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FishMIP Models

Large Model Diversity:
• Size or age-based
• Food-web
• Species distribution
• Hybrid models



Do regional and global models
agree on climate change projections?

Eddy et al. 2025 Earth’s Future



Do regional and global models
agree on climate change projections?

• For CMIP5, average biomass decline at
the end of the century was 6% for regional
models vs. 18% for global

• Global models projected biomass declines
in 86% of CMIP5 simulations for ocean
regions compared to 50% for regional
models in the same ocean regions

• Regional model biomass change
projections were within the range of the
global model ensemble on average for
43% of the time series in CMIP5

Eddy et al. 2025 Earth’s Future



• For CMIP6, regional models projected a
decline of 18% by 2100, vs. 27% for global

• For CMIP6, all global model simulations
projected biomass declines in ocean
regions by 2100, vs. 67% for regional

• Regional model biomass change
projections were within the range of the
global model ensemble on average for
36% of the time series in CMIP6

• For both global and regional models,
greater biomass declines were projected
using CMIP6 than CMIP5 and IPSL vs.
GFDL simulations

Do regional and global models
agree on climate change projections?

Eddy et al. 2025 Earth’s Future



Global and regional model
relationships with temperature

• All models showed a
negative relationship
between change in SST
and change in total
consumer biomass

• The greatest slopes were
observed for mizer and
Macroecological

• The smallest slope was
observed for Ecopath
with Ecosim (EwE)

Eddy et al. 2025 Earth’s Future



• Most models had a positive
relationship between change
in NPP and total consumer
biomass, except Atlantis and
mizer (both regional)

• The model that had the
greatest positive slope was
EwE, while the greatest
negative slope was observed
for mizer (both regional)

Global and regional model
relationships with primary production

Eddy et al. 2025 Earth’s Future



Potential reasons for mismatches between
regional and global models

• Regional models often have greater functional diversity and ecological
or taxonomic resolution – greater resilience

• Regional models generally include more processes and resolve
predator-prey interactions more explicitly than global models

• Coarse spatial resolution of coastal regions in global Earth System
Models while regional models are developed at finer scales
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Conclusions

• Variation in model projections is a good thing! It can teach us things
about our models

• Spatial resolution is an important factor to consider for climate change
projections using marine ecosystem models

• The present FishMIP simulation round is poised to tease out contribution
of spatial scale to variation in regional and global model projections
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Conclusions
• Be hard on your models but be nice to your fellow modellers :)
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Step 1: Identify which climate model variables to use and how these are implemented

- Oceanic forcing data derived from the coupled physical and biogeochemical ocean models
Geophysical Fluid Dynamics Laboratory (GFDL), Modular Ocean Model (MOM6) and Carbon,
Ocean Biogeochemistry and Lower Trophics (COBALTv2) for 1961-2010.

Sea
Temperature
Oxygen

Primary production
Phytoplankton biomass

Zooplankton biomass

Ortega-Cisneros et al. 2025 Earth’s Future



Step 2: Provide shapefile of your model domain and complete model templates

● Model spatial boundaries to extract all
climate variables available in GFDL-
MOM6-COBALTv2.

● Tools available at FishMIP GitHub
repositories.

● Model templates requesting
information about model set-up and
calibration.

https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a

https://github.com/Fish-MIP/FishMIP_Input_Explorer/blob/main/data_wrangling/regional_data_extractions_DKRZ.py
https://github.com/Fish-MIP/FishMIP_Input_Explorer/blob/main/data_wrangling/regional_data_extractions_DKRZ.py
https://github.com/Fish-MIP/FishMIP_Input_Explorer/blob/main/data_wrangling/regional_data_extractions_DKRZ.py
https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a


Step 3: Visualize and extract input variables to see if bias correction is needed

https://rstudio.global-ecosystem-model.cloud.edu.au/shiny/FishMIP_Input_Explorer/

https://rstudio.global-ecosystem-model.cloud.edu.au/shiny/FishMIP_Input_Explorer/


Step 3: Visualize and extract input variables to see if bias correction is needed

https://rstudio.global-ecosystem-model.cloud.edu.au/shiny/FishMIP_Input_Explorer/

• WOA 2023
• Delta method

https://rstudio.global-ecosystem-model.cloud.edu.au/shiny/FishMIP_Input_Explorer/


Step 3: Visualize and extract
input variables to see if bias

correction is needed

• Total number of
observations per grid
cell (1981-2010) over
the water column from

the WOA 2023



Step 4: If spatial: determine if further downscaling is
needed

● OSMOSE-Northern Humboldt.

● Oliveros-Ramos et al. (2023) evaluated 19 nested
statistical downscaling models and found that model
performance varied across regions.

● Gridded time series analysis R package
(https://github.com/roliveros-ramos/gts).

● Statistical downscaling approach to be used as part
of this protocol has not yet been standardized.

