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1. BACKGROUND AND OBJECTIVES  

 

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 



  2 

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.  

 

 

2. 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 
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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 
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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: 

 Longer 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)   

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

 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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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 3rd 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.
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2. Program

08:00 - 08:30 REGISTRATION

Opening Ceremony and Introduction to the program

08:30 08:50 Opening Ceremony

Opening Remarks (KMI)
Welcoming Remarks (PEMSEA)
Congratulatory Remarks (MOF, RO Korea)
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
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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)

Emergy Methodology Energy Concept & Emergy Evaluation
Procedure
Overview of MAPS SEV – Structure, Tools Needed, Procedure,
Participants
Valuation Boundary Delineation
Issue Identification
Data Collection
Map Preparation – Process overview, Base map preparation, Raw
data file preparation, Spatial interpolation, Spatial grid construction
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
InVEST (Integrated valuation of environmental services and
tradeoffs)
Marine Spatial Planing using InVEST Models
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)

Wrap up
Presentation certificate & Introduction to 3rd training program
Closing of the 2nd training program





Course 1: 

Marine Assessment and Planning Support System 

Marine Suitability Assessment (MAPS-MSA)
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MAPS-MSA

(Marine Assessment & Planning Support system -
Marine Suitability Assessment)
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Application to ICM local plans
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Overview of Major Steps

Marine Suitability Assessment

Introduction

•
•

•
•
•

•
•

•
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•
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I
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Technical Team Building

1. Preparation for Assessment1 Pr

II Following Assessment Steps

m Building
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Assessment Platform Determination

Following Assessment Steps

•

•

•

FII
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1. Preparation for Assessment
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Area Delineation & Grid Setting

2. Planning Area Delineation

Following Assessment Steps

•

•

2 Pla

FII
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•

•

Identification of Issues & Major Features

DataFollowing Assessment StepsFII
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3. Data collection & prere-e processing
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•

•

•

•

Parameter Setting & Data/Information Collection

3. Data collection & prere-e processing

DataFollowing Assessment Steps

3 D

FII
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•

•

•

Data/Information Confirmation for Assessment

DataFollowing Assessment StepsFII
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3. Data collection & prere-e processing
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Examples of Confirmation and Applicability

DataFollowing Assessment StepsFII
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DataFollowing Assessment StepsFII
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Score Calculation on each Grid

DataFollowing Assessment Steps

44. 4. Score Calculation & Integration

F
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Integration of suitability scores
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Standardization of Suitability Assessment Scores

55. 5. Standardization of scores

DataFollowing Assessment Steps

5

FII
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•

=

6. Spatial Classification

•

•

DataFollowing Assessment Steps

6

FII
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7. Application for Spatial  Planning

•
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•

•

DataFollowing Assessment Steps
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FII
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Toolbox Design at ArcGIS

III Analyzing with GIS Toolkits

1. GIS Toolkit for MAPS_MSA

•
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Assessment Flow

Analyzing with GIS ToolkitsIII
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1. GIS Toolkit for MAPS_MSA
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0. Environmental setting

Analyzing with GIS Toolkits

2. Case study of of Gamakk-k bay

•

A

2

III
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0. Environmental setting (cont.)

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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0. Environmental setting (cont.)

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(1) Regional Setting

•

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(2) Data File Loading

•

•
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(3) Grid Setting

•

•

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(3) Grid Setting (cont.)

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(3) Grid Setting (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(3) Grid Generation (cont.)

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(3) Grid Setting (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(3) Grid Setting (cont.)

•

III

22ndd International al Training at EAS Congress 2015

2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(3) Grid Setting (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(3) Grid Setting (cont.)

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(3) Grid Setting (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment

•

•

III

22ndd International al Training at EAS Congress 2015

2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment –Environmental Characteristics
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•
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•
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Environmental Characteristics (cont.)
(cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Environmental Characteristics (cont.)

•

•

•

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment –
Environmental Characteristics
(cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Environmental Characteristics (cont.)

•

•

•

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Environmental Characteristics (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Environmental Characteristics (cont.)

•

•

•

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Environmental Characteristics (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Environmental Characteristics (cont.)

