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Challenges for estuarine/marine science & management:
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There is only one big idea: how to maintain
and protect ecological structure and
functioning while at the same time allowing
the system to produce ecosystem services
from which we derive societal benefits.

* Recovery/coping with historical legacy
« Endangered coastal and marine

ecosystem functions In other words:

 Legal & administrative framework
J “to look after the natural

« Economic prosperity and delivery of .
societal bel?]eﬁfg 4 y stuff and deliver the human

oping with climate change & moving stuff’
aselines & unbounded boundaries




Main Messages — Contents (1):

3 major sets of global challenges and changes against which
estuarine management needs to be judged in the coming
decades:

(i) the estuarine environment,
(ii) the endogenic and exogenic pressures facing estuaries, and
(iii) the management of estuaries.

Each of these cannot be uncoupled from the features of the
catchment and the adjoining marine and coastal areas and hence
successful connectivity between these systems is paramount.



Main Messages — Contents (2):

The management of climate change and our responses has to
relate to dominant themes in estuaries:

* the protection and use of space and its habitats,

* the presence of contaminants and resulting pollution at one or
more levels of biological organisation,

* the productivity and organic balance of the system including
effects on water quality,

* the connectivity between systems and the presence or
development of temporary or permanent barriers, and

* the sediment balance and dynamics of the systems.

(from Cutts & Elliott, 2022 Humber
Functioning Report for Env. Agency)



And to ensure:

the physical, chemical and ecological structure and functioning then has to be
maintained and, where possible given historical changes, enhanced and
restored.

that the ecological carrying capacity for the higher trophic levels (wading birds
and fishes) and the socio-economic carrying capacity for human activities have
to be maintained.

that there is the need to ensure that the assimilative capacity of any estuary for
human actions and any materials discharged is not exceeded.

Using for varying spatial and temporal scales of estuarine management:

the hazard and risk typology,

the ten-tenets of sustainable and successful management,

the determination of activity-, pressures- and effects-footprints on the natural
and human systems, and

the management response-footprint pyramid
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What are we managing? - Hazards, risks and their
prevention, from single activities to whole areas

Exogenic unmanaged pressures Endogenic managed pressures
(where the consequences are (where the causes and

managed in the management area conseguences are managed within
but the causes require global action) |the management area)

Alien species New infrastructure

Sea level rise (or loss?) Energy generation
Increased temperature Petrochemical industries
Increased storminess Dredging and navigation
Flooding and erosion Wetland loss and gain
Changes to catchment run-off Urban discharges
Repercussions of NAO Mine-water discharges
Agricultural runoff in catchment Subsidence

Saline ingression Historical pollution residues

And opportunities!



Hazard & Risk Typology: Source of Problems & Cause for Management
Hazard leading to Risk (depending on assets)
A) Surface hydrological hazards (e.g. flooding)

B) Surface physiographic removal by natural processes - chronic/long-term
(e.g. erosion)

C) Surface physiographic removal by human actions - chronic/long-term (e.qg.
land-claim, space removal)

D) Surface physiographic removal - acute/short-term (e.g. cliff failure)
E) Climatological hazards - acute/short term (e.g. storminess)

F) Climatological hazards - chronic/long term (e.g. NAO changes, sea-level
rise)

G) Tectonic hazards - acute/short term (e.g. earthquakes, land-slip)
H) Tectonic hazards - chronic/ long term (e.g. subsidence, isostatic rebound)

(Elliott et al., 2019)



Hazard leading to Risk (depending on assets)

1) Anthropogenic microbial biohazards (e.g. sewage pollution)
J) Anthropogenic macrobial biohazards (e.g. non-indigenous species)

K) Anthropogenic introduced technological hazards (e.g. infrastructure,
sediments)

L) Anthropogenic extractive technological hazards (e.g. fishing, aggregates)

M) Anthropogenic acute chemical hazards (e.g. oil spills)

N) Anthropogenic chronic chemical hazards (e.g. diffuse and point-source
contaminants)

O) Anthropogenic acute geopolitical hazards (e.g. wars, unrest, terrorism)
P) Anthropogenic chronic geopolitical hazards (e.g. human migrations, civil-war)

All hazards & risks are influenced, caused and/or exacerbated
by climate change and its mitigation/adaptation!



The "Triple Whammy’ — Present & future
threats for estuaries and Coastsworldwide

COASTS AND ESTUARIES

THE FUTURE ‘

e Increased industrialisation and
urbanisation

*Increased use of physical
(space, energy, water, etc.) and
biological (fish, shellfish)

ERIC WOLANSKI

JOHN'W. DAY

MICHAEL ELLIOTT
RAMESH RAMACHANDRAN

resources
* Decreased resistance and

res| I lence to CI | mate Change A Synthesis: What Is the Future for Coasts,

(temperature, acidification, S v e ean 10 e ansiond

Sto rm I n e SS y S p e C i e S d i St ri b u tl O n Michael Elliott’, John W. Day’, Ramesh Ramachandran’, Eric Wolanski’

changes, alien species, etc)

Marine Pollution Bulletin

ELSEVIER journal homepage: www.elsevier.com/locate/marpolbul

(Defeo & Elliott Mar. Poll. Bull. 2021) " B

The ‘triple whammy” of coasts under threat — Why we should be worrie




Why are we managing?

