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Abstract 

 

The ecological approach has been employed to describe the payment system. CBDCs are 

challenging the payment ecosystem and could affect definitively the way that money 

interacts inside the system; especially it could have consequences on financial stability. 

Following the payment ecosystem concept CBDC is examined as a disturbance factor in 

two dimensions: openness and innovation to fulfill its role as a dynamic agent of change. 

The consequences of CBDC on financial stability could be seen from a risk approach 

(security, cyber risk and reputation) or from an ecological approach where spatial and 

temporal scale of disturbance seems to describe better the stability effects. The Uruguay’s 

e-Peso CBDC pilot plan is analyzed under the ecological approach showing the importance 

of pilot plans lessons learned. In this perspective the speed of changes and the cross-border 

agreements are the most important elements to address financial stability consequences in 

time of financial crisis. Pilot plans are a way to improve the learning process without 

challenging financial stability and financial integrity. 
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Introduction 

 

As technology is transforming financial services, the term ‘ecosystem’ has been employed 

to describe the current state of evolution and the many ways that financial activity is 

changing. In particular, questions regarding the potential issuance of a CBDC have 

emerged as an important topic for central banks as part of this global transformation of 

financial services, CBDC is part of the agenda of digital transformation of many societies, 

with some looking for financial inclusion, others looking for security or efficiency. On the 

many aspects that are under analysis the effects on financial stability is on the top, but 

analysis of financial stability can incorporate the potentially instructive ecological approach 

to stability that is behind the concept of ecosystem. To that end, section 2 presents the most 

relevant elements of ecosystems that help us to understand current changes in financial 

digitalization. In section 3 CBDC is analyzed under the logic of a distortion factor into the 

ecosystem and section 4 presents the ecological approach applied to financial stability. 

Section 5 presents the analysis of Uruguay’s e-Peso CBDC pilot plan from the ecological 

approach. Finally, a concluding section highlights the importance of international 

dimension for financial crisis under the ecological approach. 

 

1. From ecology to payment system 

 

 

According to the Britannica Encyclopedia an ecosystem is a complex of living organisms, 

their physical environment, and all their interrelationships in a particular unit of space. 

Each ecosystem can be organized into biotic (living members) and abiotic (nonliving 

elements as mineral, soil, water, sunlight among others) constituents, which are linked by a 

flow of energy through the ecosystem and the cycling of nutrient within the ecosystem. The 

ecosystem has a movement of organic matter and energy from the producer level through 

various consumer levels makes up a food chain. This biological analysis is quite relevant 

for ecological problems, a better understanding of factors governing the interrelation 



between organisms and their environments will help to deal with environmental problems. 

Ecology is concerned with different levels of biological organization: from cells, 

organisms, populations and communities to ecosystems, landscapes and the biosphere. In 

this sense, biosphere can be considered the global ecosystem, and any lake anywhere in the 

planet can be an ecosystem itself. 

The figure of an ecosystem has been managed to describe the payment system in the 

economic literature. It is difficult to trace the origins of this metaphor but in recent times 

the growing linkages trough means of payments has extended its use.
2
 

The assimilation of the main characteristic of ecosystem to describe and analyze different 

aspects of payment systems leaves us to revise some aspects of biological and ecological 

aspects to evaluate financial stability consequences of new financial changes. 

Biotic community is dynamic, changes constantly, reaches an equilibrium called climax 

community. This gradual change in biotic community to form a stable community is called 

succession (Tansley, 1935). The variety and complexity of species and environments are 

part of the questions of community ecology. In this arena, successions as the more or less 

regular development and elaboration of communities from simple to complex, is interpreted 

in different ways: for some researchers is considered an orderly progression of species, for 

others only reflects an individual case. Recent developments on ecosystem dynamics tend 

to represent them as non-equilibria systems in ecological modelling. In ecology, functional 

systems of classification are often preferable to taxonomic ones, and a failure to recognize 

this relationship has led to difficulties. 

These characteristics have been applied to solve financial problems trough digital solutions. 

