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Abstract

In our paper, we introduce the Hungarian Payment System Model (HUPS), a computable general equilibrium model
with detailed payment services which can be used for policy evaluation and forecast. In the last years, several studies
investigated different aspects of payment systems and some papers used equilibrium theory to study a specific
segment or question of retail payments. In our paper, we take a step forward as we extend this research using the
general equilibrium approach. The HUPS model is a large and highly disaggregated computable general equilibrium
model with 25 economic agents and nearly 100 payment services, which cover most of the payment system supply
chain in Hungary. It contains 7 types of costs for each payment service, varying degree of economies of scale,
oligopoly and cross-product pricing and agent behaviour adjustments to payment method costs. In our model, the
payment sector is an integrated part of the economy as every actor has to make payment decisions related to its
activities. As a result, the model can be used for thorough economic evaluation of many kinds of policies and other
changes in the field of retail payments. The HUPS model is calibrated on the large and up-to-date information base
of Hungarian payment statistics, surveys and studies — most notably the Hungarian cost of payments study — which
makes it a powerful and robust modelling and forecasting tool.

JEL: C68, E27, E42

Keywords: payment economics, CGE modelling, retail payments, cost of payments

Osszefoglalé

Tanulmanyunkban bemutatjuk a magyar pénzforgalmi rendszer elemzésére készitett HUPS — Hungarian Payment
System — modellt. A HUPS egy szamszer(sitett 3ltaldnos egyensulyi modell, amely részletesen kidolgozott
pénzforgalmi szolgaltatasokat tartalmaz, és a fizetési rendszert érint6 kozpolitikai dontések hatasainak kiértékelésére
és elbrejelzésre is alkalmas. Az elmult években tobb tanulmany is sziiletett a pénzforgalmi rendszerek kilonb6z6
kozgazdasagi kérdéseir6l, és egyes tanulmanyok egyensulyelméleti moddszereket is haszndltak e kérdések
megvalaszolasahoz. Tanulmanyunk UGjdonsaga, hogy a pénzforgalmi rendszer leirdsat egy zart altaldnos
egyensulyelméleti keretbe foglaljuk. A HUPS modell egy nagyméretli, dezaggregalt, szamszer(sitett altalanos
egyensulyelméleti modell 25 kilénb6z6 gazdasagi szereplGvel és kdzel 100 kilonalld pénzforgalmi szolgdltatdssal,
amelyek lefedik a magyarorszagi pénzforgalmi ellatasi lanc jelent6s részét. A modellben 7 koltségtipust
kiilonboztetlink meg, eltéré mértékl mérethozadékokat, valamint oligopolista- és keresztarazast is alkalmazunk. A
modelliinkben a pénzforgalmi rendszer a gazdasag mélyen integralt része, ahol minden szereplének pénzforgalmi
dontéseket kell hoznia a tevékenységéhez kapcsoléddan. Ennek eredményeként a modelliink alkalmas a
pénzforgalmat érint6 gazdasagpolitikai dontések kiértékelésére, valamint a pénzforgalmi szokasokban bekovetkezé
vdltozdsok hatdsanak el6rejelzésére. A HUPS modell kalibraldshoz felhaszndltuk a magyarorszagi pénzforgalmi
statisztikak, felmérések és elemzések sokrétd, részletes és aktudlis adatait — kiilonds tekintettel a fizetési modok
tarsadalmi koltségét felméré tanulmdanyra —, ami biztositja, hogy a modell segitségével megbizhaté és robosztus
elemzések és eldrejelzések készithetdk.



1. INTRODUCTION

Since the birth of the first currencies, the execution of payments became one of the most important economic
activities. Nearly every economic act, be it trade or redistribution of the created values needs to use the payment
system. For a long time, cash was the one and only means of payment execution. Later, other forms of payment
methods appeared such as cheques or in recent decades electronic payments such as credit transfers, direct debits
and card payments. The execution of payments is one of the most important and crucial economic acts and has been
studied from several aspects. From the perspective of money theory, Nosal and Rochateau (2011) give a
comprehensive investigation, but only a few studies have been published in the academic field to understand the
microstructure and the production of this unique service. For lack of a solid theoretical foundation from academic
fields, no applied models exist to this point which can incorporate the payment systems in a general economic
framework. Because of the dynamic changes in the payment methods and habits, and because payment systems are
deeply integrated into the entire financial system and economy the need for such models is greater than ever. It is
also important that we be able to assess all of the economic consequences of payment system policy decisions and
changes in regulation of retail payments. In our paper, we introduce the Hungarian Payment System Model (HUPS), a
computable general equilibrium model with detailed payment services which can be used for policy evaluation and
forecast.

In the last years, several studies investigated different aspects of payment systems. The four most notable segments
are the drivers of payment behaviours and payment method choice, the connection between the retail payments
and the real economy, the economics of payments and the cost of payments. Some papers used equilibrium theory
to study a specific segment or question of retail payments, e.g. the choice of payment instruments or the impact of a
change in regulation.

Over the course of the last decade, there were several empirical studies analysing the drivers of the payment
methods choice of the consumers, for example Bolt and Chakravorti (2008) and Kalckreuth et al. (2009). These
empirical studies are pivotal in modelling payment behaviour. Klee (2008) uses grocery store data for empirical
analysis, Polasik and Fiszeder (2008) study online shopping habits.

Hasan et al. (2009) studies the impact of a more advanced payment system on the profitability of the banking sector
using panel data for EU members. Following this methodology in their paper, De Renzis, Hasan et al. (2013) analyse
the connection between the retail payment systems and the real economy for the members of the European Union.
They use panel data to show that a more sophisticated electronic payment infrastructure — for example the use of
credit and debit cards for payments — correlates with higher GDP per capita. They calculate that a 1.2% increase in
card penetration would increase GDP by 0.07% and SEPA implementation alone would result in 0.02% GDP growth.
Moody’s Analytics (2013) conducted a similar study demonstrating the connection between the development of a
financial infrastructure and the real economy.

Chiu and Lai (2007) give a comprehensive review of the payment economics literature, most notably the Freeman
(1996) model and the Kahn and Roberds (2006) model, their extensions and the simulators used for the LVTS, the
Canadian RTGS to study system risks. These models primarily model the most basic notions of payments and
settlements, the motivation of the agents and the characteristics of the different systems — limited enforceability,
double wants, float, etc. This theoretical approach does not fall in line with our focus of building an applicable policy
evaluation tool, as in our model we use very different models and estimations for the utility of payments and focus
primarily on their costs and productions.

The European Central Bank carried out a study (Schmiedel et al. (2012)) of the social and private costs of different
payment instruments with the participation of 13 national central banks in the European System of Central Banks.
This study shows that the costs to society of providing retail payment services are substantial, on average; they
amount to almost 1% of GDP for the sample of participating EU countries. The authors grouped the countries into
five categories and proved that for most countries there is still room for the development of a more effective



payment system. One of the participants in this study was the Magyar Nemzeti Bank (MNB, the central bank of
Hungary) with its own cost of payments study (COP, Turjan et al. (2011)) which provides a detailed and
comprehensive analysis of the Hungarian payment services supply chain, the costs of the different agents and
several activities involved in the execution of payments. The study encompasses a vast number of datasets received
from the different payment services providers in Hungary and surveys completed by the MNB. The COP study
provides the basis of our model with many aspects of the underlining technologies and pricing routines.

Alongside the COP study, the MNB actively studies different aspects of the retail and large value payment systems of
Hungary. Based on a 1,000 and a 300-sample study, Takdacs (2011) gives a detailed account of the payment
behaviours of the Hungarian household sector. Using another 1,000-sample survey, llyés and Varga (2015) update
and expand the results. These studies show the unique aspects of the Hungarian payment system from the side of
the consumers. Helmeczi and Olasz (2011) studied the motives behind the below average use of direct debits in
Hungary, and Helmeczi (2010) maps retail transactions in Hungary on geographical data.

Divéki and Olasz (2012) studied the pricing of payment services in Hungary and proved that a high degree of cross-
pricing is persistent in the payment system. llyés et al. (2014) also provide some evidence on the pricing behaviour of
Hungarian payment service providers. Turjan (2009) analysed the postal payment services in Hungary and several
studies of Bodi-Schubert et al. (2012,2014) studied the role of cash in the economy and in the lives of enterprises.
Before the implementation of the interchange limiting regulation of 2013, Keszy-Harmath et al. (2011) studied the
role of interchange in card schemes in general and in the case of Hungary.

In our study, we take a step forward to extend this research and create an applied model of the retail payment
infrastructure which can be used for policy evaluations. Since the payment system is fully integrated into the entire
economy and is influenced by and affects every other part of it our main goal is to create a computable general
equilibrium model which focuses mainly on the issues of the retail payments.

The HUPS model builds on the long history of computable general equilibrium models in Hungary. From the HUMUS
system (Zalai (1984)) to the HUGE model of the Ministry of Finance (Révész et al. (1999) several large CGE models
were built to study impacts of changes in regulation, for example the GEM-E3 model (Révész et al. (2014)). The HUPS
model incorporates the payment system into a similar theoretical framework.

Besides the CGE models there are several other macroeconomic models for policy evaluation in Hungary, the
DYNAMO model of the Ministry for National Economy (Ddzsa et al. (2014)), the ECO-LINE and the SOCIO-LINE model
(Cserhati et al. (1998, 2001, 2002)). The MNB created the Hungarian Quarterly Projection (NEM) model and the
Monetary Policy Model (MPM) for the analysis of monetary policy decisions. Since the HUPS model is a static CGE
model, it does not follow the structure or the basic assumptions of these models.

Our paper is structured into five parts. In Chapter 2 we describe the basic structure of the model including the
captured payment services and the idea of how we incorporate them into the model. Chapter 3 contains the model
equations. Due to the size of the model, we do not list every equation but the main forces that govern the agents in
the model. In Chapter 4 we describe the main information bases of the model, the methods of calibration and
solution of the model. In Chapter 5 we demonstrate the model by evaluating two scenario analyses in the calibrated
model. In the first scenario, we evaluate the impacts of the forecasted improvement in payment habits based on the
current trends. The second scenario calculates the needed intervention to reach the tipping point of cash and card
acceptance costs for retail transactions. Finally, we elaborate on the possible future extensions of our model and
conclude.



2. MODEL STRUCTURE

In this chapter, we outline the basic structures of the model, the relevant agents of the payment services supply
chain and describe the payment services in the model. Since the payment services and the financial infrastructures in
Hungary have some unique attributes, we first briefly describe the Hungarian payment systems to better understand
the choices made during the creation and calibration of the model. After that we explain the agents of the payment
services industry and the huge number of payment services embedded in the model. In this chapter, we do not
explain the technical details of the model, as the equations and behavioural characteristics are described in the next
chapter.