* To stop causes and consequences

* To maintain and protect biodiversity, ecosystem structure and function
* To support ecosystem services and societal goods and benefits

* To allow activities and stop their consequences

* To look for opportunities

* To make up for the past environmental mistakes/abuse and to
restore/recreate

* To ensure adaptation to wider pressures such as climate change
* Because the law tells us to
* Because we are nice people and want to (‘duty of care’)



Activity-footprint Pressures-footprint

That area and/or time, based on the The mechanism(s) of change resulting from a
duration, intensity and frequency of an given activity or all the activities in an area once
activity which ideally has been legally avoidance and mitigation measures have been
sanctioned by a regulator in an employed (the endogenic managed pressures).
authorisation, licence, permit or consent.
| Management
Effects-footprint response-footprint
The spatial (extent), temporal (duration), intensity,
persistence and frequency characteristics The area and/or time covered by the marine
resulting from (a) a single pressure from a marine management action and measures (or
activity, (b) all the pressures from that activity, (c) programme of measures), including the
all the pressures from all activities in an area, or distribution range of a species.
(d) all pressures from all activities in an area or _
emanating from outside the management area. Determine management
response-footprints
Determine

activity-footprints

Marine Pollution Bulletin

\ Determine Determine

= - Activity-footprints, pressures-footprints and effects-footprints - Walking the
p reSS u reS'fOOtp“ nts effe CtS-fO Otprl ntS pathway to determining and managing human impacts in the sea

Michael Elliott""". Angel Boria". Roland Cormier




_(Elliott, Borja & Cormier 2020 Mar. Poll

Challenge of multi-use international seas: Stylised transnational sea area showing
activity footprints and transboundary Marine Protected Areas and fishing grounds —
to reflect the challenges of complex marine management

Management of a complex transboundary area




B Activity-footprint

Management of a complex transboundary area



B Activity-footprint J Pressures-footprint & EIA area? = 2
Cumulative Effects Assessment?

Management of a complex transboundary area



. /
B Activity-footprint O Pressures_—footprlnt & EIA area? = 2 // x\ Effects-footprint
Cumulative Effects Assessment?

Management of a complex transboundary area



. /
B Activity-footprint O Pressures_—footprlnt & EIA area? = 2 // x\ Effects-footprint
Cumulative Effects Assessment?

| ] Static feature conservation management "\ Highly mobile feature conservation management
AND RESPONSES-FOOTPRINTS? Management of a complex transboundary alrea




How to manage the impacts and what are we trying to protect

and restore: Assimilative Capacity/Carrying Capacity

Previously Proposed

Assimilative
capacity

the ability of a body of
water to assimilate a
contaminant without
showing adverse
changes

the amount of an activity
or activities allowed in a
body of water before it
adversely affects the
quality

Carrying
capacity

the amount of biota
(e.g. number of birds
or fishes) that a given
habitat can support

the ability of a body of
water to support a given
amount of activity or
activities or ecological
component

P
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Marine Pollution Bulletin
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Using best ex pert judgement to harmonise marine environmenta 1 status

ssssssssss and maritime spatial planning

Michael Elliott™", Suzanne J. Boy

res”, Stephen Barr

nard”, Ange

| Borja”

m

Chack for

upaates.




Environmental Quality Model incl. mitigation measures
for cumulative Blue Growth Activities

o Deepsea
Existing mining
marine
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Marine Pollution Bulletin 76 (2013) 16-27

Contents lists available at ScienceDirect

Marine Pollution Bulletin ‘

journal homepage: www.elsevier.com/locate/marpolbul

Viewpoint
Good Environmental Status of marine ecosystems: What is it and how do @Cmm
we know when we have attained it?

Angel Borja®*, Mike Elliott", Jesper H. Andersen °, Ana C. Cardoso®, Jacob Carstensen , Jodo G. Ferreira 4
Anna-Stiina Heiskanen©, Jodo C. Marques ', Jodo M. Neto', Heliana Teixeira®, Laura Uusitalo,
Maria C. lvarra®. Nikolans Zamnoukas®

(Elliott et al., 2018, Mar. Poll. Bull.)

KEY
— -+ — Pristine marine environment with no activities

= == == = GES threshold (3 of 11 MSFD Descriptors)

Trajectory of environmental quality as the
marine area is used bv multinle activities

"""""""" Regained environmental quality with mitigation
and/or compensation measures

Marine Pollution Bulletin 133 (2018) 367-377

Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Viewpoint

Using best expert judgement to harmonise marine environmental status
assessment and maritime spatial planning

Michael Elliott™", Suzanne J. Boyes”, Stephen Barnard®, Angel Borja”




Climate Change Environmental Summary

Causes Consequences Solution examples

Hotter, drier summers More droughts, water Permanent inland water storage systems; water

supply problems use reduction education, water transfer
schemes
Greater frequency of More fluvial/pluvial Temporary inland water storage systems,
rainstorms flooding ecoengineering of wetlands, increased water
run-off mechanisms
Increased Sea Level Increase in tidal Greater defences in urban/industrial areas, roll-
Rise flooding/erosion back policies,
Greater storminess/ Increase in tidal Marine and estuarine defences, estuarine
surges flooding/erosion storage areas
Increase in non- Ecological Greater biosecurity, marine controls
indigenous species repercussions

Focus on the global primary activity footprint for causes to climate
change and the response activity footprint for the consequences
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Climate change - Basic Premise:

Exogenic (outside the management area) and endogenic (inside the
management area) pressures produce individual, in-combination
and cumulative effects.

Global climate change is an exogenic unmanaged pressure where
management has to respond to the consequences rather than the
causes of that change.

We can summarise our understanding as conceptual models
(‘horrendograms’) to inform future natural and social science
research and management.

This presents managers with the sequence of responses by the
natural and human systems, and hence indicate impediments to the
implementation of legislation such as European Directives.



Increased atmospheric CO,

Physico-chemical A/Altered temperature

water changes regime 1 climate patterns

Changes to

A 4

/

Species re-
distribution (Fig. 3)

[

Ocean acidification

Increase in relative sea level

(Fig. 9) / '\\‘
Loss of polar ice- Physiological Physiographic
cover (Fig. 10) responses (Fig. 4) || changes (Fig. 5) Chances 1 coastal
hydrodynamics
Contents lists available at ScienceDirect (Flg_ 6)
Marine Pollution Bulletin \ i
Changes to estuarine |, Changes to NAO/EAO and
Eoanmen St o oy 0 cesd - @ | hydrodynamics (Fig. 8) rainfall run-off (Fig. 7)

Michael Elliott **, Angel Borja”, Abigail McQuatters-Gollop ¢, Krysia Mazik?, Silvana Birchenough ¢,
Jesper H. Andersen “, Suzanne Painting “, Myron Peck'

