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Glossary

Maximum likelihood This refers to alecision rulethat is based on the probabilit
that a pixelin an imagebelongs to a particular classificatio
The basic equation assumes that these probabilities are e
for all classifications, and that the input bands have nori
distributions.

Contingency matrix Evaluate signatures that have been created from areés
interest (AQIs) in the image.

Kappa value or coefficient A number that expresses the proportionate reduction in er
generated by a classification process compared with the e
of a completely random classification
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ExecutiveSummary

Land use/land cover is regarded as an important link to better understanding the interactions of
human activities with the environment. In order to gain a full picture of these interactions it is
necessary to monitor and detect land use/land cover chamyes time. Remote sensing techniques
are used to monitor land use changes such as urban and rural development andetbé natural
resources.

The Bonriki Inundation Vulnerability Assessment (BIVA) project aims to assess the probability of salt
water intrusion into the freshwater lens. The quality of the freshwater lens is highly correlated with
the activities occurring on the land above it. In order to better understand the stress put upon the
water reserve in the subject area over time, historical agri@tographs and high resolution satellite
images were used to derive land use/land cover (LULC) for Bonriki. In this study, the following
historical visual data were used:

1 Aerial photographs from 1943, 1968, 1984 and 1998.
1 Satellite images from 2003, 20@rd 2012.
T A 2014 Gthophoto derived from a Trimblanmanned aircraft system (UAS) survey.

The LULC baseline was computed using a supervised classification.

Theland use in the subject area was described with the following classifications: baretgetation,
grassland and saltwater marsh. The assessment revealed a significant change in the land use
categories in the subject area during the period 1943 to 1968. In 1943, 48.29% of the area was
bareland, which had decreased to 17.78% by 1968. Thdysshowed a significant change in
vegetation and grassland (combined), from 46.81% in 1943, to 77.45% inBPa®84 the area of

land that wasvegetation andgrassland had decreased by 10.74%656070% of land aredrom 1998

to 2014 there were no sigficant changes in bareland or vegetation/grassland (changes ranged
between 1% and 5% over that period). The study revealed no significant change in the percentage of
saltwater marsltlassificatiorbetween 1943 and 2014.
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1. Introduction

1.1.Background

The Boniki Inundation Vulnerability Assessment (BIVA) project is part of the Austg@i@#S N Y Sy (i Qa
PacificAustralia Climate Change Science and Adaptation Planning Program (PACCSAP), within the
International Climate Change Adaptation Initiative. The objectiv€sA@CSAP are to:

1 improve scientific understanding of climate change in the Pacific;
9 increase awareness of climate science, impacts and adaptation options; and
9 improve adaptation planning to build resilience to climate change impacts.

The BIVA project wasedeloped by the Geoscience Division (GSD) of the Secretariat of the Pacific
Community (SPC) in partnership with the Australgawernment and the Government of Kiribati
(GoK).

1.1.1. Project objective and outcomes

The BIVA project aims to improve our understangddf the vulnerability of the Bonriki freshwater
reserve to coastal hazards and climate variability and change. Improving our knowledge of risks to this
freshwater resource will enable better adaptation planning by the GoK.

More specifically, the projéchas sought to use this knowledge to support adaptation planning
through the following outcomes:

1 Improved understanding and ability to model the role of reef systems in the dissipation of
ocean surface waves and the generation of loagerod motions tha contribute to coastal
hazards.

1 Improved understanding of freshwater lens systems in atoll environments with respect to
seawater overtopping and infiltration, as well as current and future abstraction demands,
recharge scenarios and lange activities.

1 Enhanced data to inform a ridkased approach in the design, construction and protection of
the Bonriki water reserve.

1 Increased knowledge provided to the GoK and the community of the risks associated with the
impact of coastal hazards on freshwater resms in response to climate change, variability
and sedevel rise.

1.1.2. Context

The Republic of Kiribati is located in the Central Pacific and comprises 33 atolls in three principal
island groups. The islands are scattered within an area of about 5 millioneskjlametres.The BIVA
project focuses on the Kiribati National Water Reserve of Bonriki. Bonriki is located on Tarawa atoll
within the Gilbert group of islands in Western Kirib@rror! Reference source not found.South
Tarawa is the main urban area in Kiribati, with the 2010 census recording 50,182 people of the more
than 103,058 teal population (KNSO and SPC 201R2)pacts to the Bonriki water resource from
climate change, inundation, abstraction and other anthropogenic influences have potential for severe
impacts onLJS 2 L#veShacd of South Tarawa. The Bonriki water reservuesel as the primary raw
water supply for the Public Utilities Board (PUB) reticulated water system. PUB water is the source of
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potable water use by at least 67% of the more than 50,182 people of South TEN&D and SPC
2012) Key infrastructure includg the PUB Water Treatment Plant and Bonriki International Airport
and residential houses are also located on Bonriki, above the freshwater lens, making it an important
economic, social and cultural area for the Republic of Kiribati.

