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Abstract

A growing literature on the economics of data has focused on ownership and exchange
of consumer data. This paper provides an industrial organisation perspective, discuss-
ing contractual data as an input to production of goods and services whenever supply
involves either changes in asset ownership (property rights) or agreed coordinated per-
formance across multiple businesses (contractual rights). This ‘wholesale’ data appears
in many contexts, both financial (payments, securities clearing and settlement, trade
finance) and non-financial (logistics and supply chains, registers of land and vehicle
ownership, flight bookings and patent registration). Arrangements for control of this
wholesale business data affects competition and market power, captured here in a model
of vertical separation, with an ‘upstream’ market with connection (or switching costs)
for data control and a ‘downstream’ market with a Salop Circle capturing imperfect
competition in the supply of goods and services. This highlights the role of upstream
‘data validators’, the economic importance of data governance and data control in
these wholesale data markets, and the potential for reducing connection and switching
costs, and hence for promoting greater competition and improved economic outcomes,
through standardisation and overcoming data fragmentation. [190 words|
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1 Introduction

The continuing rise of online and digital economic transactions has motivated a growing
literature on the economics of data. The issues addressed in this literature have included:
property rights (Posner and Weyl [2019, Jones and Tonetti 2020, Acemoglu et al. |2019));
privacy (Varian 2018, Acemoglu et al.2019) and market failure (OECD 2016, Morton-Scott
et al. 2019, Farboodi et al. [2019, Veldkamp and Chung 2019, Acemoglu et al. |2019, Jones
and Tonetti [2020). This literature is though imbalanced , largely focused on consumer-to-
business (C2B) and consumer-to-government (C2G) data exchange; i.e. what data in retail
goods and services. It has paid relatively little attention to business-to-business (B2B) data
exchange in the supply chains, services and infrastructures supporting the provision of final
goods and services.

This paper explores a hitherto little examined issue in B2B data exchange: how do the
arrangements for the writing/updating of ‘wholesale’ data — i.e. shared data used as inputs
to the production of contract-based outputs — affect competition and market power? The
contribution is exploring how the institutional and technical arrangements for operations
with this wholesale data impact on the level of competition and efficiency of pricing. This
highlights under-researched issues in the economics literature: what are the arrangements
for validation and control of ownership and contract related data? how do these affect
competition and market power? and to what extent are and should businesses be competing
in the provision of data based services and collaborating on data standards and mechanisms
of data exchange?

There are commonalities between B2B and C2B data exchange. What are the re-
sponsibilities for protecting data relating to business counterparties? To what extent should
businesses be able or required to pass on data to other businesses. How are the rights over
that data to be protected? These other data rights issues are put to one side, in order
to focus on the implications of arrangements for validation and control of contractual and
ownership data for market power.

The analysis is developed as follows. Section 2 is conceptual, presenting the key eco-
nomic intuition. Contractual data here refers to both the digital representation of contracts
subsequent contract related data. The processing of this contractual is an input to the
provision of many business-to-business and business-to-consumer services. This in turn sug-
gests that there can be an economically relevant vertical separation between the validation
of contractual data and the provision of goods and services using this data; that there is a
parallel with other vertically separated markets such as those for household utilities; and
that effective competition can be promoted by interventions focused on reducing barriers to
the validation and processing of data in ownership records and contractual commitments.

Sections 3 and 4 then present some formal modelling, comparing market outcomes
for the validation and processing of contractual data with that chosen by a social planner.
The upstream market is for data validation, providing access to and updating of underlying
contractual data. Since computerised data operations are typified by large fixed costs and
low variable cost, this modelling assumes that the only economically relevant upstream costs
are connection and switching costs: the connection costs of first accessing data validation
services and the switching costs of moving from one data validator to another. Imperfectly
competitive provision in the downstream services employing contractual data as an input is
captured through location of downstream firms and consumers on a Salop circle.

The simplest version of this modelling (the baseline of Section 3) assumes vertical
separation with a choice of upstream data validators. The magnitude of the fixed cost of



connection and switching determines the number of providers of downstream services — the
lower the cost then the more firms are able to profitably enter the downstream market and
the less their market power. This baseline inherits the limitations of the standard Salop
circular city model, assuming price inelastic consumption of the downstream good and the
resulting possibility of excess entry as a market outcome with excessive resources devoted
to connection relative to the consequent reduction of transport costs.

Variations of this model (developed in Section 4) allow for price elastic consumption
and take account of the varying institutional arrangements in different data contract based
industries. Downstream firms may own data validators. A special case of is where there
is only one data validator. This may be owned by one or several downstream firms. In
this situation switching costs are no longer relevant, but the joint ownership giving of the
data validator is then a barrier to downstream entry. A further possibility is a separated
monopolicy data validator, either a for profit entity, a not-for profit or a state or local
government owned entity.

The concluding Sections 5 and 6 discuss contractual data and market power, in the
light of this economic intuition and formal modelling, across a number of economically signi-
ficant financial and non-financial markets. Section 5 considers those markets, which include
most financial services, with existing market-wide institutional arrangements for data valida-
tion. These examples are primarily financial (asset management, capital market operations,
payments) but there are also important non-financial (property ownership and transfers,
flight bookings and patent registration). As well as the two vertical layers (‘upstream’/
‘downstream’), there are sometimes additional ‘midstream’ services linking upstream and
downstream. The upstream services of data validation and control can be provided by spe-
cialised firms operating independently of the downstream customer facing firms. In other
cases downstream firms are responsible for upstream data validation and control.

Section 6 discusses the potential gains of developing market wide arrangements for
the validation of contractual data in supply chains from a transaction costs perspective.
Here arrangements for data validation are typically fragmented, developed on a relationship
specific basis for bilateral transactions. Arguably, adoption of market-wide institutional
arrangements for data validation and control could substantially lower costs of production
and, also, through greater transparency support access to complementary third party finan-
cing and insurance, facilitate supply chain resilience and help with the traceability of inputs
and the promotion of ESG goals. However the analysis of contractual data and market
power develop here indicates that the required change in economic organisation will be a
substantial strategic and policy challenge: requiring industry wide consensus or regulatory
intervention to overcome the challenges of co-ordination and resistance from incumbents
whose market power is threatened by standardised data validation.

While none of this analysis empirically quantifies the economic impact of arrangements
for wholesale data control on competition and market power, some general qualitative con-
clusions can be drawn. Vertical separation, with competition in the provision of data valida-
tion services, is favourable for encouraging entry and competition in downstream provision.
Vertical integration of data validation does not necessarily prevent downstream competition,
but avoiding excessive downstream market power then requires that the upstream market
for data control is open to new entry, not restricted to incumbent firms.

Whether data validation is vertically separated or vertically integrated, data standard-
isation is of central economic importance: both directly reducing costs and lowering barriers
to entry. This also highlights the challenge of achieving appropriate economic governance
of collective arrangements in markets characterised by reliance on contractual data. The



development and adoption of common data standards, in order to reduce costs of data val-
idation and control, may not be embraced by incumbents both because of the difficulties
of achieving a consensus on co-ordinated change and also resistence from downstream firms
who lose market power as a consequence of upstream standardisation.

This analysis of the economic role of data validation also suggests reasons for scepticism
about the currently widespread claims for economic benefits from the wideapread adoption
of the ‘blockchains’ (or distributed ledgers). These technologies have attracted attention
from their application in cryptocurrency transactions and decentralised finance, where they
are employed on a ‘permissionless’ basis, validating data without requiring any institutional
involvement. This is in effect a maximal form of standardisation with upstream data record
keeping entirely automated and data validation conducted by the consumers of downstream
services. Concerns about market power are limited to the possibility of large better informed
market participants ("whales’) being able to manipulate market prices to their advantage.
It is unclear that such an approach to data validation is more widely applicable outside of
this institution free activities. The need to validate data means that applications of these
technologies to other goods and services must be on a ‘permissioned’ basis with blockchain
data jointly controlled by a group of institutional data validators. This institutional control
in turn means that, even when these new technologies offers substantial efficiency gains in
the use of contractual data as an input to production, concern remains about the market
power of data validators and the economic incentives for adoption by incumbent firms.

