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Developing	marine	ecosystem	models	for	basic	and	
applied	science	

Purpose	
•  Science:	explore	system	properties	and	non-linear	

interactions	between	pressures	and	ecosystem	
components	

•  Policy:	in-silico	evaluation	of	policy	scenarios	and	
scenario	forecasting	

	



Atkins	et	al	(2011)	Mar	Poll	Bull	

3.2. Case study 2: the management of marine biodiversity at
Flamborough Head, UK

The second case study applies the methodology to the manage-
ment of biodiversity at Flamborough Head, UK. This coastal site has
multi-user characteristics and is especially distinctive for being
designated as a European Marine Site (EMS) for its diverse habitats
(designated as a Special Area for Conservation (SAC) under the EU
Habitats Directive 92/43/EEC) and abundant seabird colonies (des-
ignated a Special Protection Area (SPA) under the EU Wild Birds
Directive 79/409/EEC) (for further details see Burdon and Atkins,
2007). At the same time, it has many of the uses and users of other
marine areas, such as fishing, recreation, waste disposal, aggregate
and oil and gas resources. As with the previous case study, defining
system boundaries is central to the application of the DPSIR frame-
work, although in contrast to the aggregate case study, its EU des-
ignations restrict activities and influence other management
interventions. An assessment of the ecosystem (fundamental and
final) services and societal benefits provided by the Flamborough
Head marine environment highlights potential conflicts between
the user community’s activities and the integrity of the site.

As an EMS, the UK Habitats Regulations 1994 make provision
(under Regulation 34) for Relevant Authorities to establish a man-
agement scheme. In 2000, the first Management Scheme was pro-
duced by the Flamborough Head Management Group for the
Flamborough Head EMS (Evans, 2000) and highlighted the require-
ment for integrated management for the site. This led to the Flam-
borough Head Maritime Forum being established to provide user
community involvement in the management of the EMS. The Man-
agement Scheme was reviewed in 2007 to give the Flamborough
Head Management Plan (Stockdale, 2007) with the aim to ‘ensure
that human activities at Flamborough Head are managed in a way
that is compatible with the natural assets of Flamborough, and to seek
opportunities to improve these assets and the human activities that

depend upon them’. Thus the Management Plan plays a central role
in determining types and level of activity and other interventions
within the Flamborough Head EMS.

Given the many uses and users of this and most other marine
sites then we can envisaged the areas as requiring multiple DPSIR
cycles. Hence, the complexity of the management of this protected
site is demonstrated conceptually in Fig. 6. It recognises the multi-
ple activities undertaken at Flamborough Head through the DPSIR
framework of multiple users within the boundary of this system.
Importantly, Responses in the DPSIR framework are guided by the
Management Plan, hence its place at the centre of the figure. The
several sectoral activities are depicted in Fig. 6 by DPSIR ‘cycles’
(I, II, III, IV. . .N). The boundary of the system is placed so that all
of these activities are placed within the system. It is also recogni-
sed that the system will be subject to exogenic unmanaged pres-
sures and natural change. The complexity of this system is
reflected by the linkages and feedback loops drawn between the
DPSIR cycles.

In the case of Flamborough Head the activities include for
example, fishing, industrial development and recreational amenity.
The coastal waters support a high level of commercial and recrea-
tional fishing activity exploiting a mixed fishery through potting,
trawling, netting and lines. The municipal sewage treatment works
discharge treated wastes as does an industry – distilling, brewing
and food malts for domestic and export markets. All of these activ-
ities are managed within the framework of the integrated Flambor-
ough Head Management Plan.

Several Pressures, resulting from these activities, are placed
upon the system, including the exploitation of fisheries and indus-
trial discharges have to coexist with the demand for conservation
of biodiversity. For example, there are currently nine inshore ves-
sels (<10 m) registered at Flamborough, all with shellfish licences,
which exploit populations of European lobster, edible crab, velvet
crab and whelks. Sewage treatment works discharge into the area,
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Fig. 6. A nested-DPSIR framework for the management of the marine environment at Flamborough Head, UK.
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Advantages	with	BBNs	
•  Can	deal	with	data	deficiency	
•  Non-quantitative	output	
•  First	of	Koster	BBN	version	expected	for	November	workshop	e c o l o g i c a l m o d e l l i n g 2 2 0 ( 2 0 0 9 ) 2927–2939 2933

Fig. 4 – Bayesian belief network model structure. Driver variables are shaded in dark grey, Pressures in light grey, and
ecological States are unshaded. Full details of the indicators for each variable and supporting data are given in Table 1.

information such as that from the European Environment
Agency (EEA—European Environment Agency, 2005). The
relative position of this Baseline Scenario is depicted in
Fig. 4, and descriptions of the four Alternative Scenarios are
summarised and presented in supporting online material, S1).

From these characterisations, narrative description of
changes in basic socio-economic variables and activity in
Driver sectors were developed for each scenario at broad EU
level. These were translated into a simple categorical repre-
sentation (+/0/−) to indicate the direction of change in each
of the Driver sectors and ultimate activities, which were used
to condition the model. Because of the manner in which the
Alternative Scenarios were developed, they were represented
as changes relative to the Baseline Scenario. From these def-
initions it is not possible to know whether a positive change
from the current situation to the Baseline Scenario is offset by
a negative change in any Alternative Scenario, because there
is no scale only the direction of change. As the Baseline Sce-
nario was characterised based on current predictions on the
state of development in 2025, and the Alternative Scenarios
are possible contrasting futures, most confidence is held in
the Baseline Scenario.

