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Model Output
The core model output/diagnositic used/created in this study are in the folder ‘Model_Output’ and grouped by model. Names refer to the Earth System Model. See Supplementary Figure 1 for corresponding BGC component names and model meta data. The essential files included in each model .mat file are described below. Please do not hesitate to email tyler.rohr@utas.edu.au with any questions about how to use and analysis this data.

	Name
	Description

	CoreVar_Names
	Text name list of all variables (output and diagnostics) included, indexed as in data files (see Core & Complete Variable Inventory Tables below). Note, if names in file differ from table, the tables are the most up to date.  


	CoreVar_Units
	Text name list of all corresponding variables units, indexed as in data files (see below)

	CoreVar_Inv_adj
	Globally gridded time series for first (2015-2020) and last five years (2095-2100) for all model output and diagnostics. Dimension 1 (n=53) is the catalogue of output and diagnostics, indexed as per CoreVar_Names. Note, all variables are either depth-integrated or depth averaged. Depth-averaged are biomass (and grid-cell volume) weighted as appropriate. Dimension 2 (n=120) is time, noting i=1-60 is the first five years and i=61-120 is the last. Dimension 3 (n=180) is latitude. Dimension 4 (n=360) is longitude. All models are regirded onto consistent 1x1 degree Latitude and Longitude grids. Lat and Lon grids provided in model file.

	CoreVar_Inv_rw
	Globally gridded absolute change for all model output and diagnostics. Dimension 1 (n=46) is the catalogue of output and diagnostics, indexed as per CoreVar_Names. Change is computed as difference between the contemporary mean (2015-2020) climatological and the end of the century climatological mean (2095-2100). Note these are the same periods included in ‘CoreVar_Inv_adj’. See `Methods’ (Model Diagnostics and Designations) for further details.  Note, all variables are either depth-integrated or depth averaged. Depth-averaged are biomass (and grid-cell volume) weighted as appropriate. Dimension 2 (n=180) is latitude. Dimension 3 (n=360) is longitude. All models are regirded onto consistent 1x1 degree Latitude and Longitude grids. Lat and Lon grids provided in model file.

	CoreVar_Inv_pc
	As per CoreVar_Inv_rw, except change is now expressed as relative (%) change with respect to the contemporary climatological mean. See `Methods’ (Model Diagnostics and Designations) for further details.  

	(Z)Bio_Weights
	Spatially resolved (zooplankton) biomass weights used for spatial averaging. Based on contemporary mean annual (zooplankton) phytoplankton biomass.

	area_map
	Grid cell area

	omask
	Mask of ocean grid cells

	Sens
	Diagnostic calculations of sensitivity of the direct effect of loss rate drivers (i = 27:36) to the change in their respective environmental drivers (i= [14,42,12, 1, 2,14,42,12, 1, 2]). See Sup. Fig. 9 and ‘Methods’ (Diagnostics for Delta l). Dimensions 2 and 3 are space, as above. 





Core Variable Inventory 
Indices 1–53 include in CoreVar_Inv_adj, CoreVar_Inv_rw, CoreVar_Inv_pc. Not indecies are group categorically, and do not necessarily appear in numerical order. The complete lis is organized in order at the bottom of this document. All critical variable and diagnostics are described in detail in the ‘Methods’
	Index
	Variable name
	Units