2.1. Retail payment system and some unique attributes in Hungary

The retail payments infrastructure of Hungary predominantly shows the same characteristics as in other economies,
but with some unique aspects. For consumers and enterprises, payment services are provided mostly by credit
institutions and other specialised actors such as payment institutions or e-money institutions. The biggest and most
important payment service providers are commercial banks. In Hungary, no domestic card scheme exists but two
large and some smaller international card schemes are present in the country. The Hungarian Automated Clearing
House (GIRO Zrt.) operates the interbank clearing system for retail payment transactions such as credit transfers and
direct debits. The RTGS system of Hungary is called VIBER which is widely used for interbank payments, high value
business payments included.

Basically, retail payments in Hungary is still a strongly cash dominated segment with about 80-90% of all transactions
— in volume — paid in cash. Despite this high figure, the financial infrastructure in Hungary is well developed with
more than 82.7% of households maintaining a payment account and 80% possessing a debit or credit card. Both
statistics show that account coverage is high in Hungary and nearly all household have access to the financial
infrastructure. The reason behind the high number of cash transactions is mainly cultural and historical; Hungary has
only two decades of development in modern payment transactions, but the growth rate of the more developed,
electronic system is above the European average.

Card payments have exhibited a double-digit increase in volume and value in the last years and now nearly 13% of all
household purchases in value are made by credit or debit card (Table 1). This figure is still less than half of the
European Union average, but the gap is closing at a fast rate. The payment cards issued in Hungary use the most
advanced systems, practically all cards are equipped with EMV chips and close to 40% of them already have
contactless capability. Credit transfers initiated by households use an increasingly modern and effective structure
with intraday clearing and settlement and the share of paper-based orders dropped from 20% to 7% in the last
decade.



Table 1: Changes in the indicators measuring the level of development of the Hungarian
payment services compared to the EU

Index Definition Hungary |Hungary  European Union
2013 2014 2013
Credit transfers Annal value of credit
transfers/GDP 15.8 16.1 17.2
Electronic payment of retail|{Annual  value  of
purchases payments made by
payment cards or other) 1, go | 14.9% 27.9%
electronic solutions/
Annual household
consumption
Electronic payment of utility|Estimated annual value
bills and other service|of direct debits and
charges other electronlc. bill 24.3% 25.4% 70%*
payments / Estimated
annual value of bill
payments

* Estimated value-based on the data supply of individual EU Member States, per capita core direct debit
figures and the study of Deutsche Bank (2005). From MNB (2014).

The use of other advanced electronic payment methods shows a mixed picture. The increase in the share of direct
debits stopped in the 2010s and the volume and value of transactions has stabilised since. The reason behind this
trend is the popularity of the postal inpayment money order (PIMO), a service offered by the postal system of
Hungary. The PIMO — commonly referred to as the “yellow cheque” in Hungary although it has no connection to
cheques in the usual sense — is an order usually filled in advance by the payee with the necessary information which
can be paid by cash in all post offices around Hungary. This option is very popular for utility and other recurring
payments with about 75% of these payments still made through the postal system. The use of PIMOs is on the
decline, but their overwhelming share puts the use of direct debits in Hungary well under the European average.
Traditional cheques are practically non-existent in Hungary.

Corporates on the one hand still operate with a relatively high usage of cash, e.g. cash acceptance is still prioritised
to card acceptance by many small and medium-sized merchants because of the lower direct costs. On the other
hand, government regulations have sharply reduced the use of cash in B2B transactions. In those cases the use of
credit transfers is popular, which results in a relatively high credit transfer per GDP ratio for Hungary, at 16.7,
compared to the European average.

The payment habits of customers and the payment systems and regulations in Hungary are changing dynamically
which means a complex and changing landscape. Older elements of the system are still operating while the newest
innovations in the world e.g. contactless payments and mobile payments are already appearing on a large scale in
Hungary. We built our model to be able to cope with this vibrant and dynamically changing sector and to be flexible
enough to be adjusted to a wide range of payment system supply chains.

2.2. Basic model structure

The HUPS model is a static computable general equilibrium model for a small open economy with different kinds of
non-competitive behaviour such as cross pricing and monopolistic mark-up profit. The main focus of the model is to
answer policy questions related to pricing, cost shocks, taxation and shadow cost of goods and services. Our choice
was to build a static model to meet this demand. With a static model we can greatly increase the model to several
thousands of variables and still be able to solve for a wide range of parameterisation. A dynamic model would be
harder to calculate for a high number of markets and is unlikely to be calibrated precisely given that most of the
information source of the model is cross sample and not time series data. Since the payment services supply chain is



a complex, highly disaggregated part of the economy it was crucial to us to be able to increase the size of the model
without concerns to solvability.

The model consists of a few aggregate sectors of enterprises, differentiated actors of the payment services supply
chain, an aggregate sector of households, a governmental agent and the rest of the world (ROW). By building the
static HUPS model we do not insert capital accumulation and intertemporal decisions into the model, which are
mostly unrelated to payment system operation, but we have an extremely detailed payment system supply chain
with 10 different payment service provider agents, 160 activities and 15 branches of the economy. Given the size of
the model it cannot be solved by conventional methods, but even with the extremely increased number of relations
and variables policy changes can be evaluated by the HUPS's unique solution mechanism.

2.3. Economics of payments

Despite being a macroeconomic model, the HUPS model has strong micro foundations. The microeconomic theory of
payment management and payment execution has not yet been integrated into the mainstream theory. In our
model and in the underlying theory, the payment execution is a market service with a market price produced by a
specialised economic agent (payment service provider, PSP) but it also entails internal costs on both the recipient’s
and payer’s sides. The internal payment execution cost of the different economic actors can be a mix of the used
labour, the capital cost of the employed infrastructure and imports or intermediate consumption. Each of these costs
is further broken down to seven types with varying degree of economies of scale, thus leading to 28 cost elements
for every activity. We give a detailed description of the production function and the cost structure in Chapter 3. The
fifth cost element of payment execution consists of the market price of payment services bought from the PSPs and
the shadow costs of other not direct activities necessary to the execution of payments.

Chart 1 Production costs and relationships for credit transfer via electronic payments

VIBER transfer

=q RTGS

ACH joint operations
ACH

Credit transfer clearing

In the country credit
transfers

= Banking sector

e T R / Credit transfers

Credit transfer in the country
via electronic offered b
banking institute

Account yearly fee

Enterprise

Inward electronic i T - )
P T TN e Credit transfers
payment e U

P e - Account ~---.initiation
Payments manag
g Credit transfers in the
Credit transfer in the countyy
_____________ country via electronic

Household = %

*The nodes represent activities (light colour) and market services (dark colour), the lines represent production relations (red =
inner production, black = market transactions), the tables represent the 4 times 7 different type of costs.
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For example, in the case of domestic product purchases paid by the electronic channel credit transfer, both the
customer and the enterprise have their own internal costs and used payment services (Chart 1). To execute this
payment the household requires the final activity of executing ‘domestic interbank credit transfer via electronic
channel’. This activity in our theoretical framework is an inner service produced and consumed by the household. Its
4 times 7 cost elements are all the costs which can be only allocated to this kind of payment method. As an input the
household also uses a secondary intermediary activity, ‘credit transfers domestic interbank’ which contains all the
costs that can be allocated to domestic interbank credit transfers — via electronic, paper and telephone. The root
activity of credit transfers contains the activities that are present in every credit transfer. Another secondary activity
is account management which is also needed to execute payments via credit transfer. All of these activities are inner
services, but the household also uses market services to produce them. The leaf activity uses the banking service
‘credit transfer domestic interbank via electronic’ which has a market price and also account management requires
paying yearly fees to the banking institute.

To put the theoretical model into perspective based on the calibration data of the HUPS model (Chapter 4), for an
average value domestic electronic credit transfer, the shadow cost of the household agent is 248 HUF per
transactions (Table 2). Only 54 HUF is value-based cost, the rest is volume-based. Of the total 248 HUF, 207 HUF is
the fee payed for market service ‘domestic electronic credit transfer’ of the banking agent. The rest is inner shadow
cost — time cost of the transaction — and the share of account fees associated with credit transfers. For the banking
agent the cost associated with all types of credit transfers is 100 HUF, the cost of electronic payments is 54 HUF, and
the rest is the profit margin. From these we can calculate the total shadow costs of the agent.

Table 2: Cost structure of electronic credit transfers for households and banking agents

Households Banking agent
248 HUF total cost 207 HUF market price
54 HUF value-based 207 HUF fees paid 100 HUF credit transfer cost
194 HUF volume-based 41 HUF inner costs 54 HUF electronic transaction cost
53 HUF profit margin and cross pricing

In this example the enterprise side is simpler; it only needs to accept payments, which requires the presence of an
account. For the banking institute to produce this activity, we broke down the activities in the same way as for the
household inner services. Every cost is allocated to the deepest level where it applies. This results in a three level
tree with a unique side activity only for electronic based transaction processing. The complexity of the PSPs is
recognisable also in this case as the banking institute uses services from the ACH for clearing and from the RTGS for
settlement leading to complex supply chain even for a simple credit transfer payment.

Each of the listed activity is doubled to volume and value. This is a unique characteristic of the payment system since
the pricing routinely depends on values also — as a percent of the transferred money for example. This two-level
structure of the same execution and settlement of a payment is connected by average transaction values and jointly
dependent costs detailed in Chapter 3 of our paper.

The model uses 82 different payment activities with both value and volume which leads to a total 164 new services
in the model. The 82 payment activities can be grouped as shown in Table 2.
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Table 2 Categories of activities and services in the payment services supply chain

Intermediate activity Final activity

Payment methods e.g. time spent on credit transfer credit transfer domestic

e.g.
executions interbank via paper

CE WLV TRV (LI i 1 I T { M e.g. internal bank costs of paper- e.g. credit transfer domestic
users based transactions interbank via paper service offered
by credit institutions

CE W COER VTN S R R e.g. joint internal cost for ACH e.g. ACH clearing
chain operations

Another significant change from the usual form of general equilibrium models is the use of a price system that is not
homogenous of degree zero. Most of the prices of the payment services are in percent of the transaction value. Also,
the output level of the production is based on the price system, since the production of the desired value of
execution is in nominal value and cannot be transformed to real value. Despite this, it can be proven that equilibrium
exists under general assumptions. The equilibrium is not unique in the usual way, a part of the economy is
homogenous of degree zero to the price system, another part is of degree one. Bearing that in mind, a different
uniqueness definition can be created and most of the usual results of the mainstream theory can be applied.

The two major groups of agents — producers and consumers — have different internal structure of decisions. Both the
corporate sector and the payment service providers have a profit maximisation problem which is greatly extended
with the management and costs of payment services. Households have a utility maximisation problem, while other
types of end consumers like the central and local government and ROW have some kind of rule of consumption.

2.4. Enterprises

The corporate sector has a basic profit maximisation problem defined with a CES-Leontief production function and
the need of executing payments — inward and outward transactions. The sector pays wages for the labour used in
production as well as an expected return on fixed capital stock. A level of substitution exists between labour and
capital, but not between intermediate consumption and imports.

