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A A O E M  C L A S S E S

4 classes:

18/11 – MSP around the world & Sustainability issues

25/11 – Global climate change & effects on ocean uses

02/12 –

09/12 – MSP adaptation to (climate) change &
Science Communication



A A O E M  C L A S S E S  – B E S T  3  O U T  O F  4  E X E R C I S E S

Evaluation:

18/11. Written exercise
25/11. Written exercise
02/12. 
09/12. Written exercise + Oral communications

Written exercises can be delivered by the end of the 
class OR until the following class (to cfsantos@fc.ul.pt) 



A A O E M  C L A S S E S



A A O E M  C L A S S E S

Today’s class:

PART 1. 
MSP Adaptation to climate change
PART 2. 
Science communication 



PART 1



G L O B A L  C L I M A T E  C H A N G E

Ocean
Warming

I P C C  ( 2 0 1 9 )



G L O B A L  C L I M A T E  C H A N G E

Acidification



O S C H L I E S  E T  A L .  ( 2 0 1 8 )
N A T U R E  G E O S C I E N C E

G L O B A L  C L I M A T E  C H A N G E

Deoxygenation



G L O B A L  C L I M A T E  C H A N G E

Ice loss
& SLR



Extreme events

G L O B A L  C L I M A T E  C H A N G E



Changes in marine ecosystems S T R U C T U R E  
A N D  F U N C T I O N I N G

G L O B A L  C L I M A T E  C H A N G E



Changes in marine ecosystems S T R U C T U R E  
A N D  F U N C T I O N I N G

G L O B A L  C L I M A T E  C H A N G E



Changes in marine ecosystems S T R U C T U R E  
A N D  F U N C T I O N I N GChanges in ocean conditions E X T R E M E  E V E N T S ,  

L O S S  O F  S E A  I C E ,  E T C .

G L O B A L  C L I M A T E  C H A N G E



USE-USE CONFLICTS USE-ENVIRONMENT LEGAL ISSUES

!! Marine Spatial Planning !!

G L O B A L  C L I M A T E  C H A N G E  &  M S P



Very few MSP plans 
address this key challenge

G L O B A L  C L I M A T E  C H A N G E  &  M S P



“Only three [EU] countries 
(…) considered adaptation 
and mitigation to climate 
change (…) as an objective 
of their [marine spatial] 
plan, for which specific 
actions are put in place. 

All other (…) ignore this 
threat entirely in their 
plans”

G L O B A L  C L I M A T E  C H A N G E  &  M S P



G L O B A L  C L I M A T E  C H A N G E  &  M S P



G L O B A L  C L I M A T E  C H A N G E  &  M S P
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G L O B A L  C L I M A T E  C H A N G E  &  M S P



I. Raise awareness on 
the topic importance

II. Integrate climate change in MSP

III. Explore adaptation mechanisms 
to respond to change A D A P T I V E  G O V E R N A N C E ,  

D Y N A M I C  O C E A N  M A N A G E M E N T ,  E T C .  

G L O B A L  C L I M A T E  C H A N G E  &  M S P



Recognizing the need 
for climate-smart MSP



Recognizing climate change as a threat or challenge

I N T E G R A T I N G  C L I M A T E  C H A N G E



Recognizing climate change as a real threat or challenge

I N T E G R A T I N G  C L I M A T E  C H A N G E

A fast-moving target: achieving marine conservation goals under
shifting climate and policies
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Abstract. In the Anthropocene, marine ecosystems are rapidly shifting to new ecological
states. Achieving effective conservation of marine biodiversity has become a fast-moving target
because of both global climate change and continuous shifts in marine policies. How prepared
are we to deal with this crisis? We examined EU Member States Programs of Measures
designed for the implementation of EU marine environmental policies, as well as recent Euro-
pean Marine Spatial Plans, and discovered that climate change is rarely considered opera-
tionally. Further, our analysis revealed that monitoring programs in marine protected areas are
often insufficient to clearly distinguish between impacts of local and global stressors. Finally,
we suggest that while the novel global Blue Growth approach may jeopardize previous marine
conservation efforts, it can also provide new conservation opportunities. Adaptive manage-
ment is the way forward (e.g., preserving ecosystem functions in climate change hotspots, and
identifying and targeting climate refugia areas for protection) using Marine Spatial Planning
as a framework for action, especially given the push for Blue Growth.

