PAYMENT
SYSTEMS REPORT

June 2016 ISSN en tramite




PAYMENT
SYSTEMS REPORT

Deputy Governor’s Office for Monetary
and International Investment
June 2016

Banco de la Republica
Bogotd, D. C., Colombia

ISSN - 2215 - 9363






CONTENTS

Introduction

Payment Systems in Colombia

A. General overview of the financial

infrastructure in Colombia

B. Large-value payment system

C. Clearing and settlement of securities

and financial derivatives

D. Foreign exchange clearing house of Colombia (CCDC)
E. Retail payment systems and payment instruments
Box 1: E-commerce and innovations in payments
Box 2: Evolution of payments and liquidity

sources in the large-value payment system

Box 3: International debate on the capital level

of central counterparties

Box 4: Securities lending market in Colombia

The cost-benefit ratio for tiered access in

the large value payment system

A. CUD, a broad direct access system

B. Methodology for the estimation of the dilemma
between liquidity savings and risks

C. Results

D. Conclusions

The dilemma between counterparty risk
and liquidity risk in money market networks

IV.  llliquidity contagion in the interbank market

A.  The DebtRank advantages

B. A modified DebtRank version to measure
the contagion by illiquidity

C.  Main results

Annex

Recent documents from the Financial
Infrastructures Oversight Department

11

17

17
21

30
44
47
63
67
73
78
83
85
86
88
90
91

101
102

102
103

108

113



(GRAPHS

Graph 1

Graph 2
Graph 3
Graph 4
Graph 5

Graph 6

Graph 7
Graph 8
Graph 9

Graph 10
Graph 11

Graph 12

Graph 13
Graph 14

Graph 15
Graph 16
Graph 17
Graph 18
Graph 19

Graph 20
Graph 21
Graph 22
Graph 23
Graph 24
Graph 25
Graph 26
Graph 27
Graph 28
Graph 29

Graph 30
Graph 31

Statistics on Number and Value of CUD
Large-Value Payment System Transactions, daily averages

Distribution of Transactions in CUD by an Hour Range, in Value
Central Securities Depository — CSD (DCV), processed operations

Total Balance Held by the CSD (DCV) by Type of Entity
Settlement of Transfer Orders Received

in the DCV by Time Frame

Distribution of the Transaction

Activation Mechanism by Type, 2015

Statistics on Value and Volume of Deceval

Total Balance Held by Deceval by Type of Entity
Settlement of Transfer Orders Received in

Deceval by Time Frame

Transactions Processed by BVC

Cash Payments in the Market for Equities

in the Large-value Payment System

Transactions Settled by Deceval

Corresponding to the BVC Repo Market

Repurchase Agreements on Variable Income Securities
Repurchase Agreements on Variable Income Securities
by Maturity date, 2013-201

Participation in Billions of Pesos by Derivative Product
CRCC Transactions (daily average)

Transactions in the CRCC (daily average)

CRCC’s Gross Open Position at the Closing of each Year
Open Position by group of Derivative Products

during 2015 (considering only the buyer’s position)
Number of Standardized Derivative Contracts
Received from the Registration or Trading Systems
Value, Volume, and Liquidity Savings in the Transactions
of Foreign Exchange Clearinghouse of Colombia S. A.
Value and Number of Checks Cleared in

Cedec and Check Clearinghouses

Value and Number of Transactions in ACH Cenit
Value and Number of Transactions in ACH Colombia
Value and Number of PSE Service Transactions
Banknotes in Circulation

Value of Banknotes in Circulation vs. Cash Outside

of the Financial System/GDP

A. Debit Card

B. Credit Card

Checks by issuer, 2015

Transfers by issuer, 2015

Payment Instruments by Originator, Individuals, 2015

22
26

33

34

34
34
37

37
38

39

40
40

40
41
42
42
42

43

43

45

47
50
52
53
55

55
56
56
57
57
58



Graph 32
Graph 33

Graph 34
Graph 35

Graph 36
Graph 37
Graph 38
Graph 39
Graph 40
Graph 41
Graph 42
Graph 43
Graph 44

Number of Transactions by Payment Instruments
Percentage Share in the Number of Transactions

by Payment Instrument, 2015

Value of Transactions by Payment Instrument, 2015
Percentage Share of Value of Transactions

by Payment Instrument, 2015

Tiered Access to CUD

Concentration Risk

Liquidity Savings

Discrimination in Liquidity Savings

Star-type Network

Complete Network

Combinations of Counterparty and Liquidity Risk
Average llliquidity contagion

Individual Contribution to the Total Number of Defaults

TABLES

Table 1
Table 2
Table 3
Table 4

Table 5

Table 6
Table 7
Table 8
Table 9

Table 10
Table 11
Table 12

Table 13
Table 14

Table 15

Financial market infrastructures in Colombia

Number of Participants by Type of Entity

Number and Value of Transactions in the CUD System
Origin and Transactions for which Deposit Accounts in
the CUD System are Debited, number and value of
transactions (daily averages in billions of pesos)

Number and Percentage of Participants in the CUD

who Account for 70% of the Value of the Payments
Timeline for the Settlement of Transactions in CUD

Daily Average Transactions Processed in the DCV, by service
Total Securities Held by the DCV at the Closing of the Year
Balance of Securities Held by DCV at the

Closing of 2015, Broken down by Issuer

Deceval Statistics

Total Securities Held by Deceval at the Closing of the Year
Balance of Securities Held by Deceval at the

Closing of 2015, Broken down by Monetary Specie

BVC Statistics

Statistics of the Foreign Exchange

Clearinghouse of Colombia S. A.