2.4.2. Scenario implementation
The simulation model was conditioned to each of the
five scenarios (the Baseline Scenario and four Alternative
Scenarios—see above), and responses of downstream vari-
ables (Pressures and States) were recorded. This was carried
out by manipulating the marginal probability distributions of
Driver variables in unique combinations via a three-step pro-
cess (Fig. 5). Unconditioned, Driver variables are equally likely
to be in either the ‘high’ or ‘low’ states (Fig. 5). (1) To simu-
late the current situation, marginal probability distributions
(Drivers) were changed by P = ±0.2. Thus a positive change
resulted in an input P(low) = 0.3 and P(high) = 0.7, while a nega-
tive change resulted in an input P(low) = 0.7 and a P(high) = 0.3.
(2) Under the 25-year time horizon of the Baseline Scenario,

Fig. 5 – Scenario implementation. Scenarios were input as
changes to the state of marginal probability distributions of
Driver variables. Above are the changes for two Drivers,
phosphate (P) fertiliser usage and urban waste water
treatment (UWWT) for the current situation, Baseline
Scenario and one Alternative Scenario (National
Enterprise), as a worked example. The direction of change
is relative; the current situation is relative to the
unconditioned driver (median of time-series); Baseline
Scenario is relative to current and the Alternative
Scenarios, including the National Enterprise Scenario, are
calculated as deviations from the Baseline Scenario. The
full list of scenario conditions can be found in Fig. 8.
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Generating	input	data	

Model	section	 variables	

Divers	 10	

Pressures	 21	

States	 31	

Ecosystem	services	 12	

SUM	 74	

Revision	of	variables	
planned	for	November	
workshop	
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From	data	to	trendlines	

From	Dawn	Field	and	Per	Bergström	



Generating	new	data	with	new	
methods	

AUV	mission	in	Koster,	
Aug	2019	
	
Equipment	
•  CTD,	multibeam,	

bottom	profiler,	
side-scan	sonar	

	
Biological	data	
•  Coverage	and	

density	with	
biogenic	habitats	
and	reef	structures	

•  Density	and	
coverage	of	
trawling	marks	

Trawling	marks	in	Koster	trench	

Bathymetry	on	trench	edge	



Generating	new	data	with	
new	methods	
	Autonomous	reef	Monitoring	
Structures	(ARMS)	
•  assess	status	and	changes	in	

hard	bottom	communities	of	
near	coast	environments	with	
genetic	methods	

•  Combined	identification	of	
biological	communities	(photo,	
genetic)	

•  Early	warning	system	for	
invasive	species	
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Preliminary	results	suggest	that	industrial	
and	recreational	traffic	exerts	no	major	
pressure	on	the	ecosystem	



ARMS	deployed	(2018-2021)	

Koster	buoy	(2018-)	

Potential	new	ARMS	sites	(2020-)	

Generating	new	data	with	new	methods	
	



Extract data from 30 year’s of ROV footage using 
Artificial Intelligence (AI)	

Grafisk profil för Svenska LifeWatch / Graphic profile for Swedish LifeWatch 3

1.  Logotyp 
Logotype

Den grafiska profilen för Svenska LifeWatch utgår från logotypen och formspråket hos internationella 
LifeWatch. Logotypen har ingen exakt storlek utan kan skalas efter behov.

The graphic profile for Swedish LifeWatch is based on the logotype and graphic expression of inter-
national LifeWatch. The logotype does not have a fixed size, and can be scaled to fit the purpuse. 

a. Logotyp i färg / Colour logo

 SVENSKA

Logotypen för Svenska LifeWatch ut-
görs av den internationella logotypen 
med tillägget ”Svenska” i grönt.
Logotypen skall alltid placeras på en 
vit bakgrund.

The logotype for the Swedish Li-
feWatch project is identical to the 
international one, with the addition of 
the word ”Svenska / Swedish”. 

 SWEDISH

 SVENSKA

Logotypen skall alltid ha en frizon 
runt omkring sig. Inga andra 
grafiska element får inkräkta på 
frizonen.

The logotype must have a free 
zone around it to maintain the 
visual impact. No other graphic 
elements should infringe upon 
this space.

b. Frizon /  Free zone



Website	
•  update	ready	for	

November	workshop,		
•  Partner	overview	
•  Sub-projects	&	

activities	
•  Student	project	

suggestions	



Thank you for your attention

Partners	and	participants	
•  Per	Berström	
•  Dawn	Field	
•  Peirre	De	Wit	
•  Marie	Stensecka	
•  Andreas	Skriver	Hansen	
•  Lena	Gipperth	
•  Roger	A	Johansson	
•  m.fl.	

Funding	organisations	
•  Biodiversa-Belmont-FORMAS	(model	

development)	
•  Swedish	LifeWatch	
•  Assemble/EMBRC	
•  Swedish	Agency	for	Marine	&	Water	Mgmt	(field	

work)	
•  NeIC	(analysis)	
•  Ocean	Data	Factory	(analysis)	
•  Scoot	(field	work)	



End	of	presentation	