All this leaves many questions for further investigation:

e The economics of data remains an immature sub-field of economic scholarship. A
basic but as yet unfinished task is establishing a consensus characterisation of the
economic role of the recording, exchange and use of data. See Carriere-Swallow and
Haksar (2019)) for a review of the existing literature. They distinguish the economic
functions of data collection and data processing, discuss the economics of data privacy,
and highlight the critical role data access and of control of data access; but they do
not discuss data validation.

e The vertical separation explored here parallels that extensively discussed in the eco-
nomics of utilities regulation, where ownership of and access to 'upstream’ infrastruc-
ture is a substantial competition concern (e.g., Armstrong and Sappington [2006, Arm-
strong, Cowan and Vickers [1994). If upstream data validation and control is indeed a
major concern for market power, then what are the implications for competition law
and market interventions by competition authorities?

e Switching costs (Farrell and Klemperer 2007) result in customer lock-in, discouraging
customers from changing suppliers and giving vendors ex-post market power. A range
of work on vertical separation addresses imperfect competition in upstream and down-
stream markets (e.g.,Buehler and Schmutzler (2008)), Reisinger and Schnitzer (2012)
and Ordover, Saloner and Salop (1990])). Detailed empirical investigation to quantify
the impact of arrangements for data validation and control on individual markets is
warranted, in those markets discussed here and others.

e The analysis also relates to the body of research on two-sided platforms (e.g. Rochet
and Tirole 2003, Gilbert |2021)), in that platform services are often based on data access
and arrangements for data validation and control. To what extent the issues of data
standardisation and governance highlighted a determinant of platform access and the



extent of multi-homing? Platforms are also data validators, so to what extent might
data validation and control be separated from the search and communication services?
Could amended arrangements for data validation and control address concerns about
platform market power?

e Contractual arrangements are central to the literature on corporate organisation and
contract design (Grossman and Hart [1986; Hart and Moore [1990). The analysis of
Sections 2-5 assumes existing institutional arrangements. If institutional arrangements
and the recording and processing of contractual data can be restructured, then how
should this be done to make best use of technologies for validation and control of
contractual data, so as to reduce transaction costs and promote the efficient resolution
of contractual default? What are the implications for the economic role of the firm
and for the economically efficient organisation of markets?

e There has been little work on the industrial organisation of permissioned blockchains,
critical to understanding the application of blockchain technologies outside of crypto-
currency transactions and decentralised finance. Our literature search uncovered only
one such paper, Iyengar et al. (2023), modelling the possibility of adoption failure of
permissioned blockchain because producers are unable to gain competitive advantage
from adoption, even though consumers benefit. There is a need for further theoret-
ical and empirical research on data validation using permissioned blockchains and its
implications for both market power and incentives for adoption.

e Data technologies , including Al and ‘big data’, are central to current policy discus-
sions of innovation and productivity (see e.g. Babina et al. (2022),Beraja, Yang and
Yuchtman (2023)). What is the relevance of data validation and control to the rela-
tionship between competition and innovation in data technologies? Is the argument
that emerges here for vertical separation and standardisation of this data, in order to
promote downstream competition, reinforced by a resulting strengthening of incentives
for innovation? Or is there a trade-off between upstream standardisation promoting
downstream competition and downstream innovation?

2 Intuition

The ‘wholesale’ data investigated in this paper emerges whenever any form of economic
output (where the customers could be businesses or households) that depend on first creating
agreements (contracts), whether for exchange of assets or for supply of goods or services, and
then on co-operative fulfilment of those contracts by two or more firms. Examples of such
contract-based outputs include: retail and wholesale payments (including card and bank
payments, both domestically and internationally); securities trading and settlement; trade
finance; logistics; construction supply chains; property ownership registration and transfer;
and flight bookings. The common feature is that ownership and contractual obligations are
or can be represented in shared databases which are then used as input to production of
goods and services. This in turn requires the services of data validators to validate and
update data records, the operations that we refer to as ‘wholesale’ data control.

Exploration of some of these examples illustrates this concept of wholesale data and
the economic role of data validators:



e An familiar example is house purchase. House purchase and sale requires access to
and updating of records of title to land and property. Historically these records were
either paper documents (deeds of title) or a written entry in a register. Nowadays
the title is represented as a record in a computer database, either a digital registry
in which an entry itself represents legal title, or a digital system for confirming the
validity of paper title documents. The ‘data validators’ are lawyers, working for the
house purchaser and the house seller, responsible for ensuring that the transfer of
title is legally valid, that the required exchange of money to complete the transaction
takes place as agreed, and after this for updating paper and digital records. Their
economic role is not placing new entries in the database (that final task can be carried
out by a separate data base operator our through automated software acting on a
request by the data validators); it is ensuring that the transaction is legally valid
and completed according to the contract of purchase and instructing the consequent
changes in recorded title.

e A second example is that of bank or card payments. Here there are two providers, a
bank or a non-bank account providers, who must operate in conjunction to successfully
deliver the payment service, i.e. the transfer of funds from an account held with one
provider to an account held with another. These account providers are the data
validators: they must ensure that there is a sufficient account balance or line of credit
for the payer (the sender of funds) to make the payment; apply checks to satisfy
themselves that the payment instruction is genuine and that there is an identified
account for the payer to receive funds; and finally settle the payment with a matching
transfer of a settlement asset, nowadays almost always central bank reserves, between
the two account providers. There are thus three different sets of data records that
must be updated: those of the sending institution, those of the receiving institution
and finally those of the central bank providing the reserve accounts for settlement.

e A third somewhat different example is that of supply chains, particularly the case of
small companies supplying larger corporate clients e.g.: consumer products for large
retailers such as Walmart or Carrefour; components to large manufacturing compan-
ies such as the global car manufacturers Ford or Toyota; or sub-contractors to a large
construction company such as Bechtel or Balfour Beatty. Unlike the case of the house
purchase or bank payment transfers there is usually no standardised system for main-
taining the associated contractual data records. The commercial arrangements are
bilateral and conducted using record systems established by the purchaser. Contrac-
tual data control and data validation is though economically relevant because of the
involvement of other parties in the supply chain: for financing production and then for
transporting, warehousing and delivery. The absence of validated data on the bilateral
supply contract and its delivery interferes with the supply of these supporting services.
The consequence is inefficient use of data in the process of production and supply. The
creation of wholesale markets for data with data validation can potentially address this
issue but this development may be blocked by coordination and incentive problems.

There are many different possibilities for the economic organisation of such ‘wholesale’
data control. One possibility — captured in the baseline model of the following section — is of
competition between validators to provide access to wholesale data control, allowing entry
to the downstream market but entry limited by the costs of accessing these data validation
services. Another possibility — raising concerns about heightened barriers to entry the



downstream market — is for the wholesale data control to be provided by a single operator
owned by the incumbent downstream firms. Another possibilty is wholesale data control
to be offered by a single operator operating on a commercial basis — with the potential
consequence of downstream monopoly. Yet another possibility is an operator owned by one
or a subset of downstream firms.

The perspective of this paper also provides insight on the large volume of recent work
claiming transformative commercial benefits from the adoption of blockchain (or distrib-
uted ledger) technologies underpinning cryptocurrencies such as Bitcoin and also so called
"decentralised’ finance. The areas of application explored here - in both financial trans-
actions and supply chains - are largely the same as the proposed business and economic
applications of the blockchains. The original blockchains were permissionless meaning that
they operate without institutional involvement and employ open source software available
to anyone with internet access. Permissionless blockchain can be interpreted as the ultimate
standardisation of wholesale data records, removing entirely the need for the data validat-
ors, highlighted in our analysis, or other intermediaries and hence fully removing barriers
to entry in downstream markets which rely on data as an input to production.

The achievement of such blockchain based standardisation is however limited by the
need for data validation. Validation is trivial in the special case of permissionless blockchains
because all that is required to initiate a valid transaction is possession of the relevant
private cryptographic keys. Validation is no longer trivial when data is used as an input
to production, including all the markets discussed in this paper. Decentralised finance
has demonstrated the possibility of using software based ‘oracles’, replacing the role of
data validators, capturing and validating internet data on for example weather events or
movements in financial market prices. Such publicly available data is though only a small
subset of all the contractual data used as inputs in production. So, while standardisation can
reduce connection costs and promote downstream competition, in most contexts institutional
data validation will still be necessary. This in turn rules out the use of ‘permissionless’
blockchains requiring instead more conventional ‘permissioned’ data architectures.