To find the optimal ratio of capital and labour used in production the enterprise solves its profit maximisation
problem and takes into account the full costs of the resources used. For this, it produces payment services for itself —
inner costs of payment executions — and buys payment services from the market, from the payment service
providers. After calculating the total costs of payments execution, the shadow prices of the resources used are
updated and used for calculation of the optimal ratio.

The problem of the enterprise is extremely complex, due to the level of recursiveness in its production, meaning that
in order to produce inner payment services to execute payments — for example paying wages — it uses the same
resources whose shadow price depends on the cost of executing the related payments. This problem shows how
complex an exercise it is to fully integrate the payment services into a classical microeconomic approach.

Using different levels of aggregation changes the number of agents in the sector — different branches of the
economy — and the number of intermediary inputs and accordingly the size of the model. In our model we
distinguish between the following sectors of enterprises:

Agriculture
Mining
Manufacture

el

Heavy industries
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5. Machinery production
6. Construction

7. Trade

8. Transport

9. Postal activities

10. Public administration
11. Telecommunication
12. Financial services

13. Other market services
14. Public services

15. Others

The distinction of the above categories of branches was made mostly with the purpose of creating groups within the
economy with presumably homogeneous payment habits. The secondary aspect of the chosen aggregation was to
separate industries that are relevant to the payment system supply chain — for example postal services, transport,
telecommunication.

2.5. Payment service providers (PSPs)

The core of the model is the highly disaggregated payment services supply chain. The HUPS model employs seven
unique agents of the supply chain. Some of these agents represent unique companies, or a group of companies, or
an autonomic division of an agent.

2.5.1. Types of PSPs

The payment supply chain agents of the model are the following:

Credit institutions

Postal system

Card companies

Cash in transit companies

Automated clearing house (ACH)

Real Time Gross Settlement System (RTGS)
Cash logistics function of the central bank (CL)

NoukwbhpR

The seven PSPs in the model are connected through a web of different services and activities (Chart 3). Most of the
market services (dark dots) and activities (light dots) belong to the banking institutes. The credit transfer and direct
debit side of their activities requires the use of services from the RTGS and the ACH. The other half of their portfolio
is mainly payment card related operations. The cash withdrawal and cash deposit supply chain requires the CIT for
logistics, the CL for bill and coin production and in cases of inter-bank services the card schemes for clearing. The
remaining services are activities which do not need a detailed disaggregation, for example account management,
card issuing and postal system related services.
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Chart 2 The inner service structure of the payment services supply chain
(activities, inner production, and intermediate consumptions)

Card
companies’_

SN Postal system

*The nodes represent activities (light colour) and market services (dark colour), the lines represent production relations (red =
inner production, black = market transactions)

2.5.1.1. Credit institutions

The biggest agent in the supply chain is the representative agent of the different credit institutions — including the
cooperative credit institutions — offering a wide range of the payment services detailed in the model. These services
include credit transfers, cash deposits and withdrawals, direct debits, credit and debit card purchases and account
management. The agent only represents the retail payments divisions of these institutions; the rest of these firms
belong to the corporate sector in our model.

2.5.1.2. Postal system

The postal system in Hungary consists of one public company which is an important agent in the payment services
supply chain offering two actively used services, the postal inpayment money order for households and the public
payments in cash. The postal inpayment money order — referred to as “yellow cheque” in Hungary but has nothing to
do with the common meaning of the term “cheque” — is a popular way of executing regular payments, for example
utility bills. Based on statistical data collected by the MNB, nearly 75% of utility bills are currently paid by “yellow
cheques”. Public payments in cash mostly consist of pension payments, and a smaller part is social payments. The
post in Hungary — the Magyar Posta Zrt. — also owns a cash-in-transit company, but it is detailed separately at the
relevant agent.
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2.5.1.3. Card companies

Since Hungary has no national card scheme, the relevant two large and some smaller international firms are not
detailed, card production and card purchases clearing are listed as import of services. The sector is included in the
model for policy purposes since these costs affect directly the cost of other activities for the banking agent.

2.5.1.4. Cash in transit companies

The representative agent of the three CiT companies in Hungary is offering logistics services to the banking agent,
the post and for the corporate sector.

2.5.1.5. Automated clearing House (ACH)

The Hungarian automated clearing house (GIRO Zrt.) operates the interbank clearing system for retail payments.
Since the ACH also offers business services not related directly to clearing of payments, the rest of the company is
separated and only the clearing services, and its costs and technology are used. The ACH is owned by the central
bank of Hungary and it follows a strictly cost-based pricing method.

2.5.1.6. Real Time Gross Settlement System (RTGS)

The MNB (the central bank of Hungary) has two distinct functions portrayed in the model. The VIBER is the RTGS
system of Hungary which is widely used for interbank payments, but it is also used for high value business payments
and for this reason it is included in the model. The price of VIBER transactions is cost-based — the MNB operates the
system on a non-profit basis — therefore the separate inclusion into the model is well-founded.

2.5.1.7. Cash logistics function of the central bank

In its cash logistics (CL) function, the MNB is responsible for the production of coins and bills in the country. Similarly
to the RTGS, the MNB'’s cash logistics operation is non-profit and is priced mainly cost-based. Both the RTGS and the
CL have their own cost allocation centres for the calculation of the prices the MNB sets for customers which means
that the separation of these two divisions can easily be done.

2.5.2. Types of payment services

The model uses 82 different types of payment activities, of which 20 are market services with existing market prices.
The remaining activities are intermediate production performed inside the company and by the final consumers and
have shadow or transfer prices. Every one of these activities is doubled — because the volume and value of
transactions make up separate markets as discussed in Section 2.2. This means that the full extent of the model with
resource markets and the different branches of the economy reaches up to 200 different goods and services
detailed.

We give a comprehensive list of all activities and services inside the payment services supply chain, grouped in the
same way as was shown in Section 2.2. End-user payment methods are means of executing payments and intra-
agent activities that are needed to produce them.

End-user payment methods

1. Cash payments
1. cash payments outward
2. cash payments inward
2. Credit transfer
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1. Credit transfer outward
i. Credit transfer intra bank
1. Credit transfer intra bank via paper
2. Credit transfer intra bank electronic
3. Credit transfer intra bank initiated in batch
ii. Credit transfer domestic interbank
1. Credit transfer domestic interbank via paper
2. Credit transfer domestic interbank electronic
3. Credit transfer domestic interbank initiated in batch
iii. Cross-border credit transfer
1. Cross-border credit transfer via paper
2. Cross-border credit transfer electronic
iv. RTGS credit transfer
2. Credit transfer inward
3. Direct debit
1. Direct debit intra bank outward
2. Direct debit domestic interbank outward
3. Direct debit inward
4. Postal payments
1. Postal inpayment money order outward
2. Postal inpayment money order inward
3. Public cash payments outward
4. Public cash payments inward
5. Card payments
1. Card purchases outward
i. Card purchases intra bank outward
ii. Card purchases domestic interbank outward
2. Card purchases inward
6. Not explained transactions
1. Not explained cash inward
2. Not explained cash outward
3. Not explained electronic inward
4. Not explained electronic outward

End-user payment services are market services offered by the payment service providers to corporate and private
customers. The final services have market prices; the intermediate activities only have shadow prices. The payment
services pricing is one of the most crucial aspects of the model with detailed behavioural methods. We will describe
the modelled pricing processes in detail in Chapter 3.

End-user payment services

7. Banking payment services
1. Cash withdrawal
i. Cash withdrawal for households
ii. Cash withdrawal for corporations
2. Cash deposit
i. Cash deposit for households
ii. Cash deposit for corporations
3. Card merchant fee
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4. Cards
i. Cardissuing
ii. Yearly card fee
5. Account yearly fee
6. Bank credit transfer outward
i. Bank credit transfer intra bank
1. Bank credit transfer intra bank via paper
2. Bank credit transfer intra bank electronic
3. Bank credit transfer intra bank initiated in batch
ii. Bank credit transfer domestic interbank
1. Bank credit transfer domestic interbank via paper
2. Bank credit transfer domestic interbank electronic
3. Bank credit transfer domestic interbank initiated in batch
iii. Bank cross-border credit transfer
1. Bank cross-border credit transfer via paper
2. Bank cross-border credit transfer electronic
iv. Bank RTGS credit transfer
7. Bankdirect debit
i. Bank direct debit intra bank outward
ii. Bank direct debit domestic interbank outward
iii. Bank direct debit inward
8. Bank card purchases outward
i. Bank card purchases intra bank outward
ii. Bank card purchases domestic interbank outward
9. Postal services
i. Public cash payment initiation
ii. Postal inpayment money order completion

Despite the fact that the model uses only 6 different payment methods, the number of marketed payment services is
well above 60. This classification means that within the model we use the following simplifications:

e Postal cash withdrawal is in the same variable as any other kind of cash withdrawal.

e The cross-border transactions are highly aggregated. Detailing them by different payment methods would
not significantly improve the model based on their small volume.

e Regular transactions are in the same variable as normal credit transfers.

e (Cash deposit is not detailed by the channel, it is entirely unnecessary.

e  From the multiple postal services we only use the two with overwhelming share of volumes, the public cash
payment initiation — pensions and social transfers — and postal inpayment money order, a payment method
widely used in Hungary for invoice payments.

Some payment methods are detailed only in limited extent. For example, the household does not know if a card
purchase is intra bank or not, also the CIT companies do not differentiate by corporate and banking customers.

Most payment methods and the related services can be connected to one agent in the model which produces them
and set the price. The banking sector provides most of the market services; the remaining agents provide only a few.
The only exception is the not explained transaction type which has no producer and cost structure. The intermediate
payment services belong to the inner side of the payment services supply chain, and include activities not used
directly by end-users of the infrastructure.
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Intermediate payment services

8. ACH
i. ACH credit transfer
ii. ACH credit transfer initiated in batch
iii. ACH direct debit
1. ACH direct debit reception
2. ACH direct debit completion
9. QT

i. Cash in transit transport
11. Central bank
i. RTGS
1. RTGS transfer
i. CL
1. Cash production
a. Cashselling
b. Cash purchase
12. Card companies
i. Card system clearing
ii. Card production
13. Credit institutions
a. Paper-based order
b. Electronic order

As we can see, inserting the payment system supply chain into a general equilibrium model greatly increases the size
of the model.

2.6. Households

The households offer capital and labour in the market, their income consists of their share in profits, salaries and
government transfers. The households spend their income on consumption of goods and services, the execution of
payments and savings. Similarly to the social cost of payments studies, the capital, labour and consumption good
costs of the execution of payments are taken into account as well. This means that the households produce the inner
services of payments execution and are effectively partly a producer. This approach is in sharp contrast to the
neoclassical separation of the producers and consumers, but can be applied in the modelling framework by the
creation of a shadow branch of the economy which produces these inner services to the households. Naturally, these
services are not market services. Because the aim of the model is the evaluation of policies concerning the payment
systems, we use the simple approach that the supply of the primary resources of the economy — capital, labour — are
not affected by retail payment policies and thus remains constant. Because of the size of the payment systems —
around 1% of GDP — we believe that this simplification can be easily accepted. With the use of regular resource
supply functions, the solution of the model becomes considerably harder with no significant effect on the results.

