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9 health and their capacity to provide ecosystem 
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marine and coastal ecosystems9 response to multiple pressures, as required under relevant EU legislation 
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Scopus: 8
9 through appropriate Boolean 

operators (<AND=, <OR=, <NOT=). This set of keywords allows to define the scope of the search and, therefore, 

–

e publications including at least <cumulative impact/effect= keywords and, therefore, also those papers 
reporting <cumulative impact/effect assessment= keywords. Moreover, as detailed through the research 

uery contains the keyword <multi risk= (and not <risk
assessment/approach=) since the key objectives of this review is to give specific attention to novel 

 

the main metadata related to each paper: citation information (such as the author9s name, document title, 

keywords (e.g., the authors9 keywords and the index keywords). The information exported from Scopus was 

, a preliminary screening of papers, based on the title9s pertinence 

–

http://bibliometrix.org/biblioshiny


production, top authors9 production over time, word

 selection of 8key papers9

This process reduced the list of papers (691 publications) initially selected through the keywords9 query 
) through different phases, including i) publications9 screening 

based on the title9s pertinence to the topic of concern and review objectives (resulting in selected 253 

is reported in the Supplementary material SM4; iv) Selection of the most relevant publications (30 <key 
papers=) on the topic of concern based on an in
devoted to results9 analysis and discussion); v) Comparison and discussion of the final list of <key papers= 



 

 

Focusing on the most influential authors (Supplementary material SM3), through the analysis of the author9s 

–

Further, word cloud analysis of the most frequent 50 author9s keywords, together with those contained in 
the query string, reveals <ecosystem based management=, <marine spatial planning= and <climate change= 



 

ing with MCEs management). 30 selected 8key papers9, part of this set of 



: Results from the systematic literature review in terms of 8key papers9 dealing with the application of cumulative impact as

–

4 <what if= scenarios: i) new MPAs; ii) 



3˚C SST increase and 0.3 pH decrease for 2100: 



Different vulnerability (μ value) from 

biomass; Kempton9s index; Total catch; (F) Mean Trophic 

Throughput; Finn9s Cycling Index; Path length

year projections: a 1.5 ◦C increase in water 





 

by multiplying the normalised value of pressures9 intensity with expert
ecosystem type9s sensitivity to these pressures. Similarly, always drawing on the 

–

–

consider experts9 perception in the evaluation of the risk linked to human and climate

data availability for environmental monitoring and management (i.e., 8Big data9

epresenting MCEs9 condition (i.e., kelp biodiversity, fish 

Big data, defined as 8
enable insight discovery, improved decision making, and process optimisation9





changes in MCEs9 state and ecosystem services flow. Specif

of the intensity of the selected <drivers=, the presence/absence of marine ecosystems (<exposure=) and their 
<vulnerability= to pressures. Exposure

another set of terminologies, such as <state= and <response=, is linked to the other conceptual framework of 



 

ecosystems9 responses to a changing future. The majority of CIA methodologies applied across the 100 

; ii) applications integrating <what if= scenarios (i.e. idealised 

Of those publications exploring <what if= scenarios, most evaluated potential changes in cumulative impacts 

–

the Hawaiian Islands of Maui, Molokai, and Lāna8i, 



<what if=

 

Ecosystem services are the benefits people obtain from ecosystems and are essential to people9s well

services perspective. Since the term 8ecosystem services9 is relatively new, increasing in popularity since the 

–
classification or 8CICES9 v5.1, 

8 9 resulted as the most analysed marine ecosystem services category (i.e., 50%), 





– the Hawai9i Reef dynamics Simulator (HIReefSim) based on 
–

 

–



proposed that the term 8tipping point9 should simply be used for any situation where accelerating 

different cells in the <vulnerability= categories. The resulting outputs showed a relatively high standard error 
in the assignations. They discussed <thresholds= but only related to the robustness of the model vulnerability 

– –



to explore the causes of anguillid eel populations9 decline under cumulative 

–

 

There is increasing recognition of CIA methods9 relevance in supporting policy and management of MCEs. CIA 
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evaluation process. However, the definition of <risk= may vary across different research fields. Many 

identified with e.g., <stressors=, <threats=, <drivers=, and <pressures= terms considered sometimes 

Recently, some authors tried to manage this 8sea of terminologies9 by framing exhaustive glossaries and 



 

achieving Trustworthy AI  (e.g., inform SHs regarding the system9s capabilities and limitation

