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BACKGROUND AND OBIJECTIVES

1.1 In November 2013, a group of experts from Asian countries and Western communities had a

meaningful meeting on ecosystem service valuation and its application to marine spatial
planning and management. Organized by the Korea Maritime Institute (KMI) and
Partnerships in Environmental Management for Seas of East Asia (PEMSEA), the experts
shared experiences on ecosystem service valuation and development of spatial
management tools, and discussed how to incorporate the valuation process into spatial
planning and management mechanism. It was, in the Asian region, the first meeting on
ecosystem service valuation and its application to spatial management. Participants
recognized the importance of developing management tools, as well as capacity building on
the use of these tools.

In line with efforts on capacity building, the 1st training program was organized in 2014 by
the Korea Maritime Institute (KMI) in cooperation with PEMSEA, Marine InVEST and
PacMARA. Twenty trainees from China, Cambodia, Indonesia Philippines, and RO Korea
participated in the said training. Following the training, the 2nd International Workshop on
Marine Ecosystem Valuation Spatial Management Tools was also organized. Issues were



identified in developing the management tools and institutionalizing them as part of the
national policy regime.

At the workshop, enhancement of international networking and cooperation was firmly
acknowledged as a common base that would contribute to tackling the issues.

Following the first training, the 2nd training program which was held as one of the pre-EAS
Congress events on November 16, 2015 aimed to introduce participants on some of the
valuation and spatial management tools applied in Korea and encourage more experts and
practitioners to develop, adopt and apply these tools in their respective sites. It was
emphasized that a more thorough training will be conducted in 2016 to discuss, in detail,
the tools and methodologies.

The Training Program on Marine Ecosystem Valuation and Spatial Management Tools was
attended by over 40 participants from various countries including Cambodia, China, DPR
Korea, Lao PDR, Malaysia, RO Korea, Thailand, Timor-Leste, United Kingdom, Vietnam,
Indonesia and. The special pre-congress event brought together academia, government and
practitioners to encourage the wider application of tools and methodologies in other sites
and countries in the East Asian region and globally.

1.2 Dr. Jungho Nam of the Korea Maritime Institute (KMI) opened the training by highlighting
the importance of the tools, their utilization at a local level, and the significance of this
particular pre-congress event.

1.3 Mr. Stephen Adrian Ross, Executive Director of PEMSEA, reiterated Dr. Nam’s remarks,
encouraging the participants to go beyond the training and facilitate the application of the
tools on the ground. He encouraged KMI to develop the training into an annual event to
strengthen knowledge and skills among the members of the PEMSEA Network of Learning
Centers and other partners for application in new ICM sites.

1.4 A training kit was prepared by the KMI (Annex 1) which contains the updated program, MS
PowerPoint presentations made during the training as well as the list of participants.

COURSE 1: MARINE ASSESSMENT AND PLANNING SUPPORT SYSTEM-MARINE SUITABILITY
ASSESSMENT (MAPS-MSA)

2.1 Dr. Nam (KMI) presented an overview of the purpose of Marine Suitability Assessment and
how it can be utilized to support decisionmaking on coastal and marine spatial planning and
management. He highlighted how it can be applied to ICM local plans and then provided an
overview of the major steps which include the preparation, planning area delineation & grid
setting, data collection and pre-processing, score calculation & integration, standardization
of scores, and spatial classification. Dr. Nam took the participants through a case study of



Gamak-bay, RO Korea, indicating how each of the major steps were applied to a real-world
situation. He concluded the course by discussing the potential applications of MAPS-MSA
which included zoning, Environmental Impact Assessments, and designation of Marine Uses.

3. COURSE 2: MARINE ASSESSMENT AND PLANNING SUPPORT SYSTEM-SPATIAL ECOSYSTEM
VALUATION (MAPS-SEV)

3.1 Professor. Daesok Kang of Pukyong National University, focused on Ecosystem Service
Valuation and how the concept of Emergy can be utilized as a biophysical approach to The
Economics of Ecosystems and Biodiversity (TEEB) — a global initiative focused on “making
nature's values visible”. Prof. Kang explained how energy could be used as a common
currency to compare different resources.

In using a biophysical approach to value the contributions of ecosystem services to the
wealth of the economy, it attempts to include both human and nature’s contributions in
producing these services. He explained that emergy evaluates the work previously done to
make a product or service and that it measures energy used in the past making reference to
solar emergy, wind emergy and gold emergy.

Examples of emergy indices such as population carrying capacity and the Emergy
sustainability index (ESI) were also explained. Prof. Kang went on to elaborate how Emergy
valuation using spatial information on natural capital and ecosystem services of marine and
coastal ecosystems could be useful in decisionmaking in marine spatial planning. He
discussed the tools (GIS and MS Excel) needed for MAPS-SEV implementation and who
should be involved in the MAPS-SEV process.

Prof. Kang took participants through the process using a case study of Gyeonggi Bay, RO
Korea, which was chosen as a demonstration site for MAPS-SEV as there were multiple uses
and conservation needs in the area, as well as heavy development pressure. In conclusion,
he presented the potential uses of ecosystem value maps produced by MAPS-SEV which
included spatial decision making on priority conservation areas, trade-off analysis, reference
data for potential compensation and environmental taxes, integration of natural capital and
ecosystem services into EIA’s, cost-benefit analysis of development proposals, raising
awareness and education on the importance of marine and coastal ecosystems.

4. COURSE 3: MARINE INTEGRATED VALUATION OF ENVIRONMENTAL SERVICES AND TRADEOFFS
(INVEST)

4.1. Dr. Choong-Ki Kim of the Korean Environment Institute (KEI) gave an introduction to Natural
Capital Approach and described ecosystem service assessment tools such as ARIES, ESValue,
EcoMetrix and InVest. Dr. Kim focused on InVest as a tool to quantify, map and value the
benefits provided by terrestrial, freshwater and marine systems. He provided examples of



INVEST Models which are useful for examining how actions taken today play out into the
future through the use of scenarios. Dr. Kim demonstrated how InVEST was utilized for
marine spatial planning using two examples. The first made reference to MSP in Vancouver
Island, Canada using recreation and tourism data. The second demonstrated how InVEST
was used to develop an integrated coastal zone management plan in Belize and to use the
tool for future EIA assessments for the coastal zone. Finally, Dr. Kim presented a case study
on the issue of natural capital management in Jeju and how an ecosystem service model
could be applied for decisionmaking.

5. CLOSING OF THE TRAINING PROGRAM

5.1 In closing, Dr. Nam of KMI stated that this one-day training program only provided an
introduction to the tools presented. He announced the call for applications to the 3rd
Training Program on Marine Ecosystem Services and Spatial Planning Tools to be held in the
second quarter of 2016 in Busan, RO Korea, which aims to strengthen the understanding of
implementers and professionals on the various decision-support tools for marine valuation
and marine spatial planning. As part of the training, hands-on exercises will be conducted by
trainers to familiarize the participants on the tools and how these can be used in marine
spatial planning. Further, participants were encouraged to submit abstracts to the 4th
International Workshop on Marine Ecosystem Services and Spatial Planning which will focus
on the challenges and perspectives in mainstreaming marine ecosystem services into marine
spatial policy of coastal states. Full papers from the event are expected to be published in a
special edition of international journals.

6. SUGGESTIONS MADE TO IMPROVE THE NEXT FULL TRAINING PROGRAM

6.1 Dr. Nam encouraged participants to provide suggestions on how the next training program
can be more effectively conducted. The following were provided during the training. CCRES
also provided some input after the training, for consideration of the KMI:

e lLonger period for training to cover the topics more thoroughly. KMI should also consider
two levels of training for technical staff (longer) and for decisionmakers/policymakers
(1 day)

e Proper targeting of participants for technical training to ensure that participants will
have basic knowledge, for instance on GIS, in the case of mapping.

e Identifying topics and tools for training, and focusing on those which has wider
acceptance. The training on EMERGY should be carefully reconsidered considering its
acceptance among implementers.

6.2 At the end of the training, training certificates were provided to the participants by KMI.
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Introduction of 2" Training Program







1. Backgrounds and Objectives

A group of experts from Asian countries and Western communities, in November
of 2013, had a meaningful meeting on ecosystem service valuation and its application
to marine spatial planning & management. The experts shared experiences on
ecosystem service valuation and development of spatial management tools, and
discussed how to incorporate the valuation process into spatial planning &
management mechanism. It was, in Asian region, the first meeting dealing with
ecosystem service valuation and its application to spatial management. All attendants
recognized importance of development of sophisticated management tools, and as well

capacity building.

In line with capacity building, the 1st training program was organized by Korea
Maritime Institute (KMI) in cooperation with PEMSEA, Marine InVEST and PacMARA. 20
trainees participated in the training program from Korea, China, Cambodia, Indonesia
Philippines, and enjoyed learning of spatial management tools developed by KMI,
Marine InVEST, and PacMARA. Organizers and trainers had encouraged trainees to
challenge a development of the tools for their countries. Also, all trainees and experts
attended the 2nd International Workshop on Marine Ecosystem Valuation and Spatial
Management Tools. Issues were identified in developing the management tools and
institutionalizing them in national policy regime. Enhancement of international
networking and cooperation was firmly acknowledged as a common base that would

contribute to tackling the issues.

Trainees and experts will also attend the 3™ International Workshop on Marine
Ecosystem Valuation and Spatial Management Tools to discuss the linkage between
valuation of coastal ecosystem services and benefits and coastal use zoning and other
tools, and how they are used to support better planning and management of coastal
and marine areas and resources, to provide social and economic benefits for coastal

communities.



2. Program

08:00 - 08:30 REGISTRATION

Opening Ceremony and Introduction to the program

08:30 - 08:50 Opening Ceremony
e Opening Remarks (KMI)
e Welcoming Remarks (PEMSEA)
e Congratulatory Remarks (MOF, RO Korea)
e Congratulatory Remarks (KOEM, RO Korea)
08:50 - 09:00 Introduction to the program

Backgrounds and Objectives
Overview of the course
Expected outputs

Course 1: Marine Assessment and Planning Support System

- Marine Suitability Assessment (MAPS-MSA)

09:00

10:30 Instructor: Dr. Jungho NAM (Korea Maritime Institute)

Introduction of Marine Suitability Assessment (MSA)
Overview of major steps in MSA application
Preparation for assessment

Planning area delineation

Data collection & pre-processing

Score Calculation & Integration
Standardization of scores

Spatial classification

Application for spatial planning

GIS Toolkit for MAPS-MSA

The Case study of Gamak-bay

10:30 - 11:00 Refreshment




Course 2: Marine Assessment and Planning Support System
- Spatial Ecosystem Service Valuation (MAPS-SEV)

11:00 - 12:30 Instructor: Prof. Daeseok KANG (Pukyong National University)

e Emergy Methodology - Energy Concept & Emergy Evaluation
Procedure

e Overview of MAPS-SEV - Structure, Tools Needed, Procedure,
Participants

* Valuation Boundary Delineation

e Issue Identification

» Data Collection

e Map Preparation — Process overview, Base map preparation, Raw
data file preparation, Spatial interpolation, Spatial grid construction

e Spatial Emergy Mapping - Intermediate data calculation, Emergy
calculation, Emvalue calculation, Emergy maps
* The case study of the Gyeonggi Bay

* Application of MAPS-SEV

12:30 - 14:00 Lunch

Course 3: Marine InVEST

14:00 - 15:30 Instructor: Dr. Choong-Ki KIM (Korea Environment Institute)

» Natural Capital — Concepts, methods and initiatives

e InVEST (Integrated valuation of environmental services and
tradeoffs)

e Marine Spatial Planing using InVEST Models

e Ecosystem Service Model Applications for Decision Making
* The case study of Jeju Island

Wrap-up of the Training Program

15:30 - 16:00 Dr. Jungho NAM (Korea Maritime Institute)

e Wrap-up
« Presentation certificate & Introduction to 3™ training program
« Closing of the 2" training program







Course 1:
Marine Assessment and Planning Support System
- Marine Suitability Assessment (MAPS-MSA)







