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Abstract

Digital innovations in banking and payments recently have garnered a great deal
of attention. Specifically, distributed ledger technology (DLT) has the potential to
fundamentally change the roles and responsibilities of stakeholders in the financial
sector. DLT is a novel and fast-evolving approach to record and share data, e.g., pay-
ment transactions, among members of a decentralized network. Using transaction
cost theory, the paper examines how DLT will change the cross-border payment
infrastructure. DLT can reduce the overall transaction costs potentially resulting in
the disappearance of correspondent banks.
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1 Introduction

Banks have long been rationalized by their seemingly essential role as financial inter-
mediaries in an economy. Traditionally, banks are thought to intermediate between
non-banks, such as households and firms (Diamond and Dybvig 1983; Diamond 1984).
However, less regarded, but equally important banks also provide payment services. '
Cash is ill-suited for large payments, especially over a long distance. In this con-
text, banks allow customers to transfer money in a safe and secure manner. Due to

! Strictly speaking, banks started as providers of payment services and then extended into financial inter-
mediation services (Kohn 1999).
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the globalization of both business and private transactions, and growing financial
integration, transferring money across borders has become a pervasive issue.

For centuries, banks have dominantly carried out cross-border payments via cor-
respondents, i.e., interbank intermediaries that complete transactions on behalf of
banks in areas where they are not physically present (Society for Worldwide Inter-
bank Financial Telecommunication 2016; Calomiris and Carlson 2017; Committee
on Payments and Market Infrastructures 2018). Today, however, this model faces
significant challenges. For example, banks must compete with faster, cheaper, and
more transparent (online) payment service providers (e.g., PayPal, TransferWise,
WeChat Pay, Alipay, Amazon Pay, etc.). Many of these new intermediaries carry out
transactions within their own ecosystem, instantly shifting money from one account
to another. Surprisingly, according to Denecker et al. (2016), more than 95% of
business-to-business and approximately 60% of consumer-to-consumer cross-border
transactions are still processed by banks.” The authors cite proven security of banks
for both money and data as the dominant reason.

Despite the longstanding dominance of banks, the competition remains fierce
as cross-border payments are extremely profitable. About $136 trillion flow across
borders annually (Bruno et al. 2019). Although this is only one-sixth of all global
payments, it generates about 30% of the revenues that processors collect, totaling
more than $230 billion per annum (Bruno et al. 2019). To insure their control, banks
are continually working on improvements. For example, the Society for Worldwide
Interbank Financial Telecommunication’s global payments innovation (SWIFT gpi)
improves the speed, transparency, and traceability of cross-border payments, but still
relies on the correspondent banking system. More recently, however, banks have
started to explore an innovation that could profoundly transform the cross-border
payment infrastructure: Distributed Ledger Technology. DLT is decentralized and
the network participants hold identical copies of a shared database that is updated
algorithmically. The usage of DLT eliminates the need for third parties, i.e., corre-
spondent banks, to manage and reconcile individual bank accounts. Although there
are still significant legal, regulatory, and operational barriers to the global imple-
mentation of such a system, DLT already has the potential to replace correspondent
banks and dominate cross-border payments. In the presented research, the uncon-
ventional but highly pertinent transaction cost model of Breuer (1993) is introduced
and adapted to predict how DLT will increase the efficiency and resiliency of cross-
border payments. The paper begins by explaining the role of correspondent banks
as interbank intermediaries. Subsequently, the potential impact of DLT on the pre-
sented market structure is analyzed. It is shown that the use of DLT could reduce the
economy-wide transaction costs making correspondent banks superfluous.

The presented findings contribute to the nascent literature on technological
disruption in the banking sector (see, e.g., Swan (2015),Vives (2019), Boot et al.
(2021)) by explicitly examining how DLT changes the cross-border payment mar-
ket. DLT is highly discussed in the field of cross-border payments (Bank of Canada,

2 More recently, Rice et al. (2020) reinforce this finding stating that the overwhelming majority of cross-
border transactions are processed by banks.