3 A baseline model

This section presents a baseline model of a vertically separated market for data validation
and control. Firms providing consumer services in a downstream market require access to
the upstream market for the updating and control of data. Since data operations are largely
based on fixed costs of establishing systems for data processing with low or negligible vari-
able costs, we characterise the upstream market as one with switching or connection costs
but otherwise with zero marginal costs. The downstream services market is imperfectly
competitive, with consumers preferences amongst different suppliers characterised by loc-
ation around a circular product space. For simplicity, we assume that all production and
consumption takes place in a single period ¢t = 1.

3.1 Assumptions

Data operators, indexed by j = [1,2---J], compete in the upstream market; and N firms,
indexed by n = [1---N], are in imperfect competition in the downstream market. We
capture this imperfect competition by employing the standard Salop circular city model,
assuming that the competitive position of each firm is represented by its location on a
circle. The assumptions are as follows:



1. There are multiple data validators who operate without cost. In the baseline model we
assume these operate as profit maximiser, each setting a price for connection consistent
with the price set by other data validators. It then turns out that the number of
operators (as long as there is more than 1) is immaterial.

2. Initially, before decisions on entry or exit are made, there are Ny downstream firms
connected to these data validators and an unlimited fringe of potentially new firms
who can pay connection costs of S to connect to an existing operator. Firms can
also switch data validators, paying the same cost S as a switching cost to move from
their current operator to a new operator. We adopt the convention that the set of
downstream firms given by n € [1--- 7] is initially connected to data validator j = 1H

3. Subsequently, after decisions on entry or exit are made, the equilibrium number of
downstream firms N may higher, lower or equal to Ny. As we discuss, the outcome
that maximises social welfare depends on Ny, since entry N > Ny involves additional
new costs, whereas for exit N < Ny the past costs of connection are sunk costs that
can be disregarded when assessing social welfare.

4. Consumer preferences are captured by the location of consumers, with a total mass of
1, evenly distributed around a circle, at positions indexed by 8 = [0 - - 1]E|

5. Downstream firms have identical costs and so locate themselves at equidistantly around
the circle. Firm n is located on this circle at position 6,, € [0,1] given by:

n—1

N

0, =

6. Transport costs, paid by the consumers for purchasing from a firm n located at 6,
depend on a parameter t and are a linear function of the distance moving around the
diameter of the circle between the location of the consumer and the location of the
firm 6 — ”T_l The consumers purchase one unit from their preferred firm n at a price
P,,. So total costs, price and transport, for purchase from n are given by

n—1

(6) = P+ 10 — ——|

7. The profits of downstream and upstream firms, connection costs and data access fees
and the consumer expenditure on transport and on purchase of downstream goods, are
all measured relative to an outside good of unit price. Consumers have lexicographic
preferences: they must purchase one unit of the downstream good to obtain a non-zero
utility and thereafter utility is increasing in the consumption of the outside good.

The time line for firm decisions, shown below in Figure 1, is as follows. First in a
pre-production period t = 0 each data validators sets the two prices it will charge in ¢ for
use of its services: one for existing customers (firms already connected to the operator who
have no connection costs); the other new customers joining it either as new entrants to
the downstream market or switching from other data validators. At the beginning of the
operating period t = 1 the downstream firms decide

1. since the data validators costs are identical there is no loss of generality in ordering the data validators
in this way

2. Geometrically, in Cartesian co-ordinates, we may assume that a position on the circle is represented by
the point (z = cos(2m0),y = —sin(270)) and so consumer 6 is located on the circle at angle 276 measured
clockwise relative the positive horizontal axis.



e on whether to enter the market (if they are initially outside) or exit the market (if
they are initially inside)

e if they enter or stay in the market, which data validator they will then use for data
control; and

e their location on the Salop circle characterising the downstream market and the price
they charge to consumers.

Production and consumption then take place and profits are earned during period
t=1.

The environment is illustrated in Figure 2. The figure indicates the positions of firm
n and firm n + 1. Consumer 6 is located between the two firms and chooses one to use for
their services.

Figure 1: Timeline

Option 1: Contract with current validator, pay F"1

Set price pn Provide service, earn

Option 2: Contract with new validator, pay F"; profit mn

Period 0 Beginning Period 1 End Period 1
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3.2 Baseline solution

Solution of this baseline model is stated in the following three propositions (proofs of all
propositions are provided in the appendix):

Proposition 1. Let the fee charged for services by a data validator to an already connected
downstream firm (in the case data validator j = 1 this to firms n < n, but the ordering
is mot material) be F™ and the fee charged to a new previously unconnected firm be F™ In
equilibrium the following holds:

F"=5
F"=0

This result holds for any number J > 2 of data validators in the upstream market. It
arises because any existing data validator can capture value of S from existing connected
customers (so operator j = 1 obtains revenue and profits of 7 x S), but to capture a new
customer (either a new entrant to the downstream market or a firm switching from another
data validator) must charge a zero price. As a result all firms those initially connected with
an upstream firm and those entering to connect for the first time, pay the same cost S for
data access.

Proposition 2. With free entry and exit:

e N is a function of t and S, and can be expressed as

N<;) maxl,sup{zGZ:z§ \/g}

o If there is downstream competition, i.e. N > 1, all downstream firms charge the same
price (P) and earn the same profit (w) given by:

- 2 =

™ = ﬁ —
but if there is a downstream monopoly, i.e. N = 1, then the price charged by and profit
of the downstream monopoly are unbounded.

The price charged is the same for all downstream firms and depends on transport costs
t and the total number of firms N in the market. Profit of each firm then further depends
on market share (%) and the costs of data access S. This then determines the number of
firms in the market, as the given largest integer, because firm n = N + 1 cannot profitably
either enter or remain in the market. Doing so reduces revenues for all firms below the cost

of data access S.
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3.3 Social planner’s solution

This subsection examines the departure between the baseline equilibrium and optimal out-
come determined by a social planner that intervenes in market outcomes with the objective
of maximising the sum of consumer and producer surplus. The use of the standard ‘cir-
cular city’ to model downstream imperfect competition means that consumption levels are
exogenous. The only decision of the social planner is the determination of the number of
competing firms N based on the trade off between connection costs (increased by new entry)
and transport costs (reduced by new entry). The optimal choice is stated in the following
proposition:

Proposition 3. In the model of this section the social welfare, the sum of consumer and
producer surplus, is given by:
t

Q(N) = —Smax(0, N — No) = - (1)

and the socially optimal number of firms is an integer N*, that depends upon Ny, t and S.

Let N be the largest integer such that N < %\/g and so can be expressed as:

- 1
N(;>:sup{z€Z:z§2 ;}
Then N* is given by:

No ifNozg\/g
N'={N  ifNo<iyftandb/E-N<i(1+ /- 1+1)

N +1 otherwise

Social welfare depends on the sum of total connection costs for new firms entering the
downstream market (No—N) and of transport costs paid by consumers, but it is independent
of both downstream prices (with output fixed these are simply a transfer between consumers
and producers) and of connection costs paid by established firms (a transfer between down-
stream and upstream firms). Exit of firms from the downstream market is always socially
costly, because the sunk cost of entry S is already spent, and their exit increases the burden
of transport costs on consumers downstream; hence N > Ny; but new entry is only socially
worthwhile when the resulting reduction in transport costs is larger than the fixed costs
S(N — Ny) of this entry.The solution for N however must be an integer, one of the two

nearest neighbour integers to N = %\/% otherwise the smallest integer greater than N.

Comparing Proposition [3| with Proposition [2| highlights a standard result, the
emergence of ‘excess entry’ﬂ Excess entry arises in our baseline model with fixed output in
the downstream market, whenever Nj is relatively low, because the profitability of a firm
entering the downstream market is inversely proportional to N2 (prices (%) X market share

(%)) less the costs of connection; whereas social welfare is inversely proportional to N (total

3. a possibility in the circular city model first noted in the Vickrey (1964) textbook discussion of spatial
models of competition, section Nine pgs. 323-334. This the so called excess entry theorem; conditions for
which are explored in inter alia (Salop (1979), Matsumura and Okamura (2006a}, 2006b)) and Gu and Wenzel
(2009))
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transport costs ﬁ) The relatively lower sensitivity of total transport costs to Nmeans that
the number of firms achieving optimal social welfare is less than that supported by the zero-
profit condition determining entry. The integer adjustment does not substantially change
this outcome.