 

ade even more challenging due to 8shifting baselines9



by climate and < = scenarios analysis, enables marine managers to predict and explore a range of 

8shifting baselines9 due to climate change, as well as a wide range of potential short

 

. Indeed, one ecosystem may present different states whilst being <healthy=, depending 



 

 



combined effect of different pressures was modelled <just= under an additive fashion, thus without 

osystems9 





most frequent authors9 keywords; iv) the most relevant keywords; v) the country collaboration networks9 

–



Top authors’ production over the time 

The analysis of the author9s production overtime allows integrating information concerning the number of 

timeframe. Moreover, the colour of dots is proportional to the overall document9s citations received by the 

the top 20 author9s production unde



The Word cloud graph analyses the most frequent 50 author9s keywords used among the whole set of papers 

’

As we might expect, the figure discloses as main frequent author9s keywords, those contained in the query 



approaches, and this aspect is also reflected in the word cloud where marine ecosystem services doesn9t 

is performed by analysing the authors9 affiliations related to the same publication. Specifically, 



exert intentionally or unintentionally 8pressures9





(1) Department of Environmental Sciences, Informatics and Statistics, University Ca9 Foscari Venice, I
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aggregating information on the pressures9 intensity and the sensitivity (usually based on expert



scenarios representing changes (i.e., anomalies between future and reference periods) in the pressures9 

To evaluate the seagrass ecosystem9s responses to climate change conditions, this model has been 
–

<Data collection=). Then, it has been trained, validated, and tested through 

Pathways (RCPs): the stabilisation scenario RCP4.5 and the <business as usual= scenario RCP8.5 (IPCC 2013). 

 

 

as well as detailed information on ecosystems9 health 



8a9) and exogenic pressures (e.g., sea surface temperature, pH, marine currents, waves, et
Service (CMEMS). Additionally, the spatial layer indicating the <kinetic 

energy at the seabed due to currents= (and the related metrics –

 

http://www.emodnet-seabedhabitats.eu/
https://globalfishingwatch.org/data-download/
https://globalfishingwatch.org/data-download/
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the <moderate presence= class. This decline corresponds to 



–

– –

h a predicted reduction of nearly 50% of meadows classified under the <moderate presence= 



 

of the individual components9 effects. On the other hand, interactions occur when combined stressors 
deviate from the 8additivity expectation9, requiring further analysis 

–

 

also known as 8blue9 carbon 



function of depth, following the equation y = 240.5 x ln(depth) + 145.5, reflecting reduced meadow density 

 

Assessing these effects and the nexus among different systems9 components is a particularly complex task 

< = (Section 2.1) and <Navigating complexities in modelling= sub



case studies demonstrated the model9s flexibility across diverse 



Mediterranean Sea could constitute a kind of 8carbon bomb9 with the risk of releasing this stock of carbon 





https://xarray.pydata.org/en/stable/index.html


Once the overall process of predictive variables9 calculation was completed, similar procedures were carried 
out for the response variable. Focusing on marine coastal ecosystem condition variables, as far as seagrasses9 

seagrasses9

PRESSURES’ DATA

https://geopandas.org/en/stable/
https://corteva.github.io/geocube/stable/
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https://docs.qgis.org/2.18/en/docs/user_manual/plugins/plugins_zonal_statistics.html
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instrumental in delineating and monitoring the seagrass9 spatio
maps of the meadows distribution), supporting the assessment of the seagrass9 responses to environmental 



predict the future ecosystems9 

 

(between 41°539N 39°489N and 14°499E 18°359E), 
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O¢, pH, PO¤, NO£.

9 influence on the seagrass ecosystem over the selected case 

–

, SSH, O¢, pH, PO¤, and NO£, extracted from 
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https://www.usgs.gov/landsat-missions/landsat-8
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https://www.emodnet.eu/newhigh-resolution-digital-terrain-model
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SST, SC_B: SAL, SC_C: SSH, SC_D: pH, SC_E: O¢, SC: F: NO , SC_G: PO¤
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reinforces XGB9s advantage in computational efficiency, ensuring faster inference while maintaining strong 



 

 



 

<30x30= conservation target 



be expanded to account for the ocean9s vertical 

9s capacity to inform sustainable marine management 
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ÿ� stands for <True Positives,= �� for <False Positives,= ÿ� ��

t, ROC/AUC provides a more robust evaluation by measuring the model9s ability to distinguish 
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