Foreign Exchange Clearinghouse of Colombia S. A.:
delays and non-compliances by participants

of the CCDC during 2015

58

59
59

59
87
89
89
89
94
95
97
104
105

20
22
23

24

27
28
32
32

33
35
35

36
38

45
46

46



Table 16

Table 17

Table 18
Table 19
Table 20
Table 21
Table 22

Table 23
Table 24

Statistics on Checks Clearing in Cedec

and in the Check Clearinghouses

Comparison of Value and Number of

Interbank Checks with Intrabank Checks

Cedec and Check Clearinghouses

Statistics of the ACH Cenit Clearinghouse
ACH-Colombia Statistics

ACH-Colombia

Comparison of Value and Number of

Interbank Transactions with Intrabank Transactions
Main Instruments of Payment in the Colombian Economy
Types of Money Market Transactions

DIAGRAMS

Diagram 1

Global Overview of the Financial Market
Infrastructures (FMls) and Other Participants (2015)

48

48
49
51
52
53

53

54
92

18



ACRONYMS IN SPANISH

ACH: Camara de Compensaciéon Automatizada

ACH-Cenit: compensacion electrénica nacional interbancaria administra-
da por el Banco de la Repiblica

ACH-Colombia: Cdmara de Compensacién Automatizada de Colombia S. A.
ATH: A Toda Hora S. A. Red de cajeros electrénicos y agilizadores

BIS: Banco de Pagos Internacionales (por su sigla en inglés)

BVC: Bolsa de Valores de Colombia

CCDC: Camara de Compensacién de Divisas de Colombia S. A.

CDT: certificado de depdsito a término

Cedec: sistema de compensacion electrénica de cheques y de otros ins-
trumentos de pago, administrado por el Banco de la Reptblica

CRCC: Camara de Riesgo Central de Contraparte de Colombia S. A.
CPSS: Comité de Sistemas de Pagos y Liquidacion (por su sigla en inglés)
CR5: indice de concentracién construido como la suma de las cinco ma-
yores participaciones

CUD: sistema de cuentas de depésito, administrado por el Banco de la
Republica para liquidacion de transferencia de fondos, también denomi-
nado sistema de pagos de alto valor.

DANE: Departamento Administrativo Nacional de Estadistica

DCV: Deposito Central de Valores, administrado por el Banco de la
Repdblica

DECEVAL: Depésito Centralizado de Valores de Colombia S. A.
DGCPTN: Direccion General de Crédito Piblico y del Tesoro Nacional -
Ministerio de Hacienda

DSIF: Departamento de Seguimiento a la Infraestructura Financiera del
Banco de la Republica

EcP: modalidad de entrega contra pago aplicable en la liquidacién de
valores (DvP, por su sigla en inglés)

FIC: Fondos de Inversion Colectiva

Finagro: Fondo para el Financiamiento del Sector Agropecuario

GMF: gravamen a los movimientos financieros

IBR: Indicador bancario de referencia

IMC: intermediario del mercado cambiario

IVA: Impuesto sobre las ventas

JDBR: Junta Directiva del Banco de la Republica

MEC: Mercado Electrénico Colombiano de propiedad de la Bolsa de
Valores de Colombia S. A.

NDF: forward de cumplimiento financiero

PIB: Producto interno bruto

PSE: Pagos seguros en linea

SEN: sistema electrénico de negociacién administrado por el Banco de la
Repdblica

SET-ICAP-FX: sistema electrénico de transaccién en moneda extranjera,
administrado por Servicios Integrados en Mercado Cambiario S. A., con el
respaldo de la Bolsa de Valores de Colombia S. A. y SIF-ICAP de México.



SET-ICAP Securities: Sistema electrénico y de voz para la negociacién y
registro de instrumentos financieros, como también proveedor de infor-
macion financiera.

SPAV: sistema de pagos de alto valor

TES: titulos de deuda pdblica emitidos por el gobierno y administrados
por el Banco de la Reptblica

TRM: tasa representativa de mercado

TTV: transferencia temporal de valores

AS USED IN ENGLISH

Automated Clearing House

National interbank electronic settlement managed by Banco de la
Republica

Automated Clearing House

ATM network

Bank for International Settlements (BIS)

Colombian Stock Exchange

Foreign Exchange Clearing House of Colombia S. A.

Term deposit certificate

Electronic clearing system for checks and other payment instruments,
administered by the Banco de la Republica

Central Counterparty Risk of Colombia S. A.

Committee on Payment and Settlement Systems (CPSS)

Concentration index constructed as the sum of the five largest
participations

Deposit account system, administered by Banco de la Reptblica for settle-
ment of transfer of funds, also called large-value payment system.
National Administrative Department of Statistics

Central Securities Depository, administered by Banco de la Republica
Centralized Securities Depository of Colombia S. A.

General Directorate of Public Credit and National Treasury - Ministry of
Finance

Financial Infrastructure Oversight Department of Banco de la Republica
Delivery versus payment method applicable in the settlement of securities
(DvP)

Collective Investment Funds (CIF)

Fund for the Financing of the Agricultural Sector

Financial transactions tax

Banking benchmark index (BBI)

Foreign exchange market intermediary (FEMI)

Sales tax

BDBR: Board of Directors of Banco de la Reptblica



Colombian Electronic Market owned by the Colombian Stock Exchange S. A.
Non-delivery forward

GDP: gross domestic product

Secure Online Payments

Electronic trading system administered by the Banco de la Repdblica
Foreign exchange electronic transaction system, managed by Integrated
Services in Exchange Market S.A, with the support of the Colombian
Stock Exchange S.A. and SIF-ICAP of Mexico.

Electronic and voice system for the trading and registration of financial
instruments, as well as financial information provider.

Large-value payment system (LVPS)

Public debt securities issued by the government and administered by the
Banco de la Republica

Representative market rate

Temporary transfer of securities (TTS)

9l






INTRODUCTION

PAYMENT SYSTEMS
REPORT, 2016

As an important part of the country’s financial infrastructure oversight duties,
Banco de la Republica’s task consists of monitoring retail-value payment in-
struments and systems. These play an essential role in the overall stability of
the financial system as consumer confidence and the trade of goods and ser-
vices depend on their smooth operation. Although risks associated with these
systems may not be deemed to be of a systemic nature, their importance is
indeed significant for the economy.