MAPS-MSA

(Marine Assessment & Planning Support system -
Marine Suitability Assessment)

Instructor
Jungho Nam, Korea Maritime Institute

Contributors
Jungho Nam, Korea Maritime Insitute
Jongseo Lim, Seoul National University

Heejung Choi, Korea Maritime Institute
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« Supporting decision-making
on coastal & marine spatial
planning and management
- coastal seawater zoning
- site designation for specific uses
- screening & scoping in EIA & SEA

2nd International Training at EAS Congress 2015

I Introduction

(Marine Suitability Assessment) - assication

ra\ M
£ C02°
sndmen® c;\d n 200

Application to ICM local plans A

« Mayors : preparation of plans
- determination and changes of
use zones on ICM local plans

Stakeholders’
involvement

e Minister, MOF

- review and approval of the local

plans

2nd International Training at EAS Congress 2015
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I Introduction

H Purpose

(Marine suitability Assessment) 27,

- Overview of Major steps

Overview of Major Steps

Area delineation & Grid setting : g:?egr:f]ipnr;;obnog?c;irg Sgigseatlon

e Environmental characteristics
Data collection & pre-processing e Seawater spatial uses
* Neighborhood influence

: : ¢ Scores of individual para. on each grid
Score calculation & Integration +  Tntegration of all scores on each grid
Standardization of scores | * Standardization of all scores of each grid

: e ' Conservation vs.
BT L Exploitation/development

2d International Training at EAS Congress 2015

 Team building & platform decision

2"d International Training at EAS Congress 2015

- 16 -



]l Following Assessment Steps
b1 D> > 4 >

(1. Preparation for Assessment ) - Team Building

Technical Team Building

pp—"

2d International Training at EAS Congress 2015

b1 > > 4 > 4
- - Team Building
1 P!@QQFQHQQ ]:Qr A}§§§§§m§ﬂr) - Platform Determination

Assessment Platform Determination

ArcGIS

Pros
» Extensive technical support resources
» Powerful & user-friendly inventory setting of tools and data

» All-in-one & one-stop software package

2nd International Training at EAS Congress 2015

-17 -



II Following Assessment Steps

D D WD WD
( 2. Planning Area QQH[‘.@@HQH)

Area Delineation & Grid Setting

* Boundary delineation
jﬁq\.ﬁ. | - Entire jurisdiction area or
-—-\H om0
specific boundary for
& Ry P andary
L ‘J controversial issues
""'\n-""\ o .
N~ * Assessment Grid Setting
- area size, geographic/environmental

™ i D Grid /socio-economic characteristics

Basal grid & secondary grid

s . . : :
g otne’ (single or mixed grid settings)

2nd International Training at EAS Congress 2015

]I Following Assessment Steps

DD XD D
( 3. QQIQ QQ”QQ“Q[] &_ prg-grgggggi"g) - Identification of Issues

& Features

Identification of Issues & Major Features

* Ecological Issues & Features : Change of ecosystem
- corals, mangroves, tidal flats, protected species, water quality etc
(degradation, loss & risks)

» Socio-economic Issues & Features : Change of society

- Local economic condition, livelihoods, coastal economic activities

etc

2"d International Training at EAS Congress 2015
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]I Following Assessment Steps

b D> D 3 >
(3. Pata collestion & Rre-Rrosessing ) - s s out Colecion

Parameter Setting & Data/Information Collection

 Basic Data: base maps (digital maps)

- coastline, coastal lands and seawaters

» Assessment Parameter Set & Data/information collection
- 15t Tier

» Environmental Characteristics, Spatial Uses, Neighborhood Influence

- 2nd Tier : sub-parameters of each category on 15t Tier

FY
——
——
» Collection of available data/information o=
|

2nd International Training at EAS Congress 2015

]I Following Assessment Steps

b D D 3D 4
(3. Pata sallestion & pre-prasessing)

- Data Confirmation

Data/Information Confirmation for Assessment

* Representativeness
- legal/institutional, ecological, socio-economic characteristics
representing the planning area
* Availability

- low priority on less available or less qualified data/information

* Alternative data : remote-sensing, global scale statistic data etc

» Applicability : data type
- Geocoded Data (CAD, shp, KML files) / drawings / sheets (Excel)

2nd International Training at EAS Congress 2015
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]l Following Assessment Steps
DD DD

( 3. pata collection & Bre- pr99§§§,,,9]

Examples of Confirmation and Applicability

Protected Species and Protected species, endangered species, natural —
their Habitats monuments etc
Water Quality COD-based classification (10 year's averaged) =4
Tidal Wetlands Tidal flats or wetlands / mangroves =4
Environment
Distinguished Classification of all types of landscapes Ed

CoastalScapes
legally designated landscape areas

]
B

Estuarine Areas Connectedness with estuaries from each grid

Uses and occupation . .
Coastal Uses ) Accumulated uses on each grid during last 1 year
of public owned waters

2

B EOEE E| EE
B

. ——
Protected Areas Influence on marine & coastal protected areas E' (=i -
Neighborhood - — El Bl
Terrestrial areas Influence from land-based activities = -

Influence o
Development areas Influence from development projects 5t B &= =4

2d International Training at EAS Congress 2015

]] Following Assessment Steps

2D ¥ D D
(3. Pata sollestion & Rre-prosessing)

& Socioeconomic Activities

Determination & Preparation
of Data for Analysis

- Preprocessing & weighting
Preprocessing & weighting factor setting

« Data preprocessing

- transforming point data to polygon
data (ex. extra- or interpolation)

« Weighting factor setting

- WEF differentiation based on
ecological and socio-economic

relevance N ~
‘oac —
bie e ppe“ N -
wtersUo nge“; Liato
5 E‘/\Qv\ \ae er OV —_—
S

2"d International Training at EAS Congress 2015
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Il Following Assessment Steps
b > D D4 2 >

(4. score Caloulation & Integratign ) - Seore Cuation

Score Calculation on each Grid

Protected Species < 500m < 1,000m > 1,000m
Water Quality Class 1t 2nd 3rd
Environmental Ratio of Tidal Wetlands > 50% on grids 0~50% 0%
Characteristics 1% Class land el Neiahbori
Ca;s andscape or legally On grids eighboring Other grids
esignated areas grids
Estuarine Proximity < 1,000m < 2,000m > 2,000m
Spatial Uses Ratio o_f uses/occupation 0% on grids 0~20% > 20%
Fishing rights
Coastal & Marine PAs On grids < 1,000m > 1,000m
Neighborhood Influence Land area > 2,000m < 2,000m < 1,000m
Development Area > 2,000m < 2,000m < 1,000m

2d International Training at EAS Congress 2015

]l Following Assessment Steps
b > D D4 2 »
Score Calculation

(4. Score Calculation & Infegration ) - megaion

Integration of suitability scores

« Integration of individual parameter’s
score on each grid

- m, a number of parameters

- i, ith grid
Si = 11:1:1 Pni without WF
S =2 WPy with WF

2nd International Training at EAS Congress 2015
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l] Following Assessment Steps

b > > > »
(5 standardization of scores )

Standardization of Suitability Assessment Scores

« Z-score by using Mean and Standard Deviation of integrated
scores on each grid

s;—§
o

Zi=

2d International Training at EAS Congress 2015

I] Following Assessment Steps
b > D> D >

(6 spatial Classifisation )

» Transformation of

standardized scores (SS) into
suitability class

- Conservation : SS>=0

- Uses/Development : SS< 0

« Shifting of the curve for

policy environment

- allowable shifting range : +1

2d International Training at EAS Congress 2015
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l] Following Assessment Steps

DD D > 7 4
( 7. Avrlication for Seatial Planning )

* Zoning

* EIA & SEA

* Permission & license issuance
« Site designation for specific

needs (protection or development)

2d International Training at EAS Congress 2015

MAPS-MSA

III. Analyzing with GIS Toolkits

2d International Training at EAS Congress 2015
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(1. 515 Toglkit for MAPS MsA) - Toolbox Design at Arcets

Toolbox Design at ArcGIS
S Gl MARS A,

] hi « Toolset design based on assessment flow

L o e oo - Modification of automated stepwise models

e 01_Protecheds pecied

$= 02 Waterquainty - Resetting variables values

e 03_TiddalFlan

o O Scenicpot Catirra Lant o funsans, bend iyt Fobypm .

e 0 _Estuiies. R W e e Tl W e Tl it i ]
= i 3 Spatial Uses e

e 01_fihinglLicense I
-l 4 heighborhood Influences 9 ~ Rl

L —— | B
% 02 bstancefrom & R R T e e T
& @ 5 Bvsuation e e

e 01 Summation
o 02 _Standardizaticn

~> ilhha —

Baalar "
@
2d International Training at EAS Cong

2nd International Training at EAS Congress 2015
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(2 case study of Gamals-bay )
b 0> S S S 2

0. Environmental setting

ArcGIS 9 ¢ Installation of ArcGIS

ArcMap” Version 9.3 ' - ArcGlIS 9.3 recommended for
MAPS-MSA application

AN N NS

2nd International Training at EAS Congress 2015

(2. case study of Gamak-pay )
b 0> D D > 2

0. Environmental setting (cont.)

| W WMAPS MSAWTUtorial « Locating the Tutorial folder
- The tutorial folder should be
located under ‘C:WMAPS_MSA’

. BasicData folder

. ProcessedData

. Temp
Manual.hwp
|| MAPS_MSA_Toolbox thx
Tutorial. mxd

2nd International Training at EAS Congress 2015

-25-



(2 sase stuly of Gamals-bay)
pb 0> D> D > J

0. Environmental setting (cont.)

=R
F—{Show.Hide ArcToolbo Window

- 30 analyst Toolks

- Analyiss Took

- Camograghy Took

= @y Cormerion Tools

= @ Data Intercperaiblity Tocls
® @ Data Management Tool
- iy Geocoding Toaks

- il Geostatisticsl Anahyit Tool
B ‘ Lingar Reterencing Tools
-4 Mobile Took

- Multidimandion Tools

m @y Metacrk Anabyst Tocls

= @ Samples

® @ Schematics Tock

= iy Server Tooks

- il Spatisl Analyit Took
- Spanial Statisics Took
-l Tracking Anabyst Tools

(v Llide Locked Tocls

Hiw Tolbox
Add Toglbes..

Erniranments

S Seftingy *
Lead Setings "

® @y Data Intercperabiiny Tocls
= Data Management Took
-l Geocoding Toot

B ‘ Geostatiticll Anahyst Took
- Linear Referencing Tools
o Mars Ml

® ‘ Migbile Tools

= & Multdimenasion Teals
=y Netwcrk Analyst Tools
-G Samples

- Schematics Took

- Sereer Tools

- Spatial Analyit Tool

® ‘ Spatial Sratictics Todk

= @ Tracking Anabyst Tools

e Load the MAPS_MSA toolkit

- Add an ‘ArcToolbox Window’
by clicking a GUI button in an
editor toolbar

- Add a ‘MAPS_MSA toolbox’
from ArcToolbox menu (click
the right mouse button for
pop-upping the menu)

The toolbox file with a name of

‘MAPS_MSA_Toolbox.tbx’ is
located in the tutorial folder

2d International Training at EAS Congress 2015

(2, gase sty of Gamals-bay)
b D19 D DO 4

(1) Regional Setting

+ Selection and delineation of
the planning area
- preparation of base maps for
coastal waters and lands
« Add data by # button
- Load ‘BasicData.lyr file that
located in ‘BasicDataWLayerw’
of the Tutorial folder

2nd International Training at EAS Congress 2015
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(2. case study of Gamak-bay )
b > D29 O 4 »

(2) Data File Loading

« Data/information Preparation
- Acquired from legally-binding
regular surveys in this study

e Add data by + button
- Load ‘Properties.lyr file located
in ‘BasicDataWLayer#’ of the
Tutorial folder

2d International Training at EAS Congress 2015

(2. case study of Gamak-bay )
b > D D3 2 »

(3) Grid Setting

=@ MAPS_MSA - Generate an assessment grid
I et
%0 01 Buffer  Input Data for grid generation
% 02_Remnant - Land polygon
ora 03_Grid - water polygon

» Expected Output Data
- Grid polygon

2nd International Training at EAS Congress 2015
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(2, 5ase stucly of Gamals-bay)
-,,B‘

(3) Grid Setting (cont.)

