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Extended Data Fig. 7 | Cumulative nickel production under the Announced
Pledges Scenario near priority areas for conserving marine biodiversity. The
global map (a) shows terrestrial nickel deposits, as well as current exploration
areas for polymetallic nodules and Areas of Particular Environmental Interest
(APEIs) in the Clarion-Clipperton Zone, overlaid onto ocean biodiversity
priorities®. The priority ranking reflects the most important areas to protect to
conserve marine biodiversity based on several biodiversity features including
species extinction risk, species ranges, evolutionary history and biogeographic

representation®, We show median cumulative nickel (b) and ore (c) production
for coastal mines within 50 km of high, medium and low priority areas for
conserving marine biodiversity across model simulations (n = 500). Shaded
bands show the 5th to 95th percentile range. Inland mines greater than 50 km
from the nearest coastline are not assigned a priority rank. Nickel contained in
deposits is categorized by distance to nearest coastline and priority rank (d).
Data for afromref. 28.
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Extended Data Fig. 8 | Spatial distribution of nickel deposits relative to
terrestrial and marine conservation priorities. The intersecting cell value
ofeach deposit onland was used to assign a terrestrial conservation priority
(biodiversity and carbon) (a). The mean of intersecting cell values for deposits
within 50 km of marine conservation priorities (biodiversity) was used to
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categorize threats to marine biodiversity priorities (b). The mean of intersecting
cellvalues for exploration areas in the Clarion-Clipperton Zone was used to
categorize threats to marine biodiversity priorities from polymetallic nodule
resource development (c). Data for afrom Jung et al.”, and datafromb and ¢ from
Salaeta
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Extended Data Fig. 9| The PEMMSS model input files, workflow and web
application. The input files are provided in the Supplementary Data to
reproduce the results. The PEMMSS model isimplemented in Python®, and

Model input files

Modelling workflow

input_projects.csv

P_ID_NUMBER
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COMMODITY
REMAINING_RESOURCE
STATUS
DEVELOPMENT_PROBABILITY
GRADE
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input_parameters.csv

SCENARIO_NAME
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input_demand.csv

SCENARIO_NAME
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input_postprocessing.csv

input_graphs.csv

input_graphs_formatting.csv
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Version 1.4
PEMMSS application (app.py)
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Version 1.4 includes additional features for handling geospatial dataand an

application developed using the Shiny package to display results®. The results of

the geospatial preprocessing are presented in Extended Data Fig. 8.
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Extended Data Table 1| Input parameters for scenarios and sensitivity analyses

Scenario ID Scenario name Demand Value Resource Prioritise Terrestrial Deep-sea
scenario model i istil pr i mining
mines
REF-T Terrestrial production under a REF P-G-R No No No No
no demand growth scenario
STEPS-T Terrestrial production under STEPS P-G-R No No No No
the Stated Policies Scenario
APS-T Terrestrial production under APS P-G-R No No No No
the Announced Pledges
Scenario
NZE-T Terrestrial production under NZE P-G-R No No No No

the Net Zero Emissions by
2050 Scenario

APS-T-C Terrestrial production valued APS T-G No No No No
by contained nickel

APS-T-G Terrestrial production valued APS G No No No No
by ore grade

APS-T-T Terrestrial production valued APS T No No No No
by ore tonnage

APS-T-P Terrestrial production APS P-G-R No Yes No No
prioritising existing mines

APS-T-B Terrestrial production with APS P-G-R Yes, 5% No No No
resource expansion pa.

APS-T-R Terrestrial production without APS U(,1) No No No No
prioritisation

APS-T-NG# Terrestrial production APS P-G-R No No Yes, 0-30% No
excluding the top #% of priority protection
areas

APS-T-D# Terrestrial production with # APS P-G-R No No No Yes, 0-20 year
year delay to deep-sea moratorium
production

APS-T-NG10-DO Terrestrial production APS P-G-R No No Yes, 10% Yes, no
excluding the top 10% of protection moratorium

priority areas with no delay to
deep-sea production

Input parameters for scenarios and sensitivity analyses.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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|Z| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

D The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested

|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

] XX X X[

XI A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X X X
Ood

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
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Data collection  Resource data was obtained from the S&P Capital Pro 1Q Database and scientific literature cited in the paper.

Data analysis An open-source implementation of the Primary Exploration, Mining and Metal Supply Scenario (PEMMSS) model (version 1.4) was used for
model analyses. The PEMMSS model code is available on GitHub (https://github.com/sanorthey/pemmss) and Zenodo (https://zenodo.org/
records/16792366). Geospatial analyses were performed in Python (version 3.12) using geopandas (version 1.1.2), rasterio (version 1.5.0),
and rasterstats (version 0.20.0).
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reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

We used a global dataset of 487 nickel deposits compiled from the S&P Capital IQ Pro Database and recent literature on global nickel resources. The dataset




includes information on resource tonnage, grade, deposit type, development stage and location. The input files required to reproduce the results of the PEMMSS
model are available in the supplementary information.
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Study description We used a global mine-by-mine supply scenario model (PEMMSS v1.4) to investigate how projected nickel demand (2025-2050)
could be met from known terrestrial and deep-sea resources. Our study quantifies trade-offs between securing sufficient nickel
supply for decarbonisation and protecting priority conservation areas. The maps of terrestrial and marine priority conservation areas
were derived from existing literature and associated public repositories, including Jung et al. 2021 (https://doi.org/10.5281/
zen0do.5006332) and Sala et al. 2021 (https://doi.org/10.25349/DIN8IM), respectively.

Research sample A global dataset of 487 nickel deposits and reported resources.
Sampling strategy N/A
Data collection No new data were collected.

Timing and spatial scale  Nickel supply was modelled between 2025 and 2050. Deposit information was collated based on the most recent reported data up to
the year 2025, with global spatial coverage. The terrestrial and marine priority conservation area maps have a resolution of 10 km
and 50 km, respectively.

Data exclusions Deposits were excluded if they lacked essential resource information required by the PEMMSS model.

Reproducibility The code required to run the PEMMSS model (version 1.4) is available at the public Zenodo repository: https://doi.org/10.5281/
zenodo.16792366

Randomization N/A

Blinding N/A
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Materials & experimental systems

Methods

n/a | Involved in the study n/a | Involved in the study

g |:| Antibodies g |:| ChlIP-seq

|:| Eukaryotic cell lines |:| Flow cytometry

X |:| Palaeontology and archaeology |:| MRI-based neuroimaging
|Z |:| Animals and other organisms

g |:| Clinical data

|Z |:| Dual use research of concern

X|[] Plants
Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

o)
Q
=:
C
®
i}
©)
=S
g
i
®
©
©)
=
2
«Q
(%2]
C
3
3
Q
=
~






