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FOREWORD 

(i) The lack of effective interaction between natural and social scienc-
es, the acknowledgement of the limitations and errors of each, and 
the recognition that ICZM can only be appropriately addressed by a 
well integrated approach;

(ii) The understanding that environmental baselines are shifting, in 
some cases rather rapidly, and that the record of that shift is often at 
best anecdotal;

(iii) The realisation that tools such as those developed in SPEAR are of 
maximum utility when all social agents, such as environmental and 
fisheries agencies, farm stakeholders, non-governmental agencies 
and other parties are actively involved. 
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EXECUTIVE SUMMARY 



Rationale for the SPEAR Project

Main objectives of SPEAR

Develop an integrated framework that simulates the dynamics of the 
coastal zone accounting for basin effects (exchanges of water, sediment 
and nutrients), ecological structure and human activities

Test this framework using research models, which assimilate dispersed 
local and regional data, and develop screening models which integrate key 
processes and interactions

Examine ways of internalizing environmental costs and recommend re-
sponse options such as optimisation of species composition and distribu-
tions, thereby restoring ecological sustainability

Evaluate the full economic costs and benefits of alternative management 
strategies, and societal consequences

Provide managers with quantitative descriptors of environmental health, 
including simple screening models, as practical diagnostic tools



Tools
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Aquaculture
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Ecosystem models

SPEAR system-scale models

Fine-scale models, simulating the three-dimensional water circulation in 
both bays

Broader-scale water quality models, simulating key features of water and 
sediment properties

Coarse-scale ecological models, which represent the systems using a few 
dozen boxes, but contain all the necessary elements of the ecological and 
human components, and simulate multi-year periods

Economic models, coupled to the ecological models, in order to explicitly ac-
count for the interactions between the human system and the ecosystem



Screening models

Particulate waste models



FARM
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Management and case studies

Huangdun Bay – Changes to fish cages and nutrient reduction





Sanggou Bay – Changes to culture combinations

Aquaculture zones

Fishcages
Kelp
Bivalves
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Case studies

Conclusions







RATIONALE FOR THE SPEAR PROJECT

Summary





Problem definition

Main objectives of SPEAR

Develop an integrated framework that simulates the dynamics of the 
coastal zone accounting for basin effects (exchanges of water, sediments 
and nutrients), ecological structure and human activities

Test this framework using detailed research models, which assimilate 
dispersed local and regional data, and develop screening models which 
integrate key processes and interactions

Examine ways of internalizing environmental costs and recommend re-
sponse options such as optimisation of species composition and distribu-
tions, thereby restoring ecological sustainability

Evaluate the full economic costs and benefits of alternative management 
strategies, and societal consequences

Provide managers with quantitative descriptors of environmental health, 
including simple screening models, as practical diagnostic tools, innova-
tively combining local and regional datasets



Impact of science on 

sustainability in the coastal 

zone



Reconciling multiple demands on coastal zones

The European Marine Directive in the context of ICZM in China





Trends in aquaculture development
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Internal feedbacks: Study of internal feedbacks, e.g. multispecies inter-
actions, and how these can significantly affect the relationship between 
pressure and state. The aim is to help optimise relative densities, distribu-
tions and species composition of cultured algae, shellfish and finfish, with 
respect both to waste removal and harvest value.

Integrated models: Development of an integrated natural sciences-social 
sciences approach which cross-cuts scaling issues and is capable of aggre-
gation, in order to bring the different (mostly known) parts together on a 
multi-year scale.

Management tools: (a) A holistic approach where quantifiable environ-
mental health and socio-economic descriptors are used as management 
metrics; (b) A screening model approach used for selecting key para-
meters, including derived parameters calculated using research models, 
for system scale decision making; and (c) A combination of these into 
practical tools for management.





TOOLS

Summary



Introduction

Databases



Remote Sensing
Landcover and aquaculture 

classification and mapping

Near-real time data processing





Time series

Temperature at 37.1° N 122.7° E
Average SST in 3x3 box
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Geographical Information Systems 

Arc/Info



Web–based visualisations
Google Earth



Web catalogue of SPEAR spatial data 



Project Web site
Main project websites



Models
SWAT

ShellSIM



Delft3D-FLOW

Delft3D-WAQ/ECO

CoBEx-ECO

EcoWin2000





FARM



ASSETS





SYSTEMS





Introduction
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Marine system 
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Catchment survey 
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Catchment description
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Marine system
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Socio-Economic System
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AQUACULTURE

Summary



Introduction 

Review of culture activities
Aquaculture classification and mapping
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Culture distributions 

0 1.25 2.5 5 7.5 10
Kilometers

Intertidal culture

Fish cages

Coastal features

Oysters

Aquaculture zones

HUANGDUN BAY AQUA CULTURE CHARACTERISATION

0 1.25 2.5 5 7.5 10
Kilometers

SANGGOU BAY AQUACULTURE 

CHARACTERISATION

Fish poly

Bivalve poly

Kelp

Coastal features

Aquaculture zones



Culture practices

Culture productions, values, costs and profits









Modelling of cultured species
Macroalgae
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NEB = Net energy balance 
 (deposited as tissue)

R = Energy expenditure
 (heat loss)

F = Energy lost 
 as faeces

E = Energy 
 excreted

C = Energy ingested 
 (feeding rate)

Net energy balance = (Energy gains) – (Energy losses)
NEB = C – (F+R+E)