•

•

•

•

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Environmental Characteristics (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Spatial Uses
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Spatial Uses (cont.)

III
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2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Neighborhood Influence

•

•

•

•

III

22ndd International al Training at EAS Congress 2015

2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Neighborhood Influence (cont.)

III

22ndd International al Training at EAS Congress 2015

2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(4) Assessment – Neighborhood Influence (cont.)

•

•

•

•

III

22ndd International al Training at EAS Congress 2015

2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits
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(4) Assessment – Neighborhood Influence (cont.)

III

22ndd International al Training at EAS Congress 2015

2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(5) Integration

22ndd International al Training at EAS Congress 2015

III
2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

•

- m

- i i =
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(5) Integration (cont.)

22ndd International al Training at EAS Congress 2015

III
2. Case study of of Gamakk-k bay

aaaaaattt EAEAEASSS CoCoCongngngngrerereressssssss 222010101555

Analyzing with GIS Toolkits

(6) Standardization of Suitability Assessment Scores

•

=
22ndd International al Training at EAS Congress 2015

III
2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits



- 42 -

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

22ndd International al Training at EAS Congress 2015

III
2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

(7) Spatial Classification

22ndd International al Training at EAS Congress 2015

III
2. Case study of of Gamakk-k bay

Analyzing with GIS Toolkits

•

•



Course 2: 

Marine Assessment and Planning Support System 

Spatial Ecosystem Service Valuation (MAPS-SEV)
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MAPS-SEV

( Marine Assessment & Planning Support system - 
Spatial Ecosystem service Valuation )

1

Instructor
Daeseok Kang, Pukyong National University

Contributors:

Daeseok Kang, Pukyong National University
Jungho Nam, Korea Maritime Institute
Hyun-Woo Choi, Korea Institute of Ocean Science and Technology
Kyuhee Son, Korea Marine Environment Management Corporation

2

MAPS-SEV
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Contents

I. Emergy Methodology
II. Overview of MAPS-SEV
III. Valuation Boundary Delineation
IV.
V.
VI. Map Preparation
VII. Spatial Emergy Mapping
VIII.

3

MAPS-SEV

I. Emergy Methodology

4

1. Energy Concept
2. Emergy Evaluation Procedure

MAPS-SEV
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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

I-1. Emergy concept

5

Relationship between

Real wealth = produ

MAPS-SEV

Ecosystem service valuation and Emergy

Source : TEEB (2010)

6

I-1. Emergy concept

Ecosystem service val

MAPS-SEV
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Ecosystem valuation and Emergy

Any other common denominators instead of money?
• 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

: 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)

 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

7

I-1. Emergy concept

Ecosystem valuation a

Any other common

MAPS-SEV

Emergy Valuation vs Economic Valuation

8

I-1. Emergy concept

Emergy Valuation vs E

MAPS-SEV
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Source : Odum (1996)
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Emergy Valuation vs Economic Valuation

9

I-1. Emergy concept

Emergy Valuation vs E

MAPS-SEV

Energy quality concept

How do we compare different things?

How much money do I have?

• $100 + 100 + 100 + ¥100 = 400 ???

- Conversion factors needed to compare different things
• Exchange rate as a conversion factor to compare different currencies

- $100 1,040.90 /$ + 100 + 100 1,414.16 /  + ¥100 10.18 /¥ 

=  246,624 (Exchange rate as of June 18, 2014)

10

I-1. Emergy concept

Energy quality concep

How do we compar

MAPS-SEV
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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 sej/J Odum (2000)

 Wind 2,450 sej/J Odum (2000)

 Rain 30,500 sej/J Odum (2000)

 Wave 51,000 sej/J Odum (2000)

 Tide 73,900 sej/J Odum (2000)

 Iron ore 5.78 109 sej/g Cohen (2005)

 Gold 5.04 1011 sej/g Cohen (2005)

 EMR for Korea in 2011 5.36 1012 sej/$ Kang (2013)

11

I-1. Emergy concept

Energy quality concep

Energy of one kind

MAPS-SEV

Calculation of emergy and unit emergy value
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12