@ Springer



Digital Finance (2021) 3:25-44 27

Bank of England, and Monetary Authority of Singapore 2018; Newman et al. 2018)
and has even been implemented (Rapoport et al. 2014). With the exception of Mills
et al. (2016), He et al. (2017), and Casu and Wandhofer (2018), academic reports,
however, are limited and incomplete. Mills et al. (2016), for example, only broached
the topic in their broader work on payment, clearing, and settlement. He et al. (2017)
and Casu and Wandhofer (2018) provide a more comprehensive analysis of the
implementation of DLT in cross-border payments.® Casu and Wandhofer (2018)
qualitatively evaluated the potential of DLT and several other network models by
surveying members of the industry. The findings presented here complement this
earlier work by explicitly examining potential effects on the costs and the design
of payment infrastructure. In their work, He et al. (2017) offer a conceptual frame-
work to assess the impact of DLT on the cross-border payment market. Although
they claim that through its technical characteristics, DLT has the potential to reduce
transaction costs, they do not quantify the effect. There are, however, substantial
costs associated with migrating from existing longstanding IT systems, operational
arrangements, and institutional frameworks to a DLT-based payment infrastructure
(Natarajan et al. 2017). A tool to accurately estimate potential costs savings is there-
fore highly desirable for bank managers, regulators, and central bankers. Here, a
theoretical framework is provided that allows a detailed estimation of the transac-
tion costs in the current correspondent banking system and in a DLT-based system.
Additionally, the systematic and thorough characterization of DLT will help provide
clarity to the often disorganized existing literature on the nascent technology (Per-
dana et al. 2020).

Finally, the presented work is related to the literature on optimal intermediation
structures. Craig and von Peter (2014) and Calomiris and Carlson (2017) provide
evidence that banks themselves rely on another layer of intermediation for a variety
of functions. The presented theoretical framework shows the cost benefit of inter-
bank intermediation using the example of correspondent banks and how a DLT
system like RippleNet can not only transform existing cost structures, but also the
interbank market. Since the stability of the financial system greatly depends on the
interbank network topology (Hiiser 2016), the insights here also have important
implications for future regulation.

3 The direct use of central bank digital currencies for cross-border transactions is also examined in the
literature (Koning 2016; Raskin and Yermack 2018; Auer and Boehme 2020). Although this idea seems
promising, economists have several reservations, e.g., privacy issues, or the limited operational capacity
of central banks to deal with individuals (see, e.g., Kahn et al. (2019) for an insightful discussion on this
topic). Additionally, Boar et al. (2020) found that the overwhelming majority of central banks see them-
selves as unlikely to issue any type of such a currency in the foreseeable future. Other studies examine
the specific example of Bitcoin (Bohme et al. 2015; Narayanan et al. 2016) and its use as virtual currency
(Rysman and Schuh 2017). Scalability and transaction speed, however, are limited in the Bitcoin system
(Natarajan et al. 2017).
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2 The foundation of interbank intermediaries
2.1 The concept of correspondent banking

The ability to safely and securely transfer money both within and across borders is
indispensable for a functioning economy. Until the middle ages, banks were munici-
pally chartered institutions and could offer payments services only within their home
city (Quinn 2008). As a result, funds had to be physically transferred. A process
that was often plagued by theft, confiscation, and loss at sea. As long-distance trade
increased, better suited transaction means were needed. The bill of exchange became
available as a new payment instrument during the 13th century. Bills of exchange
are written instructions from a drawer to a drawee, a correspondent in a different
city, to give funds to a payee. Initially, correspondents were often merchants, with
time banks were used more frequently due to their ubiquitous network and ample
liquidity. Starting in the 17th century, ongoing improvements in interbank relation-
ships and the emergence of new payment instruments simplified inter-regional and
cross-border payments (Quinn 1997, 2008). By the end of the 19th century, cer-
tain banks began to specialize in mediation of long-distance transactions, i.e., corre-
spondent banks (see, e.g., Calomiris and Carlson (2017) for an overview of the U.S.
corresponding banking network at that time). Today, most other banks rely on these
correspondent banks to complete transactions on their behalf in areas where they are
not physically present (Society for Worldwide Interbank Financial Telecommunica-
tion 2016; Rice et al. 2020).

The intermediary banking services are controlled by a few large correspondents,
i.e., the market is typical for an oligopoly. According to the European Central Bank,
in 2016, there were 401 correspondent banks involved in the Euro business that
served 9,754 customer banks (European Central Bank 2016). Based on data from
the Committee on Payments and Market Infrastructures (2019), it is estimated that
the number of correspondent banks had decreased to about 361 by the end of 2018.
Although the exact number of correspondent banks globally is publicly unknown
(Committee on Payments and Market Infrastructures 2016, 2019), the total number
is declining, i.e., the market is increasingly concentrated.

In the succeeding sections, for simplification, correspondent banks will only be
referred to as correspondents. The modern correspondent banking model consists
of an international network of financial institutions, where the sender and the ben-
eficiary bank employ an intermediary (the correspondent) to sort and process cross-
border payments. The sender and the beneficiary bank hold Nostro (Italian: ours,
which refers to ‘our account with you’) account with the correspondent. Due to the
absence of a direct account relationship, the correspondent provides Loro (Italian:
theirs, which refers to ‘their account with them’) accounts on behalf of the sender
and the beneficiary bank.* The financial information, to settle transactions by credit-
ing and debiting the accounts, is exchanged via the SWIFT’s network (Grant 1986;

4 Note that this is the most simple structure. In principle, there could be additional correspondents
involved on the sending and receiving sides.
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Fig.1 Correspondent banking system today