Primary drivers and consequences of marine global climate change (cross-referring to

other figures in Elliott

et al., 2015)



Affecting people and business

J

Increase in Changes in hydrodynamics

. 1
Carbon Dioxide |\ /
\\\\\ f” / 4 Coastal Squeeze
l'-l --.\ |l" !,..l
\ Q’; [/ Increase in rare and storm events
Vo \.\»!r"'.’
¥ VAT . . .
. NN p Increase in subtidal habitats
Changesin AW N
WAV AYA i
Temperature ’}{\\ ».)//,\4 Changes to reproduction
FAN \
V. YA Changes in primary and secondary production
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,r,/{ AN Changes in Species Distribution
Sea Level Rise [/ '\ | * Changes in physiological responses
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RN Changes in Salinity
N o
oY Ocean Acidification
N k!
\\‘ \\ - -
N Increase in contaminantrelease
\
3 Eutrophication

Rivers Estuaries Coast _

The catchment to coast continuum
of climate change causes

(from Lonsdale, Leach, Elliott & Parsons, in revision).



How are we managing it/them?

* By management action

* By developing programmes of measures

* By developing monitoring schemes

* By linking monitors to SMART indicators

By feedback to check if management is working
* By implementing laws

* By having lots of managing bodies

* By making industry get their house in order
* By realizing the management footprint

* By having visions, objectives, policies

* By using good and fit for purpose science



Governance in management

Incorporating internationally recognised policies, politics, legislation and
administration by horizontal and vertical integration of the management
organogram to accomplish the vision of 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.



‘Waste hierarchy & Good Practice;
Good disposal practice of waste;

Deposit return schemes; Recycling
practices; Tackle waste crime; Ban
‘or restrict export of waste to non-
OECD countries; Legally binding
Environmental Improvement Plan
targets to include integratiomn,
prevention, rectification at source,
polluter pays and precautionary

Policy and targets for tackling and
responding to climate change; Net
zero by 2050; Climate Change Risk
Aszessments (CCRA); National
Adaptation Programme (NAP)

approach.

\

Licences, Consents and
Authorizations; Prevent water
companies discharging sewage

Water quality & pollution;
Licences, Consents and
Awuthorisations; H1 Method

Climate Change Act

Electricity Act

Treaties to promote
the conservation
and i
exploitation of fish
resources on the

Multilateral

UK

membership
of relevant

RFMOs

achieving GES under

Sustainable management of commercial fishing activity; Protection of
sensitive marine species (bycatch); Joint Fisheries Statements {JFS) — UK
and Devohved Administrations; Fisheries Manzgement Plans [FMF) for
individual zpecies and environmental purposes will contribute to

emissions,/decarbonisation from vessels (climate change); Funding for
scientific research and evidence; Shared stocks and cooperation with
other countries (equal access); Power to amend UK law related to
fisheries and aguaculture.

the M3FD (Descriptors 1 and 4); Reduction in

high seas

Sea Fizheries (Wildlife
Conservation) Act

fisheries &

into rivers, waterways and
coastlines; Duty to ensure
Water companies secure a

Water Res. Act || |Environment Act 202

Pallution
Frevention &

progressive reduction in the
adverse impacts of discharges

Renewables
targets

AonS

safeguarding the marine

Directives,

environment

The Fisheries Act 2020

e

INTERNATIONAL LAW
OR COMMITMENTS

EC Laws retzinad in

domastic legislation

Target / Status
to be met

Flood rizk and hazard maps; flood
and coastal erosion risk
management; flood defence.

Enakling / Primary

Legislation

Sea Fisheries
(Shellfish) Act

Fisheries Act

Safe consumption
of fish & shelifish

Flood Risk

from storm overflows; - Cantral Reg
Effective collaboration Licences,
betwaen water companies Consents and
through statutory water Authorisations é}@s‘ Rrenewabiell ~
t plans. Energy
e Mitrate Pallution COP26
Prevention Regs \ ¥
Environment Act 2021 PARIS AGREEMENT WL =53
z z STOCK
Urban Waste Water Vulnersble UN FRAMEWORK  |AGREEMENT
Licences, conzents, Regs CONV. ON CLUMATE 11
authorisations, surveys Industrial CHANGE (UNFCCC) UMNCLOS
and maonitoring R Emis.sions KYOTO L
Sensitive

Licences, consents,
decommizsioning,

Bathing Water Regs

environmental
protection, surveys

Bathing

LONDON

G7
SUuMMIT

beaches

hMany regulatory
drivers

and monitoring

UN CONV. on
BIOLOGICAL

Good

Integrated
Maritime
Policy

Offshore Petroleum Activities
[Conservation Habitats) Regs

= alien species
Invasive

Alien
Species
Regs

ballast water
from ships ¥ Access to
information, public
participation &

Justice

Strict restrictions
apply to 'species of
Union concern'

Envirocnmental
nformation Regs

Public access to environmental
information for decision-making.
Public bodies more accountable

Polluter pays principle
& remedial measures

{1} Since lesnving the EU on 31,/01,/20, the UK enacted the ‘Eurapean Union (Withdrawal) Act 2018
which corverts the body of existing CL kew into o ic legistation. This allows the UK to continue
ta implement aur abligations to these EU laws.

