
Earth Observation for Sustainable Fisheries & Marine Aquaculture: a 

Southern African example
Stewart Bernard, Marie Smith, Rory Meyer

Council for Scientific & Industrial Research, South Africa



Consortium Structure

										 

Eduardo	Mondlane	University		

Leading	coastal	&	resource	focused	applica ons	

&	user	development,	training	in	Mozambique	

										 

Benguela	Current	Commission	

Trilateral	resource	management	at	

ministerial	level,	coordina ng	the	

user	engagement,	training	and	

policy/impact	engagement	

components.			

										 

University	of	Dar	es	Salaam	

Leading	coastal	&	resource	focused	applica ons	

&	user	development,	training	in	Tanzania	

										 

Council	for	Scien fic	and	
Industrial	Research	

										 

Coastal	Oceans	Research	and	Development	
in	the	Indian	Ocean		

Leading	coastal	and	coral	reef	applica ons	regionally,	

economic	value	assessments	

Mauri us	MOI	
Nansen-Tutu	Centre	

Associates	

Lead,	developing	core	IT	systems	&	

services	and	support.	User,	

training	and	policy	engagement	

										 

ABALOBI	

NPO	empowering	ar sanal	

fishing	communi es	through	

mobile	ICT	

										 

Na onal	Sea	Rescue	Ins tute	

Leading	end-user	applica on	tes ng	of	new	

real	 me	met-ocean	informa on	and	forecasts.	

										 

Western	Indian	Ocean	Marine	
Science	Associa on	

Resource	management	at	regional	level,	

coordina ng	the	user	engagement,	training	and	

policy/impact	engagement	components.		



marcoSOUTH: Conceptual Model

Central acquisition, 
processing and serving 

of user optimised
products

User engagement & 
quantitative 

mechanisms for user 
co-designed systems

Provision of 
lightweight, high value 
web- and app-based 

services

Partners & users can determine their level of 
engagement with the EO technical aspects, 
based on some mix of the two endpoints:

• Pure consumers with no EO engagement, 
shaping the services from an applications 
perspective

• EO/scientists with high level of 
development and/or regional research 
involvement 

USER 
WORKSHOPS, 
CO-DESIGN & 

GROWTH



Service Structure – Essential Components

Strategic Tactical Logistical

Fisheries & Aquaculture
(SST fronts -> pelagics)

ABALOBI

Aquaculture West Coast
Aquaculture East Coast

Coastal Monitoring

Coral Bleaching Alerts

Water Quality

Marine & Maritime

Vessel Tracking

NSRI/Ops at Sea



Solutions for communities…

Using web & mobile tech…

Supporting development & operations of artisanal 

seaweed farming & other small scale aquaculture 

in Tanzania & Kenya…

Supporting national sea rescue institutes regionally 

through provision of improved search and rescue 

capabilities through web services and the SAFETRX 

app…

Supporting small scale fishing communities 

through improving fishing effort & safety across the 

region with the ABALOBI app…aiming to provide 

information in English and Portuguese...



Solutions for industries…

Supporting the aquaculture industries 

across abalone, bivalve, shellfish and 

finfish sectors through bloom risk, site 

selection and operational optimisation 

support….
Supporting the regional small and 

large pelagic fishing industries across 

a range of scales, in the coastal and 

oceanic environments... 

Providing regionally optimised 

observation, forecast and monitoring 

products for maritime operations...



Solutions for government…

Supporting aquaculture & fisheries development 

policies & regulatory mechanisms across the 

region... 

Allowing policy makers to quantify and understand 

the economic and socioeconomic value of 

ecosystem services in high value coastal regions...

Providing enhanced monitoring systems for water 

quality and vessel pollution for compliance and 

regulation....

Providing new capabilities of  vessel monitoring in 

regional EEZs, enhancing maritime, fisheries and 

environmental security....



User co-design : a critical part of service development

Quantitative user engagement & co-design mechanisms 
allowing development of complex operational systems 
from multiple view and architecture considerations. 
MarCoSouth uses the Reference Model for Open 
Distributed Processing (RM-ODP), providing a set of 
viewpoints for partitioning the design of a distributed 
system. 