Society for Worldwide Interbank Financial Telecommunication 2016). The payment
instruction flows through an entry posting system, which creates a debit to the send-
er’s account and either a credit to the beneficiary’s account if this is held with the
same correspondent or a posting to the payment system queue for settlement over
the national/regional payment system. The payment flows from one bank to another
through a central bank clearing system. There are two main types of settlement sys-
tems: real-time gross settlement (RTGS) and deferred net settlement (DNS). While
in a DNS system (such as the Clearing House Interbank Payments System, CHIPS
in the U.S.), all unsettled transactions are gathered and processed in bulk, RTGS
systems (such as Fedwire in the U.S. or the Trans-European Automated Real-time
Gross settlement Express Transfer system, TARGET2 in Europe) process money in
real time.

To illustrate the payment processing via a correspondent, consider the follow-
ing example. An U.S. American importer instructs its regional bank, i.e., the sender
bank, to make a payment to a European firm (compare Fig. 1). It is important to
note that the payment instructions are exchanged separately from the “physical” flow
of payments between the corresponding parties. The European firm has an account
at Deutsche Bank with which the regional bank, e.g., the Bank of Colorado, has
no banking relationship. However, both the Bank of Colorado and Deutsche Bank
have a correspondent banking relationship with the Bank of America, i.e., they
both hold Nostro accounts at the Bank of America. Like the Bank of Colorado, the
Bank of America has an account at the Fed and thus receives the funds through
the national payment system, e.g., Fedwire. The Bank of America provides Loro
accounts for their bank clients that they can make and receive USD and foreign cur-
rency payments. Upon receiving the USD in its Federal Reserve account, Bank of
America does a book-entry transfer to credit Deutsche Bank’s USD Nostro account
for the amount of the payment. Bank of America then converts the USD to Euro,
so it can send the payment to the German supplier’s account at Deutsche Bank.
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Correspondents are used, because accounts at the central bank governing the par-
ticular currency are required for a transfer. In this example, Deutsche Bank does not
have an account at the Fed. As a result, Bank of America cannot “physically” move
the USD to Deutsche Bank. Assuming the supplier would like to either withdraw
the funds or use them to make a Euro payment, Bank of America must first do a
separate foreign exchange transaction to convert the funds to Euro. To do this, the
Bank of America will debit Deutsche Bank’s USD Nostro account and then credit
Deutsche Bank’s Euro Nostro account for the Euro equivalent. Bank of America
then sends the Euro amount via the European Central Bank settlement system, TAR-
GET?2, to Deutsche Bank, since Deutsche Bank has a TARGET?2 account. Once
Deutsche Bank has the funds, it can credit the supplier’s account, and the supplier
can make a Euro payment or withdrawal.

In terms of costs of cross-border payments, each bank in the payment process
charges payment processing fees (Casu and Wandhéfer 2018).5 Each bank also indi-
vidually conducts know-your-customer, anti-money laundering, and counter-terror-
ist-financing checks. In addition, network and liquidity costs are involved in main-
taining correspondent relationships. Costs arise for each bank that is involved in the
process of funding interbank accounts and managing exposures.

2.2 The theory of interbank intermediation

To better understand the formation of interbank intermediaries in cross-border pay-
ments, the model of Breuer (1993) is introduced and adapted. For this model cross-
border transactions are defined as the transfer of a fixed amount of money from one
currency zone into another. Two banking systems with n domestic banks (D) and m
foreign banks (F) are considered, the bilateral network and the corresponding bank-
ing system. In the bilateral network (compare Fig. 2), on behalf of their clients, each
domestic bank must handle the sorting and processing of payments directly with its
foreign counterpart. In this system, there are m * n possible interbank transactions.
In contrast, the presence of j intermediary correspondents (B) results in n % j +m
transactions (compare Fig. 3). In this case, all institutions forward payment instruc-
tions to correspondents that operate solely in a specific region (e.g., in one country,
state or jurisdiction, etc.), to sort and process. In this system, the number of inter-
bank transactions is reduced if the number of correspondents is sufficiently low, i.e.,
Jj< 2D holds true. In other words, as long as every correspondent j serves more
than two foreign banks m, the correspondent system results in a lower number of
interbank transactions. Note that the modeled structure implies that each domestic
bank has access to all service-providing correspondents. As only “a few key players
[account] for the majority of loro account turnover” (Committee on Payments and
Market Infrastructures 2016, p. 15), this seems to be a reasonable assumption for
the cross-border payment market. In contrast, each correspondent limits its service

5 Note that, in the end, these costs are passed on to the payer and/or payee depending on the charge code.
The code OUR is used to denote that the payer covers all transaction fees, BEN indicates that the benefi-
ciary bears all the costs, and SHA indicates that payer and payee share the costs.
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Fig. 2 Bilateral transactions

Fig.3 Interbank intermediation

to a few foreign banks in a specific region, jurisdiction, or category of clients due to
regulatory requirements and risk management considerations (Committee on Pay-
ments and Market Infrastructures 2016).°

To evaluate if the employment of correspondents and the resulting decrease in
interbank transactions also reduces costs, further analysis is necessary. Therefore, it is
important to consider the different types of transaction costs that arise for the banks
when payments are processed.