{2} The UKis not a signatory to this Convention however & numbesr of public statements have been
produped that confirm its endorsement of the rules in its Annex

lated activiti i

LET in the English it consider LK marine policy drvers such as the UK
High Level Marine Objectives 2008, the UK Marine Palicy Statement and various National Policy Statements

{4) The UK has not yet ratified the Ballast Water Cormeention haweser, the UK regulatory package b been
drafted and the Government remaing committed to acceding ta the Conmvention and implementing it inta UK L,

Prevention &
remedy of
env. damage

Env. Damage [PER] Regs

(Council of Europs| —
Conventions on -
archaeology &

Oil and Gas
Production and \arious EU Regs
Offshore Petroleum A s Decommissioning to control
Pollution Prevention and Co shipping &
pollution from
N INT. CONV.
Mazrine Notices - Safer shipping ] N N " AICHI RAMSAR
shipping, guidance navigation, pollution - s ON SALVAGE argets COMNV.
& information; Merchant control and operation = iy
Revision and Shipping Regs 1 », Eu ISlmbegy
Empowerment “:Ii::a;:" AARHUS Yl orres
DOrders. Harbours Acts Prevention, - CONV. Protection of "
Conservation management & Underwater
duties on ports; contral of ) eublic Access HE:hum:n Various Regs to
Harbour & Works : harmful aguatic o Env. Infa tage control CITES
Licences Loading and organisms & oir [ fauna & flora
discharging

landscape

Marine
archaeclogy

Protection of Military
Remains Act

National Heritage Act

Protection of
mazrine archaealogy

Protection of Wracks Act

Ancient Monuments &
Archaesological Areas Act

Merchant Shipping Regs

Endamgered
species
protection

Control of Trade in
Endangered Species
|COTES) Regs

Protection and
enforcement

Salman & Frezhwater|

Status & Good
Ecological Statusz

M=tura 2000
sites [SAC/SPA)

samamnn
* National Bicdiversity
trategies and Action &
Pl [NESAPs| =

Legislative protection

h Aguaculture
Strategy

Flood Risk Regs

Flood & Water Management Act

IWane Re Al:tl

afforded

Comsbete 0 dag IS

Water

River Basin Management Flzns (RBMPs);
f Heavily Maodified Water Bodies & Artificial
L Water Bodies; Shellfish waters. [Also see
UW'WT Regs and Environment Act 2021}

Environment
(WFD){E&W) Regs.

&

‘Chemical a4y
F /1 Environmental
[ &
v i~ Assessment Regs

{ Licences,
. Consents and
Strategic Authorizations
Environmental = Applications for
Aszezsments to include =rbour Work . Mationzlly
transhoundary effects, (i (EIA) Regs Infrastructure Significant

~ Infrastructure

Plznning (EIA) Regs
Projects [MISPs)

Marine Works
(ElA) Regs

Marine projects
subject to
Environmental

I Planning Act I

[ Marine
licences

mpact Assessmen

Marine Strategy Regs

Good
Environmentzl
Status

nvircnment Act 2021

Programme of measures; Qualitative
descriptors; Ecosystem-based
t approach; MPAs.

The 2021 Act will complement the
| Marine Strategy Regs in the priority
zrezs of biodiversity (2 g. Net Gain,

Mazrine i

LMRSs), water and waste.

spatial I.I

e
X Statement (MPS|:
planning

e mnnnn

S, Y NPPF; Localism Act
¥
Y

Favourable
Conservation

Matical Prasning Palicy Framewark =

Marine planning ¥ Fisheries
management; Licences, Consents &
Authorisations; Coastal Recreation
Conservation/Biodiversity protection
(MCZ);

Status

Areas (MPAs)

Offshore Marine
‘Conservation Regs

Marine & Coastal
Access Act

Reg 35 advice, Article 17 condition
manitaring, Approprizte Assezsments
{AA), Habitat Regulations Assessment
(HRA) E: Likely Significant Effect [LSE).
Management Plans & Schemes

‘Wildlife & Countryside
Act {zs amended by
CROW)

MERC Act

Conservation of

Biodiversity & Species Action Plans;

Habitats and Species Protection; Site
designation {e.g. 5551s); Management
plans; Consarving wider biodiversity.

Environment Act
2021

Habitats and Species
Regs

Conservation of 3eals Act
{amended by Fisheries Act 2020)

Local Mature Recovery Strategies [LMRS);

Site designations - European Marine
Sites (EMS) include SAC & SPA;
Conzervation/bicdiversity protection
(MCZs); Frogramme of Measures;
RAMGSEAR sites are given same
management considerations as EM3;
Species protection [WCA).

Protected site strategies and species
conservation strategies; Biodiversity net gain
{including MISFs); Conservation covenants;
Mature recovery network; Legally binding 15 year
Environmentzal Improvemeant Plan targets; Legally
binding target on species abundance for 2030.

The increasingly-
horrendous
horrendogram —
the estuarine &
marine policy
landscape (post-
Brexit)

(from Elliott &
Boyes, 2022,
Unpubl. Rept. To
Natural England)



Solutions - The 10-tenets:

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

Contents lists available at ScienceDirect

Marine Pollution Bulletin 74 (2013) 1-5
& . = i
. 74 e
i Marine Pollution Bulletin
SEVIER journal homepage: www.elsevier.com/locate/marpolbul

Editorial

The 10-tenets for integrated, successful and sustainable marine management

Available online at www.sciencedirect.com

ScienceDirect
Il \I \Y ”’ I\’ journal homepage: www.elsevier.com/locate/envsci
The 10-tenets of adaptive management and @Cwm

sustainability: An holistic framework for
understanding and managing the socio-ecological
system

Steve Barnard *, Michael Elliott

 Effectively communicable
Ecologically
Development A sustainable
Politically Technologically
expedient feasible

Effectively

communicable Economically viable
Administratively Sodally
achievable desirable/tolerable
s Ethically defensible
Legally permissible ( ;V cormety
Activities/Pressures

Culturally inclusive Responses

Ocean and Coastal Management 163 (2018) 162-172

Contents lists available at Science! Direct

Ocean and Coastal Management

ELSEVIER journal homepage: www.elsevier.com/locate/ocecoaman

A proposed interdisciplinary framework for the environmental management
of water and air-borne emissions in maritime logistics

David B. Grant™™", Michael Elliott*

(NB spelicheck - not “10 Tennents
— that’s a good night in Scotland”!)




Ecologically sustainable

Technologically feasible
Economically viable

Socially desirable/tolerable
Legally permissible

Administratively achievable
Politically expedient

Ethically defensible
(morally correct)

Culturally inclusive
Effectively communicable

Examples for climate change responses (Elliott for GESAMP WGA41 unpubl.)

