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Abstract 36 

Financial investments will be affected by ecological regime shifts through the loss of natural 37 

resources underpinning dependencies of most economic sectors. We suggest one possible 38 

pathway to link industry and products to the likelihood of ecological regime shifts. The 39 

challenges and opportunities are discussed at each step, including datasets, methods and 40 

metrics. To this end, we identify recent large-scale, state-of-the-art literature that can link land-41 

based company activities to regime shifts. The estimation of investment exposure to regime 42 

shifts is possible, but higher resolution in company trade data as well as spatially-explicit 43 

datasets of commodity production are needed to improve estimations. This will require 44 

coordinated effort from the scientific community, businesses, and the policy sector. 45 

 46 

Introduction 47 

The financial sector contributes to global environmental degradation, adding risk to its 48 

investments [1]. When tipping points (i.e. a specific threshold) are crossed, environmental 49 

regime shifts can be triggered leading to large, abrupt, and persistent changes in the structure 50 

and function of ecosystems. Regime shifts are characterised by a gradual or sudden transition 51 

from one configuration to another, and can have significant ecological and socioeconomic 52 

consequences [2]. These shifts can occur over a few years or decades, changing the types of 53 

natural resources or ecological services (such as carbon storage) produced by ecosystems. 54 

Once a regime shift has occurred, it can be difficult or impossible to reverse in the lifespan of 55 

humans [3], or reversible at very high cost.  56 

Ecological regime shifts can thus lead to dramatically reduced monetary value of sectors with 57 

high dependencies on particular ecosystems [4]. New estimations point out that 75% of all 58 

corporate loan exposures in the euro area have strong dependency on at least one ecosystem 59 

service [5]. As an example, human-driven disturbance of the Amazon rainforest may lead to 60 

lower rainfall affecting the rain fed agriculture in South America as well as hydropower, leading 61 

to loss of revenue [6,7]. There are also indications consistent with a potential regime shift in 62 

the Amazon rainforest [8]. This can lead to loss of carbon storage contributing to further 63 

destabilise Earth’s climate [9,10]. Finally, as parts of the Earth system can interact between 64 

each other this can lead to cascading-effects1 [11,12], with the financial sector potentially 65 

facing exposure from multiple origins. On a regional scale, feedbacks (i.e. two-way causal 66 

interaction) between systems can put financial actors at risk as well. For example, coastal 67 

hypoxia and eutrophication are regime shifts driven by over enrichment of nutrients. 68 

Agricultural activities that use too much fertiliser, or urban settlements and industrial activities 69 

with inappropriate waste water management can lead to hypoxic events. These in turn feed 70 

back human well being by decreasing fishing productivity, tourism revenues or increasing risk 71 

of human diseases [13,14]. In other ecological systems, some coral reefs, critical for the 72 

tourism industry, may have surpassed the tipping point of mass high temperature bleaching in 73 

the 1980s [15]. Thus, regime shifts have the potential to trigger indirect impacts such as 74 

general economic slowdowns due to more systemic effects of environmental events, such as 75 

disruptions of resource supply and infrastructure from droughts or floods, or through 76 

pandemics caused by land-use change driving emergence of zoonotic disease, like COVID-77 

19 [16–18].  78 

Early detection of regime shifts has been restricted by the lack of high resolution spatially 79 

explicit time series-data, limited methods (e.g. for noise and rate induce transitions) and noise 80 

in environmental data [19,20]. However, recent advances in combining early-warning signal1 81 

https://paperpile.com/c/ZPMfmi/EhpZw
https://paperpile.com/c/ZPMfmi/unI6H
https://paperpile.com/c/ZPMfmi/NgLb0
https://paperpile.com/c/ZPMfmi/mKPp
https://paperpile.com/c/ZPMfmi/VUqS6
https://paperpile.com/c/ZPMfmi/KOk9T+aQTZM
https://paperpile.com/c/ZPMfmi/kSndi
https://paperpile.com/c/ZPMfmi/RnIQf+uMxAw
https://paperpile.com/c/ZPMfmi/gDP84+kQ2G3
https://paperpile.com/c/ZPMfmi/ZdK5+asmq
https://paperpile.com/c/ZPMfmi/s93zq
https://paperpile.com/c/ZPMfmi/L1NLr+bWnLX+M0Oc
https://paperpile.com/c/ZPMfmi/3Jezp+coisN
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detection and machine learning applied on remotely-sensed data are promising advances [21–82 

