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Biodiversity is in crisis

* Human pressures lead to biodiversity loss and redistribution

 Effects on ecosystem functioning, human well-being, and the climate
system
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The Global Biodiversity Framework

Kunming-Montreal Global Biodiversity Framework:
2050 Goals and 2030 Targets
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The Global Biodiversity Framework
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The Global Biodiversity Framework

/ 'fv; THE BIODIVERSITY PLAN
. ’Q For Life on Earth

* Conserve 30 by 30

e Restore 30 by 30

e Halt extinction, maintain & restore genetic diversity
* Reduce invasive species introductions - 50 by 30

* Build resilience to climate change

e Capacity building; participation; benefit-sharing



The GBF is likely to fail without
improved models of biodiversity



The monitoring-to-mitigation pathway
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The monitoring-to-mitigation pathway
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Biodiversity model intercomparison (BMIPs)



Biodiversity model intercomparisons (BMIPs)
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Global, terrestrial BMIP: BES-SIM
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Process-based modelling in BMIPs?



Key mechanisms of biodiversity response

Accurately predicting biodiversity change SHuaif;Laltebbequg:g
requires solid representation of colonisable
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Potential models in (terrestrial) BMIPs

Zurell et al. (subm.)

Input

Environmental data
(forcing variables)

Biodiversity data
*Species occurrences ¢
*Population abundance J

*Vital rates o X&)

*Dispersal

*Traits ‘»y J |

*Genetic information @‘

Forcing scenarios /
experiments

[ [l KR

Models

Correlative niche models
*Bioclimatic envelopes
*Regression

*Machine / deep learning

Patch occupancy models

Demographic distribution
models

- Population dynamic models

*Non-overlapping generations
*Age-structured
*Stage-structured

N Individual-based models

*Eco-evolutionary

Ecophysiological models
*Mechanistic niche model
*Dynamic energy budget

Species-area relationships

Community dynamic models

*Metacommunity models
*Dynamic vegetation models
*Food web models

General ecosystem models

/

Output
Essential biodiversity variables (EBVs)
3 Genetic composition
¢ (e.g.genetic diversity, inbreeding)

* Species population
** (e.g. distribution, abundance)

j Species traits
(e.g. physiology, phenology)

A= Community composition
"y (e.g. taxonomic/trait diversity)

Ecosystem functioning
Q (e.g. productivity)

Ecosystem structure
@ (e.g. ecosystem distribution)




Potential models in (terrestrial) BMIPs
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Models

Correlative niche models
*Bioclimatic envelopes
*Regression

*Machine / deep learning

Patch occupancy models

Demographic distribution
models

Population dynamic models
*MNon-overlapping generations
* Age-structured
*Stage-structured

2 Individual-based models

*Eco-evolutionary

Ecophysiological models
*Mechanistic niche model
*Dynamic energy budget

Species-area relationships

Community dynamic models

* Metacommunity models
*Dynamic vegetation models
*Food web models

General ecosystem models
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Output

Essential biodiversity variables (EBVs)
Genetic composition
(e.g. genetic diversity, inbreeding)

Species population

(e.g. distribution, abundance)
Species traits

(e.g. physiology, phenology)

- Community composition
(e.g. taxonomic/trait diversity)

Ecosystem functioning

e' (e.g. productivity)

Ecosystem structure
(e.g. ecosystem distribution)

Models types:
B Correlative
M Process-explicit, calibrated to data
B Process-based




Biodiversity model intercomparisons (BMIPs)

Challenges:

* Limited data: taxonomic and spatial biases, low availability of
historical data

* Technical challenges — calibrating & validating models
e Scale dependence — ecological processes are hierarchical
* Few modelling centres — ecological modellers are dispersed



BMIP - Regional biodiversity model h @

iy N
intercomparison N
Input
Climate
ISIMIP3b

Land use / cover
FUH2, HILDA+

Biodiversity data
Species occurrence /
abundance time series,
dispersal parameters,
demographic parameters,
physiological parameters

Example regions/taxa: North American breeding birds, Australian mammals and
reptiles, European aquatic invertebrates, Finnish plants