Oliveros-Ramos et al. 2023

https://github.com/roliveros-ramos/gts


Step 5: Match and extract fishing effort groupings to force your model

● Assumptions on how to split the global effort by fleet and catch to account for the taxonomic resolution required by
some regional models.

• Historical and reconstructed fishing effort data by
region (Rousseau et al., 2024)

• Historical and reconstructed catch time series by
region (Watson and Tidd, 2018)



Step 5: Match and extract fishing effort groupings to force your model

Options to implement the global historical and reconstructed fishing effort data into
regional MEMs

Ortega-Cisneros et al. 2025 Earth’s Future



FishMIP 3a protocol
https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a

https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a


Global models:
Temperature & low trophic level drivers

Heneghan et al. 2021 Progress in Oceanography



• Network of >100
climate & marine
ecosystem modellers



Spatial resolution

• Global models often do not represent waters <50 m depth, and at
the 1 grid size scale (~100 km by 100 km at the equator) fail to
capture key fine-scale coastal processes such as eddies and
upwelling – important for nutrient supply, primary production, higher
trophic level production, and fisheries production

• Two approaches to achieving increased resolution of drivers are
(i) through statistical downscaling to a higher resolution grid (this

will be influenced by the ESM that it was downscaled from)
(ii) through use of a regional biogeochemical model or a

regional ocean modelling system (ROMS)



Changes in total consumer biomass

Regional shifts in the
direction of biomass
changes highlight the
continued and urgent
need to reduce
uncertainty in the
projected responses
of marine ecosystems
to climate change to
help support
adaptation planning

Tittensor et al. 2021 Nature Climate Change



ROMS vs. Earth System
Model Coastal Resolution

3729 grid cells for Grand Banks

193 grid cells for Grand Banks

13 grid cells for Grand Banks

Laurent et al. 2021 Biogeosciences



Mean 1999–2010

Laurent et al. 2021 Biogeosciences



Ruiz-Díaz et al. 2024 PLOS Climate



Ruiz-Díaz et al. 2024 PLOS Climate

Sources of variation for
climate change projections
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Simulations to date have focussed on variability due to:
• CMIP5 vs. CMIP6
• Earth system model (GFDL vs. IPSL)
• Emissions scenario (high vs. low)

Earth SystemModels (ESMs)- Climate data from 1950 -2100 Marine Ecosystem& Fisheries Models
Fishing effort- Socio-economicscenarios



Earth SystemModels (ESMs)- Climate data from 1950 -2100 Marine Ecosystem& Fisheries Models
Fishing effort- Socio-economicscenarios

• Until now, future fishing scenarios were either:
• No-fishing
• Hold fishing constant at 2005 (CMIP5) or 2015

(CMIP6) levels



Domains & drivers structuring the OSPs

Maury et al., 2017Maury et al. 2017 Global Environmental Change

• Development of time series of future fishing effort following the SSPs
• Ocean system pathways (OSPs), an extension of the oceanic system pathways
• Fishing fleets include: large pelagic fisheries (tuna and tuna‐like species),

demersal and benthic fisheries, small pelagic fisheries, emerging fisheries
(mesopelagic fish, krill), and marine aquaculture

• Drivers available at IPBES regions (4), subregions (17) or country level

Ocean System Pathways (OSPs)



Intergovernmental Panel on Biodiversity and
Ecosystem Services (IPBES) Nature Futures Scenarios

Three scenarios:

• Nature for nature - biodiversity priority

• Nature for society - ecosystem services
priority

• Nature for culture - Indigenous and rural
community priority

Kim et al. 2023 Global Environmental Change



• Large amount of
variability in
projected biomass
declines among
climate scenarios

• Similar amounts of
variability in
projections due to
choice of Earth-
system model &
ecosystem model

• 5% loss of ocean
biomass with
every 1  C of
global warming

• Biggest losses at
top of the food
web (predators)

Lotze et al. 2019 PNAS



CMIP5 vs. CMIP6

•Mean global decline of ~19%
marine ecosystem biomass for
CMIP6 by 2100 relative to
1990–1999 for high emissions
scenario (~2.5% more than
CMIP5)

Tittensor et al. 2021 Nature Climate Change



• From a size-based model with three size classes to a
species distribution model with more than 1000 species

• Challenge lies in coming up with climate and fishing
scenarios and common outputs inclusive of all models

• Diversity is a challenge but it is also our strength!

• Additional challenge lies in aligning FishMIP simulations with
ISIMIP simulations to compare among sectors

Diversity of FishMIP models

Tittensor, Eddy et al. 2018 Geoscientific Model Development



The Model Intercomparison (MIP)
Experience: Model Ensembles

IPCC 2014





Fisheries & Marine Ecosystem
Model Intercomparison Project (FishMIP)
• Primary production
• Temperature

• Fishing effort
• Marine protected areas


