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Planetary 
Boundaries 
• Represent Earth-sys tem 
proces s es  that are critical for 
stabilizing the  plane t's  environment 

• The boundaries  are quantita tive  
as s es sments  of the  s afe  limits  for 
human pressure on these nine critical 
processes

• Beyond which, conditions  for 
humans  to prosper and deve lop will 
be  s evere ly compromised





Global processes  - impacts occur 
everywhere simultaneously

Regional impacts

Global threshold is  assessed as  crossed when 
enough of these local boundaries  are transgressed

Significant financial risk at the regional scale long 
before global threshold is  reached
 



Planetary Boundaries are densely interconnected
(literature review, global scale)

• Evidence for 51% of possible biophysical 
interactions

• Most interactions reinforcing (81%)
• CC & BI core boundaries

Lade et al. 2020. Figure by J Donges and J Lokrantz



1. Reduced Earth System 
Resilience

2. PB interactions affect the 
speed and scale at which 
boundaries are transgressed





The Earth System Impact score 
Going beyond carbon to capture key Earth system interactions

changing soil penetration & 
transpiration

release/uptake of 
carbon 

altering rainfall, 
temp & CO2 
concentration

changing rainfall 
distribution

CLIMATE

WATERLANDUSE

Lade et al (2020) Human impacts  on planetary boundaries  amplified by Earth system interactions. Nature Sustainability
Richardson, K., et al (2023). Earth beyond six of nine planetary boundaries. Science Advances, 9(37)



1. Accounts for Earth system components other than climate (CO2)

2. Accounts for interactions between Earth system components

3. Distinguishes impacts on land and water by region and 
vegetation type

4. Accounts for current state of Earth system component relative 
to guardrails - accounts for total availability

E.g. water extraction will have more impact in 
N Am. plains than Amazon rainforest

Measuring Earth System Impact – a prototype tool

E.g. Land clearing will have more impact in 
Amazon than a Mediterranean forest



Step 1: 
Dynamic global vegetation 

model LPJmL

Interactions strengths 
between Climate, Land 

and Water

Model runs with 
land use change 

on/off

Step 2:
Planetary boundaries 

framework 

Normalized 
interactions 

strengths relative 
to guardrails

Step 3:
Feedback model

a) carbon emissions
b) vegetation cover 
change 
are amplified by Earth 
system interactions 

Amplification 
factors

Step 4:
Normalize for current 

state

ESI 
coefficients

Current state of 
Earth System

Feedback modelling

Method - Development of the metric

Lade et al 2021. A prototype Earth system impact metric that accounts for cross-scale interactions. Environ. Res. Lett. 16 115005

Dynamic global vegetation model LPJmL 
   



The Earth System Impact metric/score 
(prototype version)



Data needs to assess Earth System Impact

ASSET LEVEL
(location information)

LANDUSE

WATER 
CONSUMPTION

GHG

WHERE…

WHAT…

HOW  MUCH…

does the impact occur?

activity is causing the 
impact? 

impact (pressure) is put 
on the environment?                                   

Only partially generated by CSRD/ESRS



Contribution to 
tota l

Earth 
sys tem 
impactCorporate  dis c losures  used 

Mining Case Study

Crona, B., Parlato, G., Lade, S., Fetzer, I., & Maus, V. (2023). Going beyond carbon: An" Earth system impact" score to better capture 
corporate and investment impacts on the earth system. Journal of Cleaner Production, 429, 139523.



Carbon, land or water? 
Contributions to total Earth system impact vary across localities



What is the added value of the ESI score?



 3 planetary boundaries
 their interactions

 Sensitive to where on the planet impact occurs

Better models are emerging

But only as good as the data used to run 
them

“to have a holistic and well-documented 
view of the impact of climate-related and 
environmental risks on existing risk 
categories”  
  ECB, expectation 7.1; 2020



Thank you



• Directly accounts for 3 Planetary 
Boundaries

• Could downplay the importance 
of local impacts

• Biodiversity?

ESI can do a decent job of capturing key pressures causing  
biodiversity loss



Data needs to assess Earth System Impact

ASSET LEVEL
(location information)

LANDUSE

WATER 
CONSUMPTION

GHG

Essential Environmental 
Impact Variables 

(Environmentally Material Info) 

Grounded in Planetary 
Boundaries and designed to 
capture the most essential 
environmental impact of 
companies, in a standardized 
manner

Wassénius, E., Crona, B., & Quahe, S. (2024). 
Essential environmental impact variables: A means 
for transparent corporate sustainability reporting 
aligned with planetary boundaries. One Earth, 7(2), 
211-225.
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