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biospheremetrics R package

EcoRisk
Risk of ecosystem destabilization

Multidimensional ecosystem state metric

Measuring shifts in biogeochemistry (water, carbon, nitrogen, vegetation)

* Consequences of ecosystem pressure (land use, extraction + climate change)
proxy for the systemic risk of biosphere destabilization

Stenzel et al. 2024 (GMD)
https://github.com/stenzelf/biospheremetrics




Variables required for computing EcoRisk
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Based on previous work by Sykes et al. 1999, Heyder et al. 2011, Ostberg et al. 2013/2015/2018



Differences between the EcoRisk components

vs + lc + gi +eb  V-S(V,oy)+1-S(l,01)+g-S(g,04) +¢-S(e,0.)

EcoRisk =
4 4
vegetation local change global importance ecosystem balance
structure
 dissimilarity of the * changes compared to the local « local changes in perspective to < shifts in the relative
vegetation reference state the global mean reference magnitude of
composition condition biogeochemical properties
with respect to each other
* normalized with the local values < normalized with the global, * angle between the two state
of the reference state spatially averaged reference vectors with local
mean value normalization

0.5

0.0

1

e (&2

Change-to-variability-ratio: S(x,00) =



Process-based

dynamic global
vegetation model

inputs: climate, soil,
land use,
management

including agriculture
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Schaphoff et al. 2018a/b, von Bloh et al. 2018, ... , Heinke et al. 2023, Wirth et al. 2024



EcoRisk (component) maps highlight degradation risks
global importance
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Define thresholds: Comparison with other biosphere integrity indicators

Table Al: Sources for other biosphere integrity indicators and associated degradation thresholds.

Indicator range threshold

GLASOD: degree of human 1-4 strong/extreme: >2 Oldeman et al. (1990)
induced soil degradation Oldeman et al. (1990)

HFT: human footprint index Venter et al. (2018) [0,50]  high pressure: >6 Venter et al. (2016)

BII: biodiversity intactness index De Palma et al. (2024) [0,1] degraded: <0.9 Newbold et al. (2016),
Steffen et al (2015)

MSA: mean species abundance .
(GLOBIO 2015) Schipper et al. (2020) [0.1]  degraded: <0.9 (pers. comm. A. Schipper)

https://portal.geobon.org

FLII: Forest Landscape [0,10]  low integrity: <7 Grantham et al. (2020)
Intactness Index Grantham et al. (2020)

CI: contextual intactness Mokany et al. (2020b) [0,1] high-value: >0.5 Mokany et al. (2020a)
CoE: Convergence of Evidence Cherlet et al. (2018) (0,10]  many: >7 Cherlet et al. (2018)

from World Atlas of Desertification
wad. jrc.ec.europa.eu/geoportal

ESB: functional biosphere integrity Mohamed et al. (2024)  [0,1] intact: >0.25 Mohamed et al. (2024)
HMI: Human modification index Kennedy et al. (2019) (0,1] high modification: >0.4 Kennedy et al. (2019)

BHI: Biodiversity Habitat Index Harwood et al. (2022) [0.5.1]  degraded: <0.8 (pers. comm. T. Harwood)
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B D optimal F
O . 55 o ROC curve o threshold o AUC
median: -
0.55 '
: 2 3| =2
x 2 GLASOD @] i =1
o o s o
N HFI =
8 L —— BIl
w = MSA < <
e FLII el . S
cl
o COE ~ ™
o ESB o o
—— HMI
BHI
S . . . . o o
0.0 0.2 04 pp 06 0.8 1.0 © e



Only in SSP1-26 we might bend the curve

ISIMIP

Inter-Sectoral Impact Model
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In more detail: Large (mostly) climate dependent variation
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EcoRisk as a benchmarking or model testing tool
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Conclusion

EcoRisk is a multidimensional and highly integrative ecosystem change metric
Complements human pressure based integrity metrics like HANPP or HFI
Computable for deep past, future based on DGVM outputs

Can also be used for model benchmarking/testing
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What are suitable thresholds?

EcoRisk: cross biome difference vs. intra-biome
heterogeneity analysis suggests 0.5
(0.25 with precautionary distance)
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Change in vegetation structure (AV or v)

Lifeform Attributes

Tree: Evergreenness Needleleavedness Tropicalness Borealness Naturalness
TrBE 1 0 1 0 1
TrBR 0 0 1 0 1
TeNE 1 1 0 0 1
TeBE 1 0 0 0 1
TeBS 0 0 0 0 1
BoNE 1 1 0 1 1
Bos 0 0.25% 0 1 1
TrBi 1 0 1 0 0
TeBi 0 0 0 0 0

Sum over each (attribute weights: 0.2 0.2 0.3 0.3 0.3)

Detailed for each
attribute |
(evergreenness,
tropicalness, ...)

ground cover type k
(tree, grass,
bare soil)
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Similar for grasses (incl. crops)
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scaled by global mean
value

(global importance —
taking into account that
even moderate changes
on the local scale may
feed back to larger scales
if large enough in
absolute terms)

Global change
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So far only the length of
the difference vector
was relevant, but also
the angle between the
(scaled) state vectors
matters, as it describes
shifts with respect to
each other
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Transform to [0,1] + Change to variability ratio

Sigmoid function to transform length of the state diff vector to

[0.4] =1 A=-3
1—A S -
T(x)=A 2
(2) 1+ o—6(z—05) z

* subcomponents are scaled with their change to variability ratio
* (~ signal to noise ratio)
* contains reference variability o

* high variability in the reference period already — high values for S(?: o )
V/gl/c/b are scaled down o
* Low variability in the reference period — more weight is put on high
values for V/g/c/b
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