23]. 83 

Overall, our aim is to find ways of connecting financial portfolios1 to regime shifts highlighting 84 

financial risks on investments in dependencies that can be affected by ecosystem change. To 85 

that end, we need to find ways to identify investments that might lead to regime shifts. We 86 

focus on reviewing the most recent updates (i.e. datasets, methods and analytical 87 

approaches) in several steps linking industries to areas prone to ecological regime shifts and 88 

identifying current challenges (i.e. obstacles to accurate regime shift detection). 89 

To link portfolios to regime-shifts we highlight four major steps (figure 1). First, we suggest 90 

understanding which industries and products the portfolio is associated with (i.e. product 91 

scoping). Then we suggest the identification of where companies act (i.e. company activity) to 92 

associate them with particular ecosystems (i.e. ecosystem identification). Finally, once 93 

company activity in particular ecosystems is established we suggest databases and warning 94 

signals to estimate the risk of regime-shifts and possible feedbacks1 (i.e. regime shift 95 

detection). 96 

 97 

https://paperpile.com/c/ZPMfmi/PCMM+3FPl+bslS
https://paperpile.com/c/ZPMfmi/PCMM+3FPl+bslS
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 98 
 99 

Figure 1: Conceptual diagram representing steps to identify financial exposure to regime shifts 100 

including the questions, databases and metrics. 101 
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To which industries and products is my investment associated? 102 

In a first step, we suggest identifying the industry each company in the financial portfolio 103 

belongs to (see figure 1, product scoping). Industry classification is provided by international 104 

codes such as the International Standard Industrial Classification (ISIC) and Statistical 105 

Classification of Economic Activities in the European Community (NACE). Databases like 106 

Orbis (bvdinfo.com) offer such classification codes for companies (see table 1, step 1). The 107 

country where the company has its headquarters can be extracted from the databases with 108 

company information as this will serve as the importing country in trade databases such as 109 

Multi-Region Input-Output (MRIO) tables in the next step. MRIO tracks the flow of goods and 110 

services between industries in different sectors of the economy across world regions or 111 

countries, providing insights into the economic relationships and dependencies among them. 112 

Databases on the global economy (e.g. Exiobase, GTAP and EORA) are available though 113 

country coverage varies [24]. Recently, MRIOs database with higher spatial and sectoral 114 

resolution have been developed [25,26].  115 

How to connect company activity to land-use and ecosystems? 116 

The number of datasets with company activity data is growing quickly, recently 145 asset 117 

databases have been recorded across several sectors [23]. However, spatial and temporal 118 

resolution, spatial coverage, inconsistent formatting and  incomplete ownership data are still 119 

limitations [27]. Detailed spatially-explicit datasets on commodity extraction have been 120 

restricted only to a few economic sectors and to broad spatial resolutions [23,24]. For 121 

agriculture, a recent update of a global spatial dataset to finer spatial resolution (approximately 122 

at 5.6km resolution) for 173 crops and for the year 2020 is promising [28]. These datasets can 123 

be linked with products identified in the Exiobase [25] and company activity data (see table 1, 124 

step 2) but examples of such linkage are sparse. For instance, Maus et al. [26] provide mining 125 

data that was used in connection with Exiobase [27] but this type of approach is yet unfeasible 126 

for financial portfolios diversified across multiple economic sectors. The new spatially explicit 127 

multiregional input-output (SMRIO) models [28], though with the same limitations of update 128 

frequency, and spatial-temporal resolution as the MRIO tables in which they are based on, are 129 

a way to allocate consumption into spatial grid cells through relationship matrices between 130 

land-use type, land-use intensity and input-output tables. Then the potential locations of 131 

resource extraction can be combined with global ecosystem mapping [29] allowing to identify 132 

potential ecosystems where a company belonging to a certain industry might operate (see 133 

ecosystem identification in figure 1). It will remain, however, a guess unless companies 134 

engage and contribute spatially explicit data of their outsourcing (e.g. trase, trase.earth).  135 

