research
are to map the landscape use patches based on GeoeEye-1 high resolution satellite image and to assess its patches
spatial structure. This prototype research was conducted at Parang Islands, Karimunjawa National Park that was
inhabitant and used for complex anthropogenic activities long time before the national park status establish.
Significant accuracy for landscape use map has done using overall accuracy, producer and user accuracy, and
Kappa index methods. The analyses focus on the variation and composition of landscape use and the value of its
patch spatial structure to dealing with national park policy and management.
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INTRODUCTION

Parang Islands is part of Karimunjawa Islands National Park that consists of Parang and Kumbang
Island (Prasetya, et. al., 2017, and Helmi et al., 2018b). Both islands are located on one coverage of
coral reef seascape and become one of the famous ecotourism in Indonesia. It has become one of the
priority areas of marine tourism in Indonesia, which supports educational activities, research,
aquaculture, and recreation (Prasetya, et. al., 2017). This national park is a marine protected area that
makes efforts to conserve and protect the natural ecosystem in the form of coral reef, sea grass,
mangrove, beach forest, and low land tropical forest. The abundant biodiversity and natural resources,
beautiful coastal scenery and beautiful shallow waters are a great natural asset in this national park
(Helmi et al., 2018b). The richness of natural resources is the main consideration and underpinning these
small islands is the choice to live and settle its inhabitants (Li, et.al 2004, and Kupfer, 2012).

The residents have lived in this area long before the status of this national park was established
(Helmi et al., 2018a). Population growth in this region is relatively high (Helmi et al., 2018a) with
resource utilization activities in complex landscapes. The utilization of landscape causes a dynamic
change of the types, shapes, and patterns of the distribution of landscapes in the region (Kupfer, 2012).
Patches of the coastal forest become bush due to timber extraction, agricultural land and settlements,
and open land. The degradation of mangrove forests will have an impact on the high sedimentation in
these waters.

Anthropogenic activities can disrupt the structural integrity of landscapes use and change the
shape of environmental factors that can affect the disruption and migration of organisms across the
landscape (Cardille, et. al., 2005, Kupfer, 2011, and Hidayati, et. al., 2018). The natural ecosystem
damage has occurred in the region, such as damage to coral reef, sea grass beds, mangroves, beach
forests, and lowland tropical forests (Prasetya, et. al., 2017, Suripin, et. al, 2017, Helmi et.al, 2018a and
Helmi et.al., 2018a). The landscape is composed of mosaic patches and each of these patches has certain
unique patterns (Langford, et. al., 2006). Landscape ecology is an approach that states landscape patterns
that strongly influence ecological processes (Hergis, et.al., 1999 and Kupfer, 2011). Landscape
ecologists have used a variety of terms to refer to the basic elements of a landscape, including ecotope,
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biotope, landscape component, landscape element, landscape unit, landscape cell, geotope, facies,
habitat, and site (Hergis, et.al., 1999 and Kupfer, 2011). A disruption in landscape patterns can interfere
with its functional integrity, interfering with the critical ecological processes for population persistence,
and the maintenance of biodiversity and ecosystem health (Jacob, 1960 and Kupfer, 2011).

The purpose of this research is 1) to map the landscape use patches based on GeoeEye-1 high-
resolution satellite image, and 2) to assess the patch's spatial structure of landscape use at the study area.
This method was applied in Parang Islets, Karimunjawa Marine National Park, Central Java. Parang
Islets consists of Parang and Kumbang Island which are united by mangrove ecosystems. These
populated islands are the western part of Karimunjawa Marine National Park. The anthropogenic
activities in those few places were very complex and have impacted the mangrove ecosystem and coral
reef ecosystem damage, such as fishing, ecotourism, harbor, and sea lanes, aquaculture, services, etc
(Helmi, et al. 2018a and Helmi et al., 2018b). In this conservation area, there is a common utilization
zone and a preservation zone.

In some locations found eroded sandy beaches and coral damage due to waves that need to be
handled immediately. Scientific data and publications of land use conditions on these islands are rarely
found. Parang Islets can be an ideal site as a study area, prototypes for the implementation of this
landscape structure method. Mapping the landscape use patch needs to be done to be a baseline of
landscape structure characteristics. Early mapping is a complement to the archipelago land resource
inventory for future monitoring.