Tarawa Atoll

Google earth

PS Quick Bird Acquisition Date 31 March

Figurel. Bonriki Water Reserve Location
1.2. Purpose of thigeport

The purpose of this report is to provide a summary of ldned use mapping activityndertaken as

part of the BIVA projectand documentoutputs from thisactivity. As illustated in Figure2, the
project consisted of three interlinked componentstakeholder engagement, groundwater
investigations and analysiand coastal investigations and analy&sidence of changes in landey
coastline and infrastructure were extracted through remote sensing techniques based on available
high resolution satellite and aerial imageBhe land use mapping activity is part of the coastal
componentof the projectand has primarily provided bags¢ data as input into the inundation model

that was developed for the Bonriki area.
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—i Borehole salinity ’ | Land-use and
shoreline mapping
Bonriki L J
—| community Water levels ’
updates
s —{ Topographic survey
4 ) .
School water Geophysics -
science & EM34 & resistivity
participatory - — Bathymetric survey
mapping
('O . ™\
— Documenta ceanic processes
i (waves, tides,
salinity,
|| Kiribati National temperature)
Expert Group 1
roundwater
— modellin .
worksho gs Climate change
— scenarios
Groundwater _ Inundation
Cost-Benefit
analysis
N

Improved Water Resource Management

Figure2. Bonriki Inundation Vulnerability Assessment project components
1.3. Scopeof this report

This report describes changes in land useallaover over a period of 71 years, using aerial and
satellite imagery. The satellite images were processed using supervised classification techniques to
produce land use maps, while infrastructure use was manually digitised. The land use map was used
as abaseline to calculate changes over time.

2. Methodology

2.1.Imageprocessing

Page |4 Bonriki Inundtion Vulnerability Assessment
Bonriki, Tarawa, Kiribati



The first step in the analysis was compik available historical aerial phogoaprs and satellite
imagesof Bonriki, KiribatiHistorical aerial photgrapls were sourcedor the years 1943, 1968, 1984
and 1998 and satellite image were obtained from the following satellitelONO$2003), Quick Bird

PS (2007and GecEye (2012)In August 2014,he team conducted a UAS survey (Topography Survey
Report,SPC00003ver the site to expad the database with the latest possible imagery.

All aerial photgrapts were geerectified, whichis the process of geweferencingan image to a
particular coordinate systefrand then electronically manipulating these historical photographs so
that they can be compared to current gaeferenced satellite images. The common projection used
for the entire dataset is Universal Transverse Mercator Zone 59 North. The image manipulation and
land use process was undertaken using ERDAS Imagine and GIS sofRvae B&p 10.

Tablel: Imagery used for land use classification

Aerial photo 1943 1.0

Aerial photo 1968 0.30
Aerial photo 1984 0.60
Aerial photo August 1998 0.25
IKONOS December 2003 4.0

Quick Bird PS March 2007 0.60
GeoEye April 2012 0.50
UAV Orthoephoto August 2014 0.10

Wherever visible, building footprints and roads were dégidi. Low confidence is attributedo data
extracted from the digiting of old black and white aerial phogwaphs, as infrastructure, such as
buildings and roadsis difficult to reliablydetecton such images
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2.2. Superviseddassification

Supervised classification is the process of using training samptes is,samples oknown identityq

to classify pixels of unknown identity. Training samplesused to guide the classification algorithm
in assigiing specific spectral values tan appropriate information class. €htraining samplewas
selected by orscreen digiting.

The algorithm used for this classificatisras maximum likelihood It is based ora statistical decision
criterion to assist in the classification of overlapping signatuvesere pixels are assigned to the class
of highest probabilityThe nmaximumlikelihood (ML)dassificationalgorithm isthe most common and
appropriateclassificatiormethod (Jonathan et al2007).

Supervised classification is applied by manually attributing several training satope identified
information class. The number ofassifications useger image depends on the humber gpectral
bandsin the imageThenumber ofclassifications used in this studgnged from two, for black and
white aerial imageryto six for multispectral four-band) satellite imagery. Wherever pdsg, the
image was clustered into the following six classificatios@twater marsh, vegetation, grassland,
buildings, bareland and runway-or the 2003 and 2012 images, cloud coverage obscures ground
detail, so for these images cloud cover was added asparate class-or the purposes of analysis,
runway was combined with barelan@nly three classifications could be extracted from black and
white imageryvegetation, bareland and saltwater marsh.

2.3. Postclassificationre-coding

Pixetbased supervisednd unsupervised classification himitations. For examplgin false colour
composite the reflectance calculated in shadow areas and water appears black. To overcome this
problem the classified image need to beaeded. Recoding of misclassifiedategries was carried

out usingERDAS Imagine software.