Step 1 : 100m grid buffer layer
e generate a buffer layer within

1,000 m from coastlines
- applied for 100m grid set area

2d International Training at EAS Congress 2015 h

IH Analyzing with GIS Toolkits

(2, gase sty of Gamals-bay)
b > D D3 2

(3) Grid Setting (cont.)

Input Data : Land Polygon of Research &rea

|C:WM."-‘-.F‘S_MSAWTutDriaIWBasicDataWVector‘v\i‘CadastraILand_GamakBay.Shp g

Distance [value or field]
& Linear unit

[ 1000 |Meters =]
" Field

| =]
Input Data @ Water Polygon of Research Area

|CHMAP S _ME AW TutorialWBasicDataWyectorGamakBay, shp x| j

Cutput_Palygon
| S APS_ME AW TutorialWProcessedDataWiGarnakBay_Buffer_1000, shp g =

-

K Cancel Environments. .. | Show Help == I

2" International Training at EAS Congress 2015 h
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(2, 5ase stucly of Gamals-bay)
“‘B‘

(3) Grid Generation (cont.)

Step 2 : 500m grid buffer layer
e generate a buffer layerin 1 km ~

10 km from coastlines
- applied for 500m grid set area

2d International Training at EAS Congress 2015

HI Analyzing with GIS Toolkits

(2, gase sty of Gamals-bay)
b > D D3 2

(3) Grid Setting (cont.)
3. 02 Remnant

Input Data @ Water Polygon of Research Area

|CHMaPE_MEAW TutorialWBasicDataVectorGamakBay, shp |
Input Data @ 1000m Buffer Polyaon

|CHMAPS_MS AW TutoriaMProcessedDataWGamakBay _Buffer_1000 shp B!
Input Data | Land Polygon of Research Area
|C:WM."-‘-.F‘S_MSAWTutDriaIWBaSicDataWVectUrWCadastraILand_GamakBay.Shp d
Output_Paolygon
|C:WMAPS_MSM‘\"TuturiaIWPrucessedDataWGamakBay-Buﬁer-Hemnant,shp

(0])4 I Cancel Environments. .. Show Help ==

2" International Training at EAS Congress 2015 h

-29.




(2, 5ase stucly of Gamals-bay)
“‘B‘

(3) Grid Setting (cont.)

Step 3 : Grid layer generation
 Build grid files of 100m &
500m intervals by HawthsTools

»

tool

2d International Training at EAS Congress 2015

(2, gase sty of Gamals-bay)
b > D D3 2

(3) Grid Setting (cont.)

= (B [ E———
[| Hawtoots = 3 8+ | s enllin= —
Tiaw L
e FLND T
B create Random Selection R T Lo e e
BB mendom Selection Within Subsets i | v | — g
ke | Pl | ikl [ b |
ﬂ Gerrate Rargdom Poinis
dersraie L3 Points Pe— — Pt ———
8 i lenrybommpm & '_'T o L 1 i B b s o i 1 1 o

B concimional Poing Sampling Teol

G i

E Create Vector Grd (line/polygan) = rh;-l- s Sl s e = 1;;--.-1- S i e i et
g
B creste sample Plots Analysh Tock . 5 e s b e e e o e 9 Mt e b et S el
B vector Geametny Fad i e = —
A cereran Random 3( et T . it s i L] T
T T T D b
Fuaiter Tools ¥ oo nmerte i e tere, geie . e
- [ N T — e———— [T s e o |
P e -
Table Took F Er'l,l'\.l'.lhln—p =7 e e -!
Wiector Editing Tools  » | o - | e L] g | “all
Specialist Tools e I | ;
4p Check for updates... -
B About
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(2

Case study of Gamals-bay )
“‘B‘

(3) Grid Setting (cont.)

Step 4 : Merging grid layers

e Merging layers of each grid set
area by the MAPS_MSA tool

I i

2d International Training at EAS Congress 2015

(

2 Case stucly of Gamak-bay )
b > D D3 2

(3) Grid Setting (cont.)

Input Data © Grid File (100m?}

|CHtAPE _MS AR Tutaria ProcessedDatawGamakBay_Grid_100,shp |
Input Data © Buffer File {1000m) (optional)
|C:WMAF‘S_MSAWTutDriaIWPrucessedDataWGamakBay-BuﬁerJDDD,shp
Input Data : Grid File (&00m)
|C:WMAPS_MSAWTutnriaIWF‘rocessedDataWGamakBay-Grid_EDD,shp ;'
Input Data : Buffer File (5000m. Remnant) {(optional)
|C:WMP-.PS_MS.-’-‘«WTutoriaIWPru:n:essedDataWGamakBay-Buﬁer-Hemnant.shp
Output Data ¢ Grid File (Merged)
|C:WM."-‘-.F‘S_MSAWTutDriaIWF‘ruceSsedDataWGamakBay-Grid_All.Shp

OK I Cancel Enviranments... | Show Help => |

2"d International Training at EAS Congress 2015
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(2, 5ase stuly of amals-bay)
DD D X>

(4) Assessment

-1 @ MAPS_MSA
7 & e - Input Data : polygons

=) 5 2_Environmental Conditions - Data/information of parameters
----- s O1_ProtectedSpecies

_____ :D. 02_WaterQuality * Point data : transformed to polygon

..... - 3a 03_TidalFlat type data through buffering or
""" ¥ 04 ScenicSpot extrapolation
----- . %-a 05_Estuaries

=8 & 3_Spatial Uses * Output Data

..... ..gra O1_fishingLicense

=- & 4_Neighborhood Influences
..... ..gra 01_DistancefromLand each grid
..... ‘..§a 02_DistancefromD A,

- Scores of individual parameter on

2d International Training at EAS Congress 2015

(2, gase sty of Gamals-bay)
b > D D D 44

(4) Assessment —Environmental Characteristics

* Legally protected species

- point data on observed sites

7: <500 m from observed sites
0: < 1,000m form the sites
=1:>1,000m form the sites

2nd International Training at EAS Congress 2015

-32 -



(2. case study of Gamak-bay)
DD 3D 3D X5 -

(4) Assessment — Environmental Characteristics (cont.)

[CMAFE FAE A Tua Al race s sed0ataMisamakEay_Gna_Allanp EJ
Ingat Data = Protected Spocies Lucation
{tmmﬂ:ﬁmm'ﬂlmumﬂlﬂpu:i"m.!-hh =] El
Masimnism Distance dar Scorn |
o Lingar wnil
| T [ =]
I~ Fieid
Llnlmum Distancs for Scare -1 =l
& Linaar unit
[ T [Fdacers =]
" Field
1 =
Output Duta = Probectyd Specivs Geid Filg
[C RS S TNl P rac es sedURIE S amariay_F iz onas _And. sh ;‘_J il
| cwcd | Evwormena | Sesren s | =
==
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(2. case study of Gamak-bay
b > D D D 44 »

(4) Assessment — Environmental Characteristics (cont.)

e Water Quality Class
- Extrapolating point data of COD
class

1: 15t class water quality
0: 2™ class WQ
-1: 3 Class WQ

2nd International Training at EAS Congress 2015
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(4) Assessment —

Environmental Characteristics
(cont.)

2d International Training at EAS Congress 2015

(2. case study of Gamak-bay e
b > > > D 4 > 4

Irlﬂl.l‘t.mlﬂl'l'l!.l.l:'ilm

wlardalWHaxlcal Clure Walet sty shn E
|I'II|.K Data | Geid File (Mergad) (optenal)

b CesaedlalaWiiamal Hay il Sl s = E
E-le!rl:up!unlll
|Union of Inputs = _I

Top
Lef Fight
T —_
e —

Butiom

Ourpst CollSize (optional)
[T

Progess. Mumbsr of points |

nclagalficaton

doad | Saw | itverso Now Valuo| Pruclaion,_ |

Eﬁ.hdl}m ‘Waber Dusafily Gild File
LIRS s A TUloNaIWR ooy sudl ata Wi amak ey  WattAial £310, tha |ﬁ

=1

s | Enoments | Sowsen s |

(2, gase sty of Gamals-bay)
b > D D D 44

(4) Assessment — Environmental Characteristics (cont.)

 Tidal wetlands

- Polygon data on wetlands’ survey

1:> 50% coverage of grid size
0: <50% coverage

-1: zero coverage

2nd International Training at EAS Congress 2015
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(2, 5ase stuly of amals-bay)
‘,“D

(4) Assessment — Environmental Characteristics (cont.)

Input Data : Grid File (Merged)

|C:WMAPS_MSP-.WTutnriaIWPrcu:essedDataWGamakBay-Grid-All.shp
Input Data : Tidal Flat File (Polygon)
|C:WMAF‘S_MS."-‘-.WTutUriaIWBasicDataWVectorﬁ\"TidalFIat-GamakBay.shp
Output Data © Tidal Flat Grid File
|C:WM.ﬁ.PS_MSAWTutUriaIWPmcessedDataWGamakBay-TidalFlat-Grid.shp

OK I Cancel Environments. ., | Show Help »> |

2d International Training at EAS Congress 2015

(2, gase sty of Gamals-bay)
b > D D D 44

(4) Assessment — Environmental Characteristics (cont.)

 CoastalScape condition
- Polygon data on 15t class
landscape area or legally
designated landscape zones

1: including the area / zones
0: adjacent to the area/zones

-1: other grids

2nd International Training at EAS Congress 2015
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(2, 5ase stuly of amals-bay)
DD D X>

(4) Assessment — Environmental Characteristics (cont.)

Input Data : Grid File (Merged)

|CHMAPS _MSAW TutoraWProcessedDataGarmakBay _Grid_All shp  +|
Input Data @ Scenic Spot File (Paint)
|C:WMAF‘S_MSAWTutDriaIWBasicDataWVectDrWScenicSput.shp
Cutput File © Scenic Spot Grid File
|C:WMAF‘S_MSAWTutDriaIWPrDcessedDataWGamakBay-ScenicSpot_Grid.s

-

oK I Cancel Environments.., | Show Help => |

2d International Training at EAS Congress 2015

(2, gase study of Gamaks-bay )

(4) Assessment — Environmental Characteristics (cont.)

» Estuarine Proximity
- Distance to grids from sea-river
boundary

7:< 1,000 m from the boundary
0:<2,000m
=1:>2,000m

2d International Training at EAS Congress 2015
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(2. case study of Gamak-pay )
D 3D 3D 3 X5 =g

(4) Assessment — Environmental Characteristics (cont.)

Ingaurt Dt = Rl Mouths Filg (Line)

[CWRAEFS FASEW TuRoralWHase Dala W Vecior W Hiverdcath_Gamaloay. sh g

Ingant Dazs 3 Guid File (Marand)

o rocessedliataWizamakBay aid AL ghy El
Muairus Digtancs far Seaee |
& Lindar wnif
[ TR l'Mm; |
T Fivd
| =
Minirum Distance for Scone -1
& Limaar anil
| A [Meters "I_'I

~ Fleld

| =3
Quiput Flie : Eswarles Grid File

[ERAEE AW T AW s asadlalaW iamaldiy_Fshanles Grd oh| @ i

o || cwcd | Emwomens. | - show b |
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(2. case study of Gamak-bay)
b > > > > 4 »

(4) Assessment — spatial Uses

» Spatial uses
- Polygon data on fishing rights

1: 0% coverage of a grid size
0:<20% coverage
-1:> 20% coverage

2d International Training at EAS Congress 2015
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(2

. Case study of Gamak-bay

“,‘D
(4) Assessment — spatial Uses (cont.)