Figure 3 illustrates how the number of firms, both those determined by free entry and
by the social planner, vary with %

Figure 3: Number of Firms

Baseline model: number of firns

Initial mamber of firms Ay = &

mymher downstream firms W

T T T T T T
4] 1 pi} 3 1] i} (o]

. Pt '
ratio of transport to swilching oosts

Ignoring the need for N to take integer values and assuming Ny = 0 i.e. ignoring
the possibility of firms being forced out of the downstream market, allows a simple welfare

comparison between the social planner’s solution (when N = N*® = %\/%) and the market

outcome (when N = N™ = \/g) In this case the gain of social welfare from the social

optimum compared to the market outcome, is given by:

S m t
welfare loss = —SN® — e + SN +4Nm
N D t
=S(N™-N )+Z(W ﬁ)
= S1 ! + 1(\/tS —2VtS)
T2V S 4

~ s tus
2 4
= VIS

This is an illustration of the established finding of “excess entry” in the standard Salop
circular city model: the higher costs of market determined entry exceeding the consequent
reduction in transport costs. Allowing for the integer restriction on N and for firms already
in the downstream market modifies but does not entirely overturn this finding. This is
illustrated by Figure 4.

13



Figure 4: Number of Firms

Baseline model: social welfare
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This figure assumes the normalisation S = 1 (for given %, the social welfare is propor-
tion al to S). Social welfare is the negative of entry and transport costs and so always less
than zero. When when Ny = 0 (no firms initially in the downstream market) then excess

entry arises for most values of % When Ny > %\/g then excess entry arises only for larger

values of \/g .

The welfare comparison is more substantially changed when allowing for price elasticity
of demand, as in the following section, where the opportunity to limit entry and exploit
market power in the downstream market strengthens the market incentives for reducing the
number of firms in the downstream market.

4 Ownership and governance

This section develops a number of extensions of the baseline model, in order to explore the
implications of some of the many possible arrangements for ownership and governance of
upstream data validators. We begin first by relaxing the standard assumption of the circular
city model, as employed in our baseline model, that demand is price inelastic. Having relaxed
this assumption, we explore the difference this makes to the social optimum, comparing to
the outcome in the baseline model. We then vary the model to capture variety of possible
arrangements for ownership and governance of the upstream data validators: a profit seeking
data control monopoly, vertical integration of a data controller with a downstream firm,
collective ownership of the data controller by the downstream firms.

4.1 Price elasticity of demand

To introduce price elasticity we follow Gu and Wenzel (2012) by assuming that consumption
of downstream goods is a function of the price at which they are sold but independent of the
distance between the firm supplying the good and consumer and the consequent transport
costs ]

4. Microfoundations for this assumption can be provided by assuming that the transport costs are paid
through foregoing consumption of the alternative numeraire good that is in fully elastic supply with utility a
separable function of the two goods, non-linear in the downstream consumption and linear in the numeraire.
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We adopt the convention of using upper case (P, Q) to represent the absolute value
of prices and quantities and lower case to represent the natural logarithm of prices and
quantities ( (p = In P, ¢ = InQ with the inverse functions (P = expp, @ = expgq). This
convention is convenient for exploring specific demand functions such as ¢ = ap — a1p (con-
2
1

stant elasticity of demand) or ¢ = max (ao — G

ag — aqp + a2p2> (elasticity of demand

falling to minimum of 0 as price rises towards a value of p = 2% ).
2

Assumption 1. Consumption of the good provided by firm n is represented by the function
Qn = Q(P,) > 0 of the firm’s price, with Q'() < 0 and with a normalisation of the units
of consumption and of price so that Q(1) = 1 (the equivalent of the normalisation in the
baseline, where demand is completely inelastic, of Q@ = 1).

As long as the equilibrium is symmetric the n subscript is not needed for statement of
the equilibrium outcome and we can then refer simply to @ = Q(P) or, restated in natural
logarithms, ¢ = ¢(p). The price elasticity of demand is a function of P and can be expressed
as:

—=—=-q(p)>0 (2)
On occasion we make the following further assumption:
Assumption 2. €' (P) > 0 and there is a level of price P = P for which ¢(P) = 1.

i.e. the price elasticity of demand is monotonically increasing with price; with €(0) < 1
and with ¢(P) S 1 <= P < P for some P. The role of this additional assumption is to
ensure the existence of a unique equilibrium.

4.2 Social planner’s solution

As with the baseline a social planner chooses the number of downstream firms with access
to upstream data control services; now however the social planner also chooses the price at
which they sell to consumers, again in order to maximise the sum of producer and consumer
surplus. Because of the assumed separability of consumption and transport, these two
decisions are independent. Thus proposition 3} continues to apply and the socially optimal
outcome, taking account of both decisions, can be summarised in the following proposition:

Proposition 4. The socially optimal price under the assumptions of this section is P =
P* = 0. While the socially optimal number of firms is given by N* as stated above in
Proposition[3. This yields a total social surplus, the sum of consumer and producer surplus,
of:
! t
QAN = [ Q(#)dé — Smax {N* — No,0} — ——
$=0 4N*

Because marginal costs of production are zero, the socially efficient price is also zero.
The social surplus now takes acccount of the surplus then achieved by consumers from
consumption (the integral of consumption, using the variable of integration ¢, from P = 0
(p = —o0) to an arbitrary normalisation reference price of P =1 (p = 0). This is in addition
to transport and connection costs which are unchanged from the baseline model.

See Gu and Wenzel (2012) for details and discussion.
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4.3 Market solution with elastic demand

We now consider the market solution with elastic demand, employing the further Assump-
tion [2] Instead of proposition [2] we now have:

Proposition 5. Assuming that individual consumption of the preferred downstream good is
represented by Q = Q(P) with Q'(P) < 0, that No > 1, that the elasticity of demand e(P) is
characterised by Assumption@ with a unique price P for which e(P) =1, and S < PQ(P)
then:

e there is a unique pair of rational numbers P = Pand N=N (N is not necessarily
integer) that jointly solve the equations:

P2Q(P)
Toep) 18
(1 —€(P))
NQ(P)

e N, a function of t, S, P, is the largest integer such that:

N <y Lo dppe

and so can be expressed as

N (;) - sup{z €Z:2< \/;(1 e(P))Q(P)}

e the downstream price P is the solution (implicit for N > 2) of:

t1—e(P)) _ 7 -
p_) ~Nap <P ifN>2

P iftN=1
e downstream profit m are non-negative and given by:

ﬂ:{t(lNiﬁP))S<PQ(P)S if N > 2
PQ(P)- S ifN=1

The number of firms N in the downstream market and the price they can charge P
are jointly determined, just as in the baseline of Section [3.2| . The formal statement of
solution is though a little more complicated because the equilibrium price P, is no longer
inversely proportional to N (which allowed us to substitute out for P, in the baseline and
solve directly for N as a function of ¢t and S). Instead P, is an implicit function of N
that depends also on €¢(P). Assumption [2l ensures that price and profitability are both
decreasing functions of N and there is a unique N (treated as a continuous number) and
associated price P = P at which downstream firms make a zero profit. This this means
that there is a unique N, as stated in the proposition, for which downstream operations
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are profitable when there are N downstream firms but unprofitable for N + 1 downstream
firms, determining N when there is competition in upstream provision of data control.
Downstream pricing and profitability then reflects one of two possible equilibrium
outcomes: (i) when the product ¢S is relatively low, then there are two or more downstream
firms and price setting is constrained by both elasticity of demand and by the transport costs
of the marginal consumer (in equilibirium equi-distant between two neighbouring firms) and
price is less than the downstream monopoly price P = P ; or,(ii) when the product ¢S is
relatively high, only one downstream firm, i.e., a monopoly when the transport costs no
longer constrains pricing and price is set at the monopoly price of P = P. Assumption
ensures that the equilibrium price P is bounded even in the case of monopoly pricing

4.4 A downstream firm owns one of the competing upstream firms

As one variation we consider one of the upstream firms being owned by a downstream firm.

Proposition 6. Let data validator 1 in the upstream market be a subsidiary of firm 1
in downstream market, if data validator 2 does not compete downstream the equilibrium
conditions are unchanged.