In principle, transaction costs are classified according to their traceability (direct or
indirect costs) and/or to their relationship with the transaction volume (variable or fixed
costs)—compare Table 1. Each market participant faces market entry costs, c¢;. These
costs are volume independent (i.e., fixed) and cannot be attributed to a specific transac-
tion. In case of cross-border payments, this could be, e.g., costs for a payment processor
license. In addition, there are fixed costs that are directly attributable to the transac-
tion, ¢,. In the considered use case, these could be costs for establishing and managing
counter—party bank relationships, directly with the correspondent or the foreign bank,
respectively. There are also direct costs, ¢;, which depend on the transferred money vol-
ume. Examples are foreign exchange costs or payment processing fees. With increasing
payment orders, more processing fees accumulate. Finally, there are general costs that
depend on the total volume, but are not attributable to a specific transaction, c¢,. An
example is the opportunity costs for trapped liquidity that banks are required to hold on
their Nostro accounts to settle payments.

Every market participant is considered to have the same cost parameters and func-
tions, i.e., is able to process the same amount of payments. This is done to rule out

6 Theoretically, it is also possible to assume that each correspondent j has a relationship with all foreign
banks. This would result in m * j + n * j transactions. Depending on the number of correspondents, i.e.,
if j < ::i", this system could have a lower number of transactions in comparison to the bilateral system.
However, such a system is not only inferior to the one depicted in Fig. 3, but also at odds with reality.
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Table 1 Different types of transaction costs

Transaction volume Transaction volume
Independent costs Dependent costs
Costs not directly attributable to specific transactions ¢, cy
Costs directly attributable to specific transactions ¢, c3

This table is adapted from Breuer (1993) and displays the different transaction costs. Transaction costs
can either be fixed (volume independent) or variable. Moreover costs can be distinguished into direct and
general, i.e., not clearly attributable costs

any biases stemming from specialized banks in the systems (i.e., more cost efficient
banks). All market participants are banks and face similar regulatory costs (e.g., licens-
ing fees or costs for know-your-customer checks etc.). In addition, all banks involved
have volume-dependent costs for funding interbank accounts as well as processing and
managing exposures (Casu and Wandhofer 2018).

As a result, the costs for a domestic bank in a bilateral system amount to:

CD—c1+mcz+mc3<n‘1/>+c4<V) 1)

where V denotes the volume of all cross-border payments, — " the volume for each
transaction, and % the volume per domestic bank. Respectlvely, the transaction costs
for each foreign bank are given by:

cF—cl+n(32+nc3<V>+c4<v> 2)

where < denotes the payment volume per foreign bank. Consequently, in a bilateral
system "with n domestic and m foreign banks (compare Fig. 2), the transaction costs
sum up to:

Cc = VlCD + I’)’lCF

14
¢ = [m+n]c; + 2mnc, + 2mnc, <%) 3)

+nc4<%> +mc4(%>.

In comparison, if j correspondents are involved (compare Fig. 3), each domestic
bank has transaction costs of:

AD . .V 14
o =cytjcy, Hjes| — +c4<—>. (@)
jn n

Instead of directly processing payments to foreign banks, the domestic banks for-
ward payment instructions to the specific correspondents. In turn, the correspond-
ent forwards the payment to the foreign bank. The costs for the foreign bank can be
described by:
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In addition to the bilateral model, each correspondent bank also faces costs for their

transmitting services:

B=c +

n+m]c
i
J

6
p(D) e (D) aa(Y)
Jn J m J

As aresult, in a system with j correspondents, n domestic, and m foreign banks, the
overall transaction costs are given by:

¢ =ne? + met +jeb
¢=[m+n+jlc, +2[jn+ mlc,

+ Z[jnc3 <Jzn> + mq(%)] @)
+nc4(%> +mc4(%> +jc4<JK_>.