	Depth-Integrated Biomass Stocks

	1
	Depth Integrated Phytoplankton Biomass; 1-150m (ΣP)
	mmol m⁻²

	2
	Depth Integrated Zooplankton Biomass; 1-150m (ΣZ)
	mmol m⁻²

	52
	Total Plankton Biomass (ΣBiomass) 
 Note: ΣP+ ΣZ
	mmol m⁻²

	Bulk Carbon Fluxes

	3
	Net Primary Production (NPP)
	mmol m⁻² d⁻¹

	5
	Export Production (EP)
	mmol m⁻² d⁻¹

	50
	Trophic Transfer (TT)
  Note: Mesozooplankton mortality to higher predation
	mmol m⁻² d⁻¹

	4
	Grazing Losses (G)
	mmol m⁻² d⁻¹

	10
	Non-grazing Losses (NG)
	mmol m⁻² d⁻¹

	49
	Mesozooplankton Assimilation (GSPMeso)
  Note: Exclude microzooplankton assimilation from GSP
	mmol m⁻² d⁻¹

	8
	Gross Secondary Production (GSP)
  Note: All Zooplankton classes, exclude assimilation inefficiencies. 
	mmol m⁻² d⁻¹

	9
	Zooplankton Loss Rate (Zₘ)
	mmol m⁻² d⁻¹

	Specific Rate Terms

	6
	Phytoplankton-specific Division Rate (μ)
  Note: NPP/ ΣP
	d⁻¹

	7
	Zooplankton-specific Grazing Rate (g)
  Note: G/ ΣZ
	d⁻¹

	11
	Specific Grazing Loss Rate (lg)
  Note: G/ ΣP
	d⁻¹

	17
	Phytoplankton-specific Non-grazing Loss Rate (lng)
  Note: NG/ ΣP
	d⁻¹

	16
	Phytoplankton-specific Loss Rate (l)
 Note: lg   +  lng
	d⁻¹

	Community Composition

	12
	Small Phytoplankton Composition (fSP)
	%

	13
	Small Zooplankton Composition (fSZ)
	%

	25
	Diatom Fraction
	fraction

	26
	Non-diatom Fraction
	fraction

	Physics

	14
	Sea-surface Temperature (SST)
	°C

	15
	Mixed-layer Depth (MLD)
	m

	Carbon Flux Transfer Efficiencies

	18
	Export Efficiency (e-rat)
	fraction

	19
	Ecosystem Efficiency (eco-rat)
	fraction

	53
	Trophic Transfer Efficiency (TTE)
	fraction

	Phytoplankton Concentrations

	23
	(Zooplankton) Biomass-weighted Phytoplankton Concentration (
 Note: This is the phytoplankton concertation the average zooplankton is exposed to
	mmol m⁻³

	20
	Surface Phytoplankton Concentration ([Phyto]Surf)
	mmol m⁻³

	46
	Mean Phytoplankton Concentration within the MLD ([Phyto]MLD)
	mmol m⁻³

	Vertical Profile 

	42
	Dilution Length Scale (DL)
	m

	21
	Deep Biomass Maximum Phytoplankton Concentration ([Phyto]DBM)
	mmol m⁻³

	22
	Deep Biomass Maximum Depth (ZDBM)
	m

	Decomposed Loss Rate Drivers

	Grazing

	27
	Direct Effect of Temperature on Grazing Pressure (lg,T)
	d⁻¹

	28
	Direct Effect of Vertical Redistribution on Grazing Pressure (lg,VD)
	d⁻¹

	29
	Direct Effect of Community Composition on Grazing Pressure (lg,CC)
	d⁻¹

	30
	Direct Effect of Phytoplankton Biomass on Grazing Pressure (lg,ΣP)
	d⁻¹

	31
	Direct Effect of Zooplankton Biomass on Grazing Pressure (lg,ΣZ)
	d⁻¹

	Non-Grazing

	32
	Direct Effect of Temperature on Non-Grazing Pressure (lng,T)
	d⁻¹

	33
	Direct Effect of Vertical Redistribution on Non-Grazing Pressure (lng,VD)
	d⁻¹

	34
	Direct Effect of Community Composition on Non-Grazing Pressure (lng,CC)
	d⁻¹

	35
	Direct Effect of Phytoplankton Biomass on Non-Grazing Pressure (lng,ΣP)
	d⁻¹

	36
	Direct Effect of Zooplankton Biomass on Non-Grazing Pressure (lng,ΣZ)
	d⁻¹

	Total

	37
	Direct Effect of Temperature on Loss Rates (lT)
	d⁻¹

	38
	Direct Effect of Vertical Redistribution on Loss Rates (lVD)
	d⁻¹

	39
	Direct Effect of Community Composition on Loss Rates (lCC)
	d⁻¹

	40
	Direct Effect of Phytoplankton Biomass on Loss Rates (lΣP)
	d⁻¹

	41
	Direct Effect of Zooplankton Biomass on Loss Rates (lΣZ)
	d⁻¹

	47
	Indirect Interaction Effects on Loss Rates (lInt)
	d⁻¹

	Clearance Rates

	44
	Clearance Rate (ε)
	m⁻³ mmol⁻¹ d⁻¹

	45
	Direct Effect of Vertical Redistribution on Clearance Rates (εVD)
	m⁻³ mmol⁻¹ d⁻¹



Plotting Scripts and Code
Scripts to recreate all figures are provided in the folder ‘Plotting_Scripts’. Some caveats on how to run these scripts to produce each Figure and Supplementary Figure are described below.