There are many digital developments going on, one clear example is Briscoe (2007) 

researching an optimization technique that aims to be the digital counterparty of biological 

ecosystems, exploiting the self-organizing properties of biological systems: robust 

structures that can solve complex and dynamic problems. Departing from this idea some 
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research tend to analyses the characteristics of an Application Programming Interface (API) 

to enter into a digital ecosystem, successfully connect with the existing APIs and change 

the ecosystem. This APIs has the property to connect with the rest that is called network 

property. This network property can be assimilated to biological interaction in the biotic 

community to encourage dynamic evolution. 

The analytical approach of measuring the evolution of add-on products
3
, develops the idea 

is to capture if this product is interacting or not with the rest, even overlapping with them 

and hierarchically important in the cluster of APIs. These are the initial steps in exploring 

the dynamic nature of digital ecosystems. 

Nevertheless, the ecosystem metaphor needs to be analyzed deeper to extract some insights 

in the context of CBDC.  Thinking on the biotic factor of the payment ecosystem as the 

“living” factor it can be consider the main three categories of biotic elements:  producers or 

autotrophs, consumers or heterotrophs, and decomposers or detritivores. The autotrophs are 

the primary producers of complex organic compound while the heterotrophs are the 

organism that cannot produce its own food, taking nutrition from another source, are 

consumers not producers. Stating from these definitions the central bank’s money can be 

classified as an autotroph, because is a producer of “food” for the payment system, in this 

sense CBDC is an autotroph also but the process to produce the food is different. In biology 

the autotrophs create through different process: using energy from light (photosynthesis) or 

inorganic chemical reactions (chemosynthesis). The same could happen in the payment 

system, the central bank could create money physically or digitally.   

The payment ecosystem use to have many biotic factors that could be classified as 

heterotrophs: from banks accounts to financial derivatives. All were “consumers”, 

participating in the payment chain as a primary, secondary or tertiary transformation of 

other financial assets or rights. Banks and non-banks services and instruments can be 

classified as heterotrophs. Fintech process has added a new way to transform so many new 

heterotrophs are part of the payment ecosystem, e-money itself is an example of it. 
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Payments infrastructure network, as part of abiotic factors, is crucial for ecosystem. This 

infrastructure has changed a lot form the moment that internet and new technologies are 

applied to improve payments speed and security. Mobile phones are a typical example of 

this abiotic factor and how it can change financial inclusion trough the evolution of the 

payment system. 

 

2. CBDC succession 

 

Technology applied to payments through API’s has changed the way to interact inside the 

local payment systems. Besides it, the phenomena of “tokenization” (Bech et al, 2020) by 

allowing new forms of trading is changing the dynamics of payments. These same changes 

could be extended to stablecoins payments. The question is how the payment system can 

change if this same technology is applied to the money issued by central banks.  

Arner et al (2020) discuses if a CBDC could fulfil the function of a stablecoin
4
 more 

effectively than private developments. This discussion shows how new and challenge is this 

topic, the design of each currency private or public and even the combination of both 

experience is still an interrogation going on.  

As mentioned in Sarmiento (2021) payment system is based on trust in central bank’s 

currency, so reputation is the steam of the “money flower”
5
. As Bech et al (2017) introduce 

a new taxonomy of money; they distinguish between two potential types of electronic 

central bank cryptocurrencies: retail and wholesale. This new cryptocurrencies can be 

considered as part of succession phenomena of ecosystems evolution. As mentioned in the 

previous section CBDC can be seen as part of the biotic elements classified as an 

autotrophs that crates its product through a new process. 
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To analyze the effects of CBDC on payment ecosystem as a disturbance factor two 

dimensions can be considered: openness and central bank’s innovation. Openness 

represents the degree of integration of the payment system with the rest of the world, going 

from local to global. This perspective emphasize how unlocked is the system and also its 

exposure to external changes. 

Central bank’s innovation represents the inclination of the corporate governance of 

institutions to encourage technological change without damage its reputation. This 

dimension goes from a static position of no change to a dynamic behavior of digital 

transformation in money issuing. 