To assess potential benefits of a correspondent banking system, the economy-wide
costs with and without interbank intermediaries must be compared. Subtracting Eq.
(7) from Eq. (3) reveals the cost differences between the two systems:

c—¢=—jc —jc4<z.> + 2[mn — (jn + m)]c,
J

2y (L) = ines (1) #mes (2]

If the cost reduction in ¢, and c; through interbank intermediaries exceeds the addi-
tional costs ¢, and c,, correspondents are beneficial. ¢, increases with the number of
correspondents in the market. The general costs ¢, for processing payments increase
with both volume and the number of involved correspondents, because more liquid-
ity is trapped on the respective Nostro accounts. For a sufficiently small number of
correspondents, i.e., j < M, interbank intermediaries result in lower network
costs, ¢,. Instead of maintaining business relationships with all counter parties, the
domestic and foreign banks only interact with their correspondents. The network
costs decrease as the number of domestic and foreign banks per correspondent
increases. If the cost function c; is increasing at a decreasing rate, then correspond-
ents can result in lower foreign exchange and payment processing fees. In other
words, in this case, correspondents have economies of scale. An example for such
a cost function is c;(V) = aV*, where a > 0 and 0 < ¢ < 1. For this cost function, a
lower c; is attained if there is a sufficient amount of foreign and domestic banks rela-
tive to the number of correspondents in the market. The sufficient amount is defined

®)
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1

as min {m,n} > [1 + jl‘c] =" If the number of correspondents (j) and the econo-
mies of scale parameter (c) are constant, then the cost saving increases with a higher
number of foreign and domestic banks. Newman et al. (2018) cite processing pay-
ments (c3) as the most significant cost in cross-border transactions. Although cited
as important, opportunity costs for trapped liquidity (c,) were found to be less sig-
nificant than processing payment costs. The effect of the network management costs
(c,) was found to be low and that of market entry costs (c) is cited as negligible. In
the case of a relatively high number of foreign and domestic banks compared to cor-
respondents in the market, the positive effect of ¢, and c; outweighs the additional
costs of ¢; and c4. Since the correspondent banking market is best described by an
oligopoly, i.e., the cross-border payment services are controlled by a few large cor-
respondents, this holds true. Consequently, correspondents reduce the overall costs.

3 The downfall of interbank intermediaries
3.1 The digital transformation of correspondent banking
3.1.1 Distributed ledger technology

The previously described correspondent banking system was developed when com-
munication was still costly, slow, and unreliable. Banks faced regulatory, as well
as technical differences in national payment systems. As a result, there is limited
transparency regarding the status of payments in this system. Depending on the par-
ties involved, different requirements need to be met, e.g., some national payment
systems (e.g., Fedwire and CHIPS in the U.S., or the Australian, Swiss, and Japa-
nese RTGS systems) do not use SWIFT messages (Casu and Wandhofer 2018). The
correspondent banking system is susceptible to payment delays as not all involved
banks hold enough liquidity in the correct currency. As a result of the internet and
the accompanied digitization, expectations by consumers for transparency, speed,
and reduced transaction costs have risen. In a world where online shopping enables
real-time tracking and free delivery of physical goods within a few hours, custom-
ers struggle to accept opaque cross-border payments that take several days. Despite
significant investments by SWIFT and other banks, the cross-border payment
infrastructure remains suboptimal. From a financial stability perspective, the cor-
respondent banking system is also a source of risk (Freixas and Parigi 1998; Allen
et al. 2012; Del Prete and Federico 2019). Although, for simplification, banks use

7 Note that the derived relation would be most beneficial for a monopolistic correspondent that could
evolve from the suggested cost function. As the cross-border market is clearly not controlled by a unique
correspondent, the proposed cost function should be interpreted as a piecewise-defined function of an
overall cubic cost function. Costs first increase at a decreasing rate (as advocated) and then increase at
increasing rates after an optimal number and volume of processed payments are reached by a corre-
spondent. If a cubic cost function is assumed, the existing oligopoly market structure can be rationalized.
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Fig. 4 Distributed ledger taxonomy

interbank credit lines to fulfill payment transactions for their customers, this is a
potential contagion source in periods of financial stress (Afonso and Shin 2011).

To address these issues, recently, banks have begun to explore modern technolog-
ical options (Thakor 2020). Here, specifically, the potential of DLT to revolutionize
long-distance transactions is examined. Technically speaking, DLT allows for a con-
sensus record of state changes or updates to a synchronized ledger to be distributed
across various nodes in the network. Important to note is that DLT is not a single
well-defined technology, and that nomenclature is not standardized within literature
(Perdana et al. 2020). To make the topic more clear and to show the terms used here,
Fig. 4 shows an overview. In general, it is differentiated between public (anyone can
join) and private (members can join based on credentials) DLT systems (see Fig. 4).
In all cases, the crucial aspect of DLT, however, is that unlike the correspondent
banking system where each financial institution in the payment chain updates its
individual databases (i.e., the Nostro and Loro accounts), in a DLT system, a central
ledger is shared, replicated, and synchronized among the members of a decentral-
ized network (Natarajan et al. 2017).