Key words: adaptive management; Blue Growth; climate change; marine protected areas; marine special
planning; marine strategy framework directive; Mediterranean Sea; policy.

INTRODUCTION

Current local and global stressors continue to alter
marine ecosystems at alarming rates (Halpern et al.
2008, 2015, Hoegh-Guldberg and Bruno 2010,
Poloczanska et al. 2013), despite considerable intentions
in the past few decades to turn the tide. Marine pro-
tected areas (MPAs), and especially no-take marine
reserves, are considered one of the main instruments for

achieving the objectives of marine conservation
(Halpern et al. 2010). Several decades of studies have
indeed shown that, when well managed and enforced,
MPAs can maintain and restore biodiversity and ecosys-
tem functions (Edgar et al. 2014, Sala and Giakoumi
2017). A decade ago, Parties of the Convention on Bio-
logical Diversity agreed to protect 10% of their marine
waters by 2020 (Aichi Target 11). Nonetheless, recent
assessments showed that, so far, only about 2% of the
global ocean is included in fully or highly protected
areas (Lubchenco and Grorud-Colvert 2015, Claudet
and Pendleton 2018), the two classes of MPAs unam-
biguously providing high ecological benefits (Zupan
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Integrating 
climate change



I N T E G R A T I N G  C L I M A T E  C H A N G E

Spatial-use scenarios and visioning processes 



I N T E G R A T I N G  C L I M A T E  C H A N G E

Netherlands

Spatial-use scenarios and visioning processes 

Western Tropical Pacific Ocean



I N T E G R A T I N G  C L I M A T E  C H A N G E

Modelling and mapping tools 
changes in ecosystem goods and services and related human activities



I N T E G R A T I N G  C L I M A T E  C H A N G E

Symphony tool 
(Sweden)

ACCESS tool 
(Arctic)

Modelling and mapping tools 
changes in ecosystem services and related human activities



I N T E G R A T I N G  C L I M A T E  C H A N G E

Climate-related vulnerability and risk analyses



I N T E G R A T I N G  C L I M A T E  C H A N G E

Socio-ecological 
vulnerability (Moorea) Habitat risk assessment (US)

Climate-related vulnerability and risk analyses

Blue economy (Europe)
T H I A U L T  E T  A L .  ( 2 0 1 8 )



Promoting
adaptation



Adaptação
Qualquer ajuste nos sistemas naturais e humanos
em resposta aos efeitos positivos ou negativos, actuais
ou esperados, das alterações climáticas

A D A P T A T I O N  T O  C L I M A T E  C H A N G E



Adaptação
Envolve a tomada de acção (medidas)

Medidas de adaptação são aquelas que aumentam a nossa
resiliência, e a capacidade de nos adaptarmos ou tiramos
vantagem das consequências das alterações climáticas.
Podem ser nacionais, regionais e locais

A D A P T A T I O N  T O  C L I M A T E  C H A N G E



A adaptação e a mitigação
(limitar/minimizar as causas 
antropogénicas das AC) são 
essenciais para lidar com os 
desafios e oportunidades 
associadas às AC

A D A P T A T I O N  T O  C L I M A T E  C H A N G E



A D A P T A T I O N  T O  C L I M A T E  C H A N G E

Mitigation Adaptation

actions to prevent
sea level rise 

(e.g. decrease emissions)

actions to minimize
sea level rise impacts

(e.g. relocation)



A D A P T A T I O N  T O  C L I M A T E  C H A N G E

EU recognizes the challenge



Climate-ADAPT (Europe)

https://climate-adapt.eea.europa.eu

A D A P T A T I O N  T O  C L I M A T E  C H A N G E

https://climate-adapt.eea.europa.eu/


https://www.ipcc.ch/working-group/wg2/

IPCC – Working Group II                       (worldwide)