The proposition can be best understood by a simple explanation. If there is no com-
petition by the data validator in the downstream market firms can still enter and establish
relationships with data validator 2.

4.5 Profit maximising monopoly upstream

A profit maximising monopoly upstream can set service fees higher than in Proposition
using these high fees to extract all profit from downstream firms. The outcome can be
summarised as follows:

Proposition 7. Suppose that the upstream data control is provided by profit-mazimising
monopoly data validator, and that the elasticity of demand is characterised by Assumption
[3 then the outcome is

e Only one firm remains in the downstream market i.e., N =1

e The downstream price is the monopoly price of Assumption@ P=Pp

The profit of the one downstream firm is m =0

the service fee F' for the one remaining firm equals its revenue less connection charge,
and so depends on the number of firms Ny initially connected:
P PQ(P) if Np >1
| PQ(P)—S ifNy=0
The economic intuition in this case is straightforward. The upstream monopolist is

able to extract all revenue, less any connection charge, from the downstream firms; and total
revenue less any connection charge is maximised when there is also a downstream monopoly.

5. If there is no solution P = P with ¢(P) = 1, then there is no economically sensible solution, a monopoly
downstream firm is entirely unconstrained in its pricing, and is able to set an infinitely high price.

17



4.6 Monopoly upstream data validator owned by subset of down-
stream firms

Proposition 8. Suppose that the upstream data control is provided by monopoly data val-
idator, owned by a subset Ng of the Ny firms initially in the market, with both the Ny the
remaining Nog — Ns downstream firms connected to the monopoly data validator; that the
elasticity of demand is characterised by Assumption [J; and that 1 < Ny < Ny . Then the
market outcome is:

e The monopoly data validator makes no charge its owners; and sets a sufficiently high
charge of F to Ny — Ng remaining firms that they all exit the market; as a result
N = Ny

e The market price P in the downstream market N is determined implicitly by the unique

solution of:
t 1—¢€(P)

N, Q(P)

e The net profit of each of the Ny firms that own the validator, net of charges and
distribution of upstream validator firm profits, is given by:

__t1—ap)
s NSQ

The economic intuition is again straightforward. The Ny firms are able to act as
a joint monopoly in determining the number of downstream firms, even though they then
subsequently compete with each other downstream; their profits (which equal total revenues
since they are already connected) are increased by reducing the number of downstream firms
as far as possible (Assumption [2| ensures aggregate revenue is a monotonically decreasing
function of the number of firms).

Many variations of this set up are possible. If mergers or side payments take place
then the number of firms may fall below Ny and the outcome tend towards a downstream
monopoly. The industry owned data validator could apply charges based on the quantity
of downstream services, limiting downstream price competition and raising revenue and
profits. Also, it is conceivable that individual firms could offer other otherwise excluded
firms ‘agency’ access to data validation services, connecting them indirectly through their
own systems. Such extensions of Proposition [§| are left for further work.

5 Applications

This section applies the framework developed in this paper to a variety of different contract
based markets. These examples are predominantly financial: asset management; capital
market trading and settlement; and payments (card and bank payments made both domest-
ically and internationally); but there are also non-financial examples: property transactions,
flight bookings and patent registration.

These examples illustrate substantial variation in the arrangements for validation of
contractual data and governance of data operations. The relatively simple baseline of Section
3, with a separation of data validators and downstream providers of goods and services, is
the exception rather than the rule. Reality, unsurprisingly, is considerably more complex

18



than the formal modelling developed here. Still, the analytical and modelling framework
developed in this paper is able to offer a number of insights into contractual data, data
validation and market power in these various markets.

5.1 Financial services

e Asset management. One financial service, whose structural arrangements correspond
fairly closely to our baseline model with seperation of upstream data validation, is asset
management, responsible for managing around $100tn of financial assets globally on
behalf of institutional and retail clientsﬂ The downstream service of asset managers
are provided by many institutions, ranging from large global players such as Blackrock,
Vanguard and Fidelity to much smaller firms. Asset managers hold their assets with
custodian banks, such as JP Morgan Securities Services, State Street, Bank of New
York Mellon and BNP Paribas. These custodians are the upstream data validators,
responsible for both updating records of ownership and for so called ’corporate actions’
such as payment of coupons and dividends, the withholding of tax and communication
between securities issuers and investors.

The framework of this paper offers some insights into this market. The vertical separ-
ation of upstream data validation and control from the provision of downstream cus-
tomer services, is supportive of downstream entry and competition. Such separation
is found in asset management and the large number of firms competing downstream is
consistent with the modelling framework provided here. This is not to say that asset
managers have no market power; but to the extent that they do this arises for other
reasons, for example the limited knowledge and understanding of financial products
amongst retail consumers preventing them ‘shopping around’. At the same time the
framework fo this paper highlights the major role of standardisation, for reducing costs
and delivering better value to customers. Here the very size of the asset management
market is a barrier to coordinated change in data technologies. Intervention to pro-
mote data standardisation can be one way of addressing concerns about high asset
management fees, especially for retail customers.

e Financial market trading. Closely related to asset management is financial market
trading and associated post-trade clearing and settlementm Here, asset managers are
now the downstream clients along with hedge funds, high frequency traders and retail
intermediaries, such as spread betting firms and investment brokers, providing indir-
ect market access to retail clients. Once again there is vertical separation, with trade
execution to these downstream clients provided by brokers in equities and dealers in
bond, OTC derivatives and foreign exchange. This market is much more complicated
than in asset management. There is additional upstream horizontal separation, with
post trade clearing and settlement is provided by a range of further data validators,

6. McIntyre et al. (2023)

7. The complexities of this market make it difficult to quantify revenues and margins and assess welfare
losses available from reducing processing costs and promoting competition; Cunliffe (2022)) refers to industry
estimates of post-trade global processing costs of $40-$45bn, much of which is associated with lack of
interoperability between systems and resulting need for extensive manual processing; to which must be
added high costs of liquidity management when assets are trapped or held in different locations and of the
impact of fragmentation of trading on bid-ask spreads and market impact of trades. A recent industry
report Choudhury et al. (2023 estimates $15-20bn in annual operational cost savings, from adoption of
standradised industry wide data validation through employing distributed ledger technologies, along with
further benefits from efficiencies of employment of collateral and widening access to capital markets.
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including central counterparties (for trade guarantees and netting out of offsetting ob-
ligations), commercial banks (for final payment) and custodian banks (for final transfer
of ownership). Arrangements are even more complicated in cross-border financial trad-
ing to accommodate clients operating in different time zones and under different legal
jurisdictions. All these processes are subject to a web of supervisory oversight and
financial rules and regulations, in order to contain prudential and systemic financial
risk, promote market integrity and protect customers.

The framework of this paper again offers insight into reducing costs and achieving
effective competition in financial market trading and post-trade operations. In contrast
to asset management, the complexity of operations in financial trading make it far from
clear that the current arrangements for data validation support sufficient competition
in trade execution. As in asset management there is also, prima-facia, a case that
standardisation could support substantial operational cost savings and lower barriers
to entry; but as in asset management it is difficult to achieve the necessary co-ordinated
adoption and the consequent reduction in barriers to downstream entry may lead to
substantial resistance from downstream providers.

e Domestic retail payments. In domestic bank retail payments there is vertical integ-
ration, with banks combining the downstream role of providing transaction services
and the upstream role of ‘data validator’. They are responsible for updating records
of their customers account ownership claims according to the requirements of various
domestic payment scheme, scheduling settlement between participating payment in-
stitutions and setting the technical standards employed in paymentsﬁ These payment
schemes are operated as utilities, with bank membership and often historically bank
owned though other governance and ownership arrangements are also common (for
example the US Federal Reserve banks own and operates payment schemes such as
FedWire, the Fed’s ACH and the newly established FedNow).

Complementing these bank payment schemes, in online and ’point of sale’ (i.e. face
to face) consumer payments, are the various debit and credit card payment schemes.
The largest of these globally are Visa and Mastercard. Here the schemes are the data
validators (though final payments to merchants must be made as a domestic bank
retail payment), along with the provision of further services such as fraud control,
guarantees for consumers and reversal of payments for returned goods. Historically
these card schemes were bank co-operatives but now the major card schemes are now
for-profit public companies.

