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What is systems analysis and why do we need it for the 
marine environment?

"Systems change is an intentional process designed to alter the status quo by shifting the 
function or structure of an identified system with purposeful interventions. It is a journey 
which can require a radical change in people’s attitudes as well as in the ways people 
work. Systems change aims to bring about lasting change by altering underlying structures 
and supporting mechanisms which make the system operate in a particular way. These can 
include policies, routines, relationships, resources, power structures and values."

Possible mapping approaches of the system to represent system elements and 
connections, e.g.:
• Actor maps - which individuals and/or organizations are key players in the space and 

how they are connected
• Mind maps - highlight various trends in the external environment that influence issues
• Issue maps - the political, social, or economic issues affecting a given geography or 

constituency (often used by advocacy groups)
• Causal-loop diagrams – interrogating the feedback loops (positive and negative) that 

lead to system behaviour or functioning
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Figure 1 - Integrated Marine Manage-
ment Systems Analysis (IMMSA)(Elliott et al., in prep. IECS Uni Hull)

Socio-economic Sub-system 
(employment consequences, 
assets delivery & protection)
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Responses (economic, 
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(for each EnMP cf. ExUP) Pronounced “dapsiworm”!

Underpinning framework Sub-system 
(DAPSI(W)R(M))



Issue Sub-system (why, what, where, when – risk 
assessment & management)

Repercussions (consequences)Priorities (determine problems)

this is vision-related and includes activities emanating both inside the 
sea-area to be managed (endogenic pressures where causes and 
consequences are managed), and outside (exogenic pressures where 
only consequences can be managed); 
to identify the causes of the problems (the risks and hazards typology) 
and it requires an ability to prioritise challenges but also know the 
repercussions of natural and anthropogenic changes.



Bow-Tie Analysis linked to DAPSI(W)R(M) Framework for Risk Assessment and Risk Management (Drivers, 
Activities, Pressures (as mechanisms of change), State change (on the natural system), Impact (on human 
Welfare), Responses (using Measures based on 10-tenets – econ., tech, ecol., legal, admin, cult., polit., moral, 
comm., social aspects)

D, A, P S, I(W)R(M)S, I(W)R(M)
Stakeholder consultation – to determine causes and consequences 

and to agree the responses throughout the sequence
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Socio-ecological Sub-system (production of ecosystem services 
leading to societal goods and benefits with input of human capital)

– considers producing 
ecosystem services from 
ecological functioning to 
deliver societal goods and 
benefits (economic 
repercussions), after inputting 
human complementary assets 
and capital (natural, human, 
built, economic?). 

Ecosystem Services
(Flows)

Societal Benefits
(Well-Being)

Natural Capital
(Stock)



Socio-Ecological System - Integrating Concepts:

Physico-chemical 
structure / stock

Physico-chemical 
processes / 
functioning 

Ecological 
structure / stocks

Ecological 
processes / 
functioning

Individual 
(use & non-
use) values

Total 
Economic 

Value

Stock of natural capital -
Natural carrying capacity

Shared (monetary 
& non-monetary)

Natural environmental system 
& Total Ecological Value

Ecological capital 

Total Social Value

[ME/JPA/DB (UoH) & RKT (UEA) Coastal zone ecosystem services HG v9]

Physico-chemical capital 

Socio-Econo-Techno System measured as TSSV (Total Societal 
& System Value) & Socio-economic carrying capacity

Intermediate 
ecosystem services

Final ecosystem 
services

Complementary assets (human 
capital – population expending 

energy, time, money, skills)

Ecosystem goods
Societal benefits

(Elliott et al., 2017, Mar. Poll. Bull.)



Socio-economic Sub-system (employment consequences, assets 
delivery & protection)

– considers which of the 
different groups of 
stakeholders benefit from 
the management of 
ecosystem services and 
societal goods and 
benefits; how are the 
drivers (basic human 
needs) translated into 
economic products and 
how the societal assets are 
delivered and protected; 
Blue Growth repercussions.



Resources & Delivery Sub-system (human, physical, techniques, 
expertise – who, how)

consider who does what and 
how do they do it, requiring 
adequate personnel 
(training, expertise, 
techniques) and physical 
facilities (technologies, 
equipment).