 

Figure 1 shows the interactions between both dimensions, in each zone it is possible to 

define a specific emphasis to address the effects of CBDC on payment system stability. As 

the central bank has a less innovative behavior (static) and has a focus on domestic 

payment system (local) presents a regressive impact on payment system evolution. If the 

payment system keeps open but innovation is small, the evolution will be caused by 

external factors to maintain integration with the rest of the world. As the innovation process 

is dynamic but the focus of payment system is the domestic market, the payment system 



may be considered progressive. Finally, if it gets more open (global) and its innovation 

process increases (dynamic), the evolution process of payment system represents a strategic 

growth.  

CBDC pilots implies in many cases a progressive ecosystem with emphasis in local  

development of a digital currency (Uruguay´s E-Peso or Sweeden E-Krona); others cases 

presents an integrated ecosystem with a focus on global aspects (Kenya M-Pesa that is not a 

central bank digital currency but a close substitute) and some cases focus both in 

technology and global aspects (DCash in Eastern Caribbean encourages the use of a digital 

currency to give an efficient mean of payment for the Caribbean islands). 

 

3. Financial stability from an ecological perspective 

 

The analysis of possible effects of CBDC on financial stability has been structured 

following the risk perspective. Nevertheless the innovation of digitization of money refers 

to a process of changing information from analogue form to digital form, in this case is the 

digital representation of money, or changing the form of money to digital (Carstens, 2021). 

Thus CBDC requires some conditions to exist and ensure financial stability: central bank is 

the guarantee of stability and needs a secure system with no fail and no mistakes, for that 

reason the central bank reputation is the steam of the money flower. Even if the 

technological and logistic solutions for CBDC could be hybrid with a public-private the 

central bank is still responsible for the results. 

Another problem of CBDC on financial stability refers to an account based system 

(Carstens, 2019), commercial banking sector can pay a premium over bank deposits  to 

keep money account based but this premium could fluctuate over time with shifts in 

uncertainty and financial conditions and flight to quality could be present. All the risks 

mentioned above: reputational, cybersecurity and financial uncertainty are crucial, but they 

don´t consider an ecological perspective of CBDC.  



Returning to section 2, the ecological perspective can help us not only to describe the 

payment system and the digital innovation but also to understand its consequences on 

financial stability. Ecological stability embraces an ample range of concepts for a system: 

from constancy to persistency and resilience. In our case the main concerns are how the 

financial system will incorporate CBDC without reduce it soundness and health. Following 

Grimm et al (1997) an ecological situation can be defined by six features that, taken as a 

whole, could validate stability. These six elements are: variable of interest, level of 

description, reference state, disturbance, spatial scale and temporal scale. Considering these 

six characteristics for the presence of CBDC in the financial system could give us a new 

perspective on financial stability consequences of a CBDC. 

The level of description of the stability property of CBDC is the payment and financial 

ecosystem, the variable of interest is financial health and soundness. The reference state 

defines the state of the variable of interest without external influence, in this case is 

equilibrium of low variability. The disturbance is the digitalization of money which causes 

that a parameter of the financial system (money) could cause permanent change in the way 

that financial system is organized. The spatial scale is quite important in this case because 

each CBDC could arise locally but it also could be a global phenomenon and increase the 

intensity of the disturbance. The temporal scale represents the length of disturbance; in this 

case CBDC could be a permanent change. 

These six elements describe the ecological situation properly, but there is still a question to 

answer from an ecological point of view. Is CBDC a specific phenomenon or can it be 

generalized? To address this question lets return to Figure 1 presented in section 3. From 

the analysis of that diagram it seems clear that openness is moving from local to global and 

innovation is moving from static to dynamic.  

So, the ecological perspective leads to a different description of CBDC effects on financial 

stability. The most important aspects of disturbance are not focalized on security and 

technology, this ecological perspective highlights spatial scale that refers to cross border 

CBDC and temporal scale of disturbance that refers to the permanence of change.  



On the temporal dimension the digitalization process seems a one way road but not a fast 

process due to testing of operational and technological solutions. Therefore, the 

implementation will be conditioned by the maturity of results. This is one of the main 

objectives of pilot plans as a way to encourage the learning process without challenging the 

stability and integrity. 