METHODOLOGY
2.1 Study area

Research area was located at the Parang Islands that consist of Parang and Kumbang Islands. Both
islets are located in the western part of Karimunjawa National Park, Jepara Regency, Central Java,
Indonesia as shows in Figure 1.
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Figure 1. The research area
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2.2 Satellite Image Processing
a. GeoEye-1 Satellite Image

This research using GeoEye-1 satellite image that record on July 16" 2011. The GeoEye-1
satellite data is under the courtesy of GeoEye Inc. USA. It was used has 4 multispectral bands, spatial
resolution 1.84 x 1.84 mz, 11 bits, 4500 columns and 6394 rows of pixels on the Geotiff format. The
pre-processing on this satellite image conduct radiometric and geometric correction.
b. Radiometric Correction

Radiometric correction is need to reduce atmospheric scattering, absorption and to minimize the
light attenuation interference by the atmospheric constituents (Lillesand, and Kiefer, 2008, Danoedoro,
2012, and Kabiri, et. al., 2013). It correction was done using DOS (Dark Object Subtraction) method to
remove the additive haze component or path radian on each single band on the image (Wicaksono, and
Hafiz, 2013).
c. Geometric Correction

Geometric correction conduct using ortho-rectification method based using GeoEye-1 sensor
model named RPC (Rational Polynomial Coefficient). Two other data has been used to conduct this
process, such as 10 x 10 m’ spatial resolution of DEM (Digital Elevation Model), and eight GCPs
(Ground Control Points). The DEM data was developed from the gridding process of both spot height
and contour line of topographic map (Hartoko, et. al. 2016, and Satriadi, et. al. 2018), scale 1:25000 that
published on 2012 (map source: Indonesia Geospatial Information Agency). The geometry reference
was developed on datum WGS84, and projection UTM (Universal Transverse Mercator) South-49. The
GCPs was perform in the field using GPS Map76 as show in Figure 1. The location of the GCPs has
been determined based on the GeoEye-1 satellite image. Eight points of GCPs were chosen that could
be identified in the image and in the field, easily accessible to the location, and the location was spread
evenly on the island.
d. Patches Type Mapping

Parang Islands is perform by natural and human patches mosaic. The patches was mapped using
GeoEye-1 image and field observation. Each patches was mapped base on it visual characteristic on the
computer screen of GeoEye-1 image display (Setyawidati, et. al., 2017). To have a good image display
on this research using true color composite image combination, linier starching and image enhancement.
Nine interpretation keys i.e. tone, color, shape, pattern, structure, texture, site, and its association was
used to identify the boundary of each patch types on the image. The patches was delineated and mapped
using on-screen digitizing method and provide it patch name on the GIS database. On this process order
several object have also mapped such as coastline, coral reef ecosystem, settlement and road network.

2.3 Field Survey

Field surveys were conducted to determine the type of patches that were not recognized in satellite
image images, and to do patches type data collection to test the accuracy of patch map. The type of patch
identification for the accuracy test is carried out in 60 locations as in Figure 1.

2.4 Acurracy Asessment
The map of patches type in this study are tested for accuracy to determine the suitability between
the maps with what is in the field. The method of accuracy test used is as follows.

a. Overall Accuracy

According to Sutanto (2013), accuracy for all categories obtained by summing correctly
interpreted pixels (along the diagonal of the Configuration Matrix) divided by the total number of
interpreted pixels. The accuracy of all classes (categories) in percent (%) can be calculated by summing
correctly interpreted pixels (on diagonal) divided by the total number of pixels tested. According to
Sutanto (2013) the correctness accuracy is equal to or greater than 80%.

b. Accuracy of each class (category);
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Insurance of each class (category), consisting of user accuracy and producer accuracy. User
accuracy, i.e. the correct number of pixels in a class (category) divided by the total pixels tested by line
(omission error). Producer accuracy, the correct number of pixels in a class (category) divided by total
pixels tested by column (commission error).

c. Kappa Index

The Kappa Index to determine the resulting test score does not occur by chance. This Kappa Index
is one of the multivariate discrete techniques to assess accuracy using the Chart statistical analysis
(Sutanto, 2013) like the algorithm below.