I-1. Emergy concept

Calculation of emergy 

MAPS-SEV
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Emergy and Money

Emvalue: em$, em , etc

• Money equivalent of emergy

• Emergy is converted to a money unit to be compared with other works 

that provide monetary quantities on the value of ecosystems and 
resources

Emergy-money ratio (EMR) = Total emergy used in an economy / GDP
• Unit: sej/$, sej/ , etc
• EMR of Korea in 2011: 5.36 1012 sej/$

- Total emergy use (5.98 1024 sej/yr) / GDP (1.11 1012 $/yr)

• Emvalue of tidal energy in Korea in 2011 = 5.40 1010 em$/yr

- (2.89 1023 sej/yr) / (5.36 1012 sej/$)

13

I-1. Emergy concept

Emergy and Money

Emvalue: em$ em

MAPS-SEV

I-2. Emergy Evaluation Procedure

Procedure for environmental accounting with emergy

Energy systems diagramming

Construction of emergy evaluation table

Calculation of emergy indices

Calculation of emergy indices

Selection of a site to be evaluated 

Delineation of the site boundary

Energy system diagramming

Construction of emergy evaluation table

Analysis of the evaluation results

Statistical data 
Survey data

Energy systems 
language

Depending on 
evaluation purposes

14

Procedure for environm

Energy systems dia

MAPS-SEV



- 52 -

Energy systems diagramming

15

I-2. Emergy Evaluation Procedure

Energy systems diagra

MAPS-SEV

Energy systems diagramming steps (Odum, 1996)

16

I-2. Emergy Evaluation Procedure

Energy systems diagra

MAPS-SEV
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Source: Kang (1998)

Energy systems diagramming

17

I-2. Emergy Evaluation Procedure

Energy systems diagra

MAPS-SEV

Sun

Gyeonggi Bay

Rivers

Zoo- 
plankton

Benthic 
Inverte- 
brates

Birds

M

Detritus

Rain

Wind

 Tide

Fishes

Image

Phyto- 
plankton

Tidal flat 
producers

Goods 
Services PeopleWave

Fisheries

Tourism

Marine 
sand

Mining

}

Energy systems diagram for the Gyeonggi Bay, Korea

18

I-2. Emergy Evaluation Procedure

Energy systems diagra

MAPS-SEV
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Construction of emergy evaluation table

Typical format for the table

Note Item Data
Unit Emergy Value
(solar transformity, 

Solar 
Emergy

Emvalue

1 Sun
J/yr, g/yr, 
$/yr, etc

sej/J, sej/g, 
sej/$, etc

sej/yr
em$/yr,

em /yr, etc

19

I-2. Emergy Evaluation Procedure

Construction of emerg

Typical format for th

MAPS-SEV

Emergy evaluation table for the Gyeonggi Bay

No. Item Raw Data UEV 
UEV 

Source
Solar Emergy 

(sej/yr)
Emvalue 

Environmental inputs

1 Sunlight 1.60E+19 J/yr 1 sej/J a 1.60E+19 2.98E+06 em$/yr

2 Wind 1.37E+16 J/yr 2450 sej/J a 3.35E+19 6.24E+06 em$/yr

3 Rain, chemical 2.43E+16 J/yr 30500 sej/J a 7.41E+20 1.38E+08 em$/yr

4 Wave 3.03E+15 J/yr 51000 sej/J a 1.54E+20 2.88E+07 em$/yr

5 Tide 3.52E+17 J/yr 73900 sej/J a 2.60E+22 4.86E+09 em$/yr

6 River, chemical 2.02E+17 J/yr 81300 sej/J a 1.64E+22 3.07E+09 em$/yr

Storage

7 Benthos 4.17E+15 J 3.30E+06 sej/J b 1.37E+22 2.56E+09 em$

Ecosystem services

8 Fishery production 7.62E+12 J/yr 8.40E+06 sej/J c 6.40E+19 1.19E+07 em$/yr

9 Marine sand extraction 6.25E+06 g/yr 2.13E+09 sej/g d 1.33E+16 2.48E+03 em$/yr

20

I-2. Emergy Evaluation Procedure
Emergy evaluation tab

MAPS-SEV
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Calculation of emergy indices