A D A P T A T I O N  T O  C L I M A T E  C H A N G E

https://www.ipcc.ch/working-group/wg2/


https://www.adaptation-undp.org/national-adaptation-programmes-action-napas

United Nations

A D A P T A T I O N  T O  C L I M A T E  C H A N G E

https://www.adaptation-undp.org/national-adaptation-programmes-action-napas


https://unfccc.int/topics/adaptation-and-resilience/workstreams/national-adaptation-plans

United Nations

A D A P T A T I O N  T O  C L I M A T E  C H A N G E

https://unfccc.int/topics/adaptation-and-resilience/workstreams/national-adaptation-plans


http://www.oecd.org/env/cc/adaptation.htm#Publications

OECD                                                        (worldwide)

A D A P T A T I O N  T O  C L I M A T E  C H A N G E

http://www.oecd.org/env/cc/adaptation.htm


A D A P T A T I O N  T O  C L I M A T E  C H A N G E

Adaptive management

Planning Just-in-time

Anticipatory Zoning
Dynamic Zoning
Dynamic Ocean Management

Back to MSP !

Several approaches can foster adaptation:



Management approach focused on the systematic learning 
through experimentation, monitoring and evaluation, and the 
subsequent adaptation of policy and management options 
according to obtained results

Actions are 
adjusted based on 
obtained results

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Conceptually, adaptive management is embedded in MSP…

http://unesdoc.unesco.org/images/0018/001865/186559e.pdf

A 10-step guide to 
understanding what 
MSP is and how it 
can be put into 
practice toward 
achieving 
ecosystem-based 
management

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Developed between November 2007 and May 2009
Steps were based on real world MSP practices around the globe
The guide was refined and revised during expert meetings and
“fine-tuning” events with resource managers and decision makers
(Massachusetts and Viet Nam)

A D A P T A T I O N  A P P R O A C H E S Adaptive management



http://msp.ioc-unesco.org/msp-guides/msp-step-by-step-approach/The 10 Steps

A D A P T A T I O N  A P P R O A C H E S Adaptive management



http://unesdoc.unesco.org/images/
0022/002277/227779e.pdf

Step 9. Monitoring and evaluating performance

2014

A D A P T A T I O N  A P P R O A C H E S Adaptive management



TASK 1. DEVELOPING A PERFORMANCE MONITORING & EVALUATION PLAN

Performance monitoring and evaluation is key to adaptive management 
(STEP 10)

! If we do not measure results, we cannot tell success from failure

If performance monitoring and evaluation results are not used to modify 
revisions to future plans, then the process has not been successful

! Selection of relevant and measurable indicators is one of the most 
important components of performance monitoring and evaluation

Step 9. Monitoring and evaluating performance

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Step 9. Monitoring and evaluating performance

TASK 2. EVALUATE PERFORMANCE MONITORING DATA

Evaluation is the element of management in which the greatest learning is 
to occur – it allows information concerning the past to feed back into, and 
improve the way management is conducted in the future

Evaluation consists of reviewing the results of actions taken and assessing
whether these actions have produced the desired results

! Ideally, evaluation should be undertaken periodically during the 
lifetime of the MSP process

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Adaptive management is needed for MSP is to be sustained
over time

! However adaptive 
management is
rarely implemented

Step 10. Adapting the spatial management process

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Step 10. Adapting the spatial management process

TASK 1. PROPOSE CHANGES IN OBJECTIVES AND MANAGEMENT ACTIONS

This step must address two broad questions: 

? What has been accomplished through the MSP process and 
learned from its successes and failures? 

? How has the context (e.g. environment, governance, technology, 
economy) changed since the programme was initiated? 