_ N Yi-1x;; — N X (Xiy. X4y)
N? — X (g X4y)

K equation represents that r: number of rows in the confusion matrix, x;;: number of observations on
the first line and on the main diagonal, x;,: number of observations on the first line, x; :
number of observations in the first row, and N: total number of observations (pixels) of the
matrix.

K

2.5 Patches Spatial-Structure Analysis

The spatial structure studied was patches type using the approach developed by McGarigal et. al.
(2002) consist of patches characteristic and diversity index. Patches characteristic including class area,
number of patch, patch density, largest patch index, and shape index. Diversity index including total
area of landscape, patch richness, shannon's diversity index, simpson's diversity index, shannon's
evenness index, and simpson's evenness index. Patches characteristic and diversity index quantify based
on patches spatial structure using Fragstats software. Fragstats was developed to compute a wide variety
of patches in the landscape metrics for categorial map patterns that has successfully applied for
landscape ecology. Main contain of the landscape ecological theory is that the spatial pattern of
organisms, populations, and ecosystems across a landscape reflects the influence of underlying
gradients and processes but responds to shape ecological processes such as dispersal, competition,
disturbance, and fluxes of energy and matter across space (McGarigal et. al., 2002, and (Kupfer, 2011).
Correlation analysis involving landscape metrics is produced by the difficulty of replicating large-scale
experiments and the complicated responses of metrics to changes in scale and spatial pattern (Kupfer,
2011). Relationships between some metrics and ecological patterns or processes can be founded by
interactions with other relation of the landscape (McGarigal et. al., 2002). Landscape metrics are
quantitative indices that describe compositional and spatial aspects of landscapes based on data from
maps, remotely sensed images and GIS coverage (Li and,Wu, 2004).

While landscape metrics have been developed to describe aspects of patch edge, shape, diversity
and evenness, contagion and interspersion, and contrast (Shao and, Wu, 2008). While ‘Fragstats style’
metrics continue to be widely used, they have well-documented limitations that have led some to question
whether many can be related to real-world ecological processes in a predictable manner. Metric values are
sensitive to data resolution, study area extent, and thematic resolution of the input data (McGarigal et. al.,
2002), and even what are regarded as acceptably low misclassification rates in the source data can be
magnified into substantial errors in metric values (McGarigal et. al., 2002). The equation of each spatial
structure of patches on this study are show on Table 1.

Table 1. Landscape Characteristic and Diversity Metric Index (McGarigal et. al., 2002).

Index Equation Description
Total Area TA=A ( 1 ) A = total landscape area (m2).
~ 7\10.000 Units: Hectares
Total area (TA) often does not have a great deal of interpretive
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value about evaluating landscape pattern, but it is used in the
computations for many of the class and landscape metrics.

Class Area
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aij = area (m2) of patch ij.

Units: Hectares

Class Area is a measure of landscape composition; specifically,
how much of the landscape is comprised of a particular patch
type. Class Area is used in the computations for many of the
class and landscape metrics.

Number of
Patches

NP=ni

ni = number of patches in the landscape of patch type (class) i.
NP equals the number of patches of the corresponding patch
type (class).

Number of patches of a particular patch type is a simple measure
of the extent of subdivision or fragmentation of the patch type.

Patch
Density

n.
PD = Z‘(10,000) (100)

ni = number of patches in the landscape of patch type (class) i.
A = total landscape area (m2).

Patch density is a limited, but fundamental, aspect of landscape
pattern. Patch density has the same basic utility as number of
patches as an index, except that it expresses number of patches
on a per unit area basis that facilitates comparisons among
landscapes of varying size.

Shape Index

pij = perimeter (m) of patch ij.

aij = area (m2) of patch ij.

Shape index corrects for the size problem of the perimeter-area
ratio index (see previous description) by adjusting for a square
standard and, as a result, is the simplest and perhaps most
straightforward measure of shape complexity.

Patch
Richness
(PR)

m = number of patch types (classes) present in the landscape,
excluding the landscape border if present.

PR equals the number of different patch types present within the
landscape boundary.

Patch richness is perhaps the simplest measure of landscape
composition, but note that it does not reflect the relative
abundances of patch types.

Shannon's
Diversity
Index
(SHDI)

m
SHDI = — Z(Pix LnP;)

i=1

Pi =proportion of the landscape occupied by patch type (class)
i

Shannon's diversity index is a popular measure of diversity in
community ecology, applied here to landscapes. Shannon's
index is somewhat more sensitive to rare patch types than
Simpson's diversity index.