Provenance Sub-system (checking, 
quality assurance, defendability)

underpinned by fit-for-purpose science 
(need-to-know vs nice-to-know); 
focus on aims (why), objectives (what/how) 
and hypothesis generating and testing (to 
indicate success); 
ensure a defendable knowledge-evidence 
base (science-for-policy and policy-for-
science) of data;
data conversion to information and 
knowledge, and models for prediction 
(include traditional knowledge (indigenous 
knowledge), 
but also citizen science as generator of 
knowledge (apps for biodiversity, alien 
species, pollution or litter tracking).

Knowledge

Information

Data

Evidence	‘Mining’

Sources

Audit Trail / Proof
Coastal Futures, SOAS, 23-24 January 2013



Governance Sub-system  (who, how)

incorporating policies and politics plus the Legislative Sub-system, with vertical 
integration from local to global, and the Administrative Sub-system, by horizontal 
integration of the management organogram to accomplish the vision. 

adopting internationally recognised principles which 
together comprise The Ecosystem Approach:
• ecologically sustainable development 
• inter-generational equity
• the precautionary principle
• conservation of biological diversity and ecological 
integrity 
• ecological valuation
• economic valuation of environmental factors
• the ‘damager debt’ / ‘polluter pays’ principle
• waste minimisation, and
• public participation - the role of individuals and ethics.
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targets

U.N. 
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DIVERSITY 

UNCLOS

MARPOL

Regulations to control shipping & pollution 
from ships to give safer shipping, 

navigation and pollution control and 
operation

Integrated maritime policy 
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Integrated pollution control
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shellfish and fish

Transitional and coastal waters 
status

Environmental liability to prevent and 
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CITES
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coastal and marine waters
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CHANGE (UNFCCC)
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CONVENTION

Strategic assessment of public plans or 
projects in a transboundary effect

IMO

INTERNATIONAL 
CONVENTION ON 

SALVAGE

Impact assessment of a 
plan or project

Protection of wild birds in transitional, coastal 
and marine waters

Biodiversity strategy

Inshore fisheries 
management 0-6nm

Protection of marine 
archaeology

UNESCO 
PROTECTION OF 

UNDERWATER 
CULTURAL 
HERITAGE 

Marine environmental 
protection

KEY

International 
Law  / 

Commitments

International 
Bodies & 

Conventions

(Boyes & 
Elliott MPB 
2014)

Legislative 
Sub-system 
(vertical 
integration)
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Freshwater Fish Dir.; Shellfish Waters Dir. & Groundwater Dir.
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?

International Law  
or Commitments

International 
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(COTES) Regs

Enforcement

IPPC

Strategic Environmental 
Assessments to include 
transboundary effectsEnvironmental 

Assessment Regs
Licences, 

Consents & 
Authorisations

Marine projects are subject 
to Environmental Impact 

Assessment

Town & Country  
Planning (EIA) 
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Bodies & Artificial 
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MSFD

Various 
Regs to 
control 

CITES fauna 
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Protection

Biodiversity  
& Species 

Action Plans

Conservation 
of Habitats 

and Species 
Regs

Offshore 
Marine 

Conservation 
Regs

Reg 35 advice, Article 17 condition 
monitoring, Appropriate 

Assessments (AA), Habitat 
Regulations Assessment (HRA) & 

Likely  Significant Effect (LSE)

Licences, 
Consents & 

Authorisations

Marine 
planning (4)

Conservation 
/ Biodiversity  

protection 
(MCZ)

Coastal 
Recreation

Licences

Licences, 
Consents & 

Authorisations

Licences, 
Consents & 

Authorisations

H1 Method

UN FRAMEWORK 
CONV. ON CLIMATE 
CHANGE (UNFCCC)

KYOTO 
PROTOCOL

Harbours Act
Revision and 

Empowerment 
Orders. Conservation 

duties on ports

Local Harbour Acts
Harbour & 

Works Licences 

Merchant 
Shipping Regs

ESPOO 
CONV.