The answers to these questions can then be used to re-focus 
planning and management in the future

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Step 10. Adapting the spatial management process

TASK 3. START THE NEXT ROUND OF MSP

http://msp.ioc-unesco.org/msp-good-practices/adapting-the-process/

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Only 7 nations…

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Many challenges

A D A P T A T I O N  A P P R O A C H E S Adaptive management



Consiste na alocação de áreas para o desenvolvimento futuro
de certos usos, ou para a ausência dos mesmos, em antecipação
aos impactos das alterações climáticas

Promove uma gestão mais flexível ao permitir que as entidades
responsáveis ajustem os regimes de gestão antes dos usos
estarem instalados no espaço marítimo (o que permite evitar
problemas políticos e legais)

Permite antecipar conflitos futuros e priorizar usos do oceano,
e.g. antes de se fazerem investimentos dispendiosos em
infraestruturas Craig (2012) Harvard Environmental Law Review

Anticipatory ZoningA D A P T A T I O N  A P P R O A C H E S



Anticipatory ZoningA D A P T A T I O N  A P P R O A C H E S

Arctic



Redução na cobertura de gelo marinho está 
abrir novas áreas com potencial de 
exploração económica (e.g. new shipping
routes, hydrocarbon exploitation, 
commercial fishing, aquaculture)

Competição pelo uso dessas novas áreas 
pode levar a conflitos entre sectores da 
economia azul, bem como a impactos
significativos em espécies e habitats chave, 
e nas comunidades humanas locais que 
dependem dessas espécies/habitats

Anticipatory ZoningA D A P T A T I O N  A P P R O A C H E S

Arctic



Netherlands
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Anticipatory ZoningA D A P T A T I O N  A P P R O A C H E S

Preferred sand extraction zones in the 
Netherlands to support climate adaptation, namely 
protection coastal areas against sea level rise



Dynamic Ocean Management – DOM 
“Management that changes rapidly in space and time in
response to the shifting nature of the ocean and its users based
on the integration of new biological, oceanographic, social
and/or economic data in near real-time”

Maxwell et al. (2015) Marine Policy

A D A P T A T I O N  A P P R O A C H E S



DOM

Recognizes that…

Ocean and ocean uses 
are highly dynamic

Management approaches 
are relatively static

but that… MPAs
MSP

TAC

A D A P T A T I O N  A P P R O A C H E S



DOM

Recognizes that…

Ocean and ocean uses 
are highly dynamic

Management approaches 
are relatively static

but that… MPAs
MSP

TAC

A D A P T A T I O N  A P P R O A C H E S

! Mismatches in rate and scale at which ocean/ocean 
users change, and management responds, result in 

decreased efficiency and effectiveness



DOMA D A P T A T I O N  A P P R O A C H E S

?what to do



DOMA D A P T A T I O N  A P P R O A C H E S

Management must become as fluid in space and
time as both the ocean and ocean users

?
! Shift to 
near real-time management?



DOMA D A P T A T I O N  A P P R O A C H E S

! By integrating… 

1. Existing datasets (e.g. remote sensing, animal 
tracking, fisheries observer data) 

2. Advanced techniques (analytical processing and 
modelling) that allow for predictions about key species 
distributions, user behaviour or oceanographic 
habitats, etc., in space and time



DOMA D A P T A T I O N  A P P R O A C H E S

! By integrating… 

3. Technology that allows rapid data-sharing (e.g. 
portable/handheld devices) to be used in dynamic 
tools that respond at finer, more detailed scales



DOMA D A P T A T I O N  A P P R O A C H E S

Pesca de vieiras na Nova Inglaterra (USA)

Pescadores de vieiras reportam 
voluntariamente as capturas 
acessórias (by-catch) de solha dos 
mares do norte (espécie vulnerável, 
IUCN) à Universidade de 
Massachusetts numa base diária

Essa informação é compilada por 
área e redistribuída no dia seguinte 
aos pescadores para estes evitarem 
certas áreas (de maior by-catch) Limanda ferruginea



DOMA D A P T A T I O N  A P P R O A C H E S



DOMA D A P T A T I O N  A P P R O A C H E S

Result:
Since the program started (2010) fishermen have 
been able to fish the entire duration of the scallop 
season, resulting in economic gains upwards of 
$10 million/year over previous years