Use of Nature-based solutions, use of ecoengineering Types A & B, endpoint
of ecological structure and functioning protection, diversity maintenance as
all levels of biological organization, assimilative capacity

Environmental design of products, waste minimization, re-use and recycle,
ecoengineering types A & B, geoengineering techniques

Environmental taxes, penalties, benefits and incentives, carbon pricing,
carbon credits, good-for-business

Human (personal & societal) behaviour, acceptance of controls,

Defending areas, moving back, planning blight, climate change blight,
control regulations, laws, court action, global agreements

EPA, nature ministries, municipalities, etc.

Guidelines and ethos from the top (COP26), political actions required by
society, responding to public, ‘Greta effect’

Desires for sustainability for now and future, willingness to pay, good
neighbourliness, duty of care

Custodianship, recognizing heritage, societal behavior and protection

Ensure the message is out, getting everyone on board



Who is doing the managing:

Environmental protection agencies

Nature conservation bodies

Fisheries departments

Developers

Municipal authorities

Environmental health departments

Port authorities

Industries
NGOs

KEY

Ministerial Depts

Executive Agencies

Executive Non-
Departmental
Public Bodies

Trading Fund
Agency

Advisory
Committees

1 Local Government

LBomg

2
1

Department for

_I Planning Inspectorate

|_

Communities |

- National Planning Policy Framew ork

- Planning Policy Guidance (PPGs)

- Marine Minerals Guidance Notes (MMGSs)

- Strategic Environmental Assessments (SEAS)

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

3

- Waterborne security of HMdockyards and
HM naval bases

- Jurisdiction w ithin territorial w aters

- Enforce legislation e.g. Port Orders and
Merchant Shipping Act

and Local National Infrastructure
Government Directorate
(DCLG) e —
H Local Authorities :
[ ——
_l MOD Police Marine Unit
Ministry of -I UK Hydrographic Office

-

Defence (MOD)

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

- Maritime technology e.g. ships & submarines

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

- Advises government on emissions targets
and reports greenhouse gases

- Oil & gas licensing under Petroleum Act 1998
- Renew able energy —w ave, tidaland wind &
Safety Zones for >100MW w indfarms

- Energy Act 2008 & 2010; and Climate
Change Act 2008

- National Policy Statements (NPS) on energy

- 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, fixed or floating
platforms or sub-seainfrastructure.

- Health & safety with respectto working at sea
- Ships surveys &inspections

- Emergency response including search &
rescue, counter pollution & response, receiver
of wreck, maritime incident response group
(MRG) & resilience.

Defence Science &
I"| Technology Lab
j=
£
=
£ — Oil and Pipelines Agency  —
s -
X — Committeeon Climate Change
Department of
Energy &
s < Climate
Ses — Change
TB= .2 DECC]
g %% ( ) — Secretary of States
g = Representative for Maritime
= O Salvage & Intervention I
(SOREP)
— Maritime and Coastguard
s 2 | Agency E
g2 Department
g .5 for Transport (— Trinity House Lighthouse Service
35 (DfT)
EO
= — HM Coastguard
o ———— b
' Harbour Authorities |
= L 1
]
% E
RS Department | UK Met Office
1| = g —| for Business
5] Innovation & | | Natural Envuonm_em
[ Skills (BIS) Research Council (NERC)
zZ
w
% || Department — English Heritage o
[hd for Culture,
Lg Media and — National Maritime Museum
Sport (DCMS
3 2 port (DCMS)
o H 3 | Marine Science Co-ordination
X o | Committee (MSCC)
= 5 Department
S ke by Contents lists available at ScienceDir = for . Please refer to Defra
T 3 | Environment " diagram
SR B Food and
LESR S, = o Rural Affairs (ACRE reports through Defra)
- : Marine Policy _ S :
¥ - - c
._.‘:.’_’_S&L G g Advisory Committee on Releases H
journal homepage: w sev com/lc 'g < to the Environment (ACRE) H
A g Home Office
3 © '
Q5 Cabinet Office
Q.2
. . . . P £5 " House of Commons
The excessive complexity of national marine governance systems - Has @GMM z
s o
arliament 1 House of Lords

this decreased in England since the introduction of the Marine

and Coastal Access Act 2009?

Suzanne |. Boves*'. Michael Elliott '

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

- Protected w recks, protection of marine
historic environment, map historic seascapes,
fund coastal & marine heritage research.
(Although the UK has not ratified 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).

- 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
scienceinthe UK. Co-ordination of marine
research &delivering the UK Marine Monitoring
& Assessment Strategy (UKMMSS).

- Advice to UK Governments on the release &
marketing of genetically modified organisms.

- 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 outto the 12 mile territorial
limit, including the rights to explore and exploit
the naturalresources 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.

{ - Food safety and hygiene (e.g. chemical levels :

i in shellfishand fish)




Safe

Sustainable fisheries
& safeguarding the
marine environment

Fisheries bodies

consumption of Strategic
fish & shellfish Environmental Status
Assessment

Good
Environmental

Marine spatial
planning

Maritime spatial
planning bodies

Flood Risk
Assessment

Environmental Standards
(Waste & IPPC)

Good Chemical &

Ecological Status

Sensitive area
(UWWTD)

Nitrate Vulnerable
Zones

Developers

Environmental | Bathing Environmental
Protecti beaches Impact
roreetion Assessment
Agencies

Marine
Archaeology

Prevention & remedy of
env. damage (& oil spills)

Shipping, navigation,
pollution, port controls

Favourable Statutory nature
Conservation conservation
Natura 2000 Status bodies
sites Harmful & alien
(SAC/SPA) species control
Endangered

species protection

< WHATTODO

?

Port Authorities & Regulators

Renewables
targets for 2020

AND WHO TO DO IT?