Simpson's
Diversity
Index (SIDI)

m

SIDI =1— z p?
i=1

Pi = proportion of the landscape occupied by patch type (class)
i

Simpson's diversity index is another popular diversity measure
borrowed from community ecology. Simpson's index is less
sensitive to the presence of rare types and has an interpretation
that is much more intuitive than Shannon's index. Specifically,
the value of Simpson's index represents the probability that any
two pixels selected at random would be different patch types.
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Shannon's SHE] — — Yt (P, InP;) | Pi=proportion of the landscape occupied by patch type (class)
Evenness Inm i
Index (SHEI) m = number of patch types (classes) present in the landscape,
excluding the landscape border if present.
Shannon's evenness index is expressed such that an even
distribution of area among patch types results in maximum
evenness. As such, evenness is the complement of dominance.
Simpson's 1— Ym, P? Pi = proportion of the landscape occupied by patch type (class)
Evenness SIEL = 1_—(l) i.
Index (SIEI) m m = number of patch types (classes) present in the landscape,

excluding the landscape border if present.

Simpson's evenness index is expressed such that an even
distribution of area among patch types results in maximum
evenness. As such, evenness is the complement of dominance.

Each patch is quantified using above algorithm and shows on the two differences table and analysis its

patches characteristic and diversity index.

RESULT AND DISCUSSION

The results of the ortho-rectification process of GeoEye-1 images are shown in Figure 1 with
RMSE = 0.87. For the satellite images with spatial resolution = 1.84m (GeoEye-1), its RMSE indicates
that the field geometry error of the image is 1.6 m (lower than image spatial resolution). RMSE shows
this study produce a good geometry, and can be used to the various mapping purposes.

The quality of the patches map can be seen from the pattern, and the detail delineation of the types
of patches performed. The delineation and mapping of patch types in this study perform on 1:5000 scale
of map display to have a detail and accurate delineation of each patch on the image. The details of
delineation and mapping of patches are shown in Figure 2.
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Figure 2. Patch delineation and mapping on the GeoEye-1 image.
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This study shows that landscape patches types in Parang Islands based on GeoEye-1 image consist
of six patches, i.e. beach forest, shrubs, mixed garden, barren land mangrove, and settlement. The spatial
pattern and distribution of each type of patches is shown in the Figure 3.
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Figure 3. Patch types of small island map at Parang Islands landscape.

The following describes the analysis of the patches of landscape use accuracy in the study area.
This accuracy is calculated according to the number of survey locations planned to determine the level
of accuracy between patches on the map and existing conditions in the field. Table 2 shows the number
of true and false patches on the map based on the survey results in the form of a confusion matrix.

Table 2. Comparison between the use of landscape patches from satellite mapping results in the field
in the form of Confusion Matrix

Object Patch map Patch Map Accuracy
Bf1 Si Mgl Bll Mi Sti Total Pa (%) Ua (%) Oa (%) Ki

. Bf 9 |1 1 11 90.0 81,8
g S 1 [12] 1 14 80.0 85,7
5 | Mg 1 13 1 15 81,3 86,7
Z [ B 1|8 9 | 889 | 889 | °07 |083
~E M 1 5 6 100,0 | 83,3

St 5 5 100,0 | 100,0

Total | 10 |15 16 | 9 | 5 | § 60

Note on field survey Bf = beach forest, S = shrubs, Mg = mixed garden, B/ = barren land, M =
mangrove, and St = settlement. Note on patch map Bf; = beach forest, S; = shrubs, Mg; = mixed garden,
Bl;=barren land, M;= mangrove, and St;= settlement. Note on patch map accuracy P,= producer
accuracy, U,= user accuracy, O, = Overall accuracy, and Ki = kappa index.
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This study uses 60 sites survey at Parang and Kumbang Island. The number on the diagonal
indicates the number of stations that are correct or appropriate between the mapping results and the
existing conditions in the field at the time of survey. The number outside the diagonal shows the number
of patches that do not match between what is on the map and what is found in the field. The matrix
confusion table is the basis for calculating the accuracy shown in Table 2. Table 2 shows the overall
accuracy of patch maps in the study area is 86.7%.