2.7. Government

The governmental agent collects taxes, pays transfers to the other agents and spends the remaining income on
either savings or public consumption. The tax and transfer arm of the model is strictly SNA (system of national
accounts) based. Because of the focus of the model, taxation is an important part of the different policy scenarios
and thus evaluation.

Similarly to the household sector, the governmental agent also executes payments — both inwards and outwards —
which are represented by a unique shadow branch in the economy.

18




2.8. Rest of the world and other sectors

The last agent is the representative agent of the household auxiliary sector and the rest of the world sector in the

national accounts. These agents rarely affect the payment system and are portrayed in our model in a very simplified
manner.
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3. MODEL EQUATIONS

In this section, we present the typical equations of the model. Because of the detailed production functions and 25
agents and highly integrated payment decisions, the HUPS model has nearly 12,000 primary variables and ten times
more secondary variables. The model’s size does not allow us to present each equation used in our calculations, so
we restrict ourselves to the most important ones.

Chart 3: The basic structure of the model
(black-supply, red-demand, yellow-taxation, green-income)
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The model’s basic structure follows the structure of general CGE models (Chart 4). The agents can be grouped as
households, government, real production sector and the ROW. The households and ROW offer capital, labour and
imports in the input markets, and receive incomes, wages and profits from the enterprises. The government collects
taxes and buys goods on the products and services markets. The deviation from the mainstream models is the
complete separation of the payment system supply chain from the other branches of the economy and the inner
processes of the other agents. The goods market is divided to payment services, other services and products
markets. The internal payment services — activities — are separated from the corporate and household agents.

For most of the standard variables of the model we use the mainstream names, we denote Y to output, X to
intermediate consumption, C to final consumption, L, K and M to labour, fixed capital and import and p to prices. We
use i to differentiate between agents, m as an index to payment services and j to branches of the economy. The
capital letters of these indices indicate the number of agents and services. In the Appendix we give the complete
denotation list of parameters and variables used in the HUPS model.
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3.1. The problem of enterprises

The corporate sector produces 15 types of composite goods, uses labour, capital, intermediate consumption and
imports as inputs. The enterprise pays different types of taxes, pays for the used payment services and uses its own
resources to execute payments. The profit function is the following formula. ¢,, is the per volume-based fee of the
relevant payment service, @2, is the nominal value-based fee. We use PS>, and PSPY for the volume and value of
the demand for payment services. NTX is the net sum of taxes paid by the agent.

wl =i Y—we LR =1 KP - Ep, [ =P M; - qum PSh - Zq)m PSB

— NTX,

3.1-1. Equation

The equation states that the profit of the agent is the difference between its revenue and the costs of inputs. The
cost part is expanded by the costs of payment services used.

The corporate agent maximises profit bounded by the cost structure determined by the technological set:

Net taxes:

j D
VAT | p; - Y, —Zp]--Xi] —pmM; | +7-KP -TXK + TXL -w- P + OTX, 512, Equation
+TXY -p; - Y, = NTX;

Primary good production:

1

Y; = min ((ALy LDyv g +AKy KDyv Gi)_a_l, .,A;'C 'Xiy' ...,Am-My) 3.1-3. Equation

Payment services:
mepitY; +foljmp1 'Xij +fLim'W'LlD +fi" oK + fil" P My + fi - NTX; 3.1-4. Equation
+ PSFIXi™ = PM};
fim . gim .y 4 Zf‘m 9)‘{1" -Xl-] + MO LY+ f 08 KD + i 05 M, 3.1-5. Equation

+ PSFIX'™ = PM,,;

PMpy; < min(PM/¥, PMZOY, PMPS, PMIIXL, pMmixd 3.1-6. Equation
PMY,; < min(PM/, PMP3!, pME&d, pymixt, pymixd 3.1-7. Equation

The technological set of the enterprise is highly detailed, contains the four types of input, each in seven different
forms. There are inner services used for the production of other services, as well as services offered by the payment
service providers and services used for the final execution of payments. The technological set can be separated into
consumption good production and payment execution production.
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3.1.1. Cost structure of consumption good production

The final consumption good’s production function is a composition of Leontief and CES type functions. For capital
and labour there exists a level of substitution, but for intermediate consumption and imports we use fixed ratios.
The parameters are calibrated using SNA statistics.

The production function can be given as the following. The ALJL.’ and AKL.y are the CES parameters, the A% and the 4,,
are the Leontief ratios.

L 4

1
Y; = min ((Al}i’ . LPW—Gi + AKl-y . K_Dyu—‘fi) a,-’ ."'Ag'c 'Xiy, N My) 3.1-8. Equation

3.1.2. Cost and demand structure of payment service production

In the case of payment service production, we use a more detailed production function for all four types of inputs.
The detailed production function was estimated with data from the Hungarian social cost of payments (COP) study
and — unlike the normal real goods’ production function — is not homogenous of degree one. This means that unlike
the usual theory well defined demand functions can exist for most input markets and in some cases the supply
function is defined. Since it is not true for all cases, we modelled the HUPS model as a demand driven disequilibrium
model and do not formally include the supply functions.

Based on payment method shares and average transaction values, we can compute the needed amount of payment
method execution in volumes and values for every payment method (PMY,;). We use fi™ to represent the share of
the m-th payment method in the overall turnover of the input category represented by R {L, K, M, X}. The following
equations states that the needed value of the relevant payment service is the value needed to accept payments for
outputs, pay for intermediate consumption, labour, capital and import, pay taxes and a not explained fix part. The
second equation transforms the values to volumes using the reciprocal of the average value per transaction 8™.

]
}’im'pi'Yi*’zfxiJm'pi'Xi] +fLim'W'LiD+f1§m'r'KiD+f1‘£1m'pm'Mi+fTim.NTXi 3.1-9. Equation
j

+ PSFIX[™ = PM},;

]
Fm -0 Yik ) fim ol x) + fim-0fm 12 + fim- 0} - KD + fi - 0} 3.1-10. Equation
Jj

+ PSFIX'™ = PM,,;

Based on the data of the COP study, we distinguish between seven types of costs in the management and execution
of payments. The detailed cost structure is essential in modelling the change in costs and resource usage with shifts
in payment behaviours. Of course, not every payment service uses all seven types of cost, but in this way we can
model the cost structure of cardinally different services.

To produce payment methods the firm spends its own resources. The straightforward definition of the technological
set is complicated because of the multiple levels of nested Leontief and polynomial functions. To produce the
desired amount of payment transaction volume and value all the necessary related cost types are used.
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PMp,; < min(PM/¥, PMZOY, PMES, PMIixotl, ppmixod 3.1-11. Equation

mi’ mi
PMY,; < min(PMJ¥, PMY3H, PMPAie, pymixal, ppymixad 3.1-12. Equation

It means that in optimal solution the following applies:

PMy,; = PMES" = PMBid = pMmixel = pymixed < py/ix 3.1-13. Equation
PMY,; = PMP3! = pMpad = ppmixal = pymixad < py 3.1-14. Equation

This means in overall seven different type of cost exist of which two is not unique for volumes and values.

3.1.2.1. Fix cost

Nearly all payment service production has some kind of fix cost, namely the costs of management associated with
the given transaction type — if the allocation can be made in the first place — or the capital costs — and amortisation —
of the basic infrastructure. These costs cannot be allocated to volumes or values, so some kind of simplification is
needed. If the cost is just for inner allocation, then professional estimations are made based on the data of the COP
study. In other cases, for the PSPs the allocation can decidedly affect the pricing routine. In those cases, more
sophisticated secondary fixed cost allocation estimations are made so it reflects the observed pricing routine more
accurately.

i (X Bt K My fix
lfm1n< 7 T A <1, PM; " =0

pmIE = xmi “Nlmi “Tkmi “Tmmi 3.1-15. Equation
|ifmin mi mi mi mi |- q PMfl.xzool
\ Al al Al Al )T mee )
xmi Imi kmi mmi

3.1.2.2. Volume-based variable costs

If a given variable cost changes with and only with the number of transactions, then the allocation can easily be
made. In a linear case, we use a Leontief production function. If the study showed that the cost is degressive and has
some economies of scale then a polynomial is used. The power is calibrated to reflect the degree of homogeneity
estimated by the COP study.

3.1-16. Equation

voll jvoll voll voll
voll . Xmi Lmi Kmi Mmi
PM;;" = min

Avoll ’Avoll ’ Avoll ’Avoll

xmi Imi kmi mmi
1 1 1 1
vold id vold ld vold ld vold ld
PMVOld = min Xmi ‘*fni Lmi 6¥$ni Kmi 61151‘;& Mmi 531% 3.1-17. Equation
mi T Avold "\ gvold "\ gvold 7\ gvold
xmi Imi kmi mmi

3.1.2.3. Value-based variable costs

In this case, the reported variable cost only changes with the value of the executed payment. As with the volume-
based costs, we use Leontief and polynomial functions to reflect the degree of homogeneity observed.
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3.1-18. Equation

vall jvall vall vall
PMva” = min (Xmi Lmi Kmi Mmi )
mi =

Avall 'Avall ’ Avall 'Avall

xmi imi kmi mmi
1 1 1 1
vald\ svald vald vald vald\ svald vald\ svald
pMPAd — i Xmi_\ormi' (Lmi \ormi® (Kmi \oymé' (Mumi ) ormi 3.1-19. Equation
mi  — Min Avald "\ grald "\ grald "\ Avald
xmi Imi kmi mmi

3.1.2.4. Mixed cost structures

In some cases, we cannot allocate the variable costs entirely to volumes or solely to values because they change with
both of them. If a cost is based on both sides the fix cost secondary allocation applies.

3.1-20. Equation

mixl jmixl mixl mixl

PMm-iXOl i PMm-ixal = min Xmi Lmi Kmi Mmi
mi mi Amixl ’Amixl ’ Amixl ’ Amixl
i Imi i i

xmi kmi mmi

\/PMnr;liixod . PMrrnniixad

1 1 1 1 3.1-21. Equation
mixd\ smixd mixd \ smixd mixd\ smixd mixd\ smixd : :
= min (Xmi )6rmi <Lmi )6rmi <Kml )Srmi (Mml )Srmi
- mixd ’ mixd ’ mixd ’ mixd
Axmi Almi Akmi Ammi

But since the model does not use directly the technological sets, we give the solutions and demand functions which
describe the behaviour of the different agents. The 7 equations for (R={X,M,L,K}):

fix _ Afix - i
Rmi = Ami 3.1-22. Equation
R;;r{)ill — Azgfﬁ - PM,,; 3.1-23. Equation
RYold = gvold . (ppy )cﬁ.,onlld 3.1-24. Equation
mi T “irmi mi
R;J,ﬁ” — A?%f - PMY,; 3.1-25. Equation
Rv&d = gvald . (pprv )52#161 3.1-26. Equation
mi T Yrmi mi
ixl _ ixl B .
RMixl = gmixt /PMmi - PMY,; 3.1-27. Equation
mixd

mixd _ gmixd , | — pyo ormi 3.1-28. Equation
Rini™™ = Ami PMy - PMpy;

By multiplying the given demand functions with the costs of the related inputs we can create a cost surface for
payment services production depending on the volume and value of the produced transactions (Chart 5). The cost
surface is differentiable and continuous — except for the quasi-fix costs — but not homogenous of degree one.
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Chart 4 Cost surface of volume/value of payment transactions
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Usually executing a transaction in a payment method requires the use of some payment services from the payment
service providers. In general term the coefficient is one — one credit transfer execution as a payment method needs
the payment service for one credit transfer service from the banks — but not in all cases, most notably cash
management. The following equations state the required amount from the different payment services (PS?2;) with
the estimated ratio A% for volumes and values.