Types of Government departments with a
marine competency (with their agencies):

* Environment, food and rural affairs
* Fisheries and conservation
 Business, skills, innovation, energy and climate change
* Foreign office

* International development office

« Defence

* Transport

« Communities and local government
* Culture, media and sport

 Home office

« Cabinet office
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Conventions
& Treaties

Government
Departments

—
Q
=
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Responsibilities

UN FRAMEWORK CONV. ON CLIMATE CHANGE (UNFCCC)
Kyoto Protocol
UN Convention on Biological Diversity

O5PAR

Defra

BEIS

River Basin

Management Plans, Shoreline Management Plan

Private organisations/

land owners

Flood risk and
defence

Local
Authorities

Environment
Agency

Marine

Management
Organisation

Natural
England

Flood risk and defence
Developments down to
MLWS

Water Quality
Flood defence
Coastal change
River levels

Recreational fishing
and inland boating

Commercial fishing
Developments below
MHWS

Marine Conservation
Zones

Marine plans

Conservation sites (out
to 12 nm)
Protected species

The horizontal and
vertical governance
of the Humber
Estuary specific to
estuarine climate
change adaptation
management

(from Lonsdale, Leach, Elliott & Parsons, in revision)



.h What is(are) the policy (or policies) addressing the climate What is(are) the agency (or agencies
change effects implementing the policy (policies)?

Changes in coastal River Basin Management Plans, Shoreline Management Environment Agency.
hydrodynamics Plan, Water Environmental (Water Framework Directive) Local Authorities.

.g Regulations, Private landowners
9 Coastal squeeze River Basin Management Plans, Shoreline Management Environment Agency.
= Plan, Water Environmental (Water Framework Directive) Natural England (for compensation sites under
Regulations, Habitats Regulations Assessment)
Ocean Acidification Water Environmental (Water Framework Directive) Environment Agency
Regulations,
:‘3 Changes in salinity Water Environmental (Water Framework Directive) Environment Agency
g Regulations,
=1 |Increase in Water Environmental (Water Framework Directive) Environment Agency
contamination release Regulations, Marine and Coastal Access Act Sediment contamination is also considered by
the Marine Management Organization.
Changes in Water Environmental (Water Framework Directive) Environment Agency
reproduction Regulations
= Changes in primary and Water Environmental (Water Framework Directive) Environment Agency
-a secondary production Regulations
—g Changes in species Water Environmental (Water Framework Directive) Environment Agency.
I distribution Regulations
Changesin Water Environmental (Water Framework Directive) Environment Agency

physiological responses Regulations
The policies and their competent authority for addressing climate change
effects in estuaries (from Lonsdale, Leach, Elliott & Parsons, in revision).



Where are we managing?

* A small area (the activity footprint)

* A middle sized area (pressures
footprints)

* Middle to large areas (effects
footprints)

* Whole estuaries

* Whole catchments/river basins

» Catchment-estuary-coastal areas
* Seas and sea regions

* Regional seas

* Areas Beyond National
Jurisdictions

* The globe
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\ WFD )

'
G

Nitrates
Dir

Ok

= WFD (RBMP)
MD (FRmp)

Abbreviations:

BWD= Bathing Water Directive; BWM= Ballast Water Management Convention; CAP= Common Agricultural Policy; CFP= Common

Fisheries Policy; EIA= Environmental Impact Assessment Directive; FRMD= Flood Risk Management Directive; FRMD (FRMP)= Flood

Risk Management Directive (Flood Risk Management Plan); HD= Habitats Directive; MPS= Maritime Spatial Planning Directive;

MSFD= Marine Strategy Framework Directive; Natura 2000= Habitats and Wild Birds directives; Nitrates Dir= Nitrates Directive;

SAC= Special Area of Conservation; SEA Dir= Strategic Environmental Assessment Directive; SPA= Special Protection Area;

UWWTD= Urban Wastewater Treatment Directive; WBD= Birds Directive; WFD= Water Framework Directive (with extension out

to 12nm for chemical status); WFD (RBMP)= Water Framework Directive (River Basin Management Plan)

Marine Pollution Bulletin 111 (2016) 1832

Contents lists available at ScienceDirect AT
BULLETIN

Marine Pollution Bulletin

An example of Management response-footprints — the =
geographical scope and competencies of EU legislation

Is existing legislation fit-for-purpose to achieve Good Environmental @c'mm
Status in European seas?

Suzanne J. Boyes **, Michael Elliott?, Arantza Murillas-Maza ®, Nadia Papadopoulou ¢, Maria C. Uyarra®




[ United Nations Sustainability Process A
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i Regulators ] Activity-Footprints Process
ndividual Licensing Regulations Technical Environmental
Permitting Guidelines Response-Footprint Im pact
v Process Expected outcomes Assezsment

Top -down and bottom-up integration of regional and national policies, plans and programmes,
regulatory and non-regulatory frameworks for implementation, and footprints (Cormier, Elliott &
Borja, submitted)



Sustaina ble Development

—

Transboundary Bsues

The ‘management response-footprint pyramid’

Vertical policy integration across response footprints

A

—

Effects Footprint

W
Global
. . Hundreds of million km?
Treaties and Conventions

A small number of treaties and
Global conventions
Treaties

Conventions

Pressures Footprint

Regional Millions km?
Environmental Agreements

Regional
Environmental

Some regional directives

Process

World Oceans
Aszessment

Process

Regional Sea
Assessment

Process

Strategic
Environmental
Assessment

Process

Regional
Environmental
Aszessment

Process

Agreements
National i
. . Hundreds of thousand km* ) National .. Tens to a few hundreds of goals
Environmental Policy Environmental Policies
—
Marine
Plans Thousands of km® Marine Plans Ten to hundreds of Objectives
‘< E Technical
_E- Measures _|_ h . | M -
2 Tens to thousands m? ecnnica easures Tens of thousands technical
5 measures
=
N

N

Vertical policy implementation across response footprints

(From Cormier, Elliott & Borja — submitted)

Environmental
Im pact
Aszessment




Management of: Examples of management to give response footprints

A MNIA (Lol 2= lale MR =N Il e T Fisheries bylaws, fish and shellfish extraction
area where the activity takes Pipeline discharge consents and permits
place) Authorisations for industrial processes

Agricultural guidelines for nutrient run-off

Ballast water discharge

Port operations

Planning permissions

EIA and ES coverage

Seabed extraction and dredged-material disposal licences
Habitat regulations assessments