2ay)

Input Data : Grid File (Merged)

|C:WMAF‘S_MS."-‘-.WTutUriaIWF‘ruceSsedDataWGamakBay-Grid_All.shp g
Input Data : Land Polygon of Research Area

|C:WM.ﬁ.PS_MSAWTutUriaIWBasicDataWVectorJv'v‘CadastraILand_GamakBay. g
Input Data @ Fishing License File (Polygon)

|C:WMAPS_MSAWTutnriaIWBasiu:DataWVectm‘#FishingLicense,shp g
Qutput Data @ Fishing License Grid File

QK

|C W APS _MSEW TutorialWProcessedDataWGamakBay _FisLic _Garid, shp

-

Cancel Environments. .. | Show Help == |

2d International Training at EAS Congress 2015

(

2. Case study of Gamak-ba
D 3D 3D XD

(4) Assessment — Neighborhood Influence

2ay)

« Distance from coastlines

- Polygon data on coastlines

7:> 2,000 m from the line
0:<2,000m
=7:>1,000m

2nd International Training at EAS Congress 2015
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(2. case study of Gamak-bay)
DD 3D 3D X5 -

(4) Assessment — Neighborhood Influence (cont.)

Ingant Data - Grid File (Meraped)

[P AR TuforaWProces sedlanWaamaeBay Srd Al sho =] |

Ingut Brasa = Land Palygon of Resssich Avea

[CRIREE AW Tutoral WEassc Dala W VeciorWL adatrailand aamaiBay, @

Igst [1aks § Water Palygan of easarch Arsa
[ S A TuioriaWEa G Cana Wy Ve armasBay, $1p = @

Minkmwm Dstance for Scom |

¥ Linear unif
[ a0 [Maters =]
™ Fisdd
| = |
Masdeniam Digtance b Score <1
& Lingar il
| 0 [Meters -]
~ Fleld

=]

|
Quiput Data - Ddstance from Land Grid Fle

2d International Training at EAS Congress 2015

(2. case study of Gamak-bay
b > D D D 44 »

(4) Assessment — Neighborhood Influence (cont.)

» Distance from development
planning sites/area
- polygon data on land use

plans of local governments

1:> 2,000 m from sites/areas
0:<2,000m
=7:>1,000m

2nd International Training at EAS Congress 2015
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(2 case study of Gamak-bay)
DI I XS > 4

(4) Assessment — Neighborhood Influence (cont.)

Ingast Dgga - Deviloped frea File (Pohygan)

Mauisnim Distancs far Scaen -1

1% Linoar anil

| T I—MDMN.
 Field

ml1¢nlllmuwrmud&l wihp E
=l
=]

Minimium Distence inr Scom |

i Limgar uni

| a0 [Meters
~ Tleid

JI::'d.l'llﬂil.l Diata © Dietance from Develaped Area Geid Fils

Empm:hmdﬁalu'ﬁ'ﬁ:m-mw Dowelogpndiens, G

lnPl-ﬂ Diata : Gild Flle 'I'Hll'gl‘lﬂ
[ motassadlatnWisamalfay, God AL shp

AR AR S T

[ ] cncd | Eveonmens. | somiso>> |
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(2, gase sty of Gamals-bay)
b > D D D> 2

(5) Integration

* Integration of individual parameter’s
score on each grid

- m, a number of parameters
- i, ith grid

S; = Z,T=1 P,,; without WF

2" International Training at EAS Congress 2015 ’ h
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(2 case study of Gamak-bay)
2D 1D 1D 1D > 4

(5) Integration (cont.)

Ingast Dgga - Grid File (Mergoed)

[CWARPE TSR T oW Proces sedbaW SamakBay G Al sho =
Ingeut Drata = Preanctad Spacies Giid Fila
[CRAEE AW T ol WProc essedDataWizamakBay FricSpve and shi @
gt Diata * Wisthr sty Grid Fila
WWMEF andlatiWisamakBay. Waelusl Gnd shh @
Incout Chate = Tidad Flat Grid Mile
[T RTARE FAGF T UG ATPYT roiC -5 80 ATIATA T LSRR, 1A 1A 1and_SFp E
Ingut Datn * Seenic Spob Grid Fis

Tumﬂzl'ﬂm:ngadl}m:ﬂmmamly Scenicapot Grid s M
||'I1'!.I1 [Dats 1 E:Ib.lllln Girid File

TocessEdlBlaWERMAREay Eatsanes and eh M

Irw [iata : Fisting Licwencw Grd File
[CMERE IS AW T oral W race s sealata WG Amarbay_FrsLic_Gnd snp M
Ingaut Data 5 Distansce fioen Lasd Grid File

TAcHa P rocessadDalaw Gamalbey _DisiLand. Gid, sho @
lnpm ks 1 Distanics drom Dewloped Auea Girid Flla

T WP rocessedDalaW samalBay _Dywlooudfees & @
mm Diata & Summation Grid

lemﬂMm:mndbnn'ﬂ‘ﬂamamap Surnmation, Gid © E .

B | s | Eneomenss.., | showbein s |
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(2, gase sty of Gamals-bay)
b > D D D> 2

(6) Standardization of Suitability Assessment Scores

» Z-score by using Mean and
Standard Deviation of
integrated scores on each grid

2"d International Training at EAS Congress 2015
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(2. case study of Gamak-ay)
b > > > >

(6) Standardization of Suitability Assessment Scores (cont.)

303 Standordizaion

Input Data @ Summation Grid File
|CiAP S _ME AW TutarialWProcessedDataW GamakBay_Summation_Grii - |
Average

[-5. 02052 ﬂ

Standard Deviation

[T 495681 E -
OK I Cancel Environments. ., | Show Help => |

2nd International Training at EAS Congress 2015

(2. case study of Gamak-pay )
b > D D D 2

(7) Spatial Classification

* Transformation of

standardized scores (SS) into
suitability class

- Conservation : SS>=0

- Uses/Development : SS <0
« Shifting of the curve for

policy environment

- allowable shifting range : +1

2"d International Training at EAS Congress 2015
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Course 2:
Marine Assessment and Planning Support System
- Spatial Ecosystem Service Valuation (MAPS-SEV)













MAPS-SEV I-1. Emergy concept

- Relationship between real wealth and market price
# Real wealth = products of work (Odum, 1996)
* clothes, books, food, minerals, fuels, information, art, technology, species,
electricity, biodiversity, etc
* produced and maintained by work processes from the environment,
sometimes helped by people

Contributions to Economy

Market Price

MAPS-SEV I-1. Emergy concept
-~ Ecosystem service valuation and Emergy
%“ Preference-based aproaches Bisphysical approaches
EE i Insuranct P
5 Output value —— ol it
[ !
r ! v mtum e "_L'_
3 = iR [ ] [ | e |
- WNLIRET |
E . -L s l 1. ST et 3 EMERGY | [
2| || (o | | mE | | o ]l (ot | ff St | | e
gg Earkni [-ETI Heplacemand  Confingeni faraup Hogima shilt Embodied  Matarial o
annlysis anshysis cost muthod huati I anashpals Emergy analysia
E.. Cost  Costmethods  Mitigatien  Centingent sl sratree Al apthve Exuagy  Inpud-Distpei
i methads Hedanle cost methsd k waluat: oytles amahis analysis
Pioducs pibing Awaided cost Jaind Pamarchios Emuigy LCeological
z fumetinm Cantngam maihind anmyEs Hitk nnalyss wymihaaia | feofprint
waluativn Land.cover Aow
Eg NEGCLASICAL ECONOMICS | POLITICAL RESILIENCE || INDUSTRIAL ECOLOGY
MARKET THEQRY SCIENCE THEORY | THERMOD YHAMIC S

Source : TEEB (2010)
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MAPS-SEV I-1. Emergy concept

— Ecosystem valuation and Emergy

=

L]

I

e

Any other common denominators instead of money?

e energy as an alternative because it is involved in every processes on earth

Energy Memory, Energy History

* Use energy as a common currency to compare vastly different resources

Definition: Available energy of one kind previously required directly and

indirectly to make a product or service (Odum, 1996)

* Unit: emjoules

» Solar emergy: Available solar energy used up directly and indirectly to make
a service or product (Unit: solar emjoules, sej)

Biophysical approach in valuing contributions of ecosystem services to the

real wealth of our economy

* An effort to include both human efforts and nature’s work put into the
production of ecosystem services

MAPS-SEV I-1. Emergy concept

. Emergy Valuation vs Economic Valuation

_ Economic valuation
Emergy valuation

Energy

sSources Nature's Work

Use

Used energy
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MAPS-SEV I-1. Emergy concept

- Emergy Valuation vs Economic Valuation

Perception

g

s Receiver value:

1
Producti /7 Mllingness Concept of a value
roduction $ originating from

receiver perceptions

Emergy value:
Concept of a donor value
originating from required

Production

inputs
Sources of
donor value
Source : Odum (1996)
9
MAPS-SEV I-1. Emergy concept

. Energy quality concept
# How do we compare different things?
# How much money do | have?
e $100 + ¥100 + €100 + ¥100 = 400 ???
- Conversion factors needed to compare different things
» Exchange rate as a conversion factor to compare different currencies
- $100x1,040.90%#/$ + ¥100 + €100x1,414.16%#/€ + ¥100x10.18%#/¥
= ¥ 246,624 (Exchange rate as of June 18, 2014)

10
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MAPS-SEV I-1. Emergy concept

- Energy quality concept

& Energy of one kind is not equivalent in its ability to do work to energy of another
kind
« Different ability to do work
» Conversion factors are needed to compare different energies

- Reference energy equivalent

# Unit emergy value: the conversion factors with solar energy as the reference

 Transformity (sej/J), specific emergy (sej/g), emergy-money ratio (sej/$), etc

Sun 1 sejld Odum (2000)
Wind 2,450 sejld Odum (2000)
Rain 30,500 sejld Odum (2000)
Wave 51,000 sejld Odum (2000)
Tide 73,900 sej/J Odum (2000)
Iron ore 5.78x10° | sejlg Cohen (2005)
Gold 5.04x101 | sej/g Cohen (2005)
EMR for Korea in 2011 | 5.36x1012 | sej/$ Kang (2013)
11
MAPS-SEV I-1. Emergy concept

. Calculation of emergy and unit emergy value

C D

Harvested
Fish

Fishery

J

_i_ Used Energy

Solar emergy of harvested fish = Sum of all emergy inputs
A(orB,C)+D+E

Solar transformity (sej/J) = Emergy / energy content of harvested fish

12
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MAPS-SEV I-2. Emergy Evaluation Procedure

—
@ Clrrents

S &

s B s N

- Energy systems diagramming

|
g

Source: Kang (1998)

17

MAPS-SEV I-2. Emergy Evaluation Procedure

« Energy systems diagram for the Gyeonggi Bay, Korea

O — =

Tourism
Mining
}Fisheries

Tidal flat
producers

() (8)
=
¥ 4?(2_

\Gyeonggl Bay
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of pe hat co g
enewable carrying capaci
on of renewable emergy in the total emerg
ber of people. Developed carrying capacity i
hat could be supported by the environment and ecc
the system develops at the level of developed countrie

Total emergy use by an economic system divided by a
It indicates the spatial concentration of economic activit

It represents the degree of environmental str
socioeconomic activities. ELR is calculated by di
outside emergy and internal nonrenewable e
environmental emergy. Low ELR means that soc

e less impact on the environment.
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MAPS-SEV II-1. Structure

- Structure of MAPS-SEV

& Emergy valuation using Spatial information on the natural capital (NC) and
ecosystem services (ES) of marine and coastal ecosystems for helping
decision making in the Marine spatial planning
e Emergy valuation to quantify the value of NC and ES
e Spatial mapping to visualise the value of NC and ES

7

Emergy Valuation Spatial Mapping

Emergy Value
Maps

Marine Spatial
Planning

25

MAPS-SEV I1-2. Tools Needed

« looIs needed to implement MAPS-SEV
# GIS program
» ArcGIS used for a demonstration site
# MS Excel program
* Raw data management for the calculation and mapping of the value of
natural capital and ecosystem services of marine and coastal systems

GIS program MS Excel program

26
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MAPS-SEV

- Spatial emergy mapping procedure

-
Environmental Stored Ecosystem Purchased
Inputs Resources Services Inputs

Stock

Purchased inputs
(fuel, equipments,
labor, etc)

Annual production

(biomass, sand (fishery, mining,
etc)

reserve, etc)
Annual inputs Annual production Purchased inputs
(Jlyr, glyr, $lyr, etc) d, (Jlyr, glyr, etc) (J/yr, glyr, $lyr, etc)
A4 A4 4 § <=
Emergy Flow Emergy Storage Emergy Flow Emergy Flow
(sejlyr) (sej) (sejlyr) (sejlyr)

¥ ¥ ¥ ¥ <=
Environmental Flow | Stored Resource Ecosystem
Value Map Value Map Services Value Map

Raw Data

Annual inputs
(sun, tide, river, etc)

Map

Energy,
Mass,
Money Map

Stock
g, $, etc)

Emergy
Map

Emvalue
Map

Purchased Input
Value Map

I1-3. Procedure

Statistics,
literature, and
estimation

Multiplied by
Unit Emergy
Value

Emergy divided
by Emergy-
money ratio

& Emergy (sej/yr) = Raw data x Unit emergy value (sej/J, sej/g, sej/$, etc)

& Emvalue (em$/yr) = Emergy (sejlyr) / Emergy-money ratio (sej/$)

e Emergy-money ratio for Korea in 2011 = 5.36x1012 sej/$

27

MAPS-SEV
- Overview of the MAPS-SEV procedure

Boundary Delineation
that reflects the purpose of the valuation
« Determine appropriate spatial resolution

Issue Identification
require MAPS-SEV application?