DYNAMIC SIMULATION OF EACH PHYSIOLOGICAL COMPONENT OF NET ENERGY BALANCE 
IN SUSPENSION-FEEDING BIVALVE SHELLFISH
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MODEL INPUT

Fish composition (lipid, protein)
Food composition 

(lipid, protein, carbohydrates, ash)
Real food factor

Temperature

MODEL OUTPUT

Theortical food factor
Energy content of food

Time to reach harvest weight
Amount of wasted food

Amount of faeces
Output of particular N & P
Output of dissolved N & P
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Waste and production estimates









ECOSYSTEM MODELS



General modelling approach



DATA ANALYSIS

CATCHMENT MODELLING

BarcaWin
2000

Water quality databases

GIS Bay and catchment maps

SWAT
Simulate river flows and 

substance loads

Remote 
sensing

Land use maps

AQUATIC RESOURCES MODELLING

Individual simulation of 
shellfish and finfish

MOM

FishGWP
Simulate finfish growth,

waste and culture practice

ShellSim
Individual simulation of 
several shellfish species

HYDRODYNAMIC MODELLING

Delft3D Simulate water transport

ECOSYSTEM MODELLING

Simulate: Dissolved and particulate substances,
primary production and aquatic resources

CoBEx Delft3D - ECO EcoWin2000

MANAGEMENT SCENARIOS

Scenario
simulation

Integrated
coastal management





Ecosystem drivers
Catchment simulation 
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Hydrodynamic simulation
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Fish growth at variable
age and temperature

data (TGC model)

Fish physiological
processes

and temperature data
(MOM model)

DYNAMIC FISH
GROWTH MODELS
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Ecological model results

CoBEx-ECO
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EcoWin 2000
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Trade-offs between shellfish aquaculture and benthic biodiversity
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Broader socio-economic assessment and modelling
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SCREENING MODELS

Summary
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Research models and screening models

Overview and application of screening models

They provide an integration of many complex processes into a simplified 
set of relationships and rates;

They provide an assessment of the state of a system or local area on the 
basis of a few measured parameters, using ranges defined on theoretical 
and/or empirical grounds;

They act as a link between data collection, interpretation and coastal 
management;

They are not designed for day-to-day management of a particular water 
body, but rather are used by managers to provide overviews and to make 
comparisons.



Desktop-based models
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Web-based screening models
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MANAGEMENT AND CASE STUDIES 
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Introduction

Overview of legislation and policy
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Stakeholder participation in SPEAR



Objectives of stakeholder meetings

For stakeholder representatives

A clear understanding of the activities and products of the SPEAR consor-
tium

A clear knowledge of the support which the SPEAR tools can provide for 
decision-making in catchment management and in aquaculture manage-
ment

An appreciation of the types of questions SPEAR can answer, and those it 
cannot

An awareness of how this technology and scientific knowledge is being 
transferred to China, and how the approach developed for Sanggou Bay 
and Huangdun Bay can be potentially applied on a national scale

For SPEAR partners

A fuller understanding of the issues of concern to the Chinese stakeholder 
community

A clear set of scenarios that should be examined by the SPEAR partner-
ship. These scenarios will be applied by the partnership to exemplify the 
use of the SPEAR models in decision-making to the stakeholder commu-
nity

A blueprint for effective communication of SPEAR products to stakehold-
ers, to maximize utility and usability



Scenarios and case studies



Huangdun Bay – Changes to fish cages and nutrient reduction

Reduction of fish farms (proposed by stakeholders to be about 40% of the 
total production)

Reduction in sewage discharge

The two reduction scenarios combined



Huangdun Bay – Changes to culture combinations
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Sanggou Bay – Changes to culture combinations
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Trophic Assessment in Chinese Coastal Waters
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Trophic Assessment and Human Use models in Barnegat Bay, USA
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CONCLUSIONS





Reconciling multiple demands on coastal zones

Integration of analyses across sustainability dimensions: There is a clear 
upward trend over time to bring together multi-disciplinary competence 
in one project in order to provide answers of interest to a larger spectrum 
of social actors and their perspectives. Similarly, growing attention has 
been paid to connecting scientific knowledge with traditional (and other) 
forms of knowledge as a proxy for contextualisation and integration of the 
research, though connecting social dimensions to environmental and eco-
nomic dimensions remains a methodological challenge. The integration 
and relative weight of these dimensions would typically be determined in 
the political process of resource allocation, with or without the benefit of 
scientific research.



Legacy: Project teams have chosen different approaches or combina-
tions of approaches in order to create a legacy: Investing in young people 
through associating Masters’ and Ph.D. students in the research and 
development of new concepts shows up as one of the strands. Publication 
in academic journals naturally remains a mainstay. But publication in 
more mainstream outlets, including the media, and working actively e.g. 
with extension services as well as using the power of the internet to bring 
down access barriers to scientific knowledge have all been adopted in this 
context.

Engagement and impact: A number of cases show conscious choice 
of participatory action research methods to harness on the one hand 
the contextual knowledge usually embedded in social actors, while at 
the same time giving them access to the research process, including 
impact validation. Uptake and impact is visible in a number of docu-
mented cases when several of the factors mentioned above coincide, 
usually after more than the duration of a single project. This is not 
to imply instrumentalisation of the research for political purposes, 
which would invariably devalue the credibility of results. However, 
critical engagement with administrations, companies and civil society 
tends to increase the use of research results, including in unexpected 
ways as different users tend to see potential in the new knowledge 
that may well go beyond the initial intentions of the research itself. 



Increasing policy relevance of scientific research on coastal zones

The legacy of SPEAR








