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Modelação da qualidade ecológica

Å Principios gerais de modelação

Å Planeamento espacial marinho

Å Modelos ecológicos

Å Modelos bioeconómicos

Å Sistemas de gestão integrada

Å Desafios

Não existe uma receita exacta .

Abordagem diversificada

Temas



Here is the best modelé

Turn your brain on. Turn your computer off .



GEM ïGeochemical and Ecological Modelling
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Model diversity

All models are wrong, but some are useful (George Box)

GIS Spatial models

ÅMarine spatial planning, 

chlorophyll spatial distribution

Mathematical models

ÅdC/dt = -kC (dynamic, time 

varying)

Lab models

ÅIncubations for primary    

production or BOD

Physical models

ÅHarbour scale models, toys Other models

When we talk 

about models, 

49.9999% of the 

world sees this!

The other half 

sees this...



Ecological models are complex
even for simple systems...

How many state variables would you use in this system?



General scheme of a simple ecological model
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Characteristics of models

Four defining elements

ÅGenerality

ÅRealism

ÅAccuracy

ÅSimplicity

Models should be portable

Reduce complexity whenever 
possible (Occamõs razor)

Loss of realism is expected

Loss of accuracy due to smoothing,
difficulty in accommodating
stochastic events, etc

Building a model is a trade -off among these four characteristics



Why do we use models?

Å Our conceptual understanding of ecosystems is often

illustrated as a set of boxes (state) linked by arrows

(processes)

Å Processes such as primary production or grazing form the

links between boxes (state), e.g. phytoplankton biomass,

nutrient concentration

Å Experimental approaches can help quantify these

processes (e.g. P-I curves)

Å This quantification can be used to mathematically ñlinkòthe

boxes, and simulate ecological changes in time and space

Measure state, perform experiments, simulate...
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Ecological Modelling ïA tool

¸ Measurement of chlorophyll (satellite), 

suspended matter (sampling), area of mussel 

culture (GIS) etc;

¸Modelling of shellfish growth allows the 

determination of rates such as net 

phytoplankton removal, nutrient excretion, 

production, which often cannot be directly 

measured.
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Ecological Modelling - Objectives

¸ Test and validate mental models

¸ Support sampling design

¸ Describe and hindcast

¸ Support data interpretation (e.g. laboratory models)

Description and support

¸ Predict general behaviour of ecosystem

¸ Test and diagnose potential modifications

¸ Distinguish long-term signals from short-term variation

Forecasting



Models - Components

¸ Statistical

¸ Zero-dimensional (time only)

¸ One-D (rivers, narrow estuaries)

¸ Two-D (non-stratified estuaries, coastal areas)

¸Three-D (systems with pronounced horizontal

and vertical gradients)

Dimensions

Time and space scales

¸ Hydrodynamics - Small cells, short timestep and time scale

(tidal cycles, spring-neap cycles, localised case studies)

¸ Ecology - Larger boxes, longer timestep and time scale

(seasonal cycles, annual patterns, multiannual variation)
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Models - Components

¸ State variables (nitrate, phytoplankton)

¸ Forcing functions (light, temperature)

¸ Processes (production, mineralization)

¸ Parameters (light extinction cofficient, half-saturation

constants, grazing rate)

Model elements

¸ Physical framework (box volumes, areas, etc)

¸ Boundary conditions (concentration values at model limits)

¸ Initial conditions (starting values for model)

Model requirements

¸ Re-initialised at appropriate time steps

Operational models (a.k.a. data assimilation)
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Models - Development

¸ Objectives of  the model

¸ Components of the model (variables, forcing functions)

¸ Scope of the model (time and space)

¸ Limitations and closure

Model Conception

¸ Problem decomposition, definition of appropriate sub-models

¸ Data handling and generation

¸ Model building (e.g. visual platform)

¸ Running and testing

Model Implementation

¸ Tuning parameters and

functions using field data

Model Calibration

¸ Testing against an

independent dataset

Model Validation



Model construction (technical)

¸ Development 

Visual (e.g. PowerSim)

ñHard-coded?ò

Hybrids (e.g. Matlab-based, 

EcoWin2000)

4 Object-oriented modelling

4 Links/use of ñanyò language

4 Portability (ANSI code)

¸ Model Coupling 

Internal 

Protocol

External

4 Protocol 

coupling

Schedule
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Spreadsheets and visual models

Spreadsheets

¸Excel, Lotus123 etc

¸Data in rows and 

columns, only formula 
for active cell is visible

¸Feedback mechanisms 

are eliminated to avoid 
circular references

Visual models

¸Powersim, Stella etc

¸Data (including data 

links) represented using 
visual elements

F̧eedback is explicitly 
considered as a major 
factor in systems analysis



Marine Spatial Planning

Å Uses can be attributed in marine areas in a similar way to land areas

Å GIS tools have traditionally been used for implementation of spatial

plans

Å Key differences: significant water movement complicates zoning

Å Significant movement of some species in water, particularly pelagic

fishery species such as herring, mackerel, anchovy, or sardine, bias

planning towards static uses

Å All the challenges of land planning apply, together with a number of

additional issues

Two major hurdles which are not yet addressed.

Order in the sea

Basic concept



Tagus Estuary

The MPAis fixed but the water moves.


























































