PM,,; = min(A%% - PS2,, ...,) 3.1-29. Equation
PMY; = min(AY% - PSEY, ...,) 3.1-30. Equation

mi’

The model employs different types of taxes; value added tax (VAT), taxes on wages (TXL), taxes on capital income
(TXK), net transfers (OTX;) and taxes on output value (TXY).

Ay v — XM KD - cwe [P ,
VAT - | p; - Y; Zp] X —pp M | +7 KPTXK +TXL -w- LP? + OTX; 3131, Equation

+TXY -p; - Y; = NTX,

3.1.3. Real production pricing

The pricing routine calculates with total costs of the used resources, which incorporates payment management costs
and taxation. The taxation costs include the costs of paying taxes (A8) and the payment execution costs which are
volume (/1;) and value-based (/12) are both converted to calculate the total average costs. The optimal pricing routine

is the following:

ZP af ol B aml+ZA‘* (f;g 9‘~"+Z 0. gl >
+Z/12'<yig'pi+2fxi{g'a]l:'pi>+}LS'VAT'<pi_ZPi(1;>+/18
g i 7

-TXY - p;

3.1-32. Equation
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The shadow costs represent the full costs of the use of resources. A for the index 1-2-3 represents the total costs for
the primary inputs, we use the denotation w/,r{ and pml.T for labour, capital and imports. The 6" and 7™ shadow
cost is an auxiliary variable for the cash-electronic transformation cost module; the 8™ is the total cost of paying
taxes.

The biased costs of intermediate consumption and inputs are the following. The costs are augmented with the costs
of executing the related payment, for example in the case of labour cost — wages (w) — the total labour cost is the
base wage, the cost of executing the nominal value of salary payments, the same costs for volumes and the taxes on
labour corrected with taxation shadow costs.

M M

pj; =pj+ Z M - O + Z A i py + A% TXX - p; 3.1-33. Equation
m m
M M

WiT =w+ Zl?m lem : Him + Z A?m lem ‘w+8-TXL -w 3.1-34. Equation
m m
M M

n=r+ Z Ko« ™ 08" + z A fimer + 28 TXK -7 3.1-35. Equation
m m
M M

pm? =DPmt Z /Yilm ’ I\EIm ’ ezfxlm + Z A?m : 151m Pt l? -TXM -p, 3.1-36. Equation
m m

To calculate the total cost firstly the total cost of payments are calculated. The costs are biased by the exogenous, fix
volume and value which cannot be explained by flow variables of the model, to represent the total services used.

°r bp psP.
4 T . mi T . mi . T . . mi ~ .
A = Om + W, PS> + 77 PS> + Pl QM + E D Ay PSP pSFIX™ 3.1-37. Equation
l
LDp.V KDpv PSDV
5 _ v T, _mi T, _mi T. v T . v |, mi ) .
A = ((pm + w; pSDY +7; pSDv + Dm; - aMmpy; + E Dxi * Xy —PS,%'[ —pSFIXI 3.1-38. Equation
i

Taxation execution costs are extremely simple because in our model it only depends on values. We use the
simplification that higher taxation does not result in more transaction.

M
=1+ ZfTim A3, 3.1-39. Equation
m

3.2. Payment service providers

Based on the data of the COP study we designed the PSPs’ equations to fit every kind of payment service providers,
even if they produce a huge amount of services — like the banking sector — or just one — like the Cash-in-transit
corporations. The following equations form a set which is applied to every PSP agent in the model.
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The payment service providers have a profit maximisation problem described in the profit equation. Because of the
high degree of cross pricing and oligopoly competition, the profit will not be necessarily zero.

M J
PP = Z ((pm'PSfrf+(p11;l'P51§lv)_W'Lgsp_r'Kz?sp_NTXpsp_Zpi'Xipsp
i

mepsp 3.2-1. Equation

M
= (- PSB!+ @ PSRN
m

Bounded by,

Definition of net taxes:
NTXpsp = LDpSp ‘w-TXL + K;’Sp 7 PTX + Yo " TXY + OT X, 3.2-2. Equation

Production set:

3.2-3. Equation

i fix voll vold mixl mixd
PMypsp = min(PM; e, PMpSL,, PMpSi,, PMIEL pMmixd’y

PMY, = min(PM,{l;;‘Sp, PMp&L,, PMEAS PMpUXL pMmicdy 3.2-4. Equation

The output of a PSP is the transaction volume and value of the created payment service and to produce the offered
services they use labour, fixed capital, intermediate production, imports and other payment services.

To simplify the model, we do not calculate the cost of payments of the payment service providers. Inserting this into
the model would greatly increase its complexity, but it would not affect the results significantly since the total cost of
paying wages and proprietary income is minimal for a banking institution.

T _ . - i
Wpsp =W +w-TXL 3.2-5. Equation

r_ . i .
Tyep =T + 717 PTX 3.2-6. Equation

The total income of the payment service provider is made up of all revenues based on volume and value.

M
YIJSIJ = Z (O PS’Iflt +op - PS%U) 3.2-7. Equation

MEepsp

The payment service providers pay taxes based on labour usage, return on capital and — in case of Hungary’s
financial transaction tax — taxes based on payment transaction volumes and values.

NTX,p = LBgy W+ TXL + K2, - 7+ PTX + Y, - TXY + OT X,y 3.2-8. Equation
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The production of the offered services is given by the same technological structure as the inner costs of executing
payments for corporations and households.

PMmpsp < mln(PMrj;lzcsp’ PM;‘;[oplép; PMTI;{;Jlgp, PM.;nn;fglp, PM;;?K;%) 3.2-9. Equation

PMY,; < min(PM},, PMPAIL,, PMP&d, PMIeL pymixd) 3.2-10. Equation

mpsp’ mpsp’ mpsp’ mpsp’

The solution for (R={X,M,L,K}).

er;i;fsp - A{ni;sp 3.2-11. Equation

Rz%ép = AZ%ésp . PMmpSp 3.2-12. Equation
SYips 3.2-13. Equati

R‘;J]’l(.ggp — Az%gsp . (PMmpSp) pSp .2-13. Equation

Rmzplép = AZ?rfésp . PMTI;LpSp 3.2-14. Equation
svald ~ -

R;%lgp — AZ%gsp . (PM;;mSp) rmpsp 3.2-15. Equation
ixl ixl . - i

nggp - A’rnnlfzcosp \/PMmpsp PM‘I";lpSp 3.2-16. Equation
. . smixd .

d _ d . - rmpsp 3.2-17. Equation

nggp - Amljzcosp \/ p Mmpsp p M#lpsp B

Using the detailed technological structure of the payment service, the PSP calculates the total direct cost that can be
allocated to transaction values or volumes. In a competitive market environment, the fix costs would be allocated in
a given way and the pricing routine would be complete. But in Hungary we observe a high degree of oligopoly
behaviour, cross pricing between different payment methods and a more complex adaptation to outside cost shocks
— such as changes in taxation. Based on our numerous studies, we calibrated the pricing routine of the different
payment service providers — most notably the banking sector.

To simplify future equations, the definition of direct costs (DC,‘%):

M
DCE = PSy9 - TXY + Wl - Lod o + 10 - Koo + 11 X0 + z @ * PSPPSP 3.2-18. Equation
mepsp

3.2.1. Pricing methods of PSPs

The PSP uses a mark-up profit on allocated costs (markup?sP) — which include the direct costs and the share of fix

costs (wfg ) allocated to the volume or value of transactions.

pspm

g fg T Dfg T Dfg
(D Con + Wpspm (rpsp “Kpspm + Wpsp * Lpspm )

PSy?

pspgy .

(sz — (1 + maTkuppSp + crossh 3.2-19. Equation
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The cross pricing rate (crossh’*Y) is defined to match the calibrated amount of pushed over costs from other
services. Using this definition, the net profit of the payment service provider does not change with changes in
payment habits, which indicates a certain type of adaptation process. The payment service provider modifies the
cross-pricing margin in a way that the net profit margin of all activities remains constant for every payment
behaviour change.

crossk’PY - (DC;Z +wld . (s kPS94 Wpsp -Lﬁﬁz‘,’m )

pspm pspm
_ pspgo | g0 fg . (,T0 . Dfg0 To , Dfgo
= CToSSy, (DCm + Wpspm (rpsp Kpspm + Wysp Lpspm

The definition for the cross-pricing rate states that the nominal value of the costs that are allocated to other
activities remains the same in every case. This means that the PSP biases the final prices to allocate the same

amount as in the starting point (cross?°?9°).

3.3. Central and local governments

One of the primary focuses of the model is to calculate effects of technological and cost shocks. Changes in taxation
are the basic cost shock that the model can calculate. For this reason, the central and local government — commonly
referred from now on as the public sector, not including the public companies and the national bank — is detailed to
incorporate these effects.

Apart from being a pivotal agent in collecting taxes and modifying the cost structure of the different agents, the
public sector also uses payment services intensively to execute its own payments. Taxation, state subsidies, pension
payments and other cash incomes and outward payments are all included in the model. Since the production side of
the public sector is in the non-monetary enterprises, sector payments related to employment are executed in the
relevant sector.

The HUPS model can be used to calculate the total tax effect of different payment system policies. Based on this, we
do not take into account any behavioural function of the public sector. The government has a given Leontief
consumption structure which is rigid. The starting amount of the budget deficit is taken as an outside variable, apart
from it the government spends as much as it collects from taxes.

The expenditures (Gg) and the revenues (Gg) of the central and local government agent equals naturally in the
model.

The structure of governmental incomes is the following. The government’s main income comes from the different
taxes calibrated by the SNA tables of Hungary and the share of profit from the owned companies. Another part of
the revenues is not explained and consists of different international transfers.