What insights does the analytical framework of this paper offer into these arrange-
ments? Until two decades ago access to the payment schemes, determining which firms
were able to validate payments transactions, was limited to regulated banks. This ef-
fectively limiting entry as in Propositions aboveEI This has attracted the attention
of policy makers. The economics literature and competition authorities have paid
considerable attention to card schemes, focusing on regulation of ’interchange fees’
paid to card issuersm More recently the focus of policy makers has shifted to bank

8. Each jurisdiction has several such schemes for different categories of payment, for example the US ACH
schemes, the various national schemes falling under EU SEPA or Single European Payments Area and the
UK BACS and Faster Payments schemes.

9. The case of the UK is described in Chapter 3 of Cruickshank (2000).

10. Rochet and Wright (2010) and Verdier (2011)
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payment schemes, notably with measures to reduce barriers to entry for non-bank pay-
ment service providers, arising from bank ownership and governance of domestic bank
payment schemes, for example through the EU Second Payments Service Directive
PSD2E and from initiatives to develop and promote greater standardisation, aligned
with the ISO20022 XML based messaging standards, and faster payment schemes in
which domestic bank payments can be credited to recipients within minutes of initial
instructionE This shift in policy, emphasising the role of standards and governance
and reducing barriers to entry. In terms of the framewofk of this paper, the earlier
intervention of regulators in card interchange fees was undertaken through the powers
of competition authorities to intervene in collective price setting arrangements; but
interchange fees are paid between co-operating providers of downstream services, not
by downstream consumers. This suggests that the shift since then to focusing on
standard setting and removing barriers to entry to upstream data validation is a more
effective approach to promoting competition in retail payments.

e International payments. Similar issues of data control arise in international payments.
A major difference from domestic retail payments is the need for the updating of data
in two jurisdictions: those of the payment sender and of the payment recipient. As
a consequence the downstream provider of the payment service relies on access, from
a correspondent bank, to upstream data validation services in a foreign jurisdiction.
This is a case if multiple vertical separation with an additional 'midstream’ service.
The downstream, the final customers are the account holders. Midstream are the
account providers, the data validators for domestic retail payments. These account
providers in turn rely on the further data validation services of the correspondent bank
who connects the account provider from one jurisdiction to the retail payment systems
in the other jurisdiction.

The high costs and often slow and uncertain processing of cross border payments have
become a recent focus of attention of the G20 group of nations and, working through
the Financial Stability Board, of central banks WorldwideE The analytical framework
of this paper, viewing correspondent banks as the data validators in cross border pay-
ments, offers some insight. One reason for high costs are substantial barriers to entry
in correspondent banking, though in this case the barriers are to an important extent
the consequence of global policy measures, through raising costs of validation through
stringent anti money laundering (AML) and countering financing of terrorism (CFT)
regulations and substantial fines for non-compliance. Efforts at standardisation, es-
pecially standardisation of identity validation, to restore the commercial viability of
correspondent banking are a promising way of addressing the concerns about costs
and inefficiency in cross-border payments.

5.2 Non-financial data validation

The remainder of this section briefly discusses three examples of validation of non-financial
contractual data, again illustrating the variety of possible outcomes.

11. For evidence on the competition impact of PSD2 see Polasik et al. (2020)

12. See CPMI (2021))

13. See He, Milne and Zachariadis (2022) for summary of this policy agenda as of early 2022 and of the
potential for using central bank digital currencies to reduce costs and inefficiencies in cross border payments.
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e Property ownership registration and ownership transfer. Registration of ownership of
land and physical assets such as vehicles is typically organised through a data record
system provided by state or national government.

These cases of a state owned registry system can be viewed as that of a monopoly data
validator seeking to maximise social welfare. There can though be barriers to access,
imposed for example because of security concerns, that in turn limit competition in
the downstream market [™]

e Flight and other travel bookings. Passenger flight bookings require co-operation
between airlines in order to deliver a complete journey provided by multiple providers.
Here the required contractual data validation is provided by global distribution sys-
tems (GDS), the platforms provided by one of the three global providers: Amadeus,
Sabre and Travelport (which operates Galileo, Worldspan and other GDS systems).
These platforms did not originate as independent data validators. They were founded
in the 1906s and 1970s under airline ownership in order to apply the then mainframe
computing technologies to automation of passenger reservations. Over time they de-
veloped as two sided platforms facilitating search by travel agents to locate and agree
airline reservations and then, by the late 1990s, for online reservations via internet
platforms instead of travel agents.

Two sided platforms are not data validators, as long as they are simply bringing
together two sides of a market. In the case of GDS platforms they do more than simply
connecting airline booking providers with airlines, they also take on a data validation
role when connecting flights are provided by different airlines through codesharing
arrangements. This vertical separation of data validation does not however appear
to substantially limit downstream competition, because the airlines participating in
codesharing agreements, most commonly amongst members of main airline alliances,
are able to distribute their available flights through more than one GDS (i.e. there is
multihoming on the carrier’s side of the platforms).

e Patent records are also organised through national record systems. In the UK a patent
is granted by the UK Intellectually Property Office. In the US, the United States
Patents and Trademark Office (USPTO) is the national patent office and trademark
registration authority. In European for a patent one needs to apply to the national
office of each country.

The case of patents is somewhat different from our other examples, because patent
record systems are set up in order to provide owners of patents with market power,
ensuring that competitors cannot exploit their intellectual property and reduce com-
mercial returns to the creation of new intellectual property.

14. The registration of pedigree dogs is a related example. These ownership records are of less economic
significance than land or vehicles, but they illustrate how data validators such as The Kennel Club in the UK
or The American Kennel Club, even though they operate as not-for-profits appear to enjoy market power
that allows them to extract rent from dog breeders operating downstream, resulting in healthy operating
margins.
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6 Data fragmentation and validation: the case of supply
chains

This final section offers some reflections on the extent to which separating downstream data
based production of goods and services and upstream validation of contractual data could
create economic value in industries where data is currently fragmented. For concreteness
the focus here is on supply chain data in production and sale of goodsﬁ

This challenge of the economic organisation of contractual data validation can be re-
lated the established literature on the economics of transaction costs. A large literature
has explored the insights of transaction cost economics for economic organisation: eco-
nomic activity takes place through either market exchange or of administrative allocation
of resources within organisations, the choice being made according to which arrangement
achieves lower transaction costs

The example of supply chain data is pertinent because of substantial transaction costs
of validating contractual data in market exchange between independent organisations. Most
data record systems in supply chains are proprietary. Manufacturers, construction firms,
retailers and other downstream firms establish contracts with individual supplying firms
using proprietary systems for recording contractual information, creating purchase orders,
monitoring the quality and timeliness of delivered goods and for processing invoices and
payments. Thus the initial situation is data fragmentation, with each downstream firm con-
ducting its own separate validation of contractual data. The associated transaction costs are
not so large that inputs are made in house, rather than bought externally; but the adoption
of digital data technologies, and the possibility of implementing them using vertically sep-
arated standardised data validation services, create opportunity for substantially reducing
transaction costs and increasing economic value["|

Insight into this opportunity can be obtained from the framework developed in this
paper. This highlights: (a) the potential for efficiency gains from vertical separation, with
standardisation of data, digital storage and retrieval along with independently provided data
validation; and (b) the possible resistance by incumbents to such vertical separation and
standardisation if it reduces their market power and operating margins.

A prominent illustrative example is that of international goods trade with the ad-
ditional complexities of both compliance with product regulations and payment of tariffs
along with the provision of supporting financial and logistical services. Currently all the
contractual data and associated data processing remains largely paper based requiring costly
manual processing and adding substantially to the costs of international goods trade. The
potential gains of digitisation through vertical separation are large. Widespread manual pro-
cessing and validation currently accounts for some 3% of the value of international goods
trade in the G7, a figure which has been estimated could be reduced to 0.7%@ These are

15. Similar issues about fragmentation of data and economic organisation arise in other contexts: for
example in capital markets for the post-trade processing of over the counter derivative contracts, securities
lending and sale and repurchase (repo) markets, where fragmentation of data complicates the resolution of
financial distress and creates systemic risk; also in public sector procurement.

16. A literature dating back to the work of Coase (1937), key contributions are reviewed in Williamson
(1981)), Cuypers et al. (2021)) summarise the substantial subsequent scholarship in the management journals;
the literature of course recognises the possibility of other intermediate arrangements between these poles,
such as joint ventures or franchising see e.g. Williamson (1991)).