Data Collection

Map Preparation
into GIS files

Spatial Emergy Maping
and services

28

[1-4. Procedure

+ Define the boundary of a system under consideration

» What are the important problems in the area that

+ Collect appropriate data and information for natural

capital and ecosystem services that will be valued?

» Prepare base maps and convert collected spatial data

+ Construct emergy maps for individual natural capital

- 58 -




Policy

Specialist (1)

Valuation

GIS Expert (1)

Expert (1)

W EE]
Scientists (2)

Stakeholders (2)
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MAPS-SEV lI-1. Boundary Delineation

o Where is your area of concem?
# Demonstration site: Gyeonggl Bay in the mid-western coast of ROK
# Chosen as a demonstration site for MAPS-SEV due to
+ multiple uses and conservation needs exist
+ heavy development pressure and resultant marine ecosystem deterioration
accumulating over the |ast decades

# Geographic features
+ Coastline length: 528 km
+ No. of Islands: 130
- Average depih.ca 20m
# Coastal population
- 32milllon people
+ density: 956 peopla/km=

Map source: Google Maps
{www googlemap,. com)

31

MAPS-SEV ll-1. Boundary Delineation
& How big is the Gyeonggi Bay?

Hangzhou Bay(China )

Gyeongg| Bay (Korea) |_mwonn Bay(Cambodia)

Madura Strait(lndonssia) Manida Bay({Philippinas ) i Ha Long Bay{Vietnam )

Map source: Google Maps
a (maps.google.com)
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IV. Issue Identification

MAPS-SEV IV-1. Issue Identification

< What are the main issues in the area?
# WWhat are the uses or sociceconomic activities in the area?
# Who are the stakeholders involved In the Issues?

« Marina mining

MPA manage

Faking

Map source: Google Maps
fwww.googlemap. com)

38
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[ KA

Average wind speed, mec K\
Annual ranfall m |

|Wave energy density. kWin| KIOST _

~ Average tidal range. m |

VTV
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MAPS-SEV Vi-1. Process Overview
< Flowdiagram for map preparation of MAFS-SEV

" Map acouirsment + Digital nautical charts

“ Canstlins sxtraction *World countries map from intermat, or
" GIS snape file oreation -Papet maps or Sataliita Imagas

* Goordinats System salsation

* | Polygon creation

Raw Data File * Goordinate fonmat
Preparation " Excal data to GIS fllas

Data collaction

= Envitonmantal inputs
+ Matural copital
» Ecosysiam samvices

* Estimation of unknown valies
« DWW intarpolation
« Thigssan pokydnn interpalation

Spatial
Interpolation

" Gridl polygon creation
“ Raster datz=sats o polat fastums
' Point layams 10 grid [ayers

atial Grid
a Map

a1

MAPS-SEV VI-2. Base Map Preparation

< Maps required for the base map preparation
# Digital nautical charts (WGS 1984 ellipscid) in DXF format produced by
KHOA for the Gyeonggi Bay case

4
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MAPS-SEV Vi-2. Base Map Preparation

o Altemative 2 based on Paper maps or satellite images
# Digitise coastline with the ArcGIS command Create Feature
+ For ArcGIS, world Imageries are provided online
= High resolution maps are required
« Important to match ellipsoid and coordinate system

MAPS-SEV VI-3. Raw Data File Preparation

o Convert coordinate formats
# Different coordinate formats of various types of raw data need to be converted
to a single uniform format
# Decimal degree format tor the Gyeonggl Bay case

DMS format DM format Decimal degree format
Lnng:tudn Latituda Longituda  Latitudes Longituda Latitude
CESEIE R

25 b 12650654 36 4TS
e 4 & 6 & 8 E> e 3 358 12666184 35 50067
= 0 0 ® =W 26 016 58 223 1260025 3837168
=T 48 ‘58 G0 20 10 1ar 8% 80 2016 12feEme I

Conversion formula M =M + S/60 D=D+ M/B0

52
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MAPS-SEV VI-5. Spatial Grid Data Map Construction
& Convert point layers to grid layers: IDW interpolated data )
# Process summa }

Raw Data
o

Grid

"EEEREE

s

MAPS-SEV VI-5. Spatial Grid Data Map Construction
- i@ Convert point layers to grid layers: Thiessen polygons :
‘& Conver Thiessen polygons to grid layer
# Grid area calculation
+ ArcGIS command: Table > Calculate Geometry
# Weighting factors are used to calculate mean value of a grid for data from
ditferent polygons
« Weighting factor based on the fraction of area in a grid




MAPSSEV VI-5. Spatial Grid Data Map Construction

¢ Convert paint layers to grid layers: Thiessen polygons
# An example for the Gyeonggi Bay case

i 1oL

FEEGEE3sY s

7

MAPSSEV VI-5. Spatial Grid Data Map Construction
& Convert paint layers to grid layers: Thiessen polygons
# Process summary

Raw Data
Paint
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MAPS-SEV Vil-2. Emergy Calculation
‘¢ Emergy calculation from maps for raw or Intermediate data
# ArcGIS command: Field Calculator
# Example : Emergy calculation from macrofauna energy data for the
‘Gyeonggl Bay case

-
== —
. S

1 L]
b g

|{§H!JH

E
%

'MAPS-SEV | VII-3. Emvalue Calculaton
‘< Emvalue calculation from emergy maps
# ArcGIS command: Field Calculator
# Example : Emvalue calculation from macrofauna emergy data far the
‘Gyeonggl Bay case
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MAPS-SEV | Vil-4. Emergy Maps
@ Environmental inputs: Sun

M

MAPS-SEV Vil-4. Emergy Maps
¢ Environmental inputs; Wind

SEEERENEE

I
s
L
1
Cim
im
1.
18
Lt

B




& Environmental inputs: Rain, chemical potential energy

FEEEERENS

HEE I

Vil-4. Emergy Maps

& Environmental Inputs: Wave




& Environmental Inputs: Tide

SsEERREES B

81

& Environmental Inputs: River, chemical potential energy

EEsEg===="0_1%

-85 -




@ Total renewable emergy input to the Gyeonggi Bay
# Tide emergy + River inflow emeargy

a I. ... — :.. . - mE-i:- *ﬂ;:
¢ Total emvalue of renewable emergy input to the Gyeonggi Bay
# Tide emvalue + River inflow emvalue
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MAPS-SEV VIil-1. Application

& What are the potential uses of ecosystem value maps produced by MAPS-SEV?

# Spatial decision making on the selection of pricrity areas for conservation and
management altematives

¢ Trade-off analysis among different ecosystem services, especially conflicting
uses among different stakeholders

# Reterence data for potential compensation and environmental taxes on marine
and coastal activities

# Integration of the value of natural capital and ecosystem services into
environmental impact assessment

# Cost-benefit analysis of development proposals and restoration projects

# Awareness raising and education on the importance of marine and coastal
ecosystems

MAPS-SEV Vill-1. Application

Matural | |
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Course 3:
Marine InVEST

(Integrated valuation of environmental services and tradeoffs)







natural
capltaI}

PROJECT

Outline

* Introduction to concepts
» Evolution of natural capital thinking globally

 Diversity of assessment methods and tools




g -(‘-"

7o Natfural Capital ., %8
"’"". Stock of natural assets [\

Y. Ecosystem: ”
& Sernvices

) v+ o Benefits people
" obtain-from

" | ecosystems

;:'E,- ‘ ,'~"- v

3 —

capital is the stock of assets that can be used to
produce goods and services that provide benefits
to consumers

is the stock of assets provided
by natural systems that can be used—together
with other assets—to produce ecosystem goods
and services that deliver benefits to consumers

ecosystem services are the benefits that flow
from natural capital




Food, fuel,

Climate
regulation

Coastal
protection

Spiritual
Fulfilment
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Spatially-Explicit Ecological Production Functions

Ecological Production Function - an equation that relates the
physical outputs of a production process to physical inputs

InVEST

integrarad vakiation of
rnvironmental services
and tadealfy

Links between biodiversity and---

e ---ecosystem functions
— Biomass production
— Decomposition
— Nutrient recycling

. ---ecosystem services
— Positive: crop yields,
fisheries, timber yields,
carbon sequestration
— Negative/equivocal:
water purification,
disease regulation
Cardinale et al. 2013 Nature
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Timeline

2005

2008 - 2010 2012 2013 )
¥
Ecosystem “
Partnership
RIQ+20
US National Natural
natural Ecosystem Capital
capital Services N Business
; Partnership ipbes Hub
A Conference Natural Capital Natural
on Ecosystem Coalition Capital Leaders
Services (ACES) index
The Economics CLOBE Natural
of Ecosystem Capital initiative
and Biodiversity , World
Natural Capital Forumon
(TEEB) ;
Declaration Natural
Wealth Accounting Capital

and Valuation of
Ecosystem Services
(WAVES)

ProEcoServ

Natural Capital
Leadership Compact

UK Natural
Capital Committee

Private Sector projects

Uptake of natural capital approaches

() Corporate policy and govemance

. Corporate strategy
‘ SRis ' Decision-making
Q IFC approaches and tools
0 Adopters of
Equator Principles

Public sector exploration:
Canada  Ecuador
China Spain
Colombia  Vietnam

CostaRica United States

@ neoacivity
Agreementon overarching definitions
Strong basic science

Business for Social Responsibility. 2012
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ARIES (ARtificial Intelligence INVEST
for Ecosystem Services)

(Integrated Valuation of Ecosystem Services
and Tradeoffs)

Cwose [ 2 SETME o
mﬂgﬁﬁmr e Catoly ém'f‘ #IFC $) THE WORLD BANK

31DB << u.,.,...T'""'
t:Z:Mm1'£v‘.11|!.fra£'.i£"l FMO i‘a ’*0 Decacaon

12 aingest Bty

UNEP !__'\ Loanlsza ‘%
S . ERAA 1VE o ;u . ﬁ
=

Eft'EC ARUP (™ cardna’
dmdesarh| BESTFOOTFORWARD @ il

Fmd & Frurwl A%y
T FE'NATMJ-
ACCA "

S s §2 ARCADIS
rwbesd o AcoamG o TNature G .111& ko
|';I:'-'.."1|:.-\..|J .\'I-LB"'_.;_ "-w'r-—l-——r-h
FORUM = & BSH @w ﬁm;,m ar@rggfr

oNCDP @“’"
CDSB .= IMETZ h A

e D I R . -‘_;*Fom‘trw’.uﬂmhilm

ﬁﬂﬁ bﬂ' TR “ Maaiskl Whinu : —

A common vision to create a world where business conserves and enhances natural capital
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—l —

. InVEST -

- = integrated valuation of
~ environmental services
and tradeoffs

. ' 5 | S— natural
ree. Open source. capital

http://www.naturalcapitalproject.org

"N PROJECT
ﬂ - -

L

INVEST LA

Value

Economic
& social
Impacts

Supply Service

Potential Delivered
available § to people

Quantify, map and value the benefits provided by
terrestrial, freshwater and marine systems
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Production Functions InVEST

integrated vakiation of
ervironmental services

and Ecosystem Services

m’;l;[lzrr;wngﬁt - A Ecosystem A Ecosystem A Ecosystem A Ecosystem
pglicy ' structure function service service value

Avoided
treatment cost

Sediment load
Streamside Water filtration in stream
habitat area & retention agricultural
yield

Habitat
restoration
decision Crop revenues

People affected

|

Change in environment - Change in benefits
(production function)

INVEST
INVEST Models

rovironmental wervices
and tradealfy

Wind
Energy

- \__
- - . |
N "’
g e . ) "-‘ c A
oL iy + ——— -~ = -
] ot i > 9
e NUUICORRSISRERIE S S

Fisheries Hydropower Production y
’ N
ﬁ I 1 .. Aquaculture

Coastal Prqitﬂ,tpn - 3 Recreation
B "y g Quial
:‘ el > ,%‘.’AI iy
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natural

Scenarios capital

PROJECT

Plausible, simplified, descriptions of the future

» Useful for examining how actions taken today
play out into the future

* InVEST requires scenarios of maps of land/ocean cover

Multiple Futures

g O
‘ \k )I 4

| 1
\ it

\
\ ! ’
\\\\'V’_”

: Today's
T Known &
Uncertainties

N

Vancouver Island

Baseline

- Float Homes
w77 Recreational
“eed - Kayaking
L'-—-, Increased

-l

Future? Kayaking

Shellfish
Aquaculture
Geoduck
Harvest

Crab Harvest

.....