GR :NTXG+ DG+7TG

29



J G
NTX; = Z NTX; + NTX,, + NTX,p,, + Z NTXpsp 3.3-3. Equation
i g

¢ = 7t + &t - pach 4 el 4 gPs 3.3-4. Equation

The structure of expenses, public consumption (C2), transfers — social and capital transfers (TR;) — and the starting
level of deficit and costs of debt management (D P;):

Gg = Cf + TR; + DP; 3.3-5. Equation
J k

=6G- Zpi -af + Z(q;m - PSB, + @3, - PSPY) 3.3-6. Equation
i g

The execution of payments, volumes and values are in the usual form for expenditures and transfers:

PSrlr)lg =00 G- fii + 057 - TRg - fii® + PSFIXI™ 3.3-7. Equation
PSPY =G - ff + TR; " fmR + PSFIX]™ 3.3-8. Equation

3.4. The problem of households

The household sector is a standard utility maximisation agent with a detailed cost structure of payments execution.
Households do not change their labour and capital supply in the HUPS model. We use the realistic assumption that
no change in the payment services supply chain can significantly alter labour and capital supply and demand. This
assumption can be relaxed but the results do not alter in any way.

The utility function of the consumer is given by the following formula:

1
u(c) = (A1 . Cl—ﬁh ot A C]-ﬁh) Bn 3.4-1. Equation
The budget restrictions:
J M
Z piCi+ Z(wm PSP, + @F - PSPYY + NTX, =7 -KS+w- L5+ 7"+ 0TX, 3.4-2. Equation
i m
J M
nh = Z Ttip + Z T[ngp 3.4-3. Equation
i m
]
C = Z pi - C; 3.4-4. Equation
i
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The necessary volume and value of the demanded payment services is calculated in the same way as for the other
agents.

J
Z Oy fln-piv o+ f - O - Ly + fif™ - O - K5 + fi - O} - MP + PSFIX™ = PSP, 3.4-5. Equation
i

J
chih P G fl- LS + fEm - KS + filf - MP + PSFIX[™ = PSPy 3.4-6. Equation
i

The solution for consumption goods demand is derived from the CES function.

Bn
J 2Bn , ~1-Br\1-B
pi - C; _ (ZJ AJ' CJ ) " 3.4-7. Equation

C Af;h . Cil_Bh

The taxes on capital and labour income and a fix part not explained by the model:

NTX, = HTXK -7 - KS + HTXL w - LS + NTX;, 3.4-8. Equation

The inner costs of payments execution in the case of households are solely labour needs since our surveys show that
time cost is by far the most dominant inner cost of the different payment methods for households. Other types of
costs are nearly negligible and are not fundamentally part of the total costs of payments.

PMI,,, = PS,?m 3.4-9. Equation

al! - PMly, = L5, 3.4-10. Equation

The functions for the resource supplies are exogenous and constant. From the total labour supply we have to deduce
the amount of time spent on payments.

KS = qu 3.4-11. Equation
M
S _ 1S D } ;
L> =Ly — Z Lo 3.4-12. Equation
m
3.5. Market equations
Labour market
LS = LY + LY + LDs + LDy + Liper + L7y, 3.5-1. Equation
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Capital market

K + K2y = KP + Ky + Ko + K + Kpper + Kipyr 3.5-2. Equation
Real goods market
I
Y, = Z X +Ci+ G af + XD+ XDk + XDhor + Xiog +1; 3.5-3. Equation
j

Payment services markets

The payment service markets must be duplicated for value and volume of offered and demanded transactions.

J
PSSt = Z PSpi + PSPy + PSpPS + PSP, + PSpep + PSpcic + PShpir + PShviver 3.5-4. Equation
i
+ PSPipi + PShg
J
PSyY = Z PSPY + PSph + PSPPS 4+ PSPY 4+ PSPY, + PSptie + PSpbr + PSpviver 3.5.5. Equation
i

+ PSpi, + PShY

3.6. Exogenous variables

Because of the scope of the model, we do not expand the model with capital accumulation, non-rigid resource

markets and changes in international trade. Most of the behavioural equation of the ROW sector and the not

detailed sectors — auxiliary households sector — do not change with other parts of the model. These equations are

used to close the model in a general equilibrium framework, but we do not believe that any change in the retail

payment habits can significantly alter them.

MS = Mg 3.6-1. Equation
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4. INFORMATION BASE AND CALIBRATION OF THE MODEL

The HUPS model is a complex computable general equilibrium model consisting of tens of thousands of equations.
To satisfy the information requirements of the model, we have used numerous data sources, huge databases and
most of the research output of recent years of the Financial Infrastructure Directorate of the MNB. The macro
elements of the model are calibrated using various sources of the System of National Accounts and the payment
statistics published by the MNB.

The micro foundations of the model are the numerous studies published by the MNB over the last years, most
notably the cost of payments (COP) study. In this study, the MNB estimated the cost structure of the different agents
in the retail payments supply chain, the different fees and transfers of money between the agents and finally the
total social costs of the execution of payments in Hungary. The main focus of the COP study was the calculation of
the social costs of payments. Because of that a high degree of aggregation was used in the published paper. But the
data is available on a more disaggregated level which was essential to the calibration of the HUPS model.

Beside the macro statistics published by the MNB and the CSO (Central Statistical Office of Hungary) and the studies
of the previous years, the model also uses data sources which represent the cutting edge of research studies in
payment economics in the MNB. Most notably, the pricing routine of the payment service providers are calibrated
using detailed, time series data of the Payment Services Pricing Monitoring System of the MNB. The payment
behaviours of the agents are calculated based on the latest representative 1,000-sample household payment habit
survey data of the MNB and the highly disaggregated data received from the Hungarian ACH’s interbank clearing
system and the RTGS of Hungary (VIBER).

The enormous information base of the HUPS model ensures that the results and conclusions are well founded and
robust and can be applied to policy evaluation in Hungary.

4.1. Payment statistics

The HUPS model is based on three different statistical databases created and maintained by the MNB and the CSO.
The volume and value statistics of the Hungarian payment system are collected by the MNB in a detailed method.
Most of the payment methods in use in Hungary have a disaggregated statistical table for the type of sector initiating
the transaction — corporate, household or other — the volume and turnover of transactions, and the channel in which
the payment was initiated and made — e.g. paper or electronic or different kinds of terminals in the case of payment
cards. The MNB also collects data by the value of the transactions from the ACH, which enables us to create detailed
density functions for most of the payment methods.

The real economy part of the model is entirely SNA-based and is accessed from the CSO and Eurostat. These
statistics provide the macro framework of the model, but are not unique to retail payment modelling. The base of
the model is calibrated to 2010 and 2014. The 2010 data is used to integrate the COP study data, and a complete
recalibration is made to ensure applicability — mainly the integration of important policy and fiscal measures taken
since 2010.

These databases assure relevant information and data for all parts of the HUPS model. The calibration of the model
is automated in a way that new statistical information is constantly added to the model which ensures that every
policy evaluation uses the most recent available data.

4.2. Cost of payments statistics

In 2010, the Hungarian central bank published a detailed and comprehensive analysis of the retail payments services
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supply chain and calculated the social costs of payments in Hungary. The study found that the total cost of payments
in Hungary amounts to more than 1.5% of GDP. The study also found that by switching to considerably more efficient
payment habits close to 0.4% of GDP could be saved in costs. The MNB also calculated the average unit costs of the
different payment methods and their profitability for the agents in the payment services supply chain.

The HUPS model builds on the same immense dataset collected for the COP study to model the inner technological
sets of the payment service providers and the other sectors of the economy. Because the COP study has relevant
data for 2010 and 2011, the HUPS technological base is calibrated to 2010. The changes in banking costs from 2010
are estimated from other statistics. It is safe to assume that the inner structure of costs — volume-based and value-
based shares, degree of economies of scale — did not change significantly from 2010 to 2014. The pricing, fees and
incomes of the different payment service providers are calibrated from other datasets which did not exist in the time
of the COP study.

4.3. Additional statistical information

Apart from the standard macro statistical information and the information base of the COP study, the HUPS model
uses two major data sets. To calibrate the detailed fee structure of the different payment services we used
information from the newly created Payment Services Pricing Monitoring System. The system is based on the
information of the entire fee condition list of every available payment account in Hungary and calculates average
costs, prices for different segments and for the whole households sector. The fee condition lists are provided by the
Hungarian PSPs for all of the payment accounts they open for their customers and the MNB has to be notified real-
time of any changes in these condition lists. The monitoring system produces time series data which enable us to
calibrate not just the price level of the payment services, but also the pricing behaviour of the agents.

The monitoring system has information starting from 2010 which is the base calibration of the model. The final
calibrated version of the model uses the latest average prices available from the monitoring system. The data from
the last four year is the sample to calibrate pricing routines.

The other crucial data source of the model is the information, studies and surveys of the last years regarding
household and corporate payment habits in Hungary. The MNB performed surveys to collect data from households
in 2010 and 2014 with a sample of 1,000 respondents. Apart from the surveys, the MNB has access to detailed
information from the RTGS and the ACH’s interbank clearing system.

4.4, Solution of the model

The HUPS model and its data relations are programmed in a Matlab r2014 environment. The size of the model does
not allow us to solve it in the usual numerical analytic Newton-approximation methodology; the number of variables
makes the calculation of a first order derivatives or the Hesse matrix impossible.

As a modelling tool, the HUPS model is programmed as a best-answer disequilibrium agent-based model. The stable
points of the best-answer functions of the different agents are the same as the solutions of the original set of
equations. The model has a number of solution algorithms to linearly stabilise the finite memory difference system
of the model and create stable points for solution.

With this method, the extreme size of the model does not make it impossible to evaluate policy impacts even during
daily analytical work.*

34



5. BASELINE OF THE MODEL

The HUPS model was calibrated to 2014 using the different data sources described in the previous chapter. The
macro variables and parameters match the 2014 SNA integrated accounts for Hungary; the intermediate
consumption structure was calibrated using the latest input-output table available for Hungary.

On the payment services supply chain side, the volumes and values derive from the MNB’s payment statistics, while
the prices of the different payment methods originate from the MNB’s payment services pricing monitoring system.
The calibration of the pricing algorithm — the level of cross pricing and monopolistic margin — is based on the COP
study. The cost structure is also calibrated from the COP study adjusted to changes in resource prices and
productivity growth of the sector.

5.1. Shares of branches of economy

The payment services supply chain accounted for 1.6% of GDP in 2014 — or 2% of the total market output — and most
of it concentrates in the banking sector (Chart 5). With the use of the model, we can calculate what the Hungarian
economy would look like without cost of executing payments. This scenario resembles the hypothetical state of an
economy mostly represented in theoretical modelling where the executions of payments are costless. In this
scenario, GDP would be 1.15% higher than it is in 2014. The GDP increase is attributed to the reallocation of primary
resources to other branches of economy, and since some agents in the payment services supply chain are more
effective than the country average the effect is slightly less than the original share of the payment sector.

Chart 5: Gross value added of different agents in the payment services supply chain
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5.2. Payment behaviours of agents

Hungary is a highly cash-intensive economy with most of the volume of retail payments executed in cash payments
(Table 2). Credit transfers are fewer in numbers but make up several times GDP in Hungary in values. A considerable
part of credit transfer transactions cannot be explained by a single economic act in the SNA framework and become
exogenous, fixed in our model. On the other side, household consumption can be divided between the different
payment methods. Approximately 50% of household consumption expenditure is in cash, the rest is covered by
postal inpayment money orders and electronic (card, credit transfer and direct debit) transactions evenly.