Which regime shifts have already been identified? 136 

Once ecosystems associated with the company's industry are identified, the past occurrence 137 

of regime shifts in those ecosystems can be explored (figure 1) in the Regime Shifts Database 138 

[30]. The database is the one of the most complete global databases of regime-shifts, 139 

documenting over 30 different types of regime shifts and >3500 case studies; including the 140 

causes of different regime shifts, their impacts on ecosystem services and human well-being, 141 

as well as potential managerial options. Another recent databases are the Chinese thresholds 142 

database with 110 case studies from China [31], the thresholds database with ~300 cases 143 

[31], the Global Ocean Oxygen Network which documents ~400 cases of coastal hypoxia [14], 144 

the forest die-off database with >1000 cases [32], the bush encroachment database with >400 145 

cases [33]. Companies can use these databases to identify the types of regime shifts they are 146 

exposed to by looking at the types of ecosystems or land uses under which their activities 147 

https://paperpile.com/c/ZPMfmi/3Zce
https://paperpile.com/c/ZPMfmi/KxdaH+Ycf7g
https://paperpile.com/c/ZPMfmi/WZIq
https://paperpile.com/c/y7mq6u/8r5U+tSCf
https://paperpile.com/c/ZPMfmi/QL3C
https://paperpile.com/c/y7mq6u/NFEp
https://paperpile.com/c/y7mq6u/XgxZ/?noauthor=1
https://paperpile.com/c/y7mq6u/NjTG/?noauthor=1
https://paperpile.com/c/y7mq6u/AEW4
https://paperpile.com/c/ZPMfmi/FcMl
https://paperpile.com/c/ZPMfmi/Nrqb
https://paperpile.com/c/ZPMfmi/oall
https://paperpile.com/c/ZPMfmi/asmq
https://paperpile.com/c/ZPMfmi/yN0b
https://paperpile.com/c/ZPMfmi/GG7A
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develop (table 1, step 4). They can also identify if their production processes or supply chains 148 

impact ecosystems or are affected by consequences of regime shifts. In the case that no 149 

regime shifts have yet been detected it is suggested to look at predictors of future regime 150 

shifts.  151 

How to predict regime shift risks? 152 

The proximity of an ecosystem to a regime shift can be assessed by detecting meaningful 153 

changes in key system properties over time and space. This requires identifying important 154 

observable variables in the system. In a forest, this could be indicators of primary productivity 155 

or species abundance  , for coastal systems, these could be measuresof algal growth and 156 

oxygen concentrations. Early Warning Signals (EWS) are indicators that a system is losing 157 

resilience and might be approaching a regime shift [32]. They are mainly based on the theory 158 

of Critical Slowing Down1 (CSD) which suggests that a system will show signs of slower 159 

recovery prior to ashift [32]. There is a wide range of both temporal and spatial EWS to detect 160 

resilience loss, that vary from simple statistical properties to complex model- or network-based 161 

indicators [33,34]. Temporal methods are more widely applied, but spatial methods can be 162 

useful  for specific systems such as drylands[17,35]. The two most widely applied metrics are 163 

autocorrelation at lag-1 (AR (1)) and the variance (see example in Table 1 step 4). If both of 164 

these increase significantly over time, the system takes more time to recover from 165 

disturbances [36]. These two indicators have shown resilience loss in, amongst others, tropical 166 

forests, coastal environments, and lake ecosystems [34,35]. Generally, there is no single best 167 

EWS. Methodological choices should be adapted to the properties and characteristics of the 168 

studied system [36] (but see guidelines [36–38]). A rigorous assessment whether the case 169 

meets the theoretical assumptions for applying EWS is also crucial [39,40]. It is important to 170 

consider that EWS methods can fail, not all types of regime shifts can be detected using 171 

CSD[41] not all detected increases in AR (1) and variance result in a catastrophic shift [43,44].  172 