DLT systems are differentiated based on who is included in the group that
updates the ledger. In the case of permissionless systems, all members can update
the ledger. In permissioned setups, only certain members can update the ledger. The
group governs and agrees by consensus on database updates, i.e., new transaction
records. Thereby, the consensus is reached via a predefined cryptographic validation
method, i.e., a set of rules. Such a consensus mechanism is necessary to establish
whether a particular transaction is legitimate or not, and to ensure a correct sequenc-
ing of transactions done with the same assets. Every record has a timestamp and a
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unique cryptographic signature, making the ledger a verifiable, immutable history of
all transactions in the network.®

Two different record-keeping models are commonly used in DLT systems, UTXO
(unspent transaction output, sometimes referred to as store of value) and account-
based (Kahn and Roberds 2009; Kahn et al. 2019). For a transaction to be deemed
satisfactory in an account-based system, the payer has to be identified as the holder
of the account from which the payment is made. The account balance of the payer is
checked to ensure that the transaction amount is covered. The account value of the
payer is then reduced and the money is added to the account of the payee. In the case
of a UTXO-based system, information about the amount available from the payer for
the transaction is stored in the unspent transaction output. This total value is used
as the input for the transaction. In a second step, a new UTXO (total amount minus
transaction amount) is sent back to a newly created address of the payer and the
transaction amount is stored in a new output of the payee. The UTXO model is often
compared to a cash system. During a transaction, to cover the cost, several bills can
be used (existing outputs), and in some cases, change is returned (new output). In
total, each bill can only be used once (the original output no longer exists after the
transaction).’

3.1.2 RippleNet: a new global-payment system

Recently, several banks, e.g., Royal Bank of Canada, Santander, UBS, etc., have
begun to use a public permissioned account-based DLT system to transfer pay-
ments across borders. The banks use the closed-source banking software Rip-
pleNet that is sold by Ripple Labs, Inc. and is different from Ripple’s own cur-
rency XRP (colloquially also referred to as Ripple). Access to this system is
naturally permissioned, i.e., participating banks are pre-selected by an adminis-
trator, i.e., Ripple Labs, who controls network access and sets the rules of the
database. RippleNet is a distributed database that contains information about user
accounts, balances, and trades (Ripple 2017). A trade or payment is executed by
making a valid change to the central ledger. Here, an interledger protocol con-
nects the different payment record systems of all participating banks from which
it creates the central ledger. The central ledger is shared and maintained by all
network members and represents every user’s balance. Currencies enter and exit
the Ripple network via gateways, i.e., banks (Rapoport et al. 2014). Analogously
to traditional banks, these gateways accept currency deposits from customers and
issue balances on the Ripple network. When a user wants to withdraw money
from the Ripple network, the existing balance is redeemed. For security purposes,
every user of RippleNet must hold a small amount of XRP. Within the network,
payments can either be processed directly via XRP debit payments or indirectly
via path-based currency-agnostic “I owe you” (IOU) settlement transactions

8 Note that many of the technical constructs are simplified here. For a more detailed and technical
description, the reader is referred to Natarajan et al. (2017).
9 For more details on the UTXO model, see, e.g., Sun (2018).
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(Moreno-Sanchez and Zafar 2016). In the case of IOU settlement transactions,
banks can use fiat currencies (USD, Euro, etc.) to settle cross-border payments
without any conversion to cryptocurrency. In this case, XRP is only used to pay
the minute transaction fee imposed to prevent senseless transactions (Rapoport
et al. 2014). To settle credit between sender and receiver, the most suitable route
of credit between the sender’s and receiver’s banks is used (Moreno-Sanchez
et al. 2018). Whenever a payment is made that involves two banks that are not
connected by a direct trust line (i.e., Nostro accounts), the payment “ripples”
through other trust relationships in the network. These trust relationships are
banks that hold the specific currency pairs and function as market makers. By
routing a payment through one (or several) market maker(s), banks can pay each
other in currencies that they do not hold (or do not want to hold). The system
automatically uses the most competitive exchange rates, i.e., the cheapest path.
The money is simultaneously debited from the payer’s account and credited to the
beneficiary. For example, an American company A would like to transfer money
to a European firm B. After checking for liquidity and verifying the client’s iden-
tification (legally required), the bank of the sender can simply send an IOU in
USD to the beneficiary’s European bank (compare Fig. 5). At the same time,
the beneficiary’s bank must also put the transaction amount on hold. This step
is necessary to accommodate the desire of the beneficiary to receive the money
in Euros despite the transfer of USD. Once both banks have validated that the
funds are on hold, the funds are released. A market maker becomes necessary if
the beneficiary bank in Europe does not want to hold USD (compare Fig. 5). The
market maker holds trust lines with the sender and the beneficiary bank and is
paid a small fee (bid-ask spread) for the foreign exchange.'”