2.4. Accuracyassessment

After the re-coding of misclassifiegixels,the accuracy assessment is carried otthisis a crucial step

in assesmg the reliability of the classified map. Without a proper acayrassessment the image
classification iconsideredincomplete.In order to determine the accuracy of the classification, a
sample of pixels is selected on the classified image. Thefidaken attributed to each pixel within

the selected sample is cqrared with the ground reference data. In this case, a sample of 100 points
homogeneouslydistributed across the study arehas beenselected,as shown in Figure. A
classification error matrifmeasured in pixelss producedfrom this processto quantify the quality

of the classification.
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Figure3: Userdefined points used for accuracy assessment

The useR and producef dccuracy are widely used measmrents forOf & | OOdzNI O @ ¢ KS
accuracy refers to the pratbility that a certain landcover of an areaclassified correctly. KIS dza S N &
accuracy refers to th@robability that a pixel classifieds a certain landcover class in the majnis

factthatOf  aa ® ¢ KS dzR%ddiary for ghig givieiNcRR aigiSfiéidrom one another

t N2 RdzOSNR& | OOdzNI} O& Aa Ol f Odsfclassife®pixel®in dadh@asRbyy 3 {0 K
GKS ydzYoSNJ 2F GNFXAyAy3I &aSi LAESt & dzaSR F2NJ (KI
number of corretly classified pixels in each class by the total number of pixels that were classified in

that class.

The outcome of the accuracy test is represented for each clasisebkappa coefficient value (or-K
value). Kappa analysis is a discrete multivariate riggke, which calculates the overall accuracy for
producers and users. A-walue of >0.8 represents a strong agreement, and therefore a good
classification.

The last step in the classification process is to quantify -tee changes for each class, by
undertaking area analysis, which calculates the percentage change in land use in a defined area. The
WwOo2dzy il Q FASERYIT 4KAOK NBLINBaASyda (GKS ydzyoSNI 2F OS
the area in square metres (sq.m).
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3. Results

Figure4: Geareferenced aerial image, 1943used for land use classification

Three training samples were assignied the 1943 aerial photgraph: vegetation, saltwater marsh
and barelandThe image in Figure 4 indicates thiganriki wasusedfor multiple runways duringhe
SecondNorld War.

The image has only one banahich is not sufficient to differentiate between vegetation and
grasslandso these were combinedRecoding wascarriedout for saltwater narsh.

Table2: Contingency error matrix for the aerial image, 1943

Reference data (in pixels)

Classified data Bareland  Saltwater  Vegetation  Row total
Bareland 192227 0 0 192227
Saltwater 0 747 2188 2935
Vegetation 22 83 3725 3830
Column total 192249 830 5913 198992
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Table3: Results of the accuracy assessment for the supervised classification: 1943 aerial image

Classification Reference Classified Number t NB Rdz( ! & S NJ

total total correct accuracy accuracy
Background 2 2 A
Saltwater 7 7 7 100.00% 100.00%
marsh
Bareland 43 40 40 93.02% 100.00%
Vegetation 48 51 48 100.00% 94.12%
Total 100 100 97
Overall classification accuracy = 96.00%

Table4: Error matrix (in pixels) of theccuracy assessment for the supervised classification: 1943 aerial image

Classification  Background Saltwater Bareland Vegetation
ES!
Background 2 0 0 0 2
Saltwater marsh 0 7 0 0 7
Bareland 0 0 40 0 40
Vegetation 0 0 3 48 51
Total 2 7 43 48 100

Table5: Kappa statistics of the accuracy assessment for the supervised classification: 1943 aerial image

Classification Kappa |

Background 1.0000
Saltwater marsh 1.0000
Bareland 1.0000
Vegetation 0.8869
Overall kappa value 6.9309
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Figure5: Land use classification for aerial image, 1943
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Figure6: Geareferenced aerial image, 19€8used for land use classification

Four training samples were assigrfed the 1968 aerial photgraph:vegetation, grasslandaltwater
marsh and bareland.

Theimage has only one banavhich limits the number of classificatiarRecoding wascarried out
for saltwater marsh.

Table6: Contingency error matrix for the aerial image, 1968

Reference datdin pixels)

Classifieddata Sdtwater marsh ~ Vegetation Bareland Row total
Saltwatermarsh 806030 38562 15939 860531
Vegetation 71820 162583 0 234403
Bareland 2551 0 1393180 1395731
Columntotal 880401 201145 1409119 2490665
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Table7: Results othe accuracy assessment for the supervised classification: 1968 aerial image

Background 10 10 e e
Grassland 8 7 87.50% 29.17%
Bareland 21 21 100.00%  100.00%
Vegetation 61 44 72.13% 97.78%
Total 100 100 82
Overallclassificationaccuracy = 82.00%

Table8: Error matrix (in pixels) of the accuracy assessment for the supervised classification: 196@ageial

Classfication  Background Grassland Bareland Vegetation Total
Background 10 0 0 0 10
Grassland 0 7 0 17 24
Bareland 0 0 21 0 21
Vegetation 0 1 0 44 45
Total 10 8 21 61 100

Table9: Kappa statistics of the accuraagsessment for the supervised classification: 1968 aerial image

Classification Kappa

Unclassified 1.0000
Grassland 0.2301
Bareland 1.0000
Vegetation 0.9430
Overall kappa value = 0.7240
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Figure7: Landuse classification for aerial image, 1968
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