As a result of this monitoring exercise, the evolution—in both amount and
number of operations—of the different payment instruments has become evi-
dent throughout the different editions of the Payment Systems Report, as well
as the development of subjects and concepts relating to the value chain of retail
payments made within the circuit of natural persons and enterprises. In this
occasion, a shaded text in the first section is included whereby the figures for
each payment instrument are analyzed individually, covering an approximation
to the behavior of cash by means of the evolution of banknotes in circulation,
as well as the comparison between and among instruments. The analysis found
that cash and cards are the payment instruments most used by individuals,
while checks and electronic fund transfers are preferred among legal persons.
In Colombia, as in other countries, cash availability for payments and the use
of other payment instruments have shown an upward trend, as may be seen in
the box, which analyzes cash evolution and the use of electronic instruments in
the international sphere.

In line with the tracking of innovations in payment processes, the Report in-
cludes a box that approaches a new service rendered by an additional agent
in the payment chain known as the “payment gateway,” i.e. an intermediate
enterprise acting between the retail establishment and the payer, in charge of
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validating their transaction. This new service has enabled the growth of elec-
tronic commerce with the commercial offer made through the Internet in the
corresponding web pages.

In this seventh edition of the Payment Systems Report, the boxes focus on three
topics of interest to the industry that renders payments clearing and settlement
services as well as to those taking part in them. First, the international debate
revolving around the optimal capital level of Central Counterparties (CCPs) is
approached. Due to the fact that risks arising from clearing activities are to a
great extent covered by specific financial resources (i.e. margins and collective
funds), CCPs must count on their own financial resources to ensure they are
properly capitalized at all times to address credit, counterparty, market opera-
tional, legal and corporate risks not being hedged by specific financial resources.

Second, as a supplement to the previous Report’s box about international ex-
perience on securities’ temporary transfer operations, a box is included with
respect to securities’ lending in Colombia, and the function and role played in
that market by certain financial infrastructures such as the Stock Exchange of
Colombia and the Central Securities Depository.

Third, based on information on the large-value payments system—CUD, an
analysis is carried out in order to establish the evolution of payments for certain
periods as well as the use of diverse liquidity sources as a strategy designed to
meet them. This analysis makes it possible to understand the individual behav-
ior of each participant and helps to establish behavioral patterns (profiles), the
changes of which can be analyzed over time for the purpose of identifying and
dimensioning financial risks with a systemic impact, related to clearing and
settlement activities in local financial markets.

In this edition, the Report is also documenting the advances attained in the ap-
plied research line regarding topics related to financial infrastructure. Particu-
larly—for the first time in Colombia—the cost and benefit analysis regarding
access to large-value payment is addressed in terms of the credit risk and the
liquidity risk involved in allowing a direct and broad access, versus one that
is indirect or tiered. Available literature has identified that by increasing the
level of tiered access, a monotonic relationship can be found between growing
liquidity savings and an increasing credit-risk exposure. In contrast, for the Co-
lombian case, this monotonic savings—risk relationship could be maintained up
to a certain indirect access level, after which liquidity needs may grow without
additional risk reductions taking place. Both methodology and results are pre-
sented in the second section of this Report.

With the purpose of contributing to a better understanding of the local mon-
ey market, the two works presented in the third and fourth section deal with
applied research using information taken from the money market operations
settled through the large-value payment system. The former, founded on basic



network analysis statistics (density and average distance), attempts to identify
how financial institutions resolve in an aggregate manner the dilemma between
access to financial sources (liquidity risk) and maintaining exposures to de-
fault risk (counterparty risk) in the Colombian money market. The results show
that in each type of market there are certain features that condition the manner
in which financial institutions as a whole resolve this dilemma. For instance,
it stands out that the use of collateral permits a wider access for dissimilar
types of financial institutions, but this access is far from being homogeneous
and smooth. The second one, based on an amended version of the DebtRank
methodology, is intended to recursively measure the contagion impacts caused
by the cessation of payments on interbank loans without collateral of a given
financial institution in the position of other institutions’ short-term liquidity.
Contagion provoked by illiquidity is assessed as the drop of Colombian in-
terbank network financial institutions’ short-term liquidity. Results show that
its negative impacts are concentrated in few financial institutions. In addition,
through this methodology it is possible to establish individual systemic impor-
tance, measured as the percentage share of each financial institution in the drop
in the liquidity of the system as a whole. In this manner, participants bearing
the highest systemic importance will be those generating greater stress on the
others’ short-term liquidity position. The conclusion is that potential contagion
in the interbank market is limited, except in extreme cases of widespread il-
liquidity in the system.

José Dario Uribe-Escobar

Governor of Banco de la Republica

Al—

José Dario Uribe Escobar

Gerente General del Banco de la Republica

13]






PAYMENT
SYSTEMS REPORT

Prepared by:

The Financial Infrastructure Oversight
Department

Deputy Governor’s Office for Monetary
and International Investment



Deputy Technical Governor
Hernando Vargas

Deputy Governor for Monetary and International Investment
Pamela Cardozo

Financial Infrastructure Oversight Department
Clara Lia Machado
Director

Carlos Alberto Cadena
Freddy Hernan Cepeda
Aura Maria Ciceri

Carlos Eduardo Ledén
Jorge Ricardo Marifo
Ana Constanza Martinez
Javier Miguélez

Fabio Gonzalo Ortega



. PAYMENT SYSTEMS IN
COLOMBIA

A.  GENERAL OVERVIEW OF THE FINANCIAL INFRASTRUCTURE
IN COLOMBIA

The Bank of International Settlements (BIS) defines a financial market infra-
structure as a multilateral system among participating institutions used for the
purposes of clearing, settling, or recording payments, securities, derivatives, or
other financial transactions.! Among them, the following are included: payment
systems (PSs), central securities depositories (CSDs), central counterparties
(CCPs), and the financial operations registry systems?, as well as other existing
clearing and settlement infrastructures.

Diagram 1 displays the infrastructures that participate in the clearing and settle-
ment activities of securities and other financial assets in Colombia. Added to them
are the main trading and registration platforms of those assets for the purpose of
presenting a holistic picture of their whole value chain. Highlighted is the core role
played by the large-value payments system administered by Banco de la Republica,
locally known as “Sistema de Cuentas de Depo6sito” (CUD), which is the axis and
support of the entire infrastructure, because this is where the cash settlement of the
operations carried out with the different local financial assets and with the different
payment instruments issued by the banks takes place.

