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Abstract — Integrated efforts conducted to support the stakeholder consultation process regarding on the estuarine
circulation restoration of Geumgang Estuary. A policy council was established to facilitate conflict resolution among
stakeholder and an integrated information system was developed to effectively deliver scientific data to the policy
council. The information system consists of several subsystems such as database system, modeling system, decision sup-
port system and evaluation subsystem, and it can be easily accessed and used through Web-GIS. The stakeholder
deeply involved in the system development from early stage so that they could use all the data reflected in the system
during consultation process and at the same time contribute to improving degree of system completeness by pro-
viding customers demands. This kind of mutual interactions between science and policy sectors turns out effective
to deal with controversial or conflicting issue as like as the estuarine circulation restoration project.

Keywords: Geumgang Estuary(3 7J3}7"), Estuarine Circulation(3}7-<3%}), Restoration(¥¢), Information
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Table 1. Environmental changes and their impacts in the Geumgang Estuary after construction of the river-mouth barrage

Categories Environmental Changes Expected Impacts
. . D.ecreasmg of current/vyave - Increasing sedimentation rates in harbor & navigational channel
Physical/ (river-mouth barrage, dike, breakwater, etc) . .
. . . - Reduced nutrient supply in laver aqua farms
Hydrodynamic - Change in fresh water discharge amount & pattern g
Lo . . - Increased possibility of algal bloom
- Increased retention time of estuarine reservoir
- Decreasing water depth in the navigational channel - Increasing dredging cost to maintain navigational channel
Sedimentation - Widening tidal flats (Seocheon) and changing sediment - Restricted public accessibility to water front
composition - Changing benthic community and resources in tidal flats
- Land-based pollution load & increased retention time
(estuarine reservoir) - Deteriorating water quality & increased possibility of algal bloom
Water qualit - Concentrated marine debris - Safety in navigational channel and aesthetic problem, negative
quatty - Reduced current velocity & intermittent discharge (harbor) effects on tourism
- Contamination of heavy metal and hazardous chemicals - Deterioration of plankton and benthic community health
in sediments
Plankton - Red tide (Harbor zone) - Aesthetic problems, negative effects on tourism

- Algae bloom (Estuary reservoir)

- Negative effects on aqua farm and ecosystem

- Contamination of sediments

Benthic community - Changing sediment composition (increasing finer particles)

in tidal flats

- Reduced bivalves production
- Deterioration of benthic community health

- Blocking fish migration paths

Fishery resources .
R - Reduced rearing & nursery grounds

- Reduced revenue from fishery and related industry
- Decreased biodiversity

Social/Economic - Decline of fishery and related culture

- Intensified unbalanced local or regional development

- Deepening conflicts and increasing social cost
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Fig. 1. Areal domain and basic concept of integration.
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Science and Policy Integration
. Inteqrated Estuarine Management System

Spatial Integration

«Spatial Integration of Waterbody (River, Estuary, Coast) and Watershed
(Coastal and Riverine Zone)

A

Structure and Element Integration

« Categorical Integration of Various Structures and Elements (Hydrology,
Sedimentation, Water Quality, Hydro-Ecosystem, Aquatic Product)

e
Behavior and Process Integration

* Sequential Integration of Behavior and Process (Environmental Monitoring,
Cause Analy

is, Impact A Mar and Response)

Subsystem Integration

« Technical Integration of Various Subsystems (Monitoring System,
Modelling System (Tide, Wave, Sedimentation, Water Quality, Ecosystem,
River, Watershed), Information System (Database system, Web-GIS,
Decision Support System), Evaluation and Assessment System)
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Database System

1 Conditi

S: i

- Hydrology (effects on water temperature, tide level, and freshwater input)
- (effects on

on Envir and Pending Issues

D/P: Management Policy Condition Survey
- Policy Condition Analysis (Socio-Economic Causes)

- Analysis of Pending Issues (Pressures on Targeted Estuary)
- Understanding and Forecasting of Changes on Causes and

Pressures (Natural and Artificial)

- Water Quality (effects on pollutant and toxic substance)
- Ecosystem (effects on green and red tide, biodiversity, and habitat)
- Aqua Products (effects on laver and shellfish farming, and brackish fish)

y, dredging, intertidal flat)

- Analysis of Stakeholder Conflicts

Factor Survey

Evaluation
R. Eval Index Develop Y

- Sustainable Evaluation Index
- Estuarine Health Assessment Index

Evaluation System

Implementation

R Management Policies

Socio-Economic

System

- Legislation, Plan, Program

$

S/I: Modelling and Impact Assessment

- Hydrology Model (tide, velocity, wave, salinity, and water temperature)
- Sedimentation Model (erosion and sedimentation)

- Water Quality Model (water quality parameters)

- Ecosystem Model (laver farming, shellfish, and biodiversity)

- Watershed Model (pollution source and load, and land use)

Environmental Monitoring §
- Hydrology, Sedimentation,

- Model 1 (Hydrology + 1 + Water Quality,
L lity, E t
A;ugr SUELisy BEraE Watershed + Stream + Coast)
i ; - System (Monitoring + + ion)
4
Modelling System

Impact Assessment

- Hydrology, Sedimentation,
Water Quality, Ecosystem,
Watershed

I: Management Scenarios Developing and Impact Assessment

- Scoping Conditions and Causes of Environmental Pending Issues

- Management Scenarios Developing based on Causes

- Impact Predicti by Given ios (Q i or
to Make the

Estuarine Monitoring Contents

Plan

- Modifying

I

R: Making of Integrated Estuarine Management Plan

1t S Dev:

R: Estuary M:

- Legislation and Adjustment of the Estuary Management System
- Estuarine Programs
- Financial Supporting and Practical implementation

- Basic Martials for Training and Promotion

Y ping
- Developing and Operating Stakeholder Discussion Structures (Policy Council)

- Visions, Goals, Strategies, and Implementation actions of an Estuary
- Categorical, Phased, and Spatial Counterplans
- Category : Ecosystem, Habitat, Water Quality, Landscape
- Phased : Conservation, Improvement, and Restoration
- Spatial : Watershed, Stream, Estuary, and Coast)
- Expectation by Counterplans
- Implementation Plan (Budget and Management System)

4

Decision Support System

Fig. 2. Integrated information system based on DPSIR analytical framework.

Operations
management Support
URL : www. krestuary.or.kr

Monitoring data
management

Decision

System

Open source GIS

GIS/DB

External data
management

Model data
management

Modeling
System

System

DB management
(Storage)

Forecast
modeling

Scenario
Analysis

External data

linkage
(Open API)

Fig. 3. Subsystem linkages of the integrated information system.
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Fig. 4. Management structure of Geumgang Estuary. (a) Currently operating structure, (b) Expected structure after estuary management reg-

ulation enacted.
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2017
7" CGM
- Refine 4 objectives
- Review BS results
- Demand Detail

2018

10* CGM
- Review WebGIS DSS
- Review 2™ DS

8 CGM 9 CGM
- Setting 4 objectives - Review WebGIS
- Review DSS

11 CGM
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