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Introduction

Algoa Bay, the largest Bay in the Eastern Cape, South Africa, is a densely utilised marine space

consisting of a variety of human activities ranging from shipping, fishing, mariculture, tourism

and recreation, alongside municipal activities that utilise this space for effluent discharge. This

high degree of dependency of human activities on the marine environment poses significant

pressure on the health of the marine environment and further introduces conflict between users in

the marine space. Future coastal and marine development in Algoa Bay will further exacerbate

these pressures and conflicts, stressing the need for a holistic, integrated approach to ensure

strategic and sustainable management of the marine space.

This study aims to develop a system dynamics model, which is a form of soft modelling that

captures behavior over time through the use of feedback loops, named the Algoa Bay Marine

Planning Tool. To support Marine Spatial Planning (MSP) and Integrated Ocean Management

(IOM) in Algoa Bay, the model aims to explore the socio-ecological dynamics of human uses to

determine their influence on marine sustainability in the Bay. The model will be jointly developed

through the Algoa Bay Collaborative Dynamic Modelling (AB CoDyM) process, a pilot project

initiated through the Algoa Bay Project and One Ocean Hub.

Figure 1: Conceptual diagram showing the human uses that influence

the MSI in Algoa Bay as well as existing human use conflicts. Solid

arrows show the driving or impact response. Dashed arrow represents

potential feedback effects.

Methods

The Algoa Bay Marine Planning tool, composed of five sub-models for the main human uses in Algoa Bay (shipping,

land-based effluent discharge, bivalve mariculture, tourism and recreation, and fishing, Figure 1) will simulate towards

the overarching goal of the central model variable, the Marine Sustainability Index (MSI). The MSI will measure marine

health across sectors in Algoa Bay and couple the health of the marine environment to the human uses, to demonstrate

potential conflicts or synergies in the socio-ecological marine system.

The sub-models have initially been developed through the modelling framework that entailed;

1) selecting the human uses to be represented in the model

2) identifying management objectives and conflicts related to each selected human use

3) identifying politically relevant indicators that can be used to address the management conflicts and objectives

4) using STELLA® Architect to develop causal-loop-diagrams (CLD) to formulate dynamic hypotheses

5) developing stock-flow diagrams (SFD) to simulate basic dynamic behavior within each sector to reflect against the

MSI.

To support model construction during the study, stakeholder engagement though the AB CoDyM process (see Figure 2)

will assist in model formulation and verification. Modelling and stakeholder engagement will be an iterative process,

serving as a form of model verification, as well as enabling stakeholders to gain a shared understanding of the conflicts

associated to marine planning and management in the Bay.

Figure 2: AB CoDyM Process diagram, adapted from Clifford-Holmes & Pollard (2017: 5)

Results

The general notion underlying the analysis is that implementation of a policy and management framework,

such as MSP, facilitates sustainable marine planning and development, potentially minimising human use

conflicts and limiting marine pressures from human activities. By applying the driver-pressure-state-

impact-response logic (Atkins et al., 2011) in the model, the driving socio-economic indicators (SEI) are

defined. These drivers produce certain impacts, also defined as marine environment indicators (MEI),

which in turn affect the MSI. External policy interventions or governance response indicators (GI) then

affect the driving variables that can govern the loops in a more favorable way towards smaller impacts.

Ultimately, the MSI will influence the driving variables in each sector, either through marine health effects

or through management incentives to restrict the MSI from deteriorating.

An additional output that will be produced in the study will be a visual user interface (Figure 3). The

interface can assist in communicating the model results and involve the stakeholders in scenario planning,

by simulating policy interventions.

Figure 3: Preliminary Algoa Bay Marine Planning Tool visual user interface. 

Conclusions

In order to progress the implementation of IOM in Algoa Bay, this study introduced the Algoa Bay Marine Planning

Tool, a system dynamics model developed to explore policy interventions and identify trade-offs between multiple

competing and conflicting sectoral uses in a densely utilised marine space. The modelling process is complimented

through the AB CoDyM process, which is intended to facilitate stakeholder engagement in order to capture a

realistic representation of the socio-ecological marine system and to allow stakeholders to gain a shared

understanding of the system and identify the pathways needed to achieve holistic management goals. Although the

study area of the model is limited to Algoa Bay, the tool can be adapted and applied to other densely utilised marine

spaces in South Africa. Such context-specific assessments and tools are critical to progress IOM in South Africa.
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