In slot A of the upper part of Diagram 1, the trading and registration systems for
both securities and foreign currencies are included. Among the former are the elec-
tronic trading system “Sistema Electronico de Negociacion” (SEN) administered
by Banco de la Republica, whereby operations with public debt securities are

1 Committee on Payment and Settlement Systems and Technical Committee of the International
Organization of Securities Commissions, “Principles for financial market infrastructures” March
2011; available at: http://www.bis.org/publ/cpss94 _es.pdf

2 In the registration systems, the information carried out in the over-the-counter market is re-
ported by the affiliated financial intermediaries in both their own name and in the name of their third
parties.
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Diagram 1
Global Overview of the Financial Market Infrastructures (FMIs) and Other Participants (2015)

BVC Derivatives
and Derivex
(BVC and Derivex)

Variable

Income
(BVCO)

Cub

A

Card and
automatic

teller machine
networks

Source: Banco de la Reptiblica (DSIF).

traded and registered, and the Colombian electronic market “Mercado Electrénico
Colombiano” (MEC) administered by the “Bolsa de Valores de Colombia” [Colom-
bian stock exchange] (BVC), where public and private debt is traded and registered.
In addition, the BVC manages the variable income market and the standardized
financial derivatives with underlying assets other than energy-related commodities.

There are systems like Derivex, which manages the standardized derivative market
where the underlying assets are energy-related commodities, and other trading and
registration systems® that, through hybrid mechanisms (voice and data), allow for

Trading and Registration Systems
of Financial Assets

Clearing and settlement systems
for financial assets

Large-value payment system

Retail payment system

the trading and registration of operations among and between participants.

With respect to foreign currencies, the foreign-exchange electronic transaction sys-
tem (SET-FX) administered by SET-ICAP FX S. A.#, as well as the platforms of
some trading and registration systems®, are suppliers of operation trading and reg-

istration infrastructures.

3 Which are SET-ICAP Securities Colombia, GFI Securities Colombia, and Tradition Securities
Colombia.
4 Since 2012, SET-ICAP FX replaced Integrados FX as administrator of the SET-FX system. This

change took place as the result of a corporate agreement between ICAP Colombia Holdings S. A. S.,
ICAP Latin America Holdings B. V., and the stock/securities exchange of Colombia (BVC), and aimed
at rendering, in a joint manner to the Colombian capital market, administration services addressed to

mixed foreign currencies and securities trading and registration systems.

5 GFI Exchange Colombia and Tradition Colombia.
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In slot B of the diagram, the securities’ clearing and settlement systems and their asso-
ciated securities depositories are shown.® Entities resort to these infrastructures to set-
tle the securities leg, foreign currencies and derivatives resulting from the obligations
they incur in these markets. Among those relating to securities, the diagram includes
the Central Securities Depository “Depdsito Central de Valores” (DCV) administered
by Banco de la Republica, solely for public debt securities; the Centralized Securi-
ties Depository of Colombia “Depdsito Centralizado de Valores de Colombia S. A.”
(Deceval), for all types of securities both public and private; the Central Counterparty
Risk of Colombia “Cdamara de Riesgo Central de Contraparte de Colombia S. A.”
(CRCC) for standardized derivatives, both financial and for energy-related commodi-
ties, and non-standardized derivatives such as interest rate forwards, (OIS); and the
Colombian stock exchange (BVC), for variable income securities.

Regarding currencies, it is worth highlighting the Foreign Exchange Clearing House
of Colombia “Céamara de Compensacion de Divisas de Colombia S. A.” (CCDC),
where exchange operations are settled in cash, as well as the CRCC, where com-
pensation and settlement of standardized derivatives take place over the so-called
“representative market rate” (TRM) and non-standardized Forwards (COP $ /USD)
Non Delivery.

Slot C shows the large-value payment system (CUD), which is the financial infra-
structure’s center, where the settlement of the cash leg of operations of both financial
assets compensation and settlement systems and retail payment systems converge.

In slot D, retail-value payment systems are grouped together, comprising compensa-
tion and settlement of multilateral positions created by the use of debit cards, credit,
checks, and electronic transfers.

Annex 1 includes a description that allows for the identification and understanding
of the role played by financial infrastructures according to the markets they support.

Table 1 offers detailed information concerning the type of operations being channeled
in each system and the daily average of transactions (in number and value) over the
past two years. These figures reflect the magnitude of resources mobilized on a gross
basis, a value that does not necessarily coincide with the flow of money used for
the effective settlement of obligations incurred therein by the agents, either because
they do not imply a money movement or because the systems employ net settlement
mechanisms.

As already mentioned, the settlement of obligations of the other external sys-
tems’ converges towards the large-value payments system (CUD), on account

6 In Colombia, as in other countries, securities depositories (or central securities depositories)
render services related to clearing and settlement of operations.

7 “External system” is defined by External Resolution 5 of 2009 of Banco de la Republica’s
Board of Directors (JDBR) as any system other than the large-value payments system, as well as
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Table 1
Financial market infrastructures in Colombia
(main transactions by number and value)

Daily Averages”
Value
Number of

transactions (thousand of

millions of pesos)

2014 2015 2014 2015
Large-value payment system
Large value
CUD 7,570 7,430 35,925 41,767
Clearing and settlement systems for financial assets
Securities depositories
DCVY 3,493 2,822 22,910 29,319
Deceval 5046 4,915 3,539 3,478
Other securities clearing and settlement systems
BVC: variable income 2,663 2,389 201 164
Central counterparty risk clearinghouses
CRCC 282 404 710 1,042
Clearing and settlement systems for foreign currency
CccDcY 1,482 1,823 2,355 3,164
Retail payment system
ACH Colombia 556,449 611,228 2,536 2,877
ACH-Cenit 47,586 44,743 671 723
Cedec and
clearinghouses for 97,762 86,537 1,201 1,179
checks

a/ Averages calculated on the basis of the operating days for each infrastructure.

Main Transactions

Settlement of cash leg of transactions cleared by the DCV, Deceval,
BVC, CCDC, CRCC, and retail payment systems.