Eelgrass

Guerry et al. 2012

-103 -



Terrestrial / FW Models

Biodiversity: Habitat Quality
Water yield for hydropower production

Erosion control: reservoirs and WQ

Water purification: nutrient retention

Carbon sequestration & storage

Managed timber production

Crop pollination

Coastal & Marine Models

Recreation*

InVEST

integrate

Aquaculture
Fisheries*

Coastal Protection*

Renewable Energy (wave and wind)

Scenic Quality
Water Quality
Habitat Risk Assessment*

Carbon Sequestration
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Data Input Examples

Spatial data
Land use/

Land cover Soil type  Topography Cities Infrastructure

Associated data
Examples:
 Carbon pools by land use/land cover and soil
 Habitat suitability by land use/land cover
» Market value of timber or carbon

. . InVEST
Economic valuation methods [

'''''''

* Market valuation
— Carbon
— Timber
— Non-timber forest products

* Avoided damage costs
— Water purification
— Flood mitigation

— Avoided reservoir
sedimentation

e Production Economics
— Water for irrigation

— Pollination of agricultural
crops
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Recreation is:
» A service provided by nature
» Important for health and well-being of people

 Important to local economies

. INVEST
Recreation v st

Value

Supply Service

Economic
& social
impacts

Delivered
to people

Potential
available

Coral
reefs

- 106 -



background

water quality
3
visits

archaeology
R, =cision to visit ML
visits —m

background

development + water quality + abundance + area + access
ocean + park area + income
area + income + population
water activities + park age + camping + distance to city
income + park age + year

area + fees + population + substitutes
recreational activities + distance to city + habitats (#) + trails
canyons + historic sites + area + population

campsites + Lake Superior + distance to city + population + habitats (#)

population + forest attributes + ownership




proxy data

invest model

X  photograph
habitat or human activity
( eg, coral, aquaculture
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Recreation example: Output

» P
VISITOR DAYS (# in mil) 2 :

EXPENDITURES (mil BZS) 230 |

* Where are people visiting?
» What factors are positively

or negatively correlated
with visitation?

and tradecffy

320 »

* What is the value
provided by tourism?

* How might visitation and
expenditures differ in the
future?

Belize

INVEST Models & Linkages

S Terrestrial/freshwater model: Tier 0
S Terrestrial/freshwater model: Tier 0
M@ Marine model: Tier1
S Marine model: Tier 0

* Model coming soon!

Marine
Water Aquacuhurﬂ

Quality
Coastal tie:
Vulnerability ;
1 ) )
Coasnl ’
F
Fisheries Overlap
{Lobster) Analysis

CSrbon
Storage &

Renewable
Energy

Habitat Risk
Assessment;
Biodiversity

Sequestration

(Blue Corbon)

Optional model linkage
mw Required model linkage
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i, (3

» e

] ¢

K f
Why InVEST?

Applicable anywhere on the globe

With minimal data
Flexible scale
Scenario based

Relevant to many kinds of decisions

Biophysical and economic

Multi-services comparisons
(synergies and tradeoffs)
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. . VEST
Preparing & Visualizing Data o

integrated vakiation of
rrvironmental services
and tradecffy

A
Pis

Www.arcgis.com
License required

WWW.(gis.org
Free

INVEST
INVEST 2. INVEST

integrated valuation of
3 0 environmental services
+ = and tradeofis
@Arc
esmi FR B & ] « faster/maore stable models
b "%, +independent from costly ArcGIS software
dependency

= improved user interface

pl'IESEd out « enhanced documentation and user support
by 2015 _
2005 2010

2015
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Marine Spatial Planning using
INVEST Models

Spatial Planning
Payment for Ecosystem Services
Climate Adaptation Planning
Development Impacts and Permitting
Restoration Planning

Corporate Risk Management

0 5,000 10,000 .
—_—__Kilomet {
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‘1. Integrated coastal zone management plan

SN 11: 1) ————

Facilitate the balanced and
sustainable use of

the coastal and marine
environment for the

benefit of Belizeans and the
global community

natural
capital

PROJECT

Coastal and marine ecosystems provide
Important benefits to the Belizean people




Define Compile Data Generate Ba_seline
Partnerships, & Scenarios
Roles & Objectives

Iterate &
Build

a Capacity
Inform\
Decisions

Synthesize
+. Results

o8

Stakeholder engagement COASTAL PLANNING REGIONS

" Ml g |

Northern Belize

T wavesars fepan
B Avdecgs Cope

Central Belize

Southern Belize
[ vown harthers Sapon
U seeen Conwat Megee
B v bopen
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Rossible future scenarios (2025)

r based on current distribution of uses, other

efforts, stakeholder visions

INFORMED

CONSERVATION MANAGEMENT

DEVELOPMENT

Conservation
0 Ag runoff
Bl Oil exploration

B Coastal development
Bl Aquaculture
Dredging

2 Fishing
Marine transport
Marine recreation

FuncTiONAL
HABITAT (km?)

1500

I CORALS 1000
B MANGROVES

CATAGRASSES 500

o

LoesTER
FISHERIES

CATCH [thsd. pounds)
REVENUE (mil w23)

RecrREATION

VISITOR DAYS (# 10 mi1.)
EXPENDITURES [mil. nis)

Coasrat
PROTECTION
T

LAND FROTECTED (Am")

AVOIDED DAMAGES (ail. nrs) 36

2010
|

CURRENT

-
A b

g s

353 )

2025
| 1 |
CONSERVATION INFORMED DEVELOPMENT
MANAGEMENT
191 j5n | A0AC
L il TR gy
i i
ot ‘ _-' 7% & ™
2 7 n : 3
. = —
q 7 4
oL < t's
a o LU az )
L s
o 5 VI o
4 (.' J
(3 z: - s
5 ' .7
=7 = 4 %
“ / 74 ,,/ 4 _.-/
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FUNCTIONAL 2010 25

HABITAT (km?)
1500

CURRENTY CONSERVATION INFORMED DEVELOPMENT
T CORALS MANAGEMENT

i w w1 s -
Informed first ICZM Plan in Belize
- Vote in the House of Representatives

1 i S5

Trained professionals in INVEST Software
- Contributed their perspectives on zoning options
- The CMAI expects to continue using INVEST in
future environmental impact assessments for the
coastal zone

Ecological Economics (Ruckelshaus et al. 2013)

Summary

v'Simple ecological production function models have been useful in
a diverse set of decision contexts

v'Training local experts in the approaches and tools is important for
building local capacity, ownership, trust, and long-term success

v'Decision makers and stakeholders prefer to use a variety of BES
value metrics

v An important science gap exists in linking changes in BES to
changes in livelihoods, health, cultural values, and other metrics of
human wellbeing

v'"Communicating uncertainty in useful and transparent ways remain
challenging

= = B ) - e ———— - —
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Ecosystem Service Model

Applications for Decision Making

1. Jeju Island, Korea: Sustainable development

Main Issue of Natural Capital Management in Jeju

e Conservation Efforts vs. Development Pressure

1989

-\ ater

B Urban Land

[ Barren Land
. Wetland

L Grassland

. Forest Land
Agricultural Land

-

(il

Water
BN Urban Land
[ Barren Land
. Wetland
L Grassland
i Forest Land
Agricultural Land

MO &=

TR - 1

Agri. L. Barren L. UrbanL. Forest L. Grassland Water Wetland

1989 Area (ki) 379.32 7.83 69.39 924.93 466.55 37.12 0.59

1998 Area (k) 394.12 15.10 88.86 | 1035.46 322.08 29.16 0.39

2009 Area (ki) 819.76 15.34 98.89 649.29 271.38 30.50 0.38
Increase & Decrease Ratio(%) +116 +96 +43 -30 -42 -18 -36 ,
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Objectives for the Jeju Applications

® Background

PRESSURE

Change of Changes in provision

Changes in Pressures
9 Ecosystem Structure of Ecosystem Service

* Urban and Agricultural Land 1 » Damage of Natural Habitat * Decrease of Biodiversity
* Release of Protected Areas

* International Free City

 Development in Middle Mountainous Area

® Main Objectives
Apply integrated ES modeling approaches to JeJu Island

Explore changes in ES in response to changes in LULC by time

Explore changes in ES under alternative scenarios

Use this information to inform decisions for SD for Jeju

Evaluation System of Ecosystem Service in Jeju

Regulating Service Cultural Service

Big Data
Carbon Seq. Eco-tour - geo-tagged photos,
(tonC, ¥) (# of visitor, W) Mobile phone, Credit

I card
Habitat Quality
Supporting Service

Local Government m Local Resident
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Evaluation of Habitat Quality in Jeju

e Input Data : Threat Factors(Factor, Weighting, Maximum Impact Distance, Impact Trend)

S 1-# ‘
x ‘ o’ T A
: ~ i
oidl . ,}.- .ff
d A0 z /w)’f
L \"\.\u-:_\_ _,_‘_'\F_:___!_\_(-'-"-

(Agri. L., 0.57, 3.4km, Linear)

o j i

ik (Disaster, 0.40, 1.2km, Linear) i (Treat. Facility, 0.50, 5.0km, Linear) i

X Reference to Natural Capital Project, Terrado et al.(2015, Model development for the assessment of terrestrial and

aquatic habitat quality in conservation planning) ,& zalln-nm 5
L2m0d | ANCrmend ashes

Evaluation of Habitat Quality in Jeju

o Input Data : Accessibility

S G wewn mwe W oewen  mnesi Seem oewnl e ;-..:012 Protected Areas + Non-Protected Area

H i  Utility Strength(Prohibition, Limit, Permission)
’{F" " based on Related Law