Sea bed occupancy permissions
Pressures (the area and time Embedded and implicit in the above permissions but the

where the pressures may be area is not delimited

detected
SN ErETEERER LR RS Embedded and implicit in the above permissions but the

the effects on nature and society EICEERER 0N EaliET!
may be detected




Management of; Examples of management to give response footprints

WAale) ERSEEREETol [o g AR RN Ta = 1g 1o B8 Strategic Environmental Assessments

between national Habitats regulations assessments

el lenp s T EIRTE I Y Maritime Spatial Planning guidelines

(to 12 nm) and EEZ) Marine Protected Area designation

Marine Strategy Framework Directive and Water Framework
Directive assessments

Regional Seas Conventions — Quality Status Reports
Particularly Sensitive Sea Areas (PSSA)

Ecologically or Biologically Sensitive Areas (EBSA)

National obligations transposed from international agreements
ARV CEEER el als BN ETTe1s IR Vessel regulations in registered state

9IS e e el iy R ERa =R gl e[ IS 5 Seabed Mining Authority (SMA)

beyond 200 nm) International Maritime Organisation regulations (IMO)
UN Convention of Law of the Sea (UNCLOS)
Internationally Legally Binding Instrument (ILBI)
UNESCO World Heritage sites

London Protocol (sea deposits)

Global Paris COP
SDG14 Implementation



Global Ocean Initiatives

Convention on Biological Diversity — Ecosystem Approach 2000, 2004 CoP agreed

Sustainable Development Goals (SDG) 2015 Adopted
World Oceans Assessment | 2015 Published
G7 Future of the Seas & Oceans Initiative 2016 Adopted
World Oceans Assessment || 2021 Published
UN Decade of Ocean Science for Sustainability 2021-2030

UN Decade of Ecological Restoration 2021-2030

G7 Ocean Decade Navigation Plan, Climate and 2021 Adopted
Environmental Ministerial Ocean Action

Paris Climate Change Agreement CoP26 (Glasgow) 2021



Convention/Agreement
UN Sustainable Development Goals High level, e.g. SDG14 Life Below Water

Conservation, sustainability, Ecosystem Approach, Aichi
targets
Endangered species, migratory species, trade in protected
Species)/RAMSAR/CITES species and products
e.g. Paris COP/Kyoto, emission and temperature targets
Convention International

SN (B [0 =T Ko lale (o] s N @ n\V=lali[o1) B Quotas, science advice, straddling stocks :

on Fisheries, UN Fish Stock Agreement conventions
IMO London (Dumping) Convention Waste and other matter disposal

UNCLOS International ocean law, (boundary disputes?)

UNESCO (Heritage convention cultural aspects, archaeology, underwater heritage

International Salvage Salvage, oil spills, non-indigenous species, ballast water,

Convention/IMO/MARPOL garbage

OSPAR Regional seas management, de facto implementation of
MSFD

UNECE — ESPOO convention; SEA Strategic environmental assessment, transboundary
Protocol (Kyiv 2003 environmental damage
UNECE — Aarhus convention Public access to environmental information
2 N )
(B a7 @ cson @ ICES
N4 Y s B SUSTAINABLE
W \.Q.'::__f > CONVENTION O WETLANDS DEVIE‘!.OPMENT CIEM
I M 0 “"'-""/f © L(][{S{%NP%%[%E:PON C()N\%Ncﬁi::}rii‘l_'i?i:7;;:MH‘)A”{; Ggﬂl::'ALS




NEWS & EVENTS w» RESOURCES

r
o 4

-

Qe T #G7 FUTURE
| 4 . ©QF THE SEAS AND
‘ﬁ, .OCEANS INITIATIVE

5

".."._ -

Unites marine scientists and representatives from government agencies and

ministries across the G7 to enhance the global ocean observing system that

provides ocean data required for the health of our seas and oceans, for weather

and climate forecasting, and for the development of a sustainable Blue Economy.

S 1 -1 0O=¢




Global Marine Initiatives —
. LIFE
Agreements rather than binding law: 1 BELOW WATER

(@) peviiomeni GLSALS

\l‘\ﬂwy 17 GOALS TO TRANSFORM OUR WORLD

1 NO - ] GOOD HEALTH QuALITY GENDER CLEAN WATER
POVERTY HUNGE AND WELL-BEING DUCATION EUUAUTY AND SANITATION
- o o w ! ‘

Tyl '

/l\ f

DECENT WORK ANO INDUSTRY, INNOVATION

©

E
d ECONOMIC GROWTH ANDINFRASTRUCTURE 10 INEQUALITIES The 17 SDG were

REDUCED

adopted by the UN to be
achieved by 2030 —

ClIMAIE LIFE PEACE, JUSTICE PARTNERSHIPS
1 < 1 16

ACTION

BELOW WATER II:‘NSI% Isrruar?gﬁs FOR THE GOALS & S D G 14 (Llfe B e / ow Wa ter )

SUSTAINABLE

‘ @ > 1 @ P28 cover the marine with 10

targets and 10 indicators

(ICES-UNECE Working Group on Risk adopted by the UN
Assessment and Management for SDG14)




Encyclopedia of the SPRINGER
UN Sustainable Development Goals REFERENCE
Series Editor: Walter Leal Filho

For further

Walter Leal Filho - Anabela Marisa Azul details see:
Luciana Brandli - Amanda Lange Salvia
Tony Wall Editors

I— I fe B e | OW Measuring Success: Indicators )

and Targets for SDG 14

Wa te r Roland Cormier', Michael Elliott>* and
Angel Borja*®

Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Viewpoint

SMART marine goals, targets and management — Is SDG 14 operational or
aspirational, is ‘Life Below Water’ sinking or swimming?

Roland Cormier™*, Michael Elliott™




United Nations Decade of Ocean Science for
Sustainable Development (2021-2030)

« Aim: to support efforts to reverse the cycle of decline in
ocean health and gather ocean stakeholders worldwide
behind a common framework

 To ensure ocean science can fully support countries in
creating improved conditions for sustainable development of
the Ocean.