Payment of cash leg of monetary transactions.
Transfer of funds issued directly by the participants.

Debits on accounts for items such as interbank clearing, sales tax,
GME, fees, among others.

This corresponds to the transactions made on the primary market
with government bonds (trusteeship), on the secondary market, and
through Banco de la Reptiblica monetary transactions.

It includes transactions with government bonds, corporate bonds,
and stocks on the primary and secondary market. It includes cash
guarantees.

Transactions with ordinary stocks, preferential stocks, subscription
rights, and money market transactions (repos and temporary transfers
of securities)

Clearing and settlement of standardized financial and energy
derivatives.

Clearing and settlement of non-standardized derivatives.

Clearing and settlement of collateral required for public debt
sell/buy-back transactions. The daily value on average of these
transactions handled by the Clearinghouse since October 7, 2015
has been COP 4.14 b.

Purchases and sales of dollars between the foreign exchange market
intermediaries on the cash market (t + 0, t + 1, t + 2, and t + 3).

Recurring payments related to payroll, pensions, suppliers, dividends,
and, in general, the billing for purchases of all kinds of goods and
services as well as automatic payments for these same items.

Mainly remittances and payments from the nation to the territorial
bodies.

Checks for sales and purchases of goods, services, and settlement of
obligations, etc.

b/ Corresponds to the counter-value of the transactions cleared and settled in the DCV and which took place in the primary, secondary and monetary transactions markets. This includes delivery

versus payment and free of charge as settled transactions.

In the sell/buy-back transactions, repos, and TTS transactions, the initial and return transactions are included.

¢/ Corresponds to the counter-value wired by the investor for the acquisition of the security.
d/ Nominal values, Colombian pesos as counter-value of the transactions.
Sources: Banco de la Repdblica, Deceval, BVC, ACH Colombia, CCDC, and CRCC.
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of transactions carried out by the financial intermediaries and other securities
market agents, foreign exchange, derivatives and in national currency both
large-values and small values. For 2015, the daily average of transactions set-
tled therein amounted to COP $41.7 billion (b), equivalent to 5.22% of the an-
nual gross domestic product (GDP), followed by stock market operations (COP
$3.8 b); DCV with a total value of COP $29.3 b, and Deceval, for COP $3.5 b.
These are followed in order of importance by the sum of the two Automated
Clearing Houses (ACHs Cenit and Colombia) for COP $3.6 b; the settlements
of the cash leg of the transactions through the CCDC for COP $3.1 b; the value
of operations with derivatives being cleared and settled by the CRCC for COP
$1.04 b; the value of the interbank clearing of checks as settled in the Cedec
system for COP §$1.17 b, and finally the operations on variable income securi-
ties carried out through the BVC, with a COP$0.16 b daily average.

B. LARGE-VALUE PAYMENT SYSTEM
1. General aspects and evolution

As of December 2015, in Banco de la Republica’s large-value payments sys-
tems (CUD), 146 direct participants had deposit accounts. The number of par-
ticipants for each type of entity is outlined in Table 2.

As for the evolution of figures, in Graph 1 and Table 3 it is possible to see the
number and value of operations processed in the system. The average daily number
of these operations (7,430) decreased by 1.85% in 2015 with respect to the previ-
ous year; nevertheless, the nominal value (COP $41.7 b) increased by 16.2% as
compared with that year. In real terms, the average daily value experienced a rise
of 8.8%. In the annual aggregate, the value entered accounted for 12.7 times the
Colombian GDP?® in 2015, that is to say a daily average of around 5.22% of GDP,
which means an increase as compared with the 4.75% of GDP in 2014.

Table 4 explains in detail the origin and description of transactions whereby
debits are performed on the CUD system’s deposit accounts. As can be ob-
served, the settlement at the cash leg of investments, purchase-and-sales, sell/
buy-backs and repos in the primary and secondary public debt through the
delivery versus payment (DVP) mechanism accounted for 35.1% of the total
value in 2015. Monetary policy operations pertaining to expansion repos and li-
quidity operations for the payment system (intraday repo) endorsed with public

any other systems entailing clearing and settlement operations on securities, foreign currency clear-
ing and settlement or futures, options and other financial assets, including central counterparty risk
clearing houses, duly authorized by the competent body to operate in Colombia.

8 GDP values envisaged herein pertain to official estimations of the National Administrative
Department for Statistics (DANE) with the new national accounts base 2005. For year 2015, the
preliminary GDP value of COP $800.84 b is considered as a reference.

21|



Table 2
Number of Participants by Type of Entity

Type of Entity
Banco de la Repdblica
General Directorate of Public Credit and the National Treasury
Ministry of the Treasury and Public Credit: general royalty system
Banks
Commercial finance companies
Financial corporations
Pension and Severance Pay Funds
Brokerage Firms
Trust Funds
Insurance companies
Savings and Loan
Public financial entities
Financial cooperatives
Managers of social security information
Stock Market
Central Securities Depository
Foreign Exchange Clearinghouses
Central counterparty risk clearinghouses
Retail payment system (ACH: card networks)
Investment Management Companies
Foreign Exchange and Financial Intermediation Service Companies

Total

Number of participants
1
1
1
25
19

20

- o U o NG

—_

146

Source: Banco de la Reptiblica (CUD).

debt securities accounted for 15.3%. By adding these figures, it is possible to
establish that 50.4% out of the total operations in the CUD were carried out
with public debt securities held in custody in the DCV. Monetary policy opera-

Graph 1
Statistics on Number and Value of CUD Large-Value
Payment System Transactions, daily averages

(number of transactions) (thousand of millions of constant 2015 pesos)
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Number of transactions M value (right axis)

tions relating to interest-bearing or the so-called “re-
munerated” deposits accounted for 15.9%, of which
15.4% pertain to those by the Ministry of Finance,
and 0.52% by other entities.

Among direct fund transfers in the CUD?, which make
up 33.6% of the total value of the operations, the fol-
lowing stand out: those with 9.0% of the transfers
(money “uploads™) from credit institutions to other
financial institutions in such a way that the latter are
enabled to hold the necessary liquidity to meet the
cash leg of their operations with securities; 4.2% from
net multilateral clearing of the retail-value payment

Source: Banco de la Republica (CUD).