Update Paths: After downloading figure files, please be sure to update all paths in ‘Step 0’ (line 150) with the location of files downloaded here:

· Data sourced from ‘/Users/twrohr/Desktop/Data.nosync/SSP585/Abridged/regridded2’ in the script refers to the core model diagnostics which can be found in the fold ‘Model_Outputs’ here.

· Data sourced from ‘/Users/twrohr/Desktop/data.nosync/SSP585’
in the script refers to several additional diagnostics which can be found in the folder ‘Additional_Diagnostics’ here.

· Note, all files include a line to add a path to a utilities folder which included various standard, publicly available matlab files (/Users/twrohr/Desktop/Matlab/Matlab/Utilities). These are not all uploaded but should be easy to find and download where/if required in any plotting scripts

Figures
All Figure files mentions below can be found in ‘Plotting_Scripts/’

Figure 1
Figure 1a-d: Reproduced by running the script ‘Fig1abcd.m’. 
Alternate use: Can be use to plot time series from any four specified model outputs/diagnostics, with a few exceptions that were not saved as time resolved global means.
Figure 1e: Reproduced by running the script ‘Fig1e.m’. 
Alternate use: Can be use to plot bi-variate distributions for any two specified model outputs/diagnostics.
Figure 1_insets: Reproduced by running the script ‘Fig1e_insets.m’. 


Figure 2 
Figure 2: Reproduced by running the script ‘Fig2.m’.
Alternate use: Can be use to plot bi-variate distributions for any two specified model outputs/diagnostics. For example, maps of all analysis ‘Implications for Marine Carbon Cycling’ can be quickly reproduced.

Figure 3
Figure 3b-e: Reproduced by running the script ‘Fig3bcde.m’.

Figure 4
Figure 4a: Reproduced by running the script ‘Fig4a.m’. 

Figure 4b-e: Reproduced by running the script ‘Fig4bcdefg.m’

Figure 5
Figure 5a: Reproduced by running the script ‘Fig5a.m’ directly AFTER running script 
		‘Fig4a.m’, without clearing any data

Figure 5b-g: Reproduced individually by using the script ‘Fig5_Case_Studies.m’. Note, this script 
will quantitatively replicate all plots, but may need to be adjusted for specific formatting. Make sure ‘colormaps.mat’ is save in plotting directory.
Alternate use: Can be used to look at in all output/diagnostic change in any region/model using a number of filter

Figure 6 
Figure 6a-e: Reproduced by running the script ‘Fig6.m’.


Supplementary Figures
Supplementary Figure 2
S. Figure 2a-l: Reproduced by running the script ‘S_Fig2.m’. 

Supplementary Figure 4
S. Figure 4a,b: Reproduced by running the script ‘S_Fig4.m’ and reorganizing

Supplementary Figure 5
S. Figure 5a-l: Reproduced by running the script ‘S_Fig5.m’. 

Supplementary Figure 6-8
All Case Studies: Reproduced by running the script ‘Fig5_Case_Studies.m’.

Supplementary Figure 9
S. Figure 9a-c: Reproduced by running the script ‘S_Fig9.m’. 

Supplementary Figure 10
S. Figure 10a,b: Reproduced by running the script ‘Fig1e.m’, with different variables (see table above)
S. Figure 10c,d: Reproduced by running the script ‘S_Fig10.m’.

Supplementary Figure 12
S. Figure 12a-x: Reproduced by running the script ‘S_Fig2.m’ twice for two different variables
		combinations. Can turn one-to-one line ‘on;’ for left panels.





Complete Variable Inventory 
Ordered numerically. Include some old variables not used in analysis and not listed in the ‘Core Variable Inventory’
	Index
	Variable name
	Units