Table 4: Volumes, values and shares of the primary payment methods

3,134 mn pieces 6.36% 93.64% 0.00%
58,547 bn HUF 84.38% 14.54% 1.08%
289 mn pieces 36.23% 29.74% 34.03%

544,596 bn HUF 52.30% 1.59% 46.11%
359 mn pieces 0% 100% 0%

2,664 bn HUF 0% 100% 0%

Because of the high number of transactions, cash payments are currently cheaper than card payments for household
agents and acceptors as well. Payment card use imposes indirect cost on households through yearly card fees and
cash became even cheaper due to the bimonthly free cash withdrawal opportunity in Hungary. On the merchants’
side, cash acceptance is in average still cheaper than card acceptance (Table 3), although the gap closed considerably
in recent years in the wake of the Hungarian interchange fee regulation.

Table 5: Shadow price of acceptance for different payment methods

49.9 HUF

80.5 HUF

152.0 HUF

145.7 HUF

2.9 HUF

5.3. Fee flow in the payment services supply chain

In 2014, the total revenue in the payment services supply chain was HUF 536 bn, or 1.7% of GDP. Most of the fee
payments go to the banking representative agent in the model for the execution of transactions and for fixed costs —
account and card fees (Table 4). From the perspective of the banking agent’s revenues, the real economy and
households are nearly equally important. In the case of consumers, the fees are mostly fixed costs, on the other
hand enterprises typically pay variable prices for the execution of payment transactions. Based on the monitoring
system and the aggregate statistics, we can state that most of the variable fees are value-based costs. Since the
producers execute payments of higher values than households, the average fees paid are generally proportionately
higher.
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Table 6: Fee revenues of different agents (in HUF million)

479,448

185,195

24,431

269,821

57,272

536,721
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6. THE MODEL IN USE

In this chapter, we demonstrate the capabilities of the calibrated model by evaluating two retail payments related
scenarios. The HUPS model is primarily designed to evaluate the effects of taxation, other kinds of policies, changes
in pricing routines, long-term changes in consumer behaviour and the trade-off between different payment methods
on the economy and the payment systems.

We first show the projected changes in the cost structures of the retail payment systems for the following years. We
forecast the main trends of the retail payment segment in Hungary without policy intervention using a VAR model
and analyse the expected effects on the different agents of the payment supply chain. This scenario shows the gains
and losses in productivity and in social costs of operating the different payment systems as a consequence of the
changes in the consumers’ and corporate agents’ payment habits.

Focusing on the acceptors’ costs of cash and payment card transactions, in our second scenario we calculate the
exact point where the cost of debit card acceptance generally becomes cheaper for the agents in Hungary than that
of cash acceptance. This scenario shows the extra increase in payment card usage compared to the baseline that
needs to be achieved by 2020 to reach this policy aim.

6.1. Impact of expected changes in payment habits

In this scenario, we calculate a forecast of the structure of payment habits in Hungary for 2020 and use the HUPS
model to evaluate how it will change the pricing of the different payment services. In this way, we can estimate how
much of the gains that we calculated in Chapter 5.1 can be achieved in the following years without policy
interventions.

For the forecast we used a VAR model to capture the long-term growth trends in volumes and values of the different
payment transactions. The VAR model operates on three levels. The higher aggregates make up a standard VAR
model which forecast the expected volume and value of the different payment methods. The lower aggregates
calculate the expected change in the structure within a payment method, for example intra bank and domestic inter-
bank transaction ratio and paper to electronic payment ratio. We selected a VAR model for this purpose not only
because it is particularly useful for trend forecast, but because it will also be used for estimation of changes from the
baseline. In the future this VAR model can help us also in calculating the estimated effect of different policy scenarios
on the changes of payment habits, on the assumption that the basic relationship between these aggregates remain
the same over the long run.

Using the VAR model and linear or exponential trends — based on best fitting — we created forecasts for 2020 (Table
8). The 6-7 year is most likely the longest plausible period for such kind of a forecast because our data regarding the
payment habits in Hungary is not sufficient to prove that these trends and relations remain the same for 10-20 years.
The long trends in the Hungarian payment infrastructure show a steady convergence to a more electronic, efficient
payment system. The credit transfers are already in a high value per GDP, but still have a modest growth. Card
payments have a much higher growth rate — in our forecast to 2020 the expected increase in volume reaches up to
nearly 20% yearly.

Other payment methods, like the postal inpayment money order or paper-based transactions lose volume and value
in the long run, eventually helping a more efficient system. Unfortunately, the direct debit forecast lacks the same
optimism, the growing trend in the 2000s stopped in 2010 and no significant gains were achieved since then.
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Table 7: Estimated average yearly growth rate of payment infrastructures and methods between 2014 and 2020

Number of accounts -0.56%

Number of cards -0.06%

Cash withdrawal -6.59% | -3.60%

Number of accounts -1.70%

Number of cards -0.06%

Card usage 19.26% | 17.35%

Cash withdrawal -7.32% | 4.28%

Credit transfer 2.95% | 9.06%

Credit transfer initiated in batch 152% 8.31%

Direct debit 1.47% | 0.77%

Postal inpayment money order -4.27% | -6.50%

Pension payments by post -5.50% | 0.35%

For the real side of the economy, we use a technical long-term stable GDP growth rate and a productivity increase of
2% for the next 6 years. The trend for the real economy is important to anchor the per GDP values of the transaction
and estimate a plausible scenario. Because the HUPS model is mainly created for retail payment economic policy
evaluation, we do not make more assumptions for the real side of the economy. Because of this assumption, the
productivity increase is even and general for all agents and all sectors and branches of the economy.

To anchor the long-term effects of the changes in payment behaviour, we calculate a baseline forecast for the
model, which projects only the 2% increase of the economy, including also a 2% increase of the payment system
without any structural change. This latter increase of the payment system is not trivial in our model, since the
payment services production is not homogenous of degree one. This means, however, that if there are no
behavioural changes, without this baseline forecast the general growth of the economy would decrease the relative
share of the payment services supply chain in the economy over the long run, which is not feasible. This degressive
feature of the production function is taken into account by the baseline forecast to which we compare all results of
our first scenario in the following.

Table 8: Changes in macroeconomic variables

0.17%

1.79%

0.48%
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As shown in Table 6, the general change in the structure of payments habit has a positive effect on GDP. The costs of
primary resources increase in real terms because of the increase in general productivity, which means that overall
the long-term trends of the payment habits move in a desired direction, towards a more efficient payment system.
The positive effect is observed despite the fact, that the share of the payment system supply chain does not drop in
the first scenario compared to the baseline forecast; it is 1.85% of GDP.

The increase in productivity is the result of restructuring of primary resource allocation. The capital costs of the
payment service production drop, due to a shift towards electronic payments from cash-based transactions. The
agents operating these systems generally have higher productivity in capital — 3-4 gross value added (GVA) per
capital unit compared to around 2 in real production — meaning the excess savings go towards real goods
production.

Moving from the macroeconomic perspectives towards the individual services in the payment services supply chain,
the real prices compared to the baseline varies greatly (Table 7). In the forecast for 2020 the credit transfers increase
in total volume and value, but it is not true universally because paper-based transactions follow a downward trend
while electronic transactions take their share. Because of that, their relative price changes accordingly. In the case of
electronic transactions, there is a high degree of degressivity, an overall 19% increase in volumes for 2020 cause a
25-30% drop in average costs.

Table 9: Changes in total costs for the household agent

Intra bank +57.23%

Inter bank +2.46%

Intra bank -23.22%

Inter bank -29.61%

+57.64%

Cash withdrawal costs do not deviate significantly from the baseline in this scenario. Due to the bimonthly free cash
withdrawal opportunity, it is already priced below costs at a very small average fee. On average, consumers use less
than the two withdrawals per month and that makes it harder to pass on significant increases in average costs to
customers. On the other hand, despite payment card transactions being primarily — in an overwhelming share — free
in Hungary, based on llyés et al. (2013) we can state that the payment service providers pass on their costs to yearly
card fees. Thus, a huge increase in usage and costs increases payment card fees significantly in the long run. As
stated before, direct debits have a very stable volume and value trend that does not alter pricing decisively in the
long run.

Table 10: Changes in acceptor’s cost (per volume)

49.9 HUF 42.1 HUF

2.9 HUF 2.8 HUF

152.0 HUF | 166.7 HUF
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PIMO inward 145.7 HUF | 379.4 HUF

Card acceptance 80.5 HUF 51.0 HUF

The high growth rate of payment card transactions results in a significant drop in the cost of acceptance (Table 9).
Cash use in Hungary still follows an upward trend, but smaller than card payments. The gap between the cost of cash
and card acceptance starts to close in our scenario from 30 HUF to 17 HUF, but does not close completely. Based on
the forecasts of the VAR model and the calculations of the HUPS model, by 2020 accepting cash will still be cheaper
than accepting a card on average. Cash acceptance is becoming cheaper due to the still increasing volume and value
of transactions.

6.2. Tipping point of cash and card acceptance costs

In the first scenario, we demonstrated that in the current forecasts for 2020 the cost of accepting card payment will
in average still be higher than that of cash-based transactions. In this scenario, we calculate the exact tipping point
using the 2020 scenario as a baseline. For policy intervention purposes it is important to analyse how many of the
cash transactions need to be transformed into payment card transactions for the two payment method to change
places. As we can see in Chart 6, increasing the share of volumes of card transactions in households’ retail payment
situations makes cash transactions gradually more expensive, but only slightly diminishes the costs of card
acceptance per volume. This is the result of the already high growth rate for card use. In the calibrated 2014 baseline
of the HUPS model, the card acceptance cost is 80 HUF on average. For 2020, huge increases in use already decrease
costs to 51 HUF on average. On the other side, the hypothetical significant drop in the volume of cash transactions
means that the mostly fix costs of the cash infrastructure would fall on less transactions, exponentially increasing the
average cost.

Chart 6: Changes in acceptor’s shadow cost (per volume)
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The result of the second scenario shows that we reach the tipping point when households use their payment cards in
around 40% of their payment transactions (Chart 6). In the 2020 forecast which we use as a baseline, the card share
start from 25% of retail transactions or 1.03 bn transactions. The 2020 forecast already represents a significant
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increase in volume and value compared to the 2014 baseline, but to reach the tipping point in 2020 the 19% yearly
growth rate projected from current trends would have to be increased to 30%. This would mean 740 million

additional card transaction at the cost of cash payments by 2020 (Table 9).

Table 11: Changes in card and cash usage in the different scenarios

‘ 2014 | 2020 forecast Tipping point

' Cash mn. pieces 2,935 3,208 2,469
\ mn. HUF 8,512,448 9,301,782 7,162,093
\ Card mn. pieces 359 1,034 1,772
\ mn. HUF 2,664,351 6,957,709 9,097,398

Chart 6 also shows that the increase in the average cost of cash acceptance is hyperbolic and its derivative becomes
significant at the tipping point. Once card acceptance becomes cheaper, the decrease in relative use of cash makes
every cash transaction more and more expensive.”