To understand the characteristics of a system under consideration

21

I-2. Emergy Evaluation Procedure

Calculation of emergy 

To understand the c

MAPS-SEV

Examples of emergy indices

Emergy indices

22

I-2. Emergy Evaluation Procedure

Examples of emergy in

MAPS-SEV
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Examples of emergy indices

Emergy indices

2

Emergy 

23

I-2. Emergy Evaluation Procedure

Examples of emergy in

MAPS-SEV

II. Overview of MAPS-SEV

24

1. Structure
2. Tools Needed
3. Procedure
4. Participants

MAPS-SEV
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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
• Emergy valuation to quantify the value of NC and ES

• Spatial mapping to visualise the value of NC and ES

Emergy Valuation Spatial Mapping

Emergy Value 
Maps

Marine Spatial 
Planning

25

II-1. Structure
Structure of MAPS-SE

Emergy valuation

MAPS-SEV

Tools 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

II-2. Tools Needed
Tools needed to imple

GIS program

MAPS-SEV
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Spatial emergy mapping procedure

Environmental 
Inputs

Stored 
Resources

Ecosystem 
Services

Purchased 
Inputs

Annual inputs 
(sun, tide, river, etc)

Multiplied by 
Unit Emergy 

Value

Emergy divided 
by Emergy-
money ratio

Statistics, 
literature, and 

estimation

Stock 
(biomass, sand 

reserve, etc)

Annual production 
(fishery, mining, 

etc)

Purchased inputs 
(fuel, equipments, 

labor, etc)

Raw Data 
Map

Energy, 
Mass, 

Money Map

Emergy 
Map

Emvalue 
Map

Annual inputs 
(J/yr, g/yr, $/yr, etc)

Stock 
(J, g, $, etc)

Annual production 
(J/yr, g/yr, etc)

Purchased inputs 
(J/yr, g/yr, $/yr, etc)

Emergy Flow 
(sej/yr)

Emergy Flow 
(sej/yr)

Emergy Flow 
(sej/yr)

Emergy Storage 
(sej)

Environmental Flow 
Value Map

Stored Resource 
Value Map

Ecosystem 
Services Value Map

Purchased Input 
Value Map

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

Emvalue (em$/yr) = Emergy (sej/yr) / Emergy-money ratio (sej/$)
• Emergy-money ratio for Korea in 2011 = 5.36 1012 sej/$

II-3. Procedure

27

Spatial emergy mappin

MAPS-SEV

Boundary Delineation

Map Preparation

Spatial Emergy Maping

Determine appropriate spatial resolution

Overview of the MAPS-SEV procedure

28

II-4. Procedure
Overview of the MAPS

MAPS-SEV



- 59 -

Who should be involved in the MAPS-SEV process?

Preliminary analysis: 5 experts in marine policy, valuation, GIS, and marine 

sciences

Main process: 7 participants including stakeholders

Valuation
Expert (1)

Policy 
Specialist (1)

GIS Expert (1)

Marine 
Scientists (2) Stakeholders (2)

29

II-5. Participants
Who should be involve

Preliminary analysis

MAPS-SEV

III. Valuation Boundary 
Delineation

30

MAPS-SEV
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Course 3: 

Marine InVEST 
(Integrated valuation of environmental services and tradeoffs)





- 93 -

Natural Capital: concepts, methods and initiatives

Outline

• Introduction to concepts

• Evolution of natural capital thinking globally

• Diversity of assessment methods and tools
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Natural Capital
Stock of natural assets

Ecosystem 
Services
Benefits people 
obtain from 
ecosystems

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

natural capital 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
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Food, fuel, 
fiber

Clean 
water

Spiritual
Fulfilment

Pollination

Coastal 
protection

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

Spatially-Explicit Ecological Production Functions

•
–
–
–

•
–

–

Cardinale et al. 2013  
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2005 2013

The B Team

Natural 
Capital 

Business 
Hub

Natural 
Capital Leaders 

index

World 
Forum on 

Natural 
Capital

2008 – 2010

Ecosystem
Services

Partnership

US National
Ecosystem

Services
Partnership

A Conference 
on Ecosystem

Services (ACES)