	1
	Depth Integrated Phytoplankton Biomass; 1-150m (ΣP)
	mmol m⁻²

	2
	Depth Integrated Zooplankton Biomass; 1-150m (ΣZ)
	mmol m⁻²

	3
	Net Primary Production (NPP)
	mmol m⁻² d⁻¹

	4
	Grazing Losses (G)
	mmol m⁻² d⁻¹

	5
	Export Production (EP)
	mmol m⁻² d⁻¹

	6
	Phytoplankton-specific Division Rate (μ)
	d⁻¹

	7
	Zooplankton-specific Grazing Rate (g)
	d⁻¹

	8
	Grazing Secondary Production (GSP)
	mmol m⁻² d⁻¹

	9
	Zooplankton Loss Rate (Zₘ)
	mmol m⁻² d⁻¹

	10
	Non-grazing Losses (NGL)
	mmol m⁻² d⁻¹

	11
	Specific Grazing Loss Rate (lg)
	d⁻¹

	12
	Small Phytoplankton Composition (fSP)
	%

	13
	Small Zooplankton Composition (fSZ)
	%

	14
	Sea-surface Temperature (SST)
	°C

	15
	Mixed-layer Depth (MLD)
	m

	16
	Phytoplankton-specific Loss Rate (l)
 Note: l = lg   +  lng
	+d⁻¹

	17
	Phytoplankton-specific Non-grazing Loss Rate (lng)
	d⁻¹

	18
	Export Efficiency (e-rat)
	fraction

	19
	Ecosystem Efficiency (eco-rat)
	fraction

	20
	Surface Phytoplankton Concentration ([Phyto]Surf)
	mmol m⁻³

	21
	Deep Biomass Maximum Phytoplankton Concentration ([Phyto]DBM)
	mmol m⁻³

	22
	Deep Biomass Maximum Depth (ZDBM)
	m

	23
	(Zooplankton) Biomass-weighted Phytoplankton Concentration (
 Note: This is the phytoplankton concetration the average zooplankton is exposed to
	mmol m⁻³

	24
	Diazotroph Fraction
	fraction

	25
	Diatom Fraction
	fraction

	26
	Non-diatom Fraction
	fraction

	27
	Direct Effect of Temperature on Grazing Pressure (lg,T)
	d⁻¹

	28
	Direct Effect of Vertical Redistribution on Grazing Pressure (lg,VD)
	d⁻¹

	29
	Direct Effect of Community Composition on Grazing Pressure (lg,CC)
	d⁻¹

	30
	Direct Effect of Phytoplankton Biomass on Grazing Pressure (lg,ΣP)
	d⁻¹

	31
	Direct Effect of Zooplankton Biomass on Grazing Pressure (lg,ΣZ)
	d⁻¹

	32
	Direct Effect of Temperature on Non-Grazing Pressure (lng,T)
	d⁻¹

	33
	Direct Effect of Vertical Redistribution on Non-Grazing Pressure (lng,VD)
	d⁻¹

	34
	Direct Effect of Community Composition on Non-Grazing Pressure (lng,CC)
	d⁻¹

	35
	Direct Effect of Phytoplankton Biomass on Non-Grazing Pressure (lng,ΣP)
	d⁻¹

	36
	Direct Effect of Zooplankton Biomass on Non-Grazing Pressure (lng,ΣZ)
	d⁻¹

	37
	Direct Effect of Temperature on Loss Rates (lT)
	d⁻¹

	38
	Direct Effect of Vertical Redistribution on Loss Rates (lVD)
	d⁻¹

	39
	Direct Effect of Community Composition on Loss Rates (lCC)
	d⁻¹

	40
	Direct Effect of Phytoplankton Biomass on Loss Rates (lΣP)
	d⁻¹

	41
	Direct Effect of Zooplankton Biomass on Loss Rates (lΣZ)
	d⁻¹

	42
	Dilution Length Scale (DL)
	m

	43
	Encounter Index (1/DL)
	m⁻¹

	44
	Clearance Rate (ε)
	m⁻³ mmol⁻¹ d⁻¹

	45
	Direct Effect of Vertical Redistribution on Clearance Rates (εVD)
	m⁻³ mmol⁻¹ d⁻¹

	46
	Mean Phytoplankton Concentration within the MLD ([Phyto]MLD)
	mmol m⁻³

	47
	Indirect interaction Effects on Loss Rates (lint)
	d⁻¹

	48
	Indirect interaction Effects on Loss Rates (lint)
 Note. Relative change (*_pc) computed as magnitude share here
	d⁻¹

	49
	Mesozooplankton Assimilation (GSPMeso)
	mmol m⁻² d⁻¹

	50
	Trophic Transfer  (TT)
	mmol m⁻² d⁻¹

	51
	Trophic Transfer (incl. Quadratic Microzooplankton Mortality)
	mmol m⁻² d⁻¹

	52
	Total Plankton Biomass (ΣBiomass) 
	mmol m⁻²

	53
	Trophic Transfer Efficiency (TTE)
	fraction