SEA

Applications for Nationally  
Significant Infrastructure Projects 

(NSIPs) / Marine Licences

Planning Act 
(as amended)

Infrastructure 
Planning (EIA) 

Regs

IMO

Protection of marine 
archaeology

National 
Heritage Act

Protection of 
Wrecks Act

Merchant 
Shipping Regs

Electricity  Act

Climate Change Act

Conserv ing wider 
biodiversity

Ancient Monuments & 
Archaeological Areas 

EIA

Licences, 
Consents & 

Authorisations

Wild 
Birds

EU 
Biodiversity  

Strategy

Wildlife & 
Countryside Act 

(as amended)

NERC 
Act

EU 
Integrated 
Maritime 
Policy 

Good 
Environmental 

Status

Site designations  - European Marine Sites 
(EMS) include SAC & SPA. 

(RAMSAR sites designated under the 
RAMSAR Conv. should also be given same 

management considerations as EMS)

RAMSAR 
CONV.

Management 
Plans & 

Schemes(2)  The network of MPAs in England will consist of 
EMS/Natura 2000 (SACs & SPAs), SSSIs, Ramsar sites and MCZs

UNESCO 
Protection of 
Underwater 

Cultural 
Heritage (3)

INT. CONV. 
ON SALVAGE

Protection of 
Military  Remains 

Act 

Marine 
archaeology

Council of 
Europe 

Conventions on 
archaeology & 

landscape

(3)  The UK is not a signatory to this Convention however a number of 
public statements have been produced that confirm its endorsement of 
the rules in its Annex

All regulated activities in the English marine environment consider UK marine 
policy drivers such as the UK High Level Marine Objectives 2009, the UK Marine 
Policy Statement (4) and various National Policy Statements

Licences, 
Consents & 

Authorisations

(5)  In England, the newly adopted MSP Directive will most likely be 
implemented through the existing Marine and Coastal Access Act 2009

? (5)

Marine & 
Coastal 

Access Act

(Boyes & Elliott, Mar 
Poll Bull 2014)

Vert. int.

Horiz. int.



Drivers (societal 
basic needs)

Activities (of 
society)

Pressures 
(resulting from 

activities)

State change 
(on the natural 
system)

Impacts (on 
human Welfare) 

(changes 
affecting wealth 
creation, quality 

of life)

Responses 
(economic, 
legal, etc) 

(Measures)

Indicator-based 
DAPSI(W)R(M) 
framework

E.g. Indicators:
Ecosystem 
service 
Societal benefits
Human health 
status

E.g. Indicators:
Number of 
regulations
Economic costs
10-tenets values

E.g. Indicators:
Natural health status
Population levels
Community structure

E.g. Indicators:
Footprint of effects
Stressor intensity

E.g. Indicators:
Number of activities
Navigation routes
Size of fishing fleet

(NB - DEVOTES indicators 
catalogue – 500 indices!)

Achievement Sub-system (checking 
outcomes vs. outputs)
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Planning Inspectorate

- Health & safety w ith respect to working at sea
- Ships surveys & inspections
- Emergency response including search & 
rescue, counter pollution & response, receiver 
of w reck, maritime incident response group 
(MIRG) & resilience.
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Crown Estate

- Ow ns 55% of the foreshore (between mean 
high and mean low  water) and approximately 
half of the beds of estuarial areas and tidal 
rivers in the United Kingdom. 
- Ow ns the seabed out to the 12 mile territorial 
limit, including the rights to explore and exploit 
the natural resources of the UK continental 
shelf, excluding oil, gas and coal.
- Leases of easement for pipelines and cables, 
offshore renewable energy developments.
- Royalties from the extraction of minerals, 
principally marine aggregates.

Parliament

House of Commons

House of Lords

National Maritime Museum

Harbour Authorities

Local Authorities

Executive Agencies
National Infrastructure 
DirectorateExecutive Non-

Departmental  
Public Bodies

- Independent body examining applications for 
nationally signif icant infrastructure projects 
(NSIPs) e.g. large w ind farms >100MW, pow er 
stations etc. Issue development consents 
under the Planning Act 2008 (Localism Act 2011)

- National Planning Policy Framew ork
- Planning Policy Guidance (PPGs)
- Marine Minerals Guidance Notes (MMGs)
- Strategic Environmental Assessments (SEAs)