The spatial and temporal scale at which to measure indicators of resilience loss should also 173 

be considered. This depends on the scales of both the system and the regime shift of interest 174 

[41]. Time series need to be long enough, and at a high enough frequency to detect relevant 175 

signals, with a resolution high enough to capture important variability (the characteristic time 176 

scale of the system). For example, systems operating at slower time- and larger spatial scales 177 

(e.g. forests) generally require longer, spatially coarser datasets, while smaller systems 178 

operating at faster time scales (e.g. phytoplankton) require higher frequency and spatial 179 

resolution datasets [45]. Data sources which can represent system state variables often 180 

include remotely sensed satellite data or reanalysis products1 [46]. Data users should consider 181 

that satellite products might have high levels of noise in time series data, or have temporal 182 

and spatial gaps depending on satellite and cloud coverage. Reanalysis data1 are spatially 183 

and temporally consistent, but may not always capture the natural ecosystem variability 184 

required to assess certain regime shifts [47]. 185 

How to account for uncertainties and feedbacks amplifying the risk of regime shifts? 186 

The current datasets on the location of companies, their ownership structure or money flows 187 

(endowments) are both incomplete and behind paywalls, making it very difficult to track 188 

exposure and attribute responsibilities (but see [18,48]). Higher transparency from industry 189 

and governments is needed to correctly attribute risk and responsibilities in particular to 190 

account for multiple associations of the same company to several ecosystems (i.e. 191 

teleconnections). In addition, the current assessments of proximity to tipping points do not 192 

have ground truth, their accuracy or uncertainty is an open area of research [22,23]. Feedback 193 

https://paperpile.com/c/y7mq6u/IFZ8
https://paperpile.com/c/y7mq6u/IFZ8
https://paperpile.com/c/y7mq6u/JTli+ADcQ
https://paperpile.com/c/y7mq6u/Gwiu+vONC
https://paperpile.com/c/y7mq6u/nO1w
https://paperpile.com/c/ZPMfmi/E3z7+tdXY
https://paperpile.com/c/ZPMfmi/CAwHF
https://paperpile.com/c/ZPMfmi/Ruzn+CAwHF+m6wH
https://paperpile.com/c/ZPMfmi/Z0GGH+Yd84
https://paperpile.com/c/ZPMfmi/tzJb2
https://paperpile.com/c/ZPMfmi/fWZ5N+BptbF
https://paperpile.com/c/ZPMfmi/tzJb2
https://paperpile.com/c/ZPMfmi/Dayjy
https://paperpile.com/c/ZPMfmi/n1tXm
https://paperpile.com/c/ZPMfmi/7z2kv
https://paperpile.com/c/ZPMfmi/M0Oc+1MU4
https://paperpile.com/c/ZPMfmi/bslS+3FPl
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mechanisms can amplify the risk of regime shifts. One way to visualise causation is through 194 

causal diagrams1 representing a socio-ecological system (see table 1, step 4) by its parts and 195 

relationships, proposing how these interact to bring about a phenomenon [49]. The Regime 196 

Shifts Database provides a collection of causal diagrams that qualitatively assess the diverse 197 

ways regime shifts can occur. It can also be used to identify relevant observables at the scale 198 

of business operations, though fine grain data and problems of attribution remain challenging. 199 

There exist methods for feedback quantification [50], however they often rely on large scale 200 

and computationally expensive models that run scenarios with the feedback on and off to 201 

capture its impact on the overall dynamics of the system. These experiments are typically not 202 

available to companies without scientific advice and large computational facilities. 203 

 204 

Table 1 - Proposed steps including proposed metrics, methods, databases. An example is given on what 

information could be extracted for the proposed steps applied to a company, like Red Bull GmbH, acting within the 

manufacture of beverages sector with headquarters in Austria and based on their use of one specific product 

(sugar cane, sugar beet). Complete company exposure would have to be calculated based on all products used by 

the company.   

Step Question Metrics 

Potential 

Database/Dat

asets 

Terrestrial  

Example 

Marine 

Example 

1. Product 

scoping 

Which industry is 

my financial 

portfolio 

associated with? 