* To give scientific understanding of the responses to
pressures and management action, to underpin the SDG.

» Observations and research are essential to predict the
consequences of change, design mitigation and guide
adaptation.

« Coordinated by the Intergovernmental Oceanographic
Commission (I0C) of UNESCO and implemented in UK by
NOC and MSCC.

P '.
‘A o
‘}D‘

H
\_¥

2021 United Nations Decade
of Ocean Science
2030 for Sustainable Development

Seven Decade
Outcomes from 10
Decade Challenges
and 9 Actions!



http://ioc.unesco.org/

The Second

World Ocean

Assessment

WORLD OCEAN ASSESSMENT I1

Volume I

@ United Nations

The Second
World Ocean

Assessment

WORLD OCEAN ASSESSMENT 11

Volume I1

3@ United Nations

« WOAII - 28
Chapters, 1050
pages, including
Recent Advances
In Marine
Management

* To help implement
the 2030 Agenda

for Sustainable
Development,
particularly its
ocean related
goals.

* Released April 215t
2021!
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Evaluate past
restoration

|

UN Declaration on Ecosystem Restoration

[

41

State of current
altered systems

1

_l

Climate
variability

|

ﬁ

4|

2030

Restoration s Restored

action

ecosystems
2030

Current state of modified and impacted
coastal ecosystems and expected state
following the Decade of Eco. Res.

(NB. the uncertainty in the success of past
restoration efforts, current state of altered
systems, climate variability and restoration
actions now in in the future — this may
mean that the benefits of the Decade take
longer than a decade!)

f ! shoc 20 Febaary 202
in Marine Science ot 10.3380mers 2020 00071

2
UN Decade on Ecosystem
Restoration 2021-2030—What

Chance for Success in Restoring
Coastal Ecosystems?

Nathan J. Waltham ***, Michael Elliott**, Shing Yip Lee®, Catherine Lovelock®,

Carlos M. Duarte’, Christina Buelow?*, Charles Simenstad®, Ivan Nagelkerken ™,

Louw Claassens "', Colin K-C Wen ™, Mario Barletta', Rod M. Connolly®, Chris Gillies*,
William J. Mitsch ', Matthew B. Ogburn ', Jemma Purandare?, Hugh Possingham "' and
Marcus Sheaves '

Waltham et al. 2020 Frontiers in
Marine Science — also see table in
Supplementary Material
https://www.frontiersin.org/article
s/10.3389/fmars.
2020.00071/full#tsupplementary-
material



And still others:

UNEP GEMS (Global Environmental Monitoring
Systems) Oceans — now being planned — aim to

create a Community of Practice — register on
https://forms.gle/nMvQoS3HNVZA1gN17

IGU (International Geographical Union) — Oceans
Commission — being created now, suggestions of
names to be sent to Prof. Elliott

Future Earth Coasts — e.g. Coastal Assessment —
contact Prof. Elliott

GESAMP WGA41 etc — climate change mitigation
ocean techniques — contact Prof. Elliott

®158 Ocean,

1972-2022

envnronment
programme

futurerth
Ccoasts @

N
Y GESAMP

Joint Group of Experts on the
b Scientific Aspects of Marine
Environmental Protection



https://forms.gle/nMvQoS3HNVZA1qN17

Bringing it all together — Systems Analysis Approaches, Decision
Support Systems, Estuarine Planning Support Systems

» A Systems Analysis Approach (SAA) is needed to bring all the elements
together for a logical and structured approach to study, assessment and
management

» A Decision Support System (DSS) is needed to enable managers to cost-
effectively decide solutions and to check if solutions are effective

« An Estuarine Planning Support System (EPSS) is a framework that
defines a clear planning or management process and the tools available to e
support the process —_— :

» These all take into account the different disciplines to ensure the
management of a system is holistic, have feedback-loops and encompass
all the relevant stakeholders views

» The approaches and tools should be applicable to all environmental
systems



|dentify risks,

2 objectives, uncertainties
and (long-term)
adaptation needs.

Monitor for (early warning) =, Map solution space,
signals about progress, including options and
opportunities and their thresholds, limits
thresholds. and opportunities.

Systematic approach
to dynamic adaptive
policy pathways
planning (from IPCC 6%
Assessment Report)

00 0 % INTERGOVERNMENTAL PANEL ON clima!epclgng
Climate Change 2022

Design a dynamic plan Explore and evaluate
E@ anq implement iqtia! adlaptatlion pgthways.

actions and monitoring Align with maintenance

system. and social goals.

Haasnoot et al. 2013/2019, IPCC SROCC 2019 https://doi.org/10.1007/978-3-030-05252-2_4

Impacts, Adaptation and Vulnerability

Summary for Policymakers




Managing marine resources
sustainably: a proposed
integrated systems analysis
approach

A. Setting priorities, visions and

issues: need for information for and

from habitats, species, human
activities ....

TR &

(Icons are
from https://smashicons.com/)

B. Getting and ensuring the provenance of
the information: natural and social scientists —

need to obtain environmental information,
using monitoring and laboratory methods

L& & A

C. Using the information:
governance and management
imperatives, stakeholder meetings
and consultation

i PR
ol

(Elliott, Borja & Cormier 2020 Ocean &
Coastal Management)


https://linkprotect.cudasvc.com/url?a=https://smashicons.com/&c=E,1,9V0cfiX8uPWYUjPI9yvw_qaguSrdFmq5qKzlm0aHHVanpb14arMd2MwUAJ_nD00WPIwrQsadRCyQuAwWeU8op3TXST9WeQ3TAFQyTAvmuj4,&typo=1

Challenges — needs for measuring
and managing change:

« Start off with SMART objectives
« Base management on good science
 Quantify the four footprints

“I suppose I'll be the one

* Emphasise that the system functions because of to mention the elephant in the room.”
connectivity across all fields

* Collect data to use and use data collected
« Determine if management is working
« Have solid underpinning concepts

« Harmonise the governance (policies, politics,
administration and legislation)

 Focus on the global primary activity footprint
for causes to climate change and the response
activity footprint for the consequences
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