17. See related work on information systems, transactions costs and the governance and structure of supply
chains e.g. Croom [2001; Arlbjgrn, Haas and Munksgaard [2011}

18. Coriolis Technologies [2022|
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the direct costs; but it is arguable that the associated reduction in indirect costs, arising
because opaque data limits access to and increases the costs of trade finance, insurance
and logistical services, could be an order of magnitude bigger. A case can be made that
digitisation and the associated increased competition in facilitating services could lead to
an overall boost to the volume of world trade and of global output of 5% or more with
particular benefits for SMEs and low and middle income countries@

Similar impacts can be expected from vertical separation of data validation within
domestic supply chains. The gains are not limited to cost reductions. The transparency
supported by standardised data validation can also be a key protection against fraud. Sup-
plying firms are currently financially vulnerable in the event of late payment by contractors
or increased risk aversion by the suppliers of trade finance (a risk that materialised in the
aftermath of the global financial crisis of 2007-08). Increased transparency of supply chains
through vertical separation of data validation could limit such financial exposure. It could
also help purchasing firms anticipate supply shocks and improve the resilience of their sup-
ply chains. Finally it could facilitate much greater traceability, for compliance with ESG
goals including the assessment of the carbon contribution of supply chains and support the
increased recycling of materials through circular manufacturing.

The framework of this paper also offers insight into the barriers to unlocking these
economic gains from standardised supply chain data validation. This is a governance and
regulation challenge of the kind addressed at length in the transaction cost literature. The
organisational choice is however more complicated than the basic one between resource
allocation through market exchange or organisational decision making. The shift to vertical
separation of data validation requires industry wide collaboration. Establishing a consensus
for change is not easy and, even when the value created is substantial, may not take place
voluntarily without national and international policy intervention. Examining and making
the case for change and winning business and political support is a substantial agenda for
future research and policy analysis.

19. Even larger estimates have been produced in a series of quantitative reports for the International
Chamber of Commerce Harding, Haywood and Strazdins|2022; Coriolis Technologies 2022} as a result of the
perceived large gains digital facilitation of trade is now a policy priority for the G20 group of nations
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Appendix: Proofs of propositions

The following table summarises the notation employed in these propositions and their proofs.

Variable Type Definition
S Parameter Switching/ entry cost connecting to a data validator
t Parameter | Transport cost on the Salop Circle (linear in distance)
Ny Parameter Initial number of firms in the downstream market
N Endogenous Final number of firms in downstream market
nell,...N] Index Distinguishes downstream firms
O, =2rxn+(N-1) Angle Location of firm n on Salop circle
J Exogenous Number of upstream data validators
jell, ... J Index Distinguishes upstream data validators
P, Endogenous Price of downstream output of firm n
Q(P,) Exogenous | Demand for output of firm n (independent of location)
q(p) Exogenous Q() as logarithmic function, ¢ =In@, p=In P
e(P) = —4q'(p) Derived Price elasticity of consumption
Q(N; Ny, S, t) Endogenous Social welfare

Proposition 1: Let firm n be initially using data validator 1, S be the

connection costs for firm n and the fee charged for service from data validator
J to firm n be F}'. In equilibrium the following holds:

Fr=S
F' =0

(3)
(4)

Proof. Assume firm n is already connected to data validator 1. The choices for firm n are
(i) staying with data validator 1 paying a fee F7*; or (ii) paying a fee F3' plus connection
cost S to switch to operator 2. So it will switch only if F3' + 5 < F}".

Consider the best responses of the two firms. Given FJ' the best response of firm 2
is to set a price Fy' = FJ* — S — € subject to the constraint mo = F3' > 0 for some small e.
Given F3' the best response for firm 1 is to set the highest price that make firm n indifferent
between staying with operator 1 or moving to operator 2 i.e. FI* = FJ* +.S. Solving for the
best-response Nash equilibrium yields Proposition 1. O

Proposition With free entry and exit:

e N is a function of ¢t and S, and can be expressed as

% (&) s (1w {22 /1)
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e If there is downstream competition, i.e. N > 1, all downstream firms charge
the same price (P) and earn the same profit (7) given by:

P = i_
N
t
™ = W—S

but if there is a downstream monopoly, i.e. N = 1, then the price charged
by and profit of the downstream monopoly are unbounded.

Proof. Suppose there are N downstream firms. Each downstream firm sets a price P,. So
equilibrium is a choice of the vector of prices (P; --- Py) The ‘marginal’ customer between
downstream firm n and n + 1 is located at #,," !, which satisfies:

-1 n
P n—‘—l_L — P RS n+1)
n+t(9n N ) n+1+t(7\7 On

SO
2n—1 Py — P,

2N + 2t
The marginal customer is positioned half-way between the two downstream firms with an ad-
justment for price difference that depends on the transport cost ¢. The profit of downstream
firm n is then given by:

n+1l __
0, =

n—1 n—1
n =P, —-on gttt - —_y—§ 5
™ ( N n—1 + n N ) ( )
=P (0 —05_1)— S (6)
Pn+1_2Pn+Pn—1 1
=P, —)-S5 7
(Lrr1 =20 ) ™
The first order condition for profit maximisation is:
Pn+1_4pn+Pn71 1
— =90
2t * N

which yields:
Poy1+ Poa t

4 2N
The symmetry of the downstream firms then implies that all downstream firms set the same
price p, = p in equilibriums, given by:

P, =

and equilibrium profits are:

Firms will exit the market if they are unable to make a profit paying the charge S for
data services from data validators. Similarly firms will enter the market if they are able
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to make a profit paying the connection charge S to establish data services. For a given N

profits are given by:
! S
N2
This is a monotonically decreasing continuous function of N. So if we solve for 7(N) = 0,

we obtain an upper bound for N, the number of firms that can profitably remain in the

market. This leads directly to:
t
N <\/=
- VS

and the expression for N O

m(N) =

Proposition [3l In the model of this section the social welfare, the sum of consumer
and producer surplus, is given by:
t

Q(N) = —SmaX(O,N — NO) — m

and the socially optimal number of firms is an integer N*, that depends upon Ny, t and S.

Let N be the largest integer such that N < %\/g and so can be expressed as:
~ [t 1/t
N|l= )= €l:z< —\=
(S) sup {z 2% 5 S}

Ny if No > %
N* = N if Ny < %
N +1 otherwise

Then N* is given by:

and%\/%—Ngé(l—i—\/g—,/l—i—%)

Proof. The social objective is the total profits of all firms less the costs to consumers of both
transport and of consumption of the downstream good. These three components of social
welfare are as follows:

e total profits: the sum of downstream profits (p—N.S) and upstream profits (S min(N, Ny)
i.e. connection charges paid by firms which are initially in the downstream market at
t = 0 and still remain in period ¢ = 1), which added together equal:

p — Smax(0, N — No)
i.e. total revenue from consumers less total new connection costs.

e total transport costs T}, for consumers purchasing from firm n are given by:

T, —t ( S (00— 0)d0 + f) N (0 — en)da)

1
= 2N [307], 73"
_ 1
=2tN gz = ﬁ

so the total transport costs of all consumers are given by:

t t

“AN? T AN
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e Total consumption by all consumers equals 1, so the total consumer expenditure on
the downstream good is p

Combining these three components, netting out consumer expenditure and connection
charges for existing firms against revenue, total social welfare is given by:

Q(N) =p— Smax(0, N — Ny) — % —p=—Smax(0, N — Ng) — ﬁ
Social welfare is the negative of total costs: connection costs for new firms joining the
market and transport costs for consumers. The price paid for consumption is a transfer from
consumer to producers that does not affect social welfare. This has the further implication
that a downstream monopoly, even though it results in an unbounded price p, may be a
socially optimal outcome.
From this we can obtain the socially optimal value of N, first considered as a con-
tinuous number and then adjusting to allow for the constraint that N must be an integer.
Maximisation in continuous N is determined by the first order condition:

t
-S4+ -—=0
+4N

which yields N = %\/% . The requirement that the number of firms is an integer N > Ny
means that social welfare is maximised by either N = Ny or one of the two nearest integer
neighbours to the value of N satisfying this first order condition. Let N denote the lower
integer neighbour, so the higher integer neighbour is N 4 1. We can determine which of the
two integer neighbours achieves the higher social welfare from the sign of:

- - t t
QN +1)—Q(N) = —5—4(]\77+1)+m

x 4S(N +1)N +tN —t(N +1)

N2y N- Lt
o + 15

The same social welfare is achieved with both lower and higher integer neighbour whene

Q(N+1) = Q(N)Solving using the standard quadratic formula and taking the positive root,

- — 2 _
N b+ Vb 4ac:1 14 1+3
2a 2 V S

N is then given by:
If N is greater than or equal to this value, i.e., sufficiently close to the continuous solution
for N, it is the lower neighbour integer N that achieves the highest social welfare; otherwise
it is the higher neighbour integer N + 1.