The Economics 
of Ecosystem

and Biodiversity 
(TEEB)

Wealth Accounting 
and Valuation of 

Ecosystem Services
(WAVES)

ProEcoServ

2012

Natural Capital
Coalition

Natural Capital
Declaration

Natural Capital
Leadership Compact

GLOBE Natural 
Capital initiative

UK Natural 
Capital Committee

Private Sector projects

Timeline

Business for Social Responsibility. 2012

Uptake of natural capital approaches
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Ecosystem Service Assessment Tools

InVEST
(Integrated Valuation of Ecosystem Services 

and Tradeoffs) 

ESValue

ARIES  (ARtificial Intelligence 
for Ecosystem Services) 

EcoMetrix

A common vision to create a world where business conserves and enhances natural capital 
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Free. Open source.
http://www.naturalcapitalproject.org

InVEST

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

Supply
Potential 
available

Service
Delivered 
to people

Value
Economic 
& social 
impacts
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Alternative 
management, 

policy

Ecosystem 
structure

Ecosystem 
function

Ecosystem 
service

Ecosystem 
service value

Habitat 
restoration 

decision

Streamside 
habitat area

Water filtration 
& retention

Sediment load 
in stream

agricultural  
yield

Avoided 
treatment cost
Crop revenues

People affected

Change in environment Change in benefits
(production function)

Production Functions
and Ecosystem Services

Wind
Energy

Recreation

Green
Carbon

Coastal
Blue

Carbon

Aquaculture

Scenic
Quality

Coastal Protection

Fisheries

Pollination

Hydropower Production

Nutrient Retention

Sediment Retention

Timber

Wave
Energy

InVEST Models
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Scenarios

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

• InVEST requires scenarios of maps of land/ocean cover

Vancouver Island
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InVEST 1.003 Beta can map

Biodiversity: Habitat Quality

Crop pollination

Carbon sequestration & storage

Managed timber production

Erosion control: reservoirs and WQ

Water yield for hydropower production

Water purification: nutrient retention

Terrestrial / FW Models

Coastal & Marine Models

Fisheries*

Aquaculture

Coastal Protection*

Recreation* 

Renewable Energy (wave and wind)

Carbon Sequestration

Habitat Risk Assessment*

Scenic Quality

Water Quality
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Data Input Examples

Land use/ 
Land cover Soil type Topography Cities Infrastructure

Spatial  data

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

Economic valuation methods
• Market valuation

– Carbon
– Timber
– Non-timber forest products

• Avoided damage costs
– Water purification
– Flood mitigation
– Avoided reservoir 

sedimentation

• Production Economics
– Water for irrigation
– Pollination of agricultural 

crops
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Recreation & Tourism: example

Recreation is:

• A service provided by nature

• Important for health and well-being of people

• Important to local economies

Recreation

Supply
Potential 
available

Service
Delivered 
to people

Value
Economic 
& social 
impacts

Snorkeling
opportunities

Coral
reefs

Number of visitors
or revenue from

expenditures



- 107 -



- 108 -



- 109 -

Recreation example: Output

• Where are people visiting?
• What factors are positively

or negatively correlated
with visitation?

• What is the value 
provided by tourism?

• How might visitation and
expenditures differ in the 
future?

Terrestrial/freshwater model: Tier 0

Coastal 
Vulnerability

Coastal 
Protection 

Overlap 
Analysis

Wave 
Energy

Habitat 
Quality/Risk 
Assessment 

Water Yield 
(Hydropower, 

Irrigation, 
Drinking)

Carbon 
sequestration

Managed 
Timber 

Production

Crop 
Pollination

Nutrient 
Retention 

(Water quality)

Marine model:  Tier 0

Marine model:  Tier 1

In
VE

ST
 M

od
el

s &
 L

in
ka

ge
s

Aesthetic
Quality

Recreation

Crop 
Production

Flood Risk 
Mitigation

Sediment 
Retention  

(Water quality, 
Avoided dredging)

Fisheries 
Production

Aquaculture
Marine 
Water 

Quality

Optional model linkage
Required model linkage

Model coming soon!