1. International 

Standard Industrial 

Classification 

(ISIC); 2. Statistical 

Classification of 

Economic Activities 

in the European 

Community (NACE) 

Orbis 

(bvdinfo.com);  

Statista 
(statista.com/comp

anies/search) 

Red Bull GmbH 

ISIC: 1104 

NACE Rev2: 11.07  

Sector: Manufacture 

of Beverages 

Findus France SAS 

ISIC: 102 

NACE Rev2: 10.20 

Sector: Manufacture 

of Fish Products 

 

Where is the 

company 

headquarters (i.e. 

demand country)? 

Importing country 

name 
Austria France 

Which products 

are associated 

with the company 

industry? 

Product type 

MRIO 

databases 

(e.g. EORA, 

GTAP, 

Exiobase, 

Trase) 

E.g. Sugar cane, 

sugar beet (Exiobase 

- use table) 

E.g. Fishing, 

operating of fish 

hatcheries and fish 

farms (Exiobase - use 

table) 

2. 

Company 

activity 

Where does a 

company from a 

given industry 

with main 

headquarters in a 

given country 

imports the 

commodity from? 

Exporting country 

name 

E.g. The sector of 

manufacture of 

beverages in Austria 

uses sugar cane, 

sugar beet from 

European countries 

(AT; CZ; DE; DK; HU) 

and India (IN) 

(Exiobase - use 

table). 

E.g. The sector of 

manufacture of fish 

products in France 

uses fishing from 31 

countries with most 

fish being imported 

from Spain (ES), 

France (FR) and 

Japan (JP) (Exiobase 

- use table). 

https://paperpile.com/c/ZPMfmi/Z5nIF
https://paperpile.com/c/ZPMfmi/upbl
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Where is such a 

commodity 

produced/ 

extracted? 

Geographical 

distribution of 

commodity 

production 

Tang et al. 

[28];  Becker-

Resh et 

al.[51]; Maus 

et al. [52], 

Global Fishing 

Watch 

(https://globalfi

shingwatch.or

g) /Global 

Forest Watch 
(globalforestwatch.

org/map/);  

E.g. Sugar crops in 

India occur mostly in 

the North, South-West 

and South-East [28] 

E.g. Fishing pressure 

in the Spanish and 

French exclusive 

economic zone (EEZ) 

is mostly concentrated 

around the Atlantic 

coast (Global Fishing 

Watch) 

 

3. 

Ecosystem 

Identificati

on 

What ecosystems 

overlap with 

potential areas 

where 

commodities are 

being demanded 

from? 

Geographical 

distribution of 

ecosystems 

World 

ecosystem 

maps [29] 

E.g. Sugar crops in 

India overlap with 

subtropical and 

tropical dry croplands 

ecosystems [29]. 

E.g. Fishing pressure 

in the Spanish and 

French EEZ overlap 

with Celtic-Biscay 

Shelf, Iberian Coastal, 

and Mediterranean 

Sea marine 

ecosystems 

(data.marine.copernic

us.eu) 

4. Regime 

shift 

detection 

Have any regime 

shifts been 

detected? 

Regime shift 

descriptions 

Regime shift 

databases 

[30,53]  

E.g. Regime shifts 

have not been 

detected in terrestrial 

environments in India 

[30]    

E.g. Case studies in 

the bay of Biscay 

report regime-shifts 

due to hypoxia and 

fisheries collapse [30]. 

What is the state 

of the identified 

ecosystem? 

Terrestr

ial 

Land cover 

percentag

e 

Global land 

cover [54] 

E.g. The regions are 

mostly classified as 

cropland and built-up 

area (percentage not 

calculated for this 

exercise)  

Not Applicable 

Functional 

integrity 

Mohamed et 

al. [55] 

E.g. The regions 

display one of the 

lowest functional 

integrity values 

worldwide (approx. 

below 0.3) 

Not Applicable 

Marine 

Sea-

surface 

temperatur

e change 

Nasa Earth 

data 
(wvs.earthdata.nasa.

gov) 

European 

Space Agency 

(earth.esa.int) 

 