RippleNet simplifies cross-border transactions enabling on-demand liquidity
across multiple currencies for banks. It is capable of processing 1500 transactions
per seconds and a typical payment only takes about 4-5 s between initiation and

10 For very exotic currencies, XRP can be used as a vehicle currency. Most banks, however, opt not to
use XRP (Pick 2020). Therefore, a detailed discussion of this feature is omitted here. For more informa-
tion on XRP settlement, see e.g., Ripple (2017).
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completion (Travis 2017). RippleNet integrates well into an already existing and
highly regulated payment system. “In other words, while Ripple[Net] improves the
underlying settlement infrastructure of global-payment systems, it does not affect
the existing legal relationships between the participants of such systems” (Rosner
and Kang 2016, p. 664). Banks must still continue to comply with financial regula-
tions, anti-money laundering, and know-your-customer rules. RippleNet also lowers
some of the risks that current regulations seek to mitigate. For instance, the adoption
of atomic (all or nothing) real-time settlement drastically reduces the risk of lost
payments.

While from a technological perspective, RippleNet and other DLT systems are
generally considered to offer secure, immutable, and transparent transactions, legal
liability will simply not disappear (Zetzsche et al. 2018). Risks that are particu-
larly pronounced due to the early level of RippleNet implementation are the lack
of liquidity and the poor inter-connectivity of certain banks. Moreno-Sanchez et al.
(2018) show that if banks are poorly interconnected, then it is possible that users can
no longer access their funds even if the involved sender and beneficiary bank are not
insolvent. In this case, the issue of liability is unclear. The same holds true for the
case of unintended third-party access (cyberattack) or the “garbage in, garbage out”
dilemma, i.e., the spread of inaccurate stored data via DLT. In case of RippleNet,
Ripple Labs controls the rules (Armknecht et al. 2015) and access to the database
(Ripple 2017).!! This allows the entities involved to be known. In turn, the particular
entity could be directly liable for economic losses in the case of its breach. Nonethe-
less, the fundamental joint control of DLT will likely result in a joint liability of the
network participants, including Ripple Labs (Zetzsche et al. 2018).

Due to the inherently international nature of RippleNet’s activities, both domestic
and international laws must be considered. For example, regulators have concerns
about the monopoly position of RippleNet in cross-border payments (European
Securities and Markets Authority 2017). In addition, regulators must decide under
which jurisdictions conflicts fall, e.g., which insolvency law to follow in the case of
a bank’s default (Rosner and Kang 2016). Therefore, regulators must coordinate and
communicate to harmonize global standards and rules. Although the use of XRP
could simplify issues due to international regulations, most banks do not yet use it as
a vehicle currency. The digital currency is only worth what someone else is willing
to pay for it. Ripple Labs owns about 60% of all XRP and controls the money sup-
ply in the network (Pick 2020). Users are forced to trust Ripple Labs with the fate of
their money.

Overall, for a successful wide-spread implementation, it is vital that all network
elements receive sufficient supervision. For securing trust in the new payment infra-
structure, more research on the resiliency and weakness of the system is needed.

' As fairly mentioned by Rosner and Kang (2016), in principle, no single entity can change the Rip-
pleNet database. However, most of the validating servers are run by Ripple Labs, allowing it to change
the database.
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3.2 Implications for the correspondent banking system

In the following, the transaction cost model of Breuer (1993) is used to illustrate
how DLT systems, like RippleNet, affect the correspondent banking system. Instead
of relying on several specialized correspondents, domestic and foreign banks use
a shared network that is based on a permissioned DLT and transfer funds directly
(compare Fig. 6).

In case of cross-border payments via DLT, the costs for a domestic and a foreign
bank reduce to:

o —civrse(L) walt)
EF=c1+cz+c3<nK1>+c4<%). (10)

Instead of maintaining j counter-party relationships, each bank only maintains
access to the Ripple network. This reduces the network costs for each bank to c,.
Similarly, due to the fact that less parties are involved, the processing fees c; can be
reduced, too. Instead of processing messages to j correspondents and keeping inter-
nal records to capture proprietary aspects of each currency transfer, both banks only
face one-time costs, consisting out of the direct transfer costs and costs for validat-
ing transactions on the ledger. Like in the correspondent banking system, banks still
have to provide sufficient funds in their account to process the payments.

Even though a lot of interbank intermediaries can be excluded in this system, at
least one administrator (A) for the market place is needed. The administrator faces
market entry costs 7, to set up the system. Additionally, the administrator has to ver-
ify all domestic and foreign banks (resulting in costs 7,), ensuring that they have the
ability to process payments. Once the information is digital, it can be easily verified
and shared among all network members. Making use of the distributed exchange
capability, cross-border payments are automatically processed among network mem-
bers, resulting in 7;. The instant real-time settlement of transactions basically elimi-
nates the time and cost of capital (z,) that is locked during a cross-border transfer.
Still, the administrator faces 7, costs for the infrastructure, i.e., capacity costs that
incur to be able to process all payments. Thus, the costs for the administrator can be
described by:

Fig. 6 Intermediation via DLT ’ ° G
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A =1 +m+nr,

+nr3<%)+m13<%)+14(v)_ (11)

As aresult, in a DLT system, the following transaction costs incur:

¢ =ne® + me + &

c=(m+n)c;+7,+m+n)c, +1,)

+ales(5)+n(3)] "
o)+ ()]
+nc4<%) +mc4<nz1> +7,(V).