OCIMS	
MarCo
South



Service 1A: Fishing Zones Monitoring and Protection

Poten al	Fishing	
Zone	tools	

Integrated	Vessel	
Tracking	

Environmental	Time	
Series	analyses	

Improved	ocean	state	
forecasts	 Web	&	

App	
based	
tools	

Ar sanal	sectors	
through	ABALOBI	

Pelagic	sectors	

Demersal	sectors	

Recrea onal	
sectors	

Resource	
management	

EO	Capabili es	 Relevant	Sectors	 Value	proposi ons	

• Provision	of	freely	available	products	
e.g.	high	resolu on	SST,	fronts,	ocean	
colour,	oceanography	in	real	 me	and	
historical	modes…	

• Work	with	regulators	to	improve	stock	
assessment,	catch/effort	analyses,	
compliance	&	IUU,	sustainability	
across	sectors…	

• Work	with	industry	to	improve	

na onal	&	regional	compe veness	
e.g.	MSC	cer fica on,…	

• Inves gate	industry	needs	for	further	

value	adds	in	private	sector,	e.g.	PFZ	
capabili es	for	specific	sectors,	voyage	
&	infrastructure	management,…	

User Needs & Decision Making



Service 1: Aquaculture and Fisheries comparison

User Needs & Decision Making

User needs are highly 
specific & domain-
sensitive e.g. the 
comparison between 
aquaculture & fisheries 
sectors...

Key part of service 
design is to find where 
MarCoSouth can really 
provide value and 
innovation fairly quickly 
– this is a pragmatic 
choice...

Aquaculture & HABs

Fisheries Support

Community
• Very open, interactive & developing 

community that have suffered severe HAB 
losses recently and welcome any improved 
HAB observations

User Archetypes: farm/facility managers; 
government monitoring & regulatory 
departments; desalination plant engineers & 
managers ; disaster management….

Emerging Approach
• 100% public service model for 1st phase
• Open technical advisory group 
• Farms provide daily phytoplankton counts
• Sharing of all NRT and historical EO & in situ 

data
• WhatsApp groups (user preferred system) 

provides information sharing & consensus risk 
evaluation…

Community
• Actually many different industry communities 

from artisanal through small/large pelagic to 
agri-business demersal hake etc – all with 
different competitiveness, investments 
in”business intelligence” etc . Regulators & 
industry associations  

User Archetypes: artisanal; pelagic; demersal; 
associations;  fisheries regulators…

Emerging Approach
• 100% public service model inappropriate –

requires mixed sectors-specific approach
• Open technical advisory group  but some 

industry users prefer closed one-one
• Primary engagement with fisheries ministries 

as regulators and sector guides
• Marine stewardship certification increasingly 

valuable as collaborative engagement…



Service 1A: Fishing Zones Monitoring and Protection

Testing, Validation & Service Operation

• Integration of available catch data, initially from South African DAFF as below, progressing to integration of 
ABALOBI and regional catch data



Service 1A: Fishing Zones Monitoring and Protection

Improving Service Focus for delivery by end 2020

Focus on the earth observation innovation around small scale 
fisheries though ABALOBI as key partner, with highly focused 
products & development of new tools for 

• Frontal & other products for optimised fisher decisions

• Improved safety at sea forecasts

• New artisanal phenology used to analyse event scale 
environmental conditions optimal for fishing, and to use this for 
predictive supply chain management

Provision of freely available potential fishing zone products for 
pelagic fishers & engagment through industry partners



Service 1B: Aquaculture Site Monitoring and Protection 

Example questions of a user survey for the 
aquaculture support tool conducted for the South 
African aquaculture sector in 2018/2019 – a further 
optimised survey will be conducted for Namibia 
(similarly strucured sectors) and the utility of an 
adapted survey will be assessed for the very 
different artisanal East African sectors….