Non-Timber 
Forest 

Products

Terrestrial/freshwater model: Tier 0

Blue Carbon

Belize
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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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Preparing & Visualizing Data

www.arcgis.com www.qgis.org
License required Free 
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Marine Spatial Planning using 
InVEST Models

The Natural Capital Project

Spatial Planning

Climate Adaptation Planning
Payment for Ecosystem Services

Development Impacts and Permitting
Restoration Planning

Corporate Risk Management
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Facilitate the balanced and 
sustainable use of 

the coastal and marine 
environment for the 

benefit of Belizeans and the 
global community

1. Integrated coastal zone management plan 
in Belize

Coastal and marine ecosystems provide 
important benefits to the Belizean people
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Define 
Partnerships, 
Roles & Objectives

1

Compile Data

2

5
Synthesize 
Results

Inform
Decisions

Infor

7

m
ns 5

6
Iterate & 

Build 
Capacity

4
Assess 
Outcomess

Generate Baseline 
& Scenarios

ate Ba

3

InSEAM

Stakeholder engagement

Models

Define partnerships, roles & objectives 
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Possible future scenarios (2025)
: based on current distribution of uses, other planning efforts, stakeholder visions
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Informed first ICZM Plan in Belize
- Vote in the House of Representatives

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

Summary

Applying a BES approach is most effective in leading to policy 
changes
Simple ecological production function models have been useful in 
a diverse set of decision contexts
Training local experts in the approaches and tools is important for 
building local capacity, ownership, trust, and long-term success
Decision makers and stakeholders prefer to use a variety of BES 
value metrics
An important science gap exists in linking changes in BES to 
changes in livelihoods, health, cultural values, and other metrics of 
human wellbeing
Communicating uncertainty in useful and transparent ways remain 
challenging 

Ecological Economics (Ruckelshaus et al. 2013)
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1

2

Water
Urban Land
Barren Land
Wetland
Grassland
Forest Land
Agricultural Land

Water
Urban Land
Barren Land
Wetland
Grassland
Forest Land
Agricultural Land
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•
•
•
•

• •

Apply integrated ES modeling approaches to JeJu Island  

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

time 

Use this information to inform decisions for SD for Jeju

Explore changes in ES under alternative scenarios

4
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•
•
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1989 1998 2009

1989 1998 2009

Result : Evaluation

Management
Conservation

Management
Conservation

Management
Conservation

Maintenance
Decrease
Increase

IncreaseMaintenanceDecrease
Management
Conservation

Management ConservationConservation
Management
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Carbon pool composition

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

9

Conceptual model of carbon storage and sequestration

10

1989

2009009

29,268 Gg

23,968 Gg

Results

1999

30,955 Gg

Estimation of 
Jeju carbon sequestration

Estimation of 
Jeju carbon sequestration

Estimation of 
Jeju carbon sequestration

Carbon sequestration values 
(Discount rate: 5%)
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2. Quantitative relationships between visitation rates and attributes of the landscape

11

Natural monuments

Scenic Viewpoints

Beach

Commercial zones

Decisions for Visitation

Distance from ports

Cultural,Historic Places

Forest

Golf Course

Site-1

Site-2

Stie-3

Site-4

Tourist Sites Drivers for Eco-Tourism

Sea cliffs

Waterfalls

Ferry & Airports

Roads

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

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

12

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

Drivers of Visitation
Natural Attractions: Built Infrastructure:Accessibility:



- 123 -

1. 

13

Twitter-U-D Mobile Phone Users

O
b

se
rv

ed

Photo-User-Day

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

Jeju City
(20 Tourist Sites)

SuKyPho City
(27 Tourist Sites)

Quantitative relationships between visitation rates and attributes of the landscape

14

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

Visitation =  f

Spatial variation of visitors can be 
explained by accessibility, natural 

and build attractions
(R2 = 0.56)

: Positive Relationship

: Negative Relatiohship

: No. Sig. Relationsip

Mapping and Valuing Nature-Based Recreation 
and Tourism in Jeju Island, Korea
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3. ( )

15: 1

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

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

1: 2: 

