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Context for the project
On 30 November 2017, 10 major fishing nations agreed not to 

develop fisheries in the Central Arctic Ocean for at least the next 

16 years, to give time for development of scientific 

understanding before fisheries are established.

Our high-level objective is to scope 

the extent of trade-offs between 

fisheries and cultural values of the 

Arctic (reputation, tourism) , and how 

these may change with warming.

Deliverables and details
Scientific deliverables: simulations of the end-to-end (E2E, microbes to megafauna) 

top-down and bottom-up cascading trophic effects of multiple stressors (changing sea-

ice cover & warming, fisheries) in the Barents Sea, Fram Strait, and the wider Atlantic-

Arctic. 

General approach – Data synthesis, and 

modelling

• Data synthesis – assembly on model driving 

and calibration data – especially analysis of 

vertical distributions and migrations of 

mesopelagic fish and plankton

• Modelling - two different types of E2E 

models will be used to represent the Arctic 

ecosystem – ECOSMO-E2E and StrathE2E. 

Both are based on functional groupings of 

taxa.

• By deploying the two approaches together 

we will be able to address model-dependent 

uncertainty, identify areas of consistency 

and divergence of results, and address 

questions at different scales.
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SCHISM-ECOSMO in the North Atlantic/Arctic

• unstructured grid model, 3d finite-volume discretisation
• semi-implicit solver for primitive equations
• two-equation turbulence model(s) using Reynolds averaging
• wind wave model included
• wetting/drying possible
• hybrid sigma-geopotential, vertical coordinates
• FESIM ice module (newly implemented)
• Generic coupling to pelagic biogeochemical models,

incl. ECOSMO

SCHISM [ski-zəm]

A cross-scale model for regional applications

SCHISM

North Sea - Baltic Sea

50m-10km resolution

Research Goals

• Understand the impact of environmental 

changes (e.g. sea ice retreat, change in 

circulation) in food web functioning

• Investigate the relevance of different scales 

(space-time/foodweb resolution) for Arctic 

Ocean ecosystem models

• Understand future changes in the ecosystem 

through scenario simulations

StrathE2E in the North Atlantic/Arctic

• Coarse spatial box model

• Complex food web (network of ODEs) in each 

horizontal zone

• Passive dispersal and active migrations (vertical & 

horizontal

• Boundary driving data from NEMO-ERSEM, NEMO-

MEDUSA, SCHISM-ECOSMO

• Interactive coupling to a model of fishing fleets

• Very fast – 0.25sec/simulation year

• Embedded in MCMC scheme for parameter 

likelihood estimation and model credible intervals

• Five models implemented for regions of NW Europe
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Mesopelagic migrations
• Passive dispersal of plankton is routinely included in spatial ecology models, 

but active migrations (vertical and horizontal) are much harder to portray

• As we include high trophic levels, active migration behaviour become very 

important

• Active vertical migrations are also an important (and largely missing in models) 

component of carbon and nutrient fluxes.

• U St Andrews main role will be to analyse deep scattering layer data collected 

in the Arctic to diagnose the patterns and rules of migrations so that we can 

represent these in models

• We will try to feed these details back to NEMO-MEDUSA so as to improve the 

representation of vertical carbon fluxes

Data needs and connection to rest of CAO

Bathymetry and seabed sediment properties and distributions

Environmental driving data
• Atmospheric deposition of nutrients

• Freshwater inputs and nutrient contents

• Irradiance, turbidity, ice cover and opacity

• Hydrodynamic, temperature and salinity boundary data (NEMO-MEDUSA)

Anthropogenic driving data
• Fishing fleet composition and activity rates and distributions

• Historical catch data

Observational data for model fitting and ‘validation’
• Fish, benthos and plankton survey data

• Seasonal changes in fish & plankton vertical distributions (PRIZE, AWI surveys, DIAPOD). Feed model 

representations of vertical migrations back to NEMO-MEDUSA

• Nutrient distributions (PRIZE, ARISE, ChAOS)

• Sediment porewater nutrient concentrations (ChAOS)

• Primary production (PRIZE)

• Bird and mammal abundance and distribution data (ARISE).

• Rate parameter estimates (PRIZE, DIAPOD, ChAOS)

• Sediment and water column mineralisation, nitrification, denitrification rates (ChAOS)