User Needs & Decision Making



Service 1B: Aquaculture Site Monitoring and Protection 

User Needs & Decision MakingSmith et al. Running Title

Figure6. SatelliteproductsderivedfromS3A-OLCI for the24thof February 2019. Thetoppanel shows
[Chl-a], whilst thebottompanel showsthederived phytoplankton typeclassification; classes include
dinoflagellate(red) andPseudo-nitzschia(yellow) dominatedwaters, aswell ashigh(green) andmoderate
(blue) biomass mixed assemblages.

daysprior tothesatelliteimageshownhere, theregionsclassifiedashavingahighlikelihoodof PNare292

considered plausible under normal upwelling conditions.293

4.4 Algorithm limitations294

Thisstudy isbasedonarelativelysmall insitudataset (N=68) withonlyalimitednumber of samples295

that includedcoincident radiometricmeasurementsandphytoplanktoncounts; however, it didcomprise296

awiderangeof phytoplanktontypesandbiomassconcentrationsenablingafirst order determinationof297

ecosystem-contextualisedthresholds. Althoughthesethresholdsarebaseduponstatistical indicators, the298

algorithmisnot specificallymeant tobeaquantitativetranslationbetweenMLHandcell countsor [Chl-a].299

Theaimwastoprovidesimpleintuitivemap-basedindicationof probabilisticphytoplankton-relatedrisk300

totheaquacultureindustry of southernAfrica. If/whenmoredatabecomeavailabletheseclassification301

methods and detection accuracy could potentially be refined further.302

The application of the probabilistic phytoplankton type detection classifier to coincident satellite303

reflectancedemonstratedthat therewasthehighest likelihoodof correct classificationof phytoplankton304

typedominanceat [Chl-a] > 23mgm− 3. Although it ispossiblethat HAB identificationcouldbemore305

straight-forward at lower biomass levelsunder mono-specific bloomconditions, it isunlikely for any306

This is a provisional file, not the final typeset article 12

Example of regionally optimised Sentinel 3 
HAB classification product for the 
Benguela – a good example of a cutting 
edge highly-localised EO product that is 
now in operational service under OCIMS 
and GMES-Africa. This image focuses on a 
potentially very damaging bloom in 2019, 
where mortalities where avoided through 
a combination of greatly improved farm 
mitigation infrastructure and better 
decision making based on these 
products….

Smith & Bernard, Frontiers in Marine 
Science (in review), attribution to GMES-
Africa



Service 1B: Aquaculture Site Monitoring and Protection 

Understanding impacts 
of changing climate for 
aquaculture is also a 
focus arae – example 
15 M.Sc year study 
showing bloom refuges 
on the south coast 
(Aphiwe Mtentandaba)



Service 1: Fisheries & Aquaculture Support Service

Example screenshot of the main aquaculture support tool, 
providing harmful algal bloom, productivity and temperature 
products and analytics...should be live in 2019



Sentinel 3 bloom monitoring as 
of this morning….



Service 1B: Aquaculture Site Monitoring and Protection 

Testing, Validation & Service Operation

…of course, what many users 
really want is just a WhatsApp 
group...



Involvement of the 
private sector, focuing on 
the high resolution water 
quality monitoring 
service using the 
CyanoLakes SMME EO 
service provider….

Service 2B: Water Quality 
Monitoring



Service 3A: Ship Traffic Monitoring

Users often need to 

1) Find and track specific vessels
2) Be warned of vessels inside restricted areas
3) Find the history of a vessel
4) See the normal behaviour of vessels over history
5) Find vessels that are not transmitting their position

These requirements are used in:
 Fisheries enforcement
 Tracking of vessels suspected of smuggling
 Pollution monitoring
 Determining port activity

User Needs & Decision Making



Real time knowledge of the maritime domain allow for the optimal deployment 
of national assets for security and fisheries compliance….



Allowing for the prevention and deterrence of activities that represent threats to 
security and economic sustainability, such as illegal fishing….



Service 3A: Ship Traffic Monitoring



Service 3A: Annual Fishing  Effort Synthesis



The IVT system has already assisted in tracking vessels 
known to carry drugs and to provide exact details on 
Ports visited. The system has also assisted in identifying 
vessels that have been fishing within Marine Protected 
Areas. 

Application M3.1.1: Ship Traffic Monitoring

Testing, Validation & Service Operation