! . 1 Wetland Protected Area I 0.10

i ' 2 Specific Conservation Island ' 0.50

3 |Nature Park(Nature Conservation) I 0.10

4 [Nature Park(Nature Environment)| 1II 0.20

5 Natural Reserve Area I 0.30

' +_ 6 Absolute Preservation Area 11 0.30

, i 7 Ecosystem Conservation Area I 0.10

L AT 8 River District I 0.10

' * ;:.. 9 Water Source Protection Area I 0.10

® EEE 10 Green Area(Conservation) v 0.40

4 LB i 11 Green Area(Nature) VI 0.60

k ' ,",:I;L, fion LT Reserve Forest(Public) v 0.40

| L e mnter e+ IR Non-Protected Area VI 1.00

,‘:". QLT PRI 6
gt Lo Inmcrmen vasnee
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Evaluation of Habitat Quality in Jeju

e Result : Evaluation

i 1989

i 0.60+0.27

i 0.50+0.28 i

*“[_] Management
Il Conservation

63.9% i

[ ]Management
I Conservation

' 435% |

*¥[_| Management
I Conservation

i 48.9%

High Quality Low Quality 'C. i 7

Evaluation of Habitat Quality in Jeju

e Result : Ahabitat Quality(2009-1989)

e,

=rms

i i
i 1:
E mEmm Management — Management
- [ Maintenance . 1 Management — Conservation
; Il Decrease i [ Conservation — Management |
C L] Il Increase [ L] EEl Conservation — Conservation |1
- BOOOT I%L AT
Ahabitat Quality(20 years; AR WEhzod
140000 Q y(20y ) Tong T s
130050 B000G T 1800
100000 50000 +
o 1000 e 41385
= - H wooo +
() ()
o000 - s
wonn - 000 | 15145
25093 I_l
-1 T T L e 'Managemem .Conservation.
. Conservation
Decrease Maintenance Increase Management er g¢ 8

Conservation Management
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Assessment of carbon sequestration capacity

in Jeju

e Conceptual model of carbon storage and sequestration

5 pools x price/ion (discounted) = MARKET VALUE
5 pools x social value/lon (discounted) = SOCIAL VALUE

Carbon pool composition

@® Aboveground biomass
@ Belowground biomass
® Soil carbon
@ Dead wood

Input data 1 : Carbon pool table Input data 2 : Land cover map

ucode I LULE _nams [ ©_aboree [ C_Below [ = [ C_dead
i | Fedeal I 143 | ™ I - I 2

.: Coffes I E5 . Ll I e I B

[ 3 Fasirers I 15 [ 35 I 30 4

. 4 LR NG B W I H . Pl I H 13

[6 [ cpmmnmsn g [« [ 2

Assessment of carbon sequestration capacity in Jeju

® Results

BT AN NS (mVEST moceng]
Estimation of
Jeju carbon sequestration

Y PAN *HE st modeing)
1989 Estimation of 1999
Jeju carbon sequestration

Carbon sequestration values

o (Discount rate: 5%)

Y Eah TR nvEST mogeing)
Estimation of
Jeju carbon sequestration

23,968 Gg

1000 ) (1003 §)

&0
38
131
=71
-157
-248
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Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

e W 7IHEH 2 Quantitative relationships between visitation rates and attributes of the landscape

Tourist Sites Drivers for Eco-Tourism

R —
el Rese

Dy =
l“

! |

Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

Patterns of visitation based on Big Data
Flickr Photo user-days  Twitter user-days Mobile Phone Users

B A0 s
. 00043110

Drivers of Visitation
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Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

° FItEq 1 BEXE YE HE Hl

Photo-User-Day

L C =
E E Ll E - ..
1 v 1 e e LM ".. ID"T"::’(‘;-_&”
E (I E Fu *
g £ N E PRy s pritalh
g 10 wyp e " 'S
O e E E
£ F F F
IOQ-i- Pearson'sr= 0.52 lu?-r Pearsons r= 0.71 lu"’-i_- Pearson's r = 0.56
r 5 r
"]D"q L) 1 ..! mc-..'q. 1 <.! Ll 100, i | Lusai] 1
10 10 ®

Twitter-U-D

Mobile Phone Users

Jeju City
(20 Tourist Sites) )
47 Tourist
SuKyPho City
(27 Tourist Sites)

Sites

Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

Quantitative relationships between visitation rates and attributes of the landscape

Visitation — f

Spatial variation of visitors can be
explained by accessibility, natural
and build attractions
(R?=0.56)

/Commercial Zones \

Cultural/Historic places
Natural monuments
Roads

Sandy Beaches
Waterfalls

Scenic viewpoints
Distance form ports
Land area

Forest

Golf Course
industrial Area

Orle Trail

Distance from loads

: Positive Relationship
247 57HE 48
WAL 57t

: Negative Relatiohship
47t 5718
WEALSE 2

: No. Sig. Relationsip

14
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Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

° W} A3 X E FRATI

Avg. Expenses for Tourism:
$43.00/Credit Card Use

.

HEYA X|E

AU AT Y)

*
0
! —_— s [ 1 - 10000 I > 1554 Dev
='°°°"°°°°° 0.50-15Std Dev
S0001 + 100000
P 050-050Std Dev

I 00001 - 500000
I 500001 - 1000000 - <050 Std. Dav.

15

Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

e W7} A} 3. Credit Card Expenditure

RYLT Avg. Expenditure: $46.00

Avg. Expenditure: $40.00

wemauniunind
e

B 1 - 10000

| RESIREREC

I 20001 . w000

B oo - sooos

av aunlew w)
0

B - e

| EIE

B w000t . wooos

« [ oo rinane ' — N e
Travel rAvg. Expenditure: $42.00 ' Avg. Expenditure: $76.00
¥,. -
"W e
~
- 4 . “ lll...l‘.lf.i . lov"‘\i""
m B - o0 X . owm
" g I 2001 soca K _{ oo seco
oo 000 R ot o
I oo - wocens . o I roceen  secons
_— - [ oo o L B oo sz (16

-124 -




Mapping and Valuing Nature-Based Recreation
and Tourism in Jeju Island, Korea

o W7t A3 KT YR

dEya X|E [x1|.=,=.A| ME2E
|(Criental Hotel)

[ e~ T
i g sy,

3 ¥
k- '1 X
{ Wl
- L
£
M ?
JHIFA OHE S C a3
(Lodging) i
= L=
.'1'. 2 " e :‘-,. o _&:,1 ? x| :_'_,' it L R T B
& o
- s
1N - SRR
5000 - 1100008

NERRH - NEIRD
- B ool - (a0

17

Mapping and Valuing Nature-Based

; Recreation.and Tourism
.The places people visit reveal their preferences
about natural environments.

.Quantitative relationships between visitation rates
and attributes of the landscape show which attributes
are most valued by tourists.

.These relationships can be applied to future
scenarios of development or conservation to
understand how tourism patterns may change.
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Scenarios:

Land cover change in Jeju (2025)

Based on

2025 estimated value

.| on historic trends

* Jeju Metropolitan City Plan 2025
« Logistic regression analysis based

[ R

I CenEopsd
Bamren

W Wesland

I Grass

I Forest

Agricullyural land

2009

Eco-
Tourism

ol

Habitat Carbon
Quality  Seq.

B oy

19

Use of Ecosystem Service Framework to Inform

Decisions

SDGs —I

:_T

Official Plan Implementation

( )
International
Agenda
\ J
( )
Government
Implementation
| J

Ecosystem .
Ser)(Iice SUStﬁlgg)t()lllty
Modeling

Jeju, Other Islands, Etc.

4 )

Cooperation of
Science
and
Technology

X - J

Construction of DB

20
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Appendix 1:
Integrated Coastal Management of RO KOREA
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RO Korea’ Coast & Ocean Ecosystem and Landscape

T h e west and the south coast, which

consist of small and large bays, small
peninsulas, and countless islands, have more than
90% of Korea’s ecologically invaluable coastal
wetland, serving as a habitat for marine life. The
east coast has beautiful beaches, sand bars, and
lagoons scattered along the coastline.

>z

&z Suncheon Bay (Ramsar site),
one of Wetland Protected Area,
is of great ecological value as a

Sinduri Sand dune
[ National park

Fisheries resources protected area
Wetland protected area

[ Marine protected area

[ Coastal environment conservation area

0 20 40 80
Kilometers

&2 Spotted seals, Baengnyeong Island

"l

Haegeumgang Island

Evolutionary Process of
Integrated Coastal Management in RO Korea

A Chapter 17 of Agenda 21 had recommended

S ‘Integrated Coastal Management (ICM)’ in 1992 as 2000

a strategy to achieve the protection and sustainable use of al =EYEUTene
land . h I policies and bodies

coastal and marine resources, the Coastal Management Act = b ] e

that focused on ‘integration’ and ‘cooperation’ was enacted environment

in 1999. Since it set the basic direction for national policies,

the Integrated Coastal Management has produced numerous ngglzéiggfal

achievements, including the establishment of the National Management plans

Integrated Coastal Management Plan, autonomous coastal

management systems by municipalities, restriction on public

water reclamation, the establishment of coastal management

information systems, and raised public awareness. The 2004~

government revamped the Coastal Management Act in 2008 Integrated Coastal

and prepared coastal management tools, such as the Coastal - Managemsent

Sea Area Zoning, the Coastal Sea Area Suitability Assessment, nformation System

and the Target-based Natural Coast Management System.

2003-2004
1st Coastal Survey



RO Korea’s Coast & Marine Use and Development

2 7(y of population live in the coastal areas. There
0 are 60 ports and 109 national fishery harbors
along the coastline. RO Korea’s marine economy has devel-
oped through the continuous use and development of the
coast and ocean. RO Korea is recently focusing its efforts on
developing new renewable energy such as wind and solar
power as well as marine energy such as tidal power in order

to tackle climate change.

Distribution of Coastal Population

HaeUnDae is one of the

: most representative cities in

%™ RO Korea located in Busan.

It is the most popular beach
which 1 million people have
visited in the summer season.

Distribution of Ports

o d

Agricultural,

o8

Manufacturing

Others
40.7%

Distribution of
No. of Employees
in Coastal Areas

Whole sale
& Retail

pmmodation 0 - NS SR
e & Food Laels : . & [l International trading port
. 10.6% _ [l Domestic harbor
110,000 - 100,000 persons fransportation O e
» . w [7-1100,001 - 200,000 persons 5.7% e

N [ 200,001 - 300,000 persons
[ 300,001 - 500,000 persons
[ 500,001 - 700,000 persons
I over 700,001 persons

T h Coastal Management Act

eaims to conserve the coastal

environment and seeks its sustainable development, for the purpose of making

the coast into a better place for livelihood. The act stipulates the scope of coastal zones, basic principles

of coastal management, coastal surveys, major content and procedures of national/local integrated coastal

management plans, designation and management of coastal sea area zoning & coastal erosion areas, coastal

enhancement projects, and the composition and operation of the coastal management deliberation
committee.

Coastal survey
2013 & information

Coastal system _
management National ICM

deliberation plan
committee

2008
Ministry of Land,
Transport and
Maritime Affairs

Ministry of Oceans
and Fisheries

2014
2009 Strengthening
Revision of Coastal polices and bodies

Management Act of coastal ocean Coastal

Management
Act

Local ICM
plans

Coastal erosion
management

3 Coastal Survey

2008-2009
2" Coastal Survey
2015

2011 2" National Reasonable

Coastal Target-based

2" National
Integrated Coastal
Management Plan

Integrated Coastal
Management Plan
(revising)

Policy-Making to
be able to balance
and optimize the
supply and demand
of coastal ocean
resources

enhancement
project

natural coast
management

Coastal sea
zoning




Sharing Experiences and Knowledge with Our Region

1%t International Workshop on
Spatial Management Tools toward Creative and Viable
Coastal Societies

= 28-29 Nov. 2013, Seoul, Republic of Korea

= MOF, PEMSEA, China(SOA), Vietham(VASI), Indonesia(Bogor Agricultural
Univ.)

= Univ. of Aveiro (Portugal), Natural Capital Project, PacMARA, KOEM,
KIOST, universities, etc.