This accuracy indicates that the map is accurate and acceptable for various landscape assessments
(tolerable accuracy > 80%). This study not only assesses overall patches accuracy, but also user accuracy
and producer accuracy that represent accuracy of each patch category on the landscape area. Producer
Accuracy in each patch category mapped also has a high accuracy (above tolerable accuracy value =
88.9%). The results of this statistical analysis show that the patch map produced in the Parang Islands
area is accurate and can be used for various studies that require high accuracy of mapping results. A
deeper analysis of the matrix of contents (confusion matrix) produce a kappa index value of 0.83. This
value indicates a positive value as an indicator that the mapping results are good and acceptable with
values close to 1.0 (very accurate).

Table 3. Patches Characteristic of Parang Islands Landscape
No. Patches CA(ha) CA(%) NP PD LPI(ha) SI

1 Mangrove 46.75 10.11 11  2.38 4.61 545
2 Beach forest 186.11 40.23 4 086 37.65 8.21
3 Shrubs 39.11 845 11 238 6.27 490
4  Mixed garden  141.89 30.67 24 5.19 811 9.49
5  Barren land 21.34 461 61 13.19 0.69 12.07
6 Settlement 27.37 5.92 9 195 534  6.01

Note: CA = Class Area, NP = Numb. of Patch, PD = Patch Density, LPI = Largest Patch Index, and SI
= Shape Index.

Table 3 shows patches that dominate in the study area are beach forest (40.2%), mixed garden
(30.7%), mangrove (10.1%) and shrubs (8.5%). There are no anthropogenic disturbances in the natural
patches of mangroves and beach forests, seen from the small number of patches (mangrove NP =11 and
beach forest = 4), and very small patch density (PD mangrove = 2.38 and beach forest = 0.87). The
widest area of mangrove patch (LPI) is 4.61 ha and beach forest 37.64 ha. Based on the spatial structure
possessed, the beach forest patch (SI = 8.21) has a high level of resistance as seen from its value which
is close to 1.0, while mangrove resistance (SI = 5.45) is in the medium category.

Table 4. Diversity Index of Parang Islands Landscape
TA (ha) PR SHDI SIDI SHEI SIEL
462.56 6 1.52 0.73 0.85 0.88

Note: TA= Total Area, PR = Patch Richness, SHDI = Shannon's Diversity Index, SIDI = Simpson's
Diversity Index, SHEI = Shannon's Evenness Index, and SIEI = Simpson's Evenness Index.

Table 4 shows that the Total Area of the patches in the landscape use reaches 462.56 ha. Parang
Island is known to have an area of 453.3 ha and Kumbang 9.4 ha. Parang Islands have diversity index
consisting of Patch Richness = 6, Shannon's Diversity Index = 1.52, Simpson's Diversity Index = 0.73,
Shannon's Evenness Index = 0.85, and Simpson's Evenness Index = 0.88. This condition can be
categorized as being in good condition. The characteristics of this landscape are dynamic according to
anthropogenic interventions in this region. The characteristics of patches and diversity index of
landscapes are baselines to assess the level of conservation or the extent of damage in the future.
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CONCLUSION

Patches Mapping on the Parang islands landscape can be done using GeoEye-1 satellite imagery
with high accuracy (overall accuracy = 86.7%, producer and user accuracy> 81%, and kappa index:
0.83). Parang islands landscape is dominated by the area of beach forest patch (40.2%), mixed garden
(30.7%), mangrove (10.1%) and Shrubs (8.5%). Natural patches of mangroves and beach forests have
not been affected by anthropogenic disturbances, as seen from the relatively small number of patches
(mangrove NP = 11 and beach forest = 4) and very small patch density (PD mangrove = 2.38, and beach
forest = 0.87). The largest patch (LPI) of mangroves in the study area is 4.61 ha, and beach forest is
37.64 ha. Based on the spatial structure, the beach forest patch type (SI = 8.21) has a higher resistance
level than the mangrove (SI = 5.45). Parang Islands have diversity index i.e. Patch Richness = 6,
Shannon's Diversity Index = 1.52, Simpson's Diversity Index = 0.73, Shannon's Evenness Index = 0.85,
and Simpson's Evenness Index = 0.88. Patches characteristic and diversity index landscape produced
from this study is a baseline or basis for assessing the success level of conservation or the level of
damage in the future.
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