To assess potential benefits of the DLT system, the economy-wide costs of the DLT
system must be compared to those of the correspondent banking system. Subtract-
ing Eq. (12) from Eq. (7) reveals the economy-wide differences between the two
systems:

¢—¢=jc, —1 +jc4<z.> —1,(V)
J

+ [2jn+m —n]c, — (n+ m)z,

+2jncy <]%> - ”[“(%) + 73(%”

el

Although the initial infrastructure required for a DLT platform is far more costly (7;)
than a simple banking license (c,), in relative terms considering the sheer number
of existing correspondents j, the technology is remunerative. While there are little
data on the costs of public permissioned DLT systems, Brody et al. (2019) estimate
an initial investment equivalent to approximately 26 German banking licenses, i.e.,
correspondent banks.'? Currently, there are about 361 correspondent banks in the
Euro business alone. For a sufficiently large number of correspondents (~26), the
DLT system results in lower market entry costs. A DLT system reduces networking
costs if onboarding (7,) is less expensive than it is for banks to establish counter-
party relationships (c,). There is limited information on both the onboarding costs in
a DLT system and the banks’ network costs. It seems plausible, however, that both
the administrator and correspondents have economies of scale in establishing addi-
tional relationships (Maringer et al. 2019). While an administrator must accumulate

12 According to Haag and Steffen (2020), the German Federal Financial Supervisory Authority BaFin
charges a fee of up to $25,000 for granting a banking license.
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knowledge about the regulatory environment and how to establish trustworthy rela-
tionships, correspondents potentially already possess unique proprietary knowledge.
The exact relation between 7, and ¢, is hard to determine. Although ¢, may possi-
bly be lower than 7,, with an increasing number of correspondents, the DLT system
can result in lower network costs. Anecdotal evidence indicates that it is simply too
costly for correspondents to establish and maintain banking relationship for certain
geographic regions (Brauning and Fecht 2017; Kobayashi and Takaguchi 2018). The
number of correspondents has been steadily decreasing over the last years and the
remaining correspondents have even pared back their relationships. This resulted in
even higher cross-border payments costs in abandoned regions (Rice et al. 2020). In
contrast, technologies such as RippleNet enable banks to exchange funds without
dedicated pre-established networks for the target location of the transaction as long
as both institutions are connected via the system.

Payment processing costs can be significantly reduced in the DLT system,
because failures of payments are minimized through the automatic real-time set-
tlement (Ripple 2017). In the current correspondent system, complex interbank
pricing rules create the need for manual invoicing, claims-handling, and dispute
management. This requires substantial manpower and valuable time for transac-
tion execution. In addition, due to the presence of market makers, an universal
intermediate currency (e.g., XRP) and cost beneficial path settlements, foreign
exchange costs can be reduced. Currently, managing cash reserves in multiple
currencies makes optimizing payment flows challenging. The DLT system will
reduce operational costs linked to the processing of payments, i.e., 73(-) < c3()
holds true. The main challenge for the administrator, e.g., Ripple Labs, is to
ensure that the processing power to support an increasing number of transactions
per second is available, i.e., the system is scalable. The required computing is
energy intensive (Leopold and Englesson 2017; Truby 2018). Brody et al. (2019)
cite ongoing maintenance (7,) as the most significant running cost for a public
permissioned DLT system. In the case of correspondents, typically, opportunity
costs for trapped liquidity (c,) are a major cost factor. Nonetheless, given the
required processing power and energy, maintaining a DLT system might still be
more expensive. However, in case of a relatively high number of correspondents,
the positive effect of 7;, 7,, and 7; outweighs the additional costs of z,. Conse-
quently, in principle, a DLT system results in an overall cost saving. The magni-
tude of improvement greatly depends on network effects that can only be created
by on-board large banks around the world (Iansiti and Lakhani 2017). To achieve
this, building and maintaining trust in the new payment system are vital.

4 Conclusion

Traditional correspondent banking networks are still prevalent for cross-border
payments. Here, transaction cost theory was used to show the amenities of such
interbank intermediaries. Subsequently, the effect of a DLT-based system on the
cross-border payment market was analyzed. DLT has the potential to replace cor-
respondents and dominate cross-border payments by reducing the overall transaction
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costs. DLT is a nascent technology that could form the basis of a new cross-border
commercial payments network. The speed of acceptance by banks around the world
and the rate at which legal concerns are addressed will determine when DLT can be
used to support trillions of dollars in payments.
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