1st International Training Program & 2" Workshop on Marine
Ecosystem Valuation and Spatial Management Tools

e 1-5Sep. 2014, Seoul, Republic of Korea

= MOF, PEMSEA, Natural Capital Project, PacMARA

* China, Philippines, Cambodia, Indonesia, Japan. RO Korea

= Governmental sectors, research institutes, universities, private sectors, NGOs, etc.
= Marxan course / Marine INVEST / Emergy valuation and Marine spatial planning

Joint Workshop on Development and Application of
Ocean Health Index for RO Korea and Asian Region

= 16-17 June 2015, Busan, Republic of Korea
= Prof. Benjamin S. Halpern (UCSB) and Erich J Pacheco (Conservation international)
= 40 RO Korean experts

Pilot project on the development of Ocean Health
Index of RO Korea with Ocean Health Index team

Important Dates of KMI-PEMSEA Training and International Workshop 2016
(2016. 8.22 - 26, Busan, RO Korea)

« 3 Training Program on Marine Ecosystem Services and Spatial Planning Tools
- Call for application : May 31, 2016
- Inquiry and submission : Heejung CHOI, chj1013@kmi.re.kr
* The application form will be sent to potential applicants on their request.

e 4" |International Workshop on Marine Ecosystem Services and Spatial Planning
- Call for abstracts : February 28, 2016 / abstract length : 300 words or less
* Focused theme : Challenges and perspectives in mainstreaming marine ecosystem services into marine
spatial policy of coastal states
- Acceptance Notice : March 31, 2016
- Submission of a full paper : July 31, 2016 / paper length : 6,000 words or less
* Full papers will be published in a special edition of international journals.
- Inquiry and submission : Jiyeon CHOI, jychoi@kmi.re.kr

KMI will cover all costs such as round-trip airfares traveling, domestic transportation, lodges and meals, except
travel insurance. A small amount of honorarium will be paid to author(s) of papers.




Appendix 2:
Contributors of the Training Program







Acknowledgments

We thank the participants in the 2nd International Training Program on

Marine Ecosystem Services Valuation listed below.

» Course contributors

Course Name Organizations
Jungho Nam Korea Maritime Institute
MAPS-MSA Jongseo Yim Seoul National University
Hee-Jung Choi Korea Maritime Institute
Daeseok Kang Pukyong National University
Jungho Nam Korea Maritime Institute
MAPS-SEV
Hyun-Woo Choi Korea Institute of Ocean Science and Technology
Kyuhee Son Korea Marine Environment Management Corporation
. Choong-Ki Kim Korea Environment Institute
Marine
INVEST Gregg Verutes Natural Capital Project

s The Training Program Organizers and Facilitators

Name Organizations
Jungho Nam Korea Maritime Institute
Jiyeon Choi Korea Maritime Institute
Woohyun Sophia Choi Korea Maritime Institute
Partnerships in Environmental Management for the Seas
Belyn Rafael )
of East Asia
) Partnerships in Environmental Management for the Seas
Natalie Degger .
of East Asia
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Dr. Jungho NAM

Korea Maritime Institute
#26, Haeyang-ro 301beon-gil, Yeongdo-gu, Busan, Republic of Korea
Email: jhnam@kmi.re.kr / jhnam007@gmail.com

Dr. Nam, Jungho has been working at Korea Maritime Institute (KMI) since 1996, which is
a government-affiliated research entity under the Prime Minister’'s Office. His researches
cover integrated coastal planning, climate change adaptation, marine environment
management, marine ecosystem protection, coastal conflict resolution, transboundary marine
environmental affairs, official development assistance, marine science and technology
application etc. He has contributed to the formulation of marine policies for his government
and establishment of legal and institutional mechanisms for sustainable ocean and coasts.
He also has been involved in global and regional environmental issues and their related
activities, including land-based activities control, marine debris management, coastal
watershed management, transboundary protected areas etc. He contributed to activities of
PEMSEA, COBSEA, NOWPAP, YSLME and World Ocean Forum. He served members of
National Commission on Sustainable Development and National Commission on Maritime
Affairs and Fisheries. He is serving members of National Committee on Coastal Management
& National Committee on Land Use Regulation, and has been leading Marine Ecosystem
Service Research Network of Korea (MESN Korea).

Prof. Daeseok KANG

Pukyong National University
45, Yongso-ro, Nam-gu, Busan, Republic of Korea
Email: dskang@me.com

Dr. Daeseok Kang is a faculty member of the Department of Ecological Engineering at the
Pukyong National University in Busan, Korea. He teaches and does researches in the fields
of systems ecology, ecosystem modeling, environmental accounting, ecological economics,
and environmental policy. His current research focus is on management strategies and
valuation of ecosystem services of marine and coastal ecosystem of Korea. He has served
on various advisory committees for government ministries at the national and local levels
and the Presidential Committee on Sustainable Development.
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Dr. Choong-Ki KIM

Korea Environment Institute
Bldg B, 370 Sicheong-daero, Sejong, 339-007, Republic of Korea
Email: ckbada@gmail.com

Choong-Ki Kim is a research fellow for the division of natural resources conservation in
Korea Environment Institute (KEI). His study area includes ecosystem service, nature based
tourism, climate change adaptation, and ocean renewable energy. His previous work at
Natural Capital Project, Stanford University, was to develop a decision supporting tool,
INVEST, to value the benefits from nature. He applied the InVEST models to various
decision contexts to inform decisions for sustainable development. He also worked in
numerical modeling studies with scales ranging from an estuary to a regional ocean. The
focus had been on hydrodynamics, marine water quality, thermal discharge effects, storm

surge prediction, transport processes of marine organisms, coupled biological-physical
processes, and land-sea interaction.

Experience:
Working Group Member, Group on Earth Observations-Biodiversity Observation
Network (GEO-BON)
Author for Regional Assessment for the Asia-Pacific, Intergovernmental Platform on
Biodiversity and Ecosystem Services (IPBES)

Mr. Jongseo YIM

Seoul National University
#1, Gwanak-ro, Gwanak-Gu, Seoul, Republic of Korea
Email: zero2005@snu.ac.kr

YIM, Jongseo is a PhD student at geography and a fellow of National Global PhD fellowship
program. He is skillful with modeling based on Geographic Information System (GIS) and
Remote Sensing (RS). Formerly he had worked one and half years as a researcher at Korea
Maritime Institute (KMI). During that period, he assisted in researches related to
development of marine/coastal environment management and planning. His current research
interests lies in spatially explicit approaches that uses scientific and geospatial information
to address conflicts and organize human activities in the marine/coastal area, while
maintaining ecosystem health, function, and services.
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Ms. Hee-Jung CHOI

Korea Maritime Institute
#26, Haeyang-ro 301beon-gil, Yeongdo-gu, Busan, Republic of Korea
Email: chj1013@kmi.re.kr

CHOI, Hee-Jung is the senior researcher of Marine Research Division of Korea Maritime
Institute (KMI). Her background lies in geography (BSc) and geographical information system
(MSc). She has been involved in development of national coastal and marine policies and
formulation of various management plans at national and local levels. She is also
participating in activities relevant to national coastal basic survey and coastal information
system development. Recently, she has especially an interest in coastal and marine spatial
management (or planning) and tools for ecosystem-based marine spatial management (such
as spatial decision support systems etc.).

Dr. Gregg Verutes

Natural Capital Project

Gregg Verutes leads the training program which hosts various introductory sessions and
technical workshops throughout the world. His current focus is developing innovative
techniques that use maps, games, and problem-based exercises to teach students, scientists
and practitioners about valuing nature. He also serves as a GIS specialist for the marine
team working on coastal zone management in Belize and coastal hazard research
throughout the United States. Mr. Verutes received his M.S. from San Diego State
University and his B.S. in Policy Analysis and Management from Cornell University.
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Ms. Jiyeon Choi

Korea Maritime Institute
#26, Haeyang-ro 301beon-gil, Yeongdo-gu, Busan, Republic of Korea
Email: jychoi@kmi.re.kr

fli

Jiyeon CHOI is an associate research fellow of Marine Policy Research Dept. of Korea
Maritime Institute (KMI). This institute is a government-affiliated research entity under the
Prime Minister’s Office. Her researches cover coastal and marine spatial planning, ocean
zoning, coastline & landscape management, coastal survey & evaluation system, coastal
information management etc. She has joined several international cooperation projects
regarding integrated coastal management in East Asian Seas and Caribbean Sea. She has
actively involved the process of the development of coastal management policies of the
Ministry of Oceans and Fisheries and supported local governments developing and
implementing coastal management plans and policies.

Ms. Woohyun Sophia Choi

Korea Maritime Institute
#26, Haeyang-ro 301beon-gil, Yeongdo-gu, Busan, Republic of Korea
Email: whchoi@kmi.re.kr

Woohyun Sophia Choi is a researcher at the Marine Research Division of Korea Maritime
Institute (KMI). She received her B.A. in International Development Studies from McGill
University and her M.A. in Global Environmental Studies (MA) at Sophia University (Tokyo,
Japan).
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Ms. Belyn Rafael

PEMSEA Resource Facility
Email: brafael@pemsea.org

Ms. Belyn Rafael is currently coordinating the implementation of the SDS-SEA in Cambodia
and Lao as well as the implementation of the Joint Communique between the UNDP GEF
Small Grants Programme and PEMSEA. She has been working with the countries on the
development and implementation of the national programs focusing on Integrated Coastal
Management and Integrated Riverbasin Management. She has a degree in Journalism, with
a Masters on International Studies and currently taking up her Doctoral in Public
Administration at the University of the Philippines.

Dr. Natalie Degger

PEMSEA

Dr. Natalie Degger has provided consultancy and technical services to networks of national
departments, universities, science institutions and industrial partners involved in marine
pollution monitoring and earth observational science. During her time with MERIT, Natalie
was involved with the Global Artificial Mussel Watch Program and delivered training to
environmental managers and scientists from the International Atomic Energy Agency.

Natalie joined PEMSEA in 2015 on a one-year fellowship where she is involved in activities
supporting the UNDP/GEF Scaling up SDS-SEA implementation project. She is also assisting
with the GEF/World Bank Medium-sized Project on Applying Knowledge Management to
Scale up Partnership Investments for Sustainable Development of Large Marine Ecosystems
of East Asia and their Coasts.
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Appendix 3:
Trainees of 2" Training Program







Acknowledgments

We thank all trainees in the 2nd International Training Program on

Marine Ecosystem Services Valuation listed below.

NAME Organization Nation

Lyna Khan Royal University of Phnom Penh Cambodia

Sophal Sreng Ministry of Environment Cambodia

Thay Chanta Ministry of Environment Cambodia
Coastal and Ocean Management )

Peng Benrong . China
Institute

) Coastal and Ocean Management ]

Qinhua Fang ) China
Institute

Rudolf Wu MERIT China

Ye Guangiong 0oC zU China

Luky Adrianto Bogor Agricultural University Indonesia

Yudi Wahyudin Bogor Agricultural University Indonesia

Ario Damar Bogor Agricultural University Indonesia

Alan Koropitan Bogor Agricultural University Indonesia

Jo Yong Chol N ICM DPRK

Choe Ho Jong KIISU DPRK

Ri Kyong Su MLEP DPRK

Yun Kon San MF DPRK

Sengphasouk Xayavong DWR Lao PDR

Monique Sumampouw World Wildlife Fund Malaysia

Vivienne Rhea S. Padura De Lasalle Lipa Philippines

Regina Therese Bacalso ECO-FISH Philippines

Marie Nievales University of the Philippines, Visayas | Philippines
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NAME Organization Nation
Norman Emmanuel Ramirez | ASEAN Center for Biodiversity Philippines
o . University of the Philippines, Marine o
Porfirio M. Alifio . . Philippines

Science Institute
National Marine Biodiversity Institute
Changsu Lee RO Korea
of Korea
Seoul National University of Science
Seunghoon Yoo RO Korea
& Technology
. ) Seoul National University of Science
Sejun Jin RO Korea
& Technology
Bong-Oh Kwon Seoul National University RO Korea
A-reum Han Anyang University RO Korea
Praparsiri Barnette Burapha University Thailand
Sakanan Plathong Prince of Songkhla University Thailand
Lince Dessey UNITAL Timor Leste
Mario Tilman UNTL Timor Leste
Mario Cabral UNTL Timor Leste
Peter Mumby CCRES The UK
Tobias Borger PML The UK
Nguyen Son [ET Vietnam
Vu Thi Mai Lan VASI Vietnam
Nguyen Bich Ngoc VASI Vietnam
Tu Thi Lan Huong VASI Vietnam
Won Tae Shin PEMSEA
Belyn Rafael PEMSEA
Natalie Degger PEMSEA
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