16

3. Credit Card Expenditure

Lodging Food

Travel Activities

Avg. Expenditure: $46.00 Avg. Expenditure: $40.00

Avg. Expenditure: $42.00 Avg. Expenditure: $76.00

Mapping and Valuing Nature-Based Recreation 
and Tourism in Jeju Island, Korea
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3. ( )

17

(Lodging)

2
(Oriental Hotel)

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

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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Appendix 1: 

Integrated Coastal Management of RO KOREA





Integrated 
Coastal Management

 of RO Korea
Our coasts provide 

not only important habitats for marine life, 
but also the basis of livelihood 

for human wellbeing. 



RO Korea’ Coast & Ocean Ecosystem and Landscape

The 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 

        Suncheon Bay (Ramsar site),
one of Wetland Protected Area, 
is of great ecological value as a 
winter habitat for an internation-
ally renowned rare species.

Haegeumgang Island

Sinduri Sand dune

Spotted seals, Baengnyeong Island

National park
Fisheries resources protected area

Wetland protected area
Marine protected area
Coastal environment conservation area

0 40 8020
Kilometers

Evolutionary Process of 
Integrated Coastal Management in RO Korea

As Chapter 17 of Agenda 21 had recommended 
‘Integrated Coastal Management (ICM)’ in 1992 as 

government revamped the Coastal Management Act in 2008 

1992
Agenda 21

1996
Ministry of 

Maritime Affairs 
and Fisheries

1999
Coastal 

Management Act

2000
1st National 

Integrated Coastal 
Management Plan

2000
Establishment of 

policies and bodies 
related coastal 

environment

2002-2008
Local Coastal 

Management plans

2003-2004
1st Coastal Survey

2004~
Integrated Coastal 

Management 
Information System

Protected Areas  in Coastal and Marine Areas



RO Korea’s Coast & Marine Use and Development 

27% 
along the coastline.  RO Korea’s marine economy has devel-

developing new renewable energy such as wind and solar 

to tackle climate change. 

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.

International trading port

Domestic harbor 

중화항신마항

갈두항

대산항

0 70 14035
Kilometers

0 70 14035
Kilometers

10,000 - 100,000 persons
100,001 - 200,000 persons
200,001 - 300,000 persons
300,001 - 500,000 persons
500,001 - 700,000 persons
over 700,001 persons

Others
40.7%

Manufacturing 
29.9%

Manufacturing 
29.9%

Transportation
5.7%

Accommodation
& Food
10.6%

Agricultural,
Forestry

& Fisheries
0.3%

Agricultural,
Forestry

& Fisheries
0.3%

Whole sale
& Retail
12.8%

2008
Ministry of Land, 

Transport and 
Maritime Affairs

2009
Revision of Coastal 

Management Act

2008-2009
2nd Coastal Survey

2011
2nd National 

Integrated Coastal 
Management Plan

2013
Ministry of Oceans 

and Fisheries

2014
Strengthening 

polices and bodies 
of coastal ocean

3rd Coastal Survey

2015
2nd National

Integrated Coastal 
Management Plan

(revising)

Coastal Management Act 
aims to conserve the coastal 

committee. 

Coastal survey 
& information 

systemCoastal 
management 
deliberation 
committee

Coastal erosion 
management

Coastal 
enhancement 

project
Coastal sea 

zoning

Target-based 
natural coast 
management

Local ICM 
plans

National ICM 
plan

Coastal
Management

Act

Distribution of Coastal Population

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

Distribution of  Ports

Distribution of 
No. of Employees
in Coastal Areas



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

Sharing Experiences and Knowledge with Our Region

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

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

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

• 28-29 Nov. 2013, Seoul, Republic of Korea
• MOF, PEMSEA, China(SOA), Vietnam(VASI), Indonesia(Bogor Agricultural 

Univ.)
• Univ. of Aveiro (Portugal), Natural Capital Project, PacMARA, KOEM, 

KIOST, universities, etc.

• 1-5 Sep. 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

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

• 3rd

*

•  4th

*

*

 

travel insurance. A small amount of honorarium will be paid to author(s) of papers.

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