9 This information is generated on the basis of the discretional utilization of the transaction
codes that each financial entity applies in the CUD system.
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Table 3
Number and Value of Transactions in the CUD System

Daily Average Annual Value
Value Average Transaction Value
(thousand (thousand
Number of | (thousand (thoysgnd (thousand of | of milllions | (number of (thf)u'sand of of milllions (number
Year ) of off miillFems . milllions of of times
transactions S milllions of | of constant | transactions) of constant
milllions | of constant pesos) 2015 ) the GDP)
of pesos) | 2015 pesos) eees) AU et
pesos)
2006 9,669 24,301 34,888 2.5 3.6 2,339,810 5,880,914 8,442,959 15.3
2007 7,820 21,031 28,567 2.7 3.7 1,900,305 5,110,643 6,941,843 11.9
2008 7,116 24,611 31,047 3.5 4.4 1,743,349 6,029,760 7,606,509 12.6
2009 8,343 32,912 40,703 3.9 4.9 2,019,118 7,964,630 9,850,156 15.8
2010 8,998 33,330 39,953 3.7 4.4 2,204,510 8,165,754 9,788,479 15.0
2011 8,083 34,676 40,074 4.3 5.0 1,988,418 8,530,296 9,858,169 13.8
2012 8,196 38,132 43,020 4.7 5.2 2,016,269 9,380,456 10,582,939  14.1
2013 6,925 34,543 38,231 5.0 5.5 1,689,588 8,428,598 9,328,298 11.9
2014 7,570 35,925 38,356 4.7 5.1 1,847,039 8,765,618 9,358,971 11.6
2015 7,430 41,767 41,767 5.6 5.6 1,805,454 10,149,449 10,149,449  12.7

Source: Banco de la Repdblica (CUD).

systems (3.4% ACH, 0.4% checks, and 0.4% card networks and ATMs); 3.0%
pertaining to interbank movements; 2.2% made up by the settlement of the
cash leg of investments, purchase-and-sales, and money market supported with
corporate bonds (fixed income) and equities (variable income) settled through
Deceval; 1.8% of transfers between administrators and custodians in order for
the latter to perform collective investment fund operations; and 1.2% of net
multilateral netting of the CCDC.

Finally, other direct fund transfers make up 10.6% of the total value channel by
the CUD; and the remaining (1.6%) pertains, among other things, to the sum
of operations that commercial banks transfer to the Government on account of
tax collection; the settlement of purchase-and-sale of foreign currency out of
the CCDC; cash provision through Banco de la Republica’s treasury; the settle-
ment of purchase-and-sale of equities in BVC, and the settlement both daily
and at maturity of derivative contracts in the CRCC.

By comparing the total average daily values settled in the CUD for years 2014
and 2015 displayed in Table 4, it can be determined that the main concepts that
explain the increase experienced in the transactionality of the system in about
COP$5.8 b pertain to the increase in the settled amounts of: expansion repos
for COP$2.5 b; creation and retrocession of sell/buy-backs with public debt for
COP$2.2 b; interest or “remunerated” deposits for COP$1.04 b; COP$0.747 b
worth transfers for the performance of FIC operations through the custodians;
increase offset, among others, by a reduction of COP$1.5 b in the purchase-
and-sale of public debt securities.
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Table 4

Origin and Transactions for which Deposit Accounts in the CUD System are Debited, number and value of transactions (daily
averages in thousand of milllions of pesos)

Transactions with Public Debt in
the DCV¥

Primary market
Issuances®
Payment of capital and returns®
Secondary Market?
Purchase-and-sales
Money Market?
Sell/buy-backs
Reverse sell/buy-backs

Repos between financial
institutions

Reverse repos between
financial institutions

(1) Total Transactions with
Public Debt in the DCV

(2) Others in the DCV¢
Total (1) + (2)

Monetary Policy

Expansion repos’
Contraction repos¥
Remunerated deposits”

Total Monetary Policy
Transactions

Provision of liquidity in the
payment system (Banco de la
Republica)

Intraday repos’”

Total Liquidity Supply
Transactions

Direct transfers from funds in the
CuD/

Debt securities (uploads and
downloads of money)¥

Intraday interbank transactions

Reverse intraday interbank
transactions

Overnight or longer-term
interbank transactions

Reverse overnight or longer-
term interbank transactions

Interbank transactions in the
BBI

[24

Year 2014

Number of
transactions

21
54

1926

285
285

2,572

13
2,585

Number of
transactions

57
0.0
71

128

Number of
transactions

46
46

Number of
transactions

539
42

13

14

14

16

Value

171.45
165.32

6,357.35

3,594.37
3,584.12

9.54
9.71

13,892

50.34
13,942

‘ Value ‘

3,026.40
0.0
5,580.36

8,607
Value

704.37

704.37
‘ Value ‘

3,843.89
382.44

58.79
286.87
282.66

99.21

Year 2015

Number of
transactions

18
52

1484

319
318

2,193

12

2,205

Number of
transactions

60
0
55

115

Number of
transactions

44
44

Number of
transactions

520
36

13

15

15

16

Value

136.57
164.23

4,816.76

4,736.67
4,719.71

28.58
28.51

14,631

15.24
14,646

‘ Value

5,537.20
0.00

6,620.99
12,158
Value

854.79

854.79
‘ Value

3,776.13
287.92

73.45
295.53
289.46

160.00

Year 2014

Number of
transactions

0.28

0.72

25.44

3.77
3.76
0.01

0.01

33.97

0.17
34.15

Number of
transactions

0.75
0.00

0.94

1.69

Number of
transactions

0.61

0.61

Number of
transactions

7.12

0.55

0.18

0.18

0.19

Year 2015
Number of
Value .
transactions
(percentage)
0.48 0.24
0.46 0.70
17.70 19.97
10.01 4.30
9.98 4.29
0.03 0.01
0.03 0.01
38.67 29.52
0.14 0.16
38.81 29.68
Number of
Value .
transactions
8.42 0.80
0.00 0.00
15.53 0.74
23.96 1.54
Value Number of