Not Applicable 

E.g. The EEZs have 

seen sea surface 

temperature 

anomalies with 

temperature increase 

above average and 

increased frequency 

of heat waves 

(wvs.earthdata.nasa.g

ov) 

https://paperpile.com/c/ZPMfmi/QL3C
https://paperpile.com/c/ZPMfmi/1SbKN
https://paperpile.com/c/ZPMfmi/9Edxq
https://globalfishingwatch.org/
https://globalfishingwatch.org/
https://globalfishingwatch.org/
http://globalforestwatch.org/map/
http://globalforestwatch.org/map/
https://paperpile.com/c/ZPMfmi/QL3C
https://paperpile.com/c/ZPMfmi/FcMl
https://paperpile.com/c/y7mq6u/QwnZ
https://paperpile.com/c/ZPMfmi/Nrqb+mTqW
https://paperpile.com/c/ZPMfmi/Nrqb
https://paperpile.com/c/ZPMfmi/Nrqb
https://paperpile.com/c/ZPMfmi/5bbrz
https://paperpile.com/c/ZPMfmi/lWh1
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Chlorophyl

l a change 

Nasa Earth 

data 
(https://wvs.earthdata

.nasa.gov) 

European 

Space Agency 

(earth.esa.int) 

Copernicus Marine 

Service 

(data.marine.coperni

cus.eu) 

E.g. The EEZs have also 

recorded an increase in global 

chlorophyll a 

(data.marine.copernicus.eu) 

Are there any 

early-warning 

indications of 

potential regime 

shifts? 

Terrestr

ial and 

Marine 

Temporal 

autocorrel

ation at 

Lag-1 

(AR(1)) 
Lenton et al. 

2022 [45]; 

Rocha et al. 

[22] 

E.g. Southern-India 

displays areas with 

some of the highest 

AR (1) found globally 

suggesting low 

resilience in particular 

for dry deciduous 

forests where the 

sugar crops can co-

occur [45] 

E.g. The identified 

EEZs show symptoms 

of resilience loss 

according to more 

than one EWS. The 

EEZs belong to the 

Temperate Northern 

Atlantic marine realm 

showing loss of 

resilience in approx 

35% of its area [20]. 

Variance 

over time 

Can feedback 

amplify the risk of 

regime shift? 

Causal diagrams 
Regime shift 

database [30]  

E.g. Regime shifts 

have not been 

detected in terrestrial 

environments in India  

E.g. Potential link 

between sea warming 

and decrease at 

weigh age for fish 

species is discussed. 

Potential link between 

deepening of the 

winter mixed layer 

depth and increased 

chlorophyll 

concentration is also 

suggested. Further 

causal analysis 

needed (case studies 

in [30]). 

Note: The steps to identify potential exposure of a company in a given industry from a given country to ecosystem 
regime shifts. This is different from company-specific exposure as two companies from the same industry with 
headquarters in the same country will have the same exposure. Conversion from ISIC code to NACE code 
requires conversion tables available in trade databases. Proposed state-variables and early-warning indicators 
are meant as a starting point and not as the only variables to be used. Apart from querying databases and 
overlapping spatial datasets, no other analyses are needed in the proposed steps, however the application of 
early-warning indicators should be always used with scientific consultancy.  

 205 

Gaps and Future Directions 206 

We are still far from any accurate detection of financial exposure to ecological regime-shifts. 207 

A major reason for this is the lack of information of actual location of production sites which 208 

forces us to currently rely on various input-output tables and statistics amassed at the level of 209 

nations or based on industry averages. Needless to say, estimates of exposure to ecological 210 

regime shifts based on such data can, at best, only be rough guesses since neither companies 211 

nor third party observers actually know where the input materials for any given product is 212 

actually sourced form. Improved supply chain transparency would allow companies to better 213 

https://wvs.earthdata.nasa.gov/
https://wvs.earthdata.nasa.gov/
https://paperpile.com/c/ZPMfmi/Dayjy
https://paperpile.com/c/ZPMfmi/3FPl
https://paperpile.com/c/ZPMfmi/Dayjy
https://paperpile.com/c/y7mq6u/7sUp
https://paperpile.com/c/ZPMfmi/Nrqb
https://paperpile.com/c/y7mq6u/FBeh
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understand their own supply chains and through this also gain an improved and more reliable 214 

assessment of their ecological regime shift exposure. 215 

The Global Reporting Initiative (GRI), the European Sustainability Reporting Standards 216 