6.3. Conclusions of the scenario analyses

The two described scenarios show the inner workings of the model. A change in payment habits modifies individual
demand and supply which in turn affects the actual market price through the non-linear production function and
non-competitive pricing. Through price iteration the agents reallocate primary resources to other activities and a
new equilibrium is reached.

In the first scenario, we showed what an effect a projected change in the payment habits would have on the
economy and the payment system. Using the HUPS model we can state that the general direction of the trends in
payment habits is positive — a more electronic system — but in 5-6 years Hungary will still be far from the European
economies with the most advanced payment systems. Because of that, the cost advantage of cash acceptance will
not disappear for 2020.

In the second scenario, we calculated the needed amount of intervention that would nullify this still existing cost
advantage of cash acceptance. Based on the results of the HUPS model an additional significant 70% increase is
needed in the number of payment card transactions at the cost of cash payments to reach that goal. This means that
the already very impressive 19% average yearly growth rate in the number of payment card transactions, which we
forecasted from the current trends, should be increased up to 30% for the 2014-2020 period.

> The reason for the cost of cash acceptance becoming not infinitely large close to the 100 % share is that agents of the real economy do execute
cash payments between each other. These transactions are not included in this scenario.
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7. POSSIBLE FUTURE EXTENSIONS OF THE MODEL

The first version of the HUPS model which is published in this paper is already suitable for in-depth and robust policy
evaluation, but it is being further extended to incorporate new modules and be able to give a more detailed aspect
of the economy.

7.1. New agents and activities

Inserting the payment system supply chain into a general equilibrium model can greatly increase the size of the
model which has to be kept in mind with any extensions. Defining new payment methods in the HUPS system e.g.
does not only add one more variable but up to one hundred related secondary variables. Defining a new agent has
an even more significant effect on the size of the model. For example adding one more branch of the economy
would add hundreds of new variables.

The HUPS model in this version employs 15 branches of economy and 82 activities and services related to the
payment services supply chain. The basic data on which the model is based is a 65 branch disaggregated input-
output table published every 5 years by the Hungarian Statistical Office. The level of aggregation in this model was
chosen to reflect the different payment behaviours of the different branches of economy. However, the model is
flexible and a lower level of aggregation is possible if the necessary detailed payment statistics are available.

Some payment methods and services in the model exist only in an aggregated form and a few small-scale payment
methods are not inserted at all. Further disaggregation, and more payment services and more inner activities are
being inserted to the HUPS model with every extension. The COP study of the MNB differentiated significantly more
activities, which we decided to aggregate, but the MNB plans to revisit this theme and gather new information on
the costs of payments. A new COP study will make the technological sets of the different agents more sophisticated
and will provide up-to-date information about the costs of the different activities in the payment services supply
chain.

Another extension of the model which is under development, but was not included in this version is the use of
segmentation for the households sector. The payment services monitoring system (PSMS) uses segmented payment
statistics to better project and analyse the costs for the different groups in society. These segmentation clusters are
being inserted in the model, which will greatly increase the number of agents, but will also increase the compatibility
with the PSMS.

7.2. New modules

Three modules were not used in this model because the calibration and the testing required more disaggregated
data which were not available at the time of the development of this version.

The cross-pricing and price differentiation are pivotal parts of the HUPS model and because of the unique
characteristics of the Hungarian payment system are necessary for every applied use of the model. In this version the
nature of cross pricing and mark-up profits does not differentiate between different types of costs, however, in the
last couple of years development showed that some cost shocks — mainly direct taxation — behave differently than
others. The direct tax on volumes and values change the rate of the oligopoly mark-up profit and are not cross-
directed to other services. A pricing algorithm that differentiate between different types of costs are being
developed and calibrated for every future versions of the model to better cope with the observed pricing behaviour
of the payment service providers.
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Price differentiation means that although every good of the payment sector is a transaction, the pricing does depend
on the value of the transaction. In this version, this is modelled by volume and value prices with costs varying with
volumes and values. However, in reality the pricing function for the different values are not so simple and a more
complicated pricing function algorithm is required. For this to work in this module, we break down the volumes for
not just average valued transactions but a full density of different values. The necessary statistics are provided
directly from the ACH and RTGS at the transaction level. This module increases the complexity of the HUPS and slows
down the evaluation process but makes the results comparable to the PSM system.

The third module that was not activated for this version is a more sophisticated estimated multinomial logistical
regression model for the choice of payment methods for every agent. This module requires detailed cross statistics
which are inserted from the 1,000-sample survey completed by the MNB and other nationwide surveys for the
motives behind payment method choice. The module is currently under calibration and will be inserted in future
versions to create more acceptable results for more drastic payment behaviour change scenarios.

There are several other modules and possible extensions for the HUPS model which can easily be connected and
inserted to provide more realistic scenarios and plausible results. The high number of these options proves the
flexibility of the created theoretical and empirical modelling framework which can support nearly all kinds of
behaviours and technological sets behind the payment services supply chains.
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8. CONCLUSIONS

In our paper we introduced the Hungarian Payment System Model (HUPS), a computable general equilibrium model
with detailed payment services which can be used for policy evaluation and forecast.

In recent decades payment habits transformed greatly and a considerable amount of development changed the
Hungarian financial infrastructure. To better understand and analyse the impact of payment policy decisions on the
entire economy in this dynamic environment, we created a general equilibrium modelling framework and
computable general equilibrium model for policy evaluation.

The HUPS model is a large and highly disaggregated computable general equilibrium model with 25 economic agents
and nearly 100 payment services which cover most of the payment system supply chain in Hungary. It contains 4
times 7 types of costs for each payment service, varying degree of economies of scale, oligopoly and cross-product
pricing and agent behaviour adjustments to payment method costs. In our model, the payment sector is an
integrated part of the economy as every actor has to make payment decisions related to its activities.

The scale and size of the model makes it applicable to policy evaluation and can answer questions such as whether a
planned policy change has overall positive or negative effect or which agents bear costs and enjoy benefits. Despite
its size, the HUPS can still be solved in an acceptable time using its unique solution mechanism. Building a general
equilibrium model has the advantages of better modelling the different behaviours of the agents and calculating the
very complex interrelations connecting the entire economy through the payment system. The new equilibrium for
the different scenarios provides detailed information for the effects of the policy decisions and shows the
mechanism in which it is carried out.

The nature of the HUPS model enables us to model extremely complex technological functions for the costs of
payment execution, non-linear and non-competitive pricing and a huge number of agents and activities. Its structure
provides us with the flexibility to easily integrate new modules, branches of the economy and payment services or
inner activities related to their production.

Using the results of our model calibration, we first showed that payment systems account for a significant share of
the economy. By following the theoretical assumption of the commonly used macroeconomic models that the
execution of payments is costless, our results indicate a 1.15% increase in the level of GDP. This means that these
costs are not negligible.

To demonstrate the capabilities of the model, we calculated the impact of two scenarios. We first calculated the
effect of the projected change in payment habits for 2020. Using a VAR model for forecasts of the main trends of
household and corporate payment habits we evaluated the effect it will have on pricing and profitability of the
different payment methods. Our results show that the trend does move towards a more effective payment system,
but at a slow rate. Changes in consumer payment habits, mainly card usage and electronic credit transfers result in
an increase in the level of GDP. But as it is the case in the current situation, the cost of accepting electronic payments
would generally not be less than those of accepting cash payments.

In the second scenario, we calculated the turning point where payment card acceptance generally becomes cheaper
for merchants compared to cash acceptance. Based on the results of the model, the already impressive 19% yearly
growth rate of the number of card transactions projected from current trends would have to be increased up to 30%
to reach that goal. This would require an additional 700 million cash transactions transformed into card payments by
2020, which amounts to 15% of the total number of households’ payment transactions.

The HUPS model was developed, calibrated and tested for the Hungarian economy, but the main structure of the
model can be applied to any economy because of the significant similarities of the payment systems anywhere in the
world. The flexibility of the model enables us to insert any special characteristics of a different economy to better
model the unique aspects of the modelled country. However, the implementation of the HUPS model requires a
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wide range of studies concerning the payment system, most notably a detailed cost of payments study, and a
considerable amount of statistical data to support it.
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APPENDIX

Use of parameter and variable denotations

i L) branches of economy/number of
branches
m M payment activities/services, number
of activities
psp payment service provider

S,D supply or demand

empty or v volume and value

fv fix or variable cost
ny profit 25
pi price 15
Y; yield 15
w wage 1
r rate/return 1+25
L? labour demand 25
L?y labour demand in real production 15
Lli)yf labour demand in real production fix part 15
L?y" labour demand in real production variable part 15
L?npi labour demand in payment method production 25
Lfnpif labour demand in payment method production fix part 25
L?rf;” labour demand in payment method production variable part 25
KP capital demand 25
KiDy capital demand in real production 15
KiDyf capital demand in real production fix part 15
KiDy” capital demand in real production variable part 15
Krgf capital demand in payment method production 25
K,lr)ff capital demand in payment method production fix part 25




Krﬁf” capital demand in payment method production variable part 25
a{ intermediate consumption coefficient in real production 225
afm. intermediate consumption coefficient in payment production 2730
Xij intermediate consumption 375
Xl.yj intermediate consumption in real production 225
Xf:l}l: intermediate consumption in payment production 375
M; import 25
Miy import in real production 15
Ml.’;n import in payment production 25
am; import coefficient in real production 25

amp,; import coefficient in payment production 4550
Dm import price 1
ALji’ CES parameter for labour in real production 15

AKiy CES parameter for capital in real production 15
o; CES elasticity parameter in real production 15

PMI,; payment method inner production volume 4550

PSP, payment service outside source volume 750
m volume-based payment service share of real sales 1215
x‘;" payment service share of intermediate consumption 2025
im payment service share of wage payments 2025
im payment service share of capital return payments 2025
-im payment service share of import payments 2025
o reciprocal of average sales value 2025
9,‘{]" reciprocal of average intermediate consumption payments 2025

value

9{’” reciprocal of average wage payments value 2025
9,‘3" reciprocal of average capital return payments value 2025
9,‘;,,’" reciprocal of average import payments value 2025

PSFIX'™ payment service fix volume part 2025
PSpY payment service outside source value 2025
PSFIXim payment service fix value part 2025
Om payment service fee on volume 80
o payment service fee on value 80

NTX; net taxes 25
VAT value added tax 1

TXK tax rate on capital income 25
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TXL tax rate on labour income 25
TXY tax rate on revenues 25+180
OTX; other taxes 25
wl or A} total labour cost 22
r§ or A? total capital cost 22
P oOF A7 total import cost 25
At payment methods volume-based total shadow cost 2025

A;-’ payment methods value-based total shadow cost 2025

A8 shadow cost of cash not included

Al shadow cost of electronic money not included

28 shadow cost of tax payments 25
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