1.96

1.96

Value

10.70
1.06

0.16

0.80

0.79

0.28

transactions
0.59

0.59

Number of
transactions

7.00
0.48

0.17
0.20

0.20

Value

0.33

0.39

11.53

11.34
11.30

0.07

0.07

35.03

0.04
35.07

Value

13.26
0.00

15.85

29.11

Valor

2.05

2.05

Valor

9.04
0.69

0.18

0.71

0.69

0.38



Table 4 (continued)

Origin and Transactions for which Deposit Accounts in the CUD System are Debited, number and value of transactions (daily
averages in thousand of milllions of pesos)

Direct transfers of funds in the
CuD/

Reverse interbank transactions
in the BBI

Currency exchange settled
outside of the Clearinghouse

Taxes

Transfers to trustees to comply
with CIF’s transactions"

Other transfers™
Deceval”
Issuances
Payment of capital and returns
Purchase-and-sales
Sell/buy-backs
Reverse sell/buy-backs
Repos
Reverse repos
Temporary transfer of securities
Change of depositor
Term transactions
Total Deceval Transactions

Colombian Stock Market (BVC)”

Central counterparty risk
clearinghouse (CRCC)”

Foreign Exchange
Clearinghouse (CCDC)¥

Retail payment system”

ACH

Card and automatic teller
machine networks

Checks (Cedec and delegated
clearinghouses)

Total Retail payment systems

Total Direct transfers of funds
in the CUD

Year 2014
Number of
transactions ValDe
16 98.93
45 238.27
102 432.65
0 0.00
1989 3,884.62
57 176.41
184 204.98
138 209.05
46 49.10
46 49.62
27 11.02
27 11.21
7 0.001
345 191.70
3 0.23
882 903.33
15 44.02
15 10.98
19 458.83
110 1,270.54
40 115.14
62 199.94
211 1,585.63
3,933 12,611

Year 2015
Number of
transactions VEE
16 160.03
44 200.57
98 447.40
105 747.00
2325 4,411.67
69 190.91
219 234.31
115 184.54
55 51.84
54 51.38
22 9.64
22 9.54
7 0.001
316 177.02
4 0.18
884 909.37
9 23.12
13 23.85
16 486.02
96 1,399.31
40 157.38
11 183.56
147 1,740.25
4,271 14,032

Year 2014

Number of
transactions

0.00

26.28

0.76

2.44

1.82

0.36

0.09

4.56

0.05

11.65

0.20

0.20

0.26

1.45

0.53

0.82

2.79

51.95

Year 2015

Value Numbe.r of
transactions
(percentage)

0.28 0.22
0.66 0.59
1.20 1.32
0.00 1.41
10.83 31.29
0.49 0.93
0.57 2.95
0.58 1.55
0.14 0.73
0.14 0.73
0.03 0.30
0.03 0.30
0.00 0.09
0.53 4.26
0.00 0.05
2.51 11.90
0.12 0.12
0.03 0.18
1.26 0.22
3.54 1.29
0.32 0.54
0.56 0.15
4.41 1.98
35.10 57.49

Value

0.38

0.48
1.07

1.79

10.56

0.46
0.56

0.44

0.12
0.02
0.02
0.00
0.42
0.00
2.18

0.06

0.06

0.38

0.44

33.60
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Table 4 (continued)
Origin and Transactions for which Deposit Accounts in the CUD System are Debited, number and value of transactions (daily
averages in thousand of milllions of pesos)

Year 2014 Year 2015 Year 2014 Year 2015
Other transactions Number of Number of Number of Number of
. Value . Value . Value . Value
transactions transactions transactions transactions
(percentage)
Total Other Transactions® 878 60.22 795.33 75.59 11.60 0.17 10.70 0.18
Total Transactions Debited in 7,570 35,925 7,430 41,767 100.00  100.00  100.00 100.00

CUuD

a/ Fund transfers in the CUD system originating from securities transactions in the DCV.

b/ Issuance of securities effectively means spending resources. Does not include: reinvestments in TDA, CERT, TES from court rulings, agricultural bonds, and those with constant value, etc.

¢/ Corresponds to the money in the CUD that was effectively transferred due to capital maturity payments or yields from securities deposited in the DCV and excluding payments on Banco de
la Reptiblica investments.

d/ Does not include cross trades. This is where the originating entity and the receiving entity of the cash leg is the same financial institution.

e/ Deposit account debits due to charges for tariffs, sanctions and DCV commissions.

f/ Corresponds to the reversal of expansion repos. For the repo linkages, it only includes the net value and interest.

g/ Contraction repos.

h/ Remunerated deposits, includes the DGCPTN.

i/ Corresponds to the reversal of intraday repos. For the repo linkages, it only includes the net value and interest.

j/ Clearing and settling transactions from external systems or those handled by the account holder entities directly at their CUD stations.

k/ Fund transfers (money uploads) from leading banks to brokerage firms, trust companies, pension funds (termed clients) so that the latter have the necessary liquidity in their deposit accounts
to fulfil the cash leg of their transactions with securities; the banks debit these funds ahead of time from the checking accounts of their clients.