BMIP - Regional biodiversity model

Intercomparison
Input Models
Climate Global
ISIMIP3b SDM (distribution), ADM
(abundance)

Land use / cover
EUH2; HILDA+ Regional

‘ Dynamic occupancy models,
Biodiversity data integral projection models,
Species occurrence / spatially explicit population
abundance time series, models (RangeShifter, steps,
dispersal parameters, MetaRange, MigClim),
demographic parameters, EcoPhys

physiological parameters

Example regions/taxa: North American breeding birds, Australian mammals and
reptiles, European aquatic invertebrates, Finnish plants



BMIP - Regional biodiversity model @ )
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intercomparison N

Input Models Assessments
Climate Global a. Model evaluation — spatial
ISIMIP3b SDM (distribution), ADM and temporal patterns and

(abundance) dynamics
Land use / cover * Taxonomic and
EFUYH2; HILDA+ Regional functional diversity
‘ Dynamic occupancy models, ‘ « Attribution to abiotic

Biodiversity data integral projection models, drivers (climate and land
Species occurrence / spatially explicit population use) and biotic drivers
abundance time series, models (RangeShifter, steps, (time-lagged responses)
dispersal parameters, MetaRange, MigClim), b. Future spatiotemporal
demographic parameters, EcoPhys predictions considering time
physiological parameters lags

Example regions/taxa: North American breeding birds, Australian mammals and
reptiles, European aquatic invertebrates, Finnish plants



Detection & attribution

Biodiversity metric
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Dynamic occupancy models
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Dynamic occupancy models
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Dynamic occupancy models

 Attribution of occupancy changes to climate and land use change
since 1995
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BMIP - Regional biodiversity model @ )
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intercomparison N

Input Models Assessments
Climate Global a. Model evaluation — spatial
ISIMIP3b SDM (distribution), ADM and temporal patterns and

(abundance) dynamics
Land use / cover * Taxonomic and
FUYH2; HILDA+ Regional functional diversity
‘ Dynamic occupancy models, ‘ « Attribution to abiotic

Biodiversity data integral projection models, drivers (climate and land
Species occurrence / spatially explicit population use) and biotic drivers
abundance time series, models (RangeShifter, steps, (time-lagged responses)
dispersal parameters, MetaRange, MigClim), b. Future spatiotemporal
demographic parameters, EcoPhys predictions considering time
physiological parameters lags

Example regions/taxa: North American breeding birds, Australian mammals and
reptiles, European aquatic invertebrates, Finnish plants



Linking biodiversity and other sectors

Nature for Nature

Natural system

Nature for Society Human system Nature for Culture

Adapted from Kim et al. (2023) Global Env Change 82:102681.



Intrinsic values: nature has value in and of
itself, refer to ethical and moral responsibility

Nature for Nature

o AT Natural system

hnps://www‘l;uvestrvengle'v\.d.uk ¢

r,vhttps://wwwv.agrilan d.co.uk/

Nature for Society Human system Nature for Culture eﬂ !p

A WAVW visitn orway.com

Instrumental values: use values (productive Relational values: refer to the relationship
and consumptive) and ecosystem services, humans have with nature, e.g. cultural
describe the benefit or purpose for humans identity

Adapted from Kim et al. (2023) Global Env Change 82:102681.



Linking biodiversity and other sectors

Examples:

* Feedback between climate change-induced population decrease of
pollinators & demand for agricultural land

Uncoupled Coupled
| Crop without habitat

_ Crop without habitat ]

/ Land-use // dSp";"fS // Climate /—7/ Capital // Demand /
p=—
D>

Urban et al. (2022) BioScience 72:91-104.



Linking biodiversity and other sectors

Examples:

* Feedback between climate change-induced population decrease of
pollinators & demand for agricultural land

* Linking riverine or coastal biodiversity to water quality, flood risk or
erosion models to assess ecosystem service provision under climate
change, e.g. filtration and flood control

* Feedback between biodiversity and water cycles

» Spatial trade-offs between renewable energy production and
biodiversity protection

* Linking disease spread and biodiversity
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