(ESRS), and the Taskforce on Nature-related Financial Disclosures (TNFD) all represent 217 

emerging standards and frameworks for publicly disclosing non-financial information, such as 218 

location of individual operating sites and ecosystem dependencies. If adhered to, and if 219 

locations of the full range of production sites are actually disclosed, these should greatly 220 

improve our collective ability to link production sites to ecosystems and risks of regime shifts.  221 

In addition to company reported data, the connection of economic flows (as a proxy for 222 

company activity data as suggested in table 1) need an increased detail in trade databases 223 

(e.g. supply from lower administrative areas) to allow accurate correspondence to land-use 224 

change. Regarding commodity extraction, in particular of non-agricultural commodities, the 225 

efforts by Maus et al. [52] are valuable but don't distinguish between different types of 226 

extracted materials (e.g. metals or minerals). Global maps seem to be absent for the extraction 227 

of other resources such as fossil fuels, non-metallic minerals like salt, sand, and 228 

gemstones/diamonds. We envision a platform similar to the Global Forest Watch 229 

(globalforestwatch.org) where extraction of commodities from natural resources could be 230 

systematically monitored and assessed. 231 

Only when more detailed data about economic activities meet more accurate information on 232 

change on land-use and ecosystem functions, can the exposure of companies and investors 233 

to regime-shifts become reliable [48]. Such a development would also allow for the calibration 234 

of available early-warning frameworks to local conditions, and standardise frameworks for 235 

early-warning signal detection [56,57]. Based on recent technical developments these 236 

frameworks could also allow for the incorporation of feedback mechanisms [58].  237 

Conclusion 238 

We reviewed progress on methods connecting different databases on company activity and 239 

ownership with methods of regime shift detection. The understanding of how companies' 240 

activities are exposed to the risk of regime shifts and impact on the environment remains a 241 

key challenge and is an open area for research. We highlighted two outstanding challenges: 242 

data transparency and impact attribution. Further progress depends on active collaborations 243 

between businesses, government and scientists and will require open data to speed up 244 

discovery as well as opportune management actions. 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 
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Glossary 465 

Cascading-effects 466 

Chain reaction where a small initial change triggers a series of subsequent changes, often 467 

amplifying the original impact. This can happen due to interconnectedness and feedback 468 

loops within the system but does not require a two-way interaction. 469 

Causal diagrams 470 

Visual tools used to represent the cause-and-effect relationships between variables within a 471 

system. Typical included components are:  Variables - the key elements within the system; 472 

Links - represent causal relationships between variables; Loops - a chain of links forming a 473 

closed loop. 474 

Critical slowing down 475 

As a system approaches a tipping point, its resilience decreases, and it takes longer to 476 

recover from disturbances. This can be seen in the recovery rate after a perturbation. 477 

Early-warning signals 478 

Statistical indicators that can help us anticipate an impending regime shift in an ecosystem. 479 

These signals arise as the system approaches a tipping point, where a small change can 480 

lead to a sudden and irreversible shift to a new state. Critical slowing down and increased 481 

variance are typical early-warning indicators. 482 

Feedbacks 483 

Circular causal relationships, (i.e. a two-way ínteraction) where the output of a system 484 

influences its input, leading to either amplification or dampening of change.  485 

Financial portfolio 486 

Collection of investments, typically including a mix of assets (e.g. stocks, bonds, real-estate), 487 

held by an individual or an organisation with the purpose to achieve financial goals, such as 488 

retirement savings or wealth accumulation.  489 

Reanalysis data 490 

Comprehensive and long-term datasets that combine observational data from multiple 491 

sources like remotely sensed data and field data with advanced prediction models. 492 

 493 

Footnotes 494 

1 Key terms used in this article are defined in the Glossary. 495 