O

Proposition 4] The socially optimal price under the assumptions of this
section is P = P* = 0. While the socially optimal number of firms is given by
N* as stated above in Proposition [3} This yields a total social surplus, the sum
of consumer and producer surplus, of:

! t
QNT) = Q(¢)d¢ — Smax{N" — No,0} — ——
$=0 4N*
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Proof. The proof parallels that of Proposition The social surplus, for given N and P
must be amended by including also, alongside the transport costs and connection costs in
the baseline model, the producer surplus (from providing the downstream service, before
payment of any connection costs i.e. P(Q(P))) and consumer surplus (from consuming the
downstream good rather than the alternative outside good, given by: f;:P Q(4)de). So the
social planner seeks to maximise

! t

Q(N, P) = P(Q(P)) + Q(qﬁ)dqﬁ—SmaX{N—NmO}—m
$=P

Since this is linearly separable in the number of firms N and the price P, the optimal

number of firms N* is the same as in Proposition [3] Taking first order condition wr.t. P
and equating to zero we have:

OQ(N, P)

S = Q(P) +Q(P)P - Q(P) = Q'(P)P =0

Since we assume that Q'(P) > 0, this implies that P = P* = 0 i.e. the familiar efficiency
condition that price equals marginal cost which is zero. Substituting back for P in the social
objective completes the proof. O

Proposition Assuming that individual consumption of the preferred
downstream good is represented by Q = Q(P) with Q'(P) < 0, that Ny < 1, that
the elasticity of demand ¢(P) is characterised by Assumption with a unique
price P for which ¢(P) =1, and S < PQ(P) then:

e there is a unique pair of real numbers (P = P,N = N) solving jointly:

PQ(P) = %1 —e(P)=S

e the number of firms sustainable in the market N, is the largest integer such
that:

N <L dpec)

and so can be expressed as

N (;) = sup{z €Z:z< \/;(1 e(P))Q(P)}

e the downstream price P is the solution (implicit for N > 2) of:

p_ [ &Guy <P ifNZ=2
P ifN =1

e downstream profit 7 is given by:

AP g < PQ(P) - S ifN >2
CGCISEE =t
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Proof. The proof is similar as that for Proposition [2 Consider first N firms, located sym-
metrically on the downstream circle, each charging P, forn =1... N. Consumer surplus for
the consumer located at 6 > n, less transport costs, from purchasing from the firm located
at n is given by .
cso.m) = [ Qo —1""
P,

If N > 2 the marginal consumer indifferent between purchasing from the downstream at n
and n + 1 is located at 6 given by:

. N [P 1
9—§ . Q(¢)d¢+”+§

and total profit of the firm located at n is given by

1 Py 1 Py 1 s
w(P) = PP | [ Qo [ Qono s | -
with a FOC with respect to P, of
P.Q'(P,) |1 [P+ 1 [P 1 1,
1 _— — _ — —_— — — =
Q)+ ot |5 [ awe - [ @odor | - @i =0
In equilibrium P,, = P for Vn and this becomes (substituting using ¢ = %):

PQ(P) = (1~ (P)

or:

t1 —¢(P)

P =
N Q(p)

If on the other hand N = 1 i.e., there is a downstream monopoly, we have a standard

monopoly pricing and with zero marginal costs the profit maximising price is given by:

P=P

The remainder of the proof parallels that of Proposition 2| The key issue is determining
whether the price equilibrium can support competition in the downstream market i.e. N > 2.
Assuming N > 2, then the firm profitability is given by:

_t

m(N) = PQ(P) - § =

(1—¢P))—5

We are interested in finding the largest integer N for which these profits are positive. €(P)

a function of N (unlike Proposition [2| where ¢ = 0 independent of P and N) so we cannot

solve explicitly for N at which 7(N) = 0. However, we know (from Assumption 1) that
dP  t 1—¢€(P)

AN N2 Q(p)

and using this we can show that
am _y
dN
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Since, further 7(N = 1) > 0 and limy+1oo (V) < 0, this implies that there is some value of
N, N = N, treated as a continuous variable, and some associated price P = P for which
m(n) =0.

The remainder of the proof follows that of Proposition Given N, the number of
firms that can be sustained in the market is the largest integer N < N; establishing the

level fo pricing and profits for the two cases N =1 and N > 2.
O

Proposition [6} Let data validator 1 in the upstream market be a subsidiary
of firm 1 in downstream market. Data operator 2 does not compete downstream.

Proof. Let data validator 1 own firm 1 in downstream. If data validator 2 does not compete
downstream, would there be a change in exit or entry conditions? No firm can always enter
and establish a relationship with data validator 2. Do exit conditions change? No, it will
remain the same as it still relies on ¢ and S O

Proposition [7] Suppose that the upstream data control is provided by profit-
maximising monopoly data validator, and that the elasticity of demand is char-
acterised by Assumption [2, then the outcome is

e Only one firm remains in the downstream market i.e., N = 1.
e The downstream price is the monopoly price of Assumption [2, P = P.
e The profit of the one downstream firm is = = 0.

e the service fee F' for the one remaining firm equals its revenue less connec-
tion charge, and so depends on the number of firms N, initially connected:

e PQ(P) if Ng >1

| PQ(P)—~S ifNy=0
Proof. Proof is straightforward. A monopoly profit maximising upstream data validator is
able to extract all rent from downstream firms, by setting a charge F' equal to firm revenue
net of connection costs. Thus it will charge firms that connect an amount S less than firms
that are already connected at set its fees at a level at which all firms in the downstream
market just break even with profits of m# = 0. Total revenue extracted by the upstream
monopoly is maximised when there is also a downstream monopoly, with a single firm i.e.

N = 1. Given Assumption [2, the downstream monopoly will raise prices to P = P to
maximise its own revenue.

O

Proposition [8] Suppose that the upstream data control is provided by mono-
poly data validator, owned by a subset N, of the N firms initially in the market,
with both the N, and the remaining Ny — Ny, downstream firms connected to the
monopoly data validator; that the elasticity of demand is characterised by As-
sumption [2} and that 1 < N; < Ny . Then the market outcome is:
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e The monopoly data validator makes no charge its owners; and sets a suffi-
ciently high charge of F' to Ny — N, remaining firms that they all exit the
market; as a result N = N,

e The market price P in the downstream market N is determined implicitly
by the unique solution of:
t 1—¢€(P)

P=xN."aw

e The net profit of each of the N, firms that own the validator, net of charges
and distribution of upstream validator firm profits, is given by:

_ 1 —e(P))

Tg —
N?

Proof. All revenues of the monopoly data validator are distributed to its owners; so the only
economically relevant charge is the connection charge F' for the Ny — N remaining firms that
stay in the market. The monopoly data validator can extract all profit from the remaining
firms so it sets this price by first deciding the total number of firms on the market N, and
then determining F' so these additional firms make zero profits. In this way the monopoly
data validator can control the number of firms NV in the downstream market

The market price is depends on the number of firms in the downstream market N and
given implicitly by the solution of:

_t 1—¢€(P(N))
N Q(P(N))
which implies that, for any given N, the net profit of each of the Ny firms that own

the validator, net of charges and distribution of upstream validator firm profits, is simply
total market revenue, divided by Ny and so is given by:

__ PMR(P(Y))
S N
and so
Oms _ (Q(P(N))+P(N)Q’(P(N))fLPiP(N)Q(P(N))) _ QP(\Y)) <(1€)3P B (N)) <0
ON N ON N2 N ON N

where the inequality is obtained because, from Assumption g—ﬁ < 0. This in turn implies
that the firms owning the monopoly data validator will seek to reduce the number of the
firms in the market as far as possible, from Ny to Ng

O
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