Local Government 
Bodies

Ministry of 
Defence (MOD)

UK Hydrographic Office

- Waterborne security of HM dockyards and 
HM naval bases
- Jurisdiction w ithin territorial w aters
- Enforce legislation e.g. Port Orders and 
Merchant Shipping Act

Defence Science & 
Technology Lab

Oil and Pipelines Agency

MOD Police Marine Unit

- Provide hydrographic services for UK w aters 
as required under (SOLAS)

Trading Fund 
Agency

- Maritime technology e.g. ships & submarines

- Operation of the Government Pipeline and 
Storage System (GPSS)

Committee on Climate Change - Advises government on emissions targets 
and reports greenhouse gases

- Oil & gas licensing under Petroleum Act 1998
- Renew able energy – w ave, tidal and w ind & 
Safety Zones for >100MW w indfarms
- Energy Act 2008 & 2010; and Climate 
Change Act 2008
- National Policy Statements (NPS) on energy Secretary of States 

Representative for Maritime 
Salvage & Intervention
(SOREP)

- Represent the DECC (in relation to offshore 
installations) & the DfT(in relation to ships) by 
removing or reducing the risk to safety, 
property and the UK environment arising from 
accidents involving ships, f ixed or f loating 
platforms or sub-sea infrastructure.

HM Coastguard

- Shipping, marine safety & security, inland 
w aterways, navigation, ships registers, 
transport national planning guidance (NPG)

Advisory 
Committees

Marine Energy 
Programme Board

Please refer to Defra 
diagram 
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- Partnership of the main Government 
Departments, the Devolved Administrations of 
Scotland, Northern Ireland & Wales, the 
Environment Agencies & research bodies 
involved in funding and carrying out marine 
science in the UK.  Co-ordination of marine 
research & delivering the UK Marine Monitoring 
& Assessment Strategy (UKMMSS).

Marine Science Co-ordination 
Committee (MSCC)

Advisory Committee on Releases 
to the Environment (ACRE) - Advice to UK Governments on the release & 

marketing of genetically modif ied organisms.

Department 
for Business 
Innovation & 
Skills (BIS)

UK Met Off ice

Food Standards Agency - Food safety and hygiene (e.g. chemical levels 
in shellf ish and fish)

Department 
for Culture, 
Media and 
Sport (DCMS)

English Heritage

- Protected w recks, protection of marine 
historic environment, map historic seascapes, 
fund coastal & marine heritage research. 
(Although the UK has not ratif ied the UNESCO 
Convention on the Protection of the 
Underw ater Heritage, English Heritage follow  
the Rules annexed to the Convention as 
representing best practice in marine 
underw ater archaeology projects).

Administrative 
Sub-system 
(horizontal 
integration)



Stakeholder Sub-system (horizontal integration)

Stakeholder-orientated Research Questions (from Newton & Elliott 2016)

1) What are the definitions of interested parties stakeholders and social actors?

2) Who are the interested parties and stakeholders?

3) What types of stakeholders are there?

4) What are the roles of each type?

5) Why are stakeholders important in participatory processes?

6) What influence do/should they have in marine management?

7) Are all stakeholders equal?

8) What are the difficulties and conflicts?

9) How should interested parties be involved?

10) What examples have worked?

11) How can we improve stakeholder participation?



Stakeholder Typology (from Newton and Elliott 2016)
• The ‘inputters’ (of pollution, infrastructure, sediment, etc) – those 

creating the pressures in the sea.
• The ‘extractors’ (of fish, water, space) – also causing the pressures.
• The ‘regulators’, those statutory bodies with a legislative competency 

regulating the above and supported by administrative bodies and many 
legal instruments.

• The ‘beneficiaries’, most if not all of society, who take or receive 
advantage of those uses and materials provided by the seas or even who 
get advantage by reducing their costs due to putting wastes into the 
seas.

• The ‘affectees’, a large group of stakeholders that are affected, possibly 
adversely, by those using and managing the seas. 

• The ‘influencers’, those politicians, non-governmental organisations, 
media, academics and educators who direct the nature of marine use.