DOMA D A P T A T I O N  A P P R O A C H E S

TurtleWatch (NOAA Pacific Islands Fisheries Center)

Programa desenvolvido para 
reduzir by-catch de tartarugas 
marinhas comuns (vulnerável) em 
pesca de palangre no Hawaii

Com base em dados de satélite
(rastreamento), os cientistas 
determinaram as temperaturas 
preferenciais das tartarugas, e 
identificaram áreas que os 
pescadores deviam evitar



DOMA D A P T A T I O N  A P P R O A C H E S

A informação é 
colocada online 
(every few days) de 
acordo com as 
flutuações de 
temperatura do 
Pacífico Norte 
Central

TurtleWatch (NOAA Pacific Islands Fisheries Center)



DOMA D A P T A T I O N  A P P R O A C H E S

WhaleAlert (EUA, costa Este)

Boias acústicas e deteção remota 
são utilizadas para detectar a 
localização em tempo real de 
Baleias francas do Atlântico 
Norte (criticamente em perigo, 
IUCN) por forma a evitar colisões 
letais com navios



DOMA D A P T A T I O N  A P P R O A C H E S

WhaleAlert (EUA, costa Este)

A informação é fornecida 
aos capitães dos navios 
(aplicações móveis) para 
alertar para a presença das 
baleias, e recomendar a 
redução da velocidade ou 
mesmo o evitar dessas 
áreas



DOMA D A P T A T I O N  A P P R O A C H E S

Área de gestão estática

vs.

Áreas de gestão dinâmica

Hypothetical Scenario (west coast, US)



DOMA D A P T A T I O N  A P P R O A C H E S

Hypothetical Scenario (west coast, US)

Área de gestão estática 
(linha cinzenta) necessitaria 
de uma área maior por forma 
a incluir todos os habitats 
animais dependentes de 
variações na temperatura ao 
longo do ano



DOMA D A P T A T I O N  A P P R O A C H E S

Hypothetical Scenario (west coast, US)

Áreas de gestão dinâmica 
(polígonos pretos) delimitadas 
com base na localização provável 
dos habitats animais, permitem a 
utilização de áreas mais pequenas 
e que variam ao longo do ano, 
permitindo uma maior utilização 
por actividades humanas



DOMA D A P T A T I O N  A P P R O A C H E S

Não substitui a gestão adaptativa, 
em vez disso contribui para a sua 

implementação 
(implementa alterações em 

regimes de gestão com rapidez)



Conclusion…
A D A P T A T I O N  A P P R O A C H E S

No solution fits all



Why is it so important to develop 
adaptive, climate-smart MSP?

M S P  A S  A  S O L U T I O N ?



M S P  A S  A  S O L U T I O N ?

As MSP operates in a changing ocean, properly 
addressing and integrating climate effects is vital to 
keep plans viable, relevant and useful in the long term

H O E L  &  O L S E N  ( 2 0 1 2 ) ,  C R A I G  ( 2 0 1 2 ) ,  O K E Y  E T  A L .  ( 2 0 1 4 ) ,
F R A Z Ã O  S A N T O S  E T  A L .  ( 2 0 1 6 ) ,  M C H E N R Y  E T  A L  ( 2 0 1 7 ) ,  E T C .



M S P  A S  A  S O L U T I O N ?

Plan holistically 
(not sector-by-sector)

Protection of critical marine 
areas and climate refugia



M S P  A S  A  S O L U T I O N ?

Reduction of greenhouse gases emissions 
(areas to renewable energy developments 
and blue carbon capture and storage)
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M O R E  I N F O R M A T I O N





Exercise



www.openchannels.org/webinars/2016/management-move-making-ebm-and-
msp-more-dynamic

E X E R C I S E

Identify the benefits and limitations of 
Dynamic Ocean Management

http://www.openchannels.org/webinars/2016/management-move-making-ebm-and-msp-more-dynamic


E X E R C I S E

Analyse how well the Portuguese legislation 
on MSP addresses climate change

Lei 17/2014
DL 38/2015



Supporting documents:
www.oceanplan-project.com/aaoem2020