The spatial dimension takes more relevance from the ecological perspective, the biggest the 

scale of CBDC the fastest the crises could expands its consequences. Even design elements 

in retail CBDC could mitigate this expansiveness (as we will see in next section in the case 

of e-Peso pilot plan there was a limited amount in each e-wallet to address this problem), 

the wholesale CBDC and the technological integration will still be there. Proposal like Auer 

el al (2021) about multi-CDBC arrangements and cross-border payments are crucial to 

envisage the complexity of this topic, and the need of coordination and cooperation to 

stablish international standards for operating and interconnect CBDC’s cross-border. 

Recent research like Boar et al (2021) shows that many central banks see financial stability 

as a motivation for CBDCs, for some of them CBDC could preserve financial stability if a 

private stablecoin were to enter. 

Beyond that, if financial crisis arise and CBDCs are in place, it also will be necessary to 

create international agreements of the legal status of virtual currencies, something that we 

can call a ‘virtual geopolitics’ to solve financial crises consequences.  

 

4. Uruguay´s e-Peso CBDC pilot plan analysis from the ecological approach 

 

In November 2017 the Central Bank of Uruguay began a pilot plan to test a CBDC 

called e-Peso.  

The pilot lasted six months, and after April 2018 the digital currency was destroyed. 

The total issuance was limited to 20 million Uruguayan pesos (670,000 US dollars). The 

pilot was token-based; cell phones from ANTEL, a public communications company, were 

available but limited to 10,000 mobile phone users. The e-wallets were also limited 30,000 

Uruguayan pesos (1,000 US dollars) for each user and 200,000 Uruguayan pesos for each 



registered business. The e-Peso could be used for payments in registered stores and for 

peer-to-peer transfers among registered users (see Graphic 1). 

 

Graphic 1: Scheme of e-Peso pilot 

 

Source: Central Bank of Uruguay 

  

The platform acted as a registry of the banknotes’ ownership, and there was a digital wallet 

in each mobile phone to do transactions, so it didn´t need a wi-fi connection. After the 

destruction of all the digital currency there was an evaluation phase. There is still no 

decision about a second pilot including the banks and other financial institutions.    

Following Grimm et al (1997) six features that, taken as a whole, could validate stability. 

These six elements are: variable of interest was financial health and business continuity 

with a focus in financial inclusion that was the main motivations of Central Bank of 

Uruguay. The level of description was reduced only to the relation between Central Bank 

and final users, without including financial system intermediation as banks.  



The reference state defines the state of the variable of interest without external influence, in 

this case was security of operations. The disturbance is the digitalization of money and its 

power to fulfil money functions. The temporal scale represents the length of disturbance; in 

this case was only six months. The spatial scale was local but it could lead to pay accounts 

related to other currencies because of the partial dollarization process ongoing in 

Uruguayan economy. So, even the pilot was local it could be affected by a global 

phenomenon and volatility in the exchange rate could increase the intensity of the 

disturbance. 

These elements remarks the openness factor presented in section 3, Figure 1. As openness 

shows a direction from local to global, the more open and integrated the economy is the 

more important that foreign and cross-border aspects will be disturbing the stability of the 

ecosystem.  

 

5. Conclusions 

 

The ecological approach has been employed to describe the payment system. Ecosystem 

has allowed to have a functional system of classification of the many aspects that cause 

changes (succession) in it and to understand its consequences. CBDCs are challenging the 

payment ecosystem operation and could affect definitively the way that money interacts 

inside the system. CBDC is examined in two dimensions: openness and innovation to fulfill 

its role as a dynamic agent of change. The consequences of CBDC on financial stability 

could be seen from a risk approach (security, cyber risk and reputation) or from an 

ecological approach where spatial and temporal scale of disturbance seems to describe 

better the stability effects. In this perspective the speed of changes and the cross-border 

agreements are the most important elements to address financial stability consequences in 

time of financial crisis.  

Finally the dimension of this change could lead to a new international agreement, 

stablishing the legal status of stablecoins that involves a new ‘virtual geopolitical’ concept. 

These big challenges have to be considerate from the very beginning of this process to 



mitigate the potential damage of future crisis. The implementation of pilot plans could be a 

good learning process without challenging financial stability and financial integrity. 
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