(from Newton and Elliott 2016)



Communication Sub-system (dissemination)

Together with the Stakeholder Sub-
system, this requires horizontal 
integration and informed 
dissemination across the stakeholder 
typology (of formal and informal 
actors), including conflict resolution.
It enables complementarity 
and stakeholders should be included 
in all aspects, including feedback 
loops. 
Communication using academic, peer-
reviewed information, grey literature, 
public but unpublished reports
Open access vs subscription-based 
literature



Who? Main usual source of information Amount of information usually 
produced and used

General public
News bulletins (TV, radio); 
newspaper headlines, social media, 
tweets, soundbites, ‘pub talk!’

2 minutes 
attention 
span, 140 
character 
tweets

Undergraduate 
and graduate 
MSc/MA students

Text books, lecture notes, web sites, 
Wikipedia 

Synoptic 
syntheses

PhD students and 
early career 
scientists

Books, reviews, web sites, abstracts, 
compendia, Wikipedia, journal 
articles

Detailed 
syntheses

Experienced 
natural scientists

International journal, peer-reviewed 
articles, some monographs 10-300 pp

Experienced 
social scientists

International journal, peer-reviewed 
articles, monographs, books 10-300 pp

Consultants Consultant reports, government 
documents, unpublished reports 200 pp

Policy 
implementers

Government & agency reports, 
commissioned consultant reports <50 pp

Policy makers Government briefings, commissioned 
briefings, policy briefs <2 pp

World leaders 
(e.g. POTUS) Tweets, soundbites!

140 
characters, 
sentences

‘The 
Dissemination 

Diamond’

(Elliott et al., 2017, Mar. Poll. Bull.)



Feedback Sub-system 

Indicating the success of 
societal Responses to 
Drivers, Activities and 
Pressures to stop State 
changes and Impacts on 
human Welfare; 
focus on risk (and 
opportunity) assessment 
and management; 
link to SMART indicators;
determine monitoring link 
to indicators and 
management.



To be successful, management 
measures or responses to 
changes resulting from human 
activities should be:
• Ecologically sustainable
• Technologically feasible
• Economically viable
• Socially desirable/tolerable
• Legally permissible
• Administratively achievable
• Politically expedient
• Ethically defensible (morally 

correct)
• Culturally inclusive
• Effectively communicable

The 10 tenets for societal marine 
management responses:

(cf. PESTLE)



Recipe Leading to Integrated Marine Management

• Need to understand how our activities lead to which pressures
• Need to understand which pressures are within and outside our control 
• Need to understand ecological structure and functioning
• Need to understand what state changes on the natural system occur 

from those pressures 
• Lead to describing the impact on human welfare as effects on Ecosystem 

services and Societal benefits
• Lead to defining the appropriate responses as management measures
• Require implementation of governance (policies, politics, administration 

and legislation)
• Within a multiuser system requiring resolution of conflicts amongst users
• Communicate by working with stakeholders



Underpinning framework Sub-system 
(DAPSI(W)R(M))

Issue Sub-system (why, what, where, 
when – risk assessment & management)

Ecological Sub-system 
(env.-biol., biol.-biol., 
biol.-env. relationships, 
information, data)

Socio-ecological Sub-system 
(production of ecosystem 
services leading to societal 
goods & benefits with input 
of human capital)

Repercussions 
(consequences)

Priorities (determine 
problems)

Resources & Delivery Sub-system 
(human, physical, techniques, 
expertise – who, how)

Provenance Sub-system 
(checking, quality 
assurance, defendability)

Governance Sub-system  (who, how)

Communication Sub-
system (dissemination)

Stakeholder Sub-system 
(horizontal integration)

Legislative Sub-system 
(vertical integration)

Administrative Sub-
system (horizontal 
integration)

Achievement Sub-system 
(checking outcomes vs. outputs)

Feedback Sub-system 

Figure 1 - Integrated Marine Manage-
ment Systems Analysis (IMMSA)(Elliott et al., in prep. IECS Uni Hull)

Socio-economic Sub-system 
(employment consequences, 
assets delivery & protection)



Thank you
For more information 
visit www.hull.ac.uk

Mike.Elliott@hull.ac.uk
http://www.hull.ac.uk/Faculties/staf
f-profiles/Professor-Mike-
Elliott.aspx

(Open Access book)