I/ Money transfers made from the deposit accounts of institutions which manage collective investment funds (CIFs) to the deposit accounts of entities which hold said CIFs so that the latter
comply with the settlement of the respective cash leg and satisfy the securities depositories (DCV-Deceval).

m/ Transfers of funds from Deceval to the lending institutions of the securities trades (delivery versus payment type). The initial transfers of the debtor entities to Deceval are discriminated

in the areas that item n/ is made up of, transfers of funds from the ACH account, and from the network clearing systems to entities with a multilateral position in their favor in each clearing
cycle. The initial transfers of the debtor entities to the ACH and the networks are in item r/, Operations numeral 10 article 879 of the tax statute, transfers between accounts in the same entity,
transfers of funds from the account of the Foreign Exchange Clearinghouse to the FEMI with a multilateral position in their favor denominated in pesos (payment versus payment). The initial
transfers from the FEMI with payments owed to the Foreign Exchange Clearinghouse are in item ¢/, loan disbursements, payment from issuers of securities, transfers of funds from the account
of the Central Counterparty Risk Clearinghouse to the entities with a multilateral position in their favor denominated in pesos. The initial transfers from the entities with payments owed to the
Central Counterparty Risk Clearinghouse are in item p/, acquisition-return of collateral. Transfers of money made from deposit accounts of entities which hold CIFs to the deposit accounts of
the institutions which are managing these CIFs which is typically the result of the sale of securities or property rights.

n/ Payment of capital and returns as well as transfers of funds from the debtor entities to Deceval so that this deposit can guarantee the settlement of transactions under the delivery versus
payment method. This also includes: purchase-and-sales, sell/buy-backs, repos and change of depositor of securities deposited in the Deceval.

o/ Net multilateral clearing and settlement of the cash leg in the trading of equities.

p/ Transfers of funds from the entities with payments owed to the Central Counterparty Risk Clearinghouse denominated in pesos so that this entity can guarantee the settlement of derivative
clearing (daily settlement and upon the expiration of contracts).

q/ Transfers of funds from the FEMI with payments owed to the Foreign Exchange Clearinghouse denominated in pesos so that this entity can guarantee the settlement under the payment
upon payment method.

1/ Transfers of funds from the entities with a multilateral payments owed to the ACH and the Credibanco, Redeban, Servibanca and ATH networks so that they can guarantee the clearing and
settlement of the electronic transfers and transactions using debit and credit cards and ATMs. Also includes check clearing and settlement.

s/ Provision of cash from the treasury of Banco de la Repblica to financial entities holding deposit accounts, payment of services, commissions and fees, liens, and collection of the GMF.
Source: Banco de la Repdblica (CUD).

2. Liquidity indicators in the CUD

Graph 2

Distribution of Transactions in CUD by an Hour Range, in e . .

Value A liquidity indicator in the payment systems is re-

( o o ot ) vealed in the concentration of payments taking place
percentage by hour, cumulative percentage . . . L.

1000 at given moments in the day. In this respect it is nec-

270 90.0 essary to remember that Colombia is one of the few
2:2 800 countries in the world where the common practice
o 700 of the market is that trade negotiations about values

: 60.0
150 (except for the purchase-and-sale of shares: t+3) and
500 . . .

12.0 100 foreign currencies agreed in the course of a day are
9.0 300 paid (settled) on the same date before the closing of
60 200 the systems’ services (technically known as: t + 0).
3.0 10.0
0.0 0.0 .

00:00 02:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 For 2015 (Graph 2), it can be seen that between 7:00 and
2006 2013 2014 13:59 hours, 33.4% of the accumulated number of pay-
M 2015 Volume accumulated as of 2015 (right axis)

ments in the day had been settled. In the next four hours
Source: Banco de la Reptblica (CUD).

[26



Table 5

Number and Percentage of Participants in the CUD who
Account for 70% of the Value of the Payments

Number of
participants

Year

2006 20
2007 18
2008 16
2009 16
2010 16
2011 16
2012 16
2013 15
2014 14
2015 14

(from 14:00 through 17:59 hours), a high concentration in the payment settlements
can be observed (60% of the daily total) for a total of 94.1% before 18:00 hours.

The steep peaks of 23.2% for 2014 and 27.1% for 2015 settled by 14:00 hours
were generated as a result of the liquidity-saving mechanisms in the securities
and cash legs offered by the DCV.

3. Concentration indicators, operational efficiency indicators, and others
Table 5 presents estimates of the concentration level

of payments made between direct participants in
large-value payments (excluding some payments).'?

Percentage of Taking 70% of total payments as a reference, the fol-
participants lowing is established: between 2006 and 2015 the
13.8 . . . .
concentration of entities has increased, passing from
11.4 .
twenty to fourteen units, and the percentage of total
10.3 . . .
participants encompassed in said reference passed
10.2
from 13.8% to 9.2%.
10.3
10.2 . . . .
10.0 For 2015, in particular, it can be seen that while
9;‘ 9.2% of the most active participants (fourteen en-
9'3 tities) gave origin to 70.7% of the CUD payments
9.9 (eleven banks: 56.9%; two brokerage firms: 8.3%,

Source: Banco de la Reptiblica (DSIF).

and a financial corporation: 5.4%), nearly 90.8%
of the participants sent scarcely 29.3% of the total
payments.

With regard to operational efficiency, the CUD remained in continuous service
during 99.88% of the regular time schedule in 2015, meaning that occasional
suspensions took place that affected the provision of service for a period of time
equal to 0.12% of the total.

In Table 6 it is possible to see the timeline of the CUD system that illustrates, in
one-hour time slots, the accumulated settlement percentages of operations for
the most relevant items affecting deposit-account balance'!, from the opening
to the closing of the transfer service.

The operations that were settled with the benefit from liquidity-savings mecha-
nisms and optimization of DCV operations are illustrated with brown-colored
textboxes.

10 The payments excluded are those coming from the General Directorate of Public Credit and
National Treasure (DGCPTN) and Banco de la Republica.

11 In previous versions of this Report, examples are illustrated for a proper reading of this time line.
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Table 6
Timeline for the Settlement of Transactions in CUD (daily averages for 2015)

‘ 0:00 ‘ 7:00 ‘ 8:00 ‘ 9:00 ‘ 10:00 ‘ 11:00 ‘
Origin and Type of Transactions
Transaction with Public Debt in the DCV
Primary market Percentage of cumulative settlement in each time slot
Issuances 0.00 0.00 0.00 0.19 0.86 10.05
Payment of capital and returns 73.47 73.47 74.85 76.71 80.08 83.63

Secondary Market

Purchase-and-sales 0.00 0.00 0.00 0.64 2.72 20.44

Money Market
Sell/buy-backs and repos between financial institutions 0.00 0.00 0.00 0.07 0.89 21.66
Reverse sell/buy-backs and repos between financial 0.00 0.41 2.04 4.39 10.02 56.43
institutions

Monetary Policy

Expansion repos 0.00 0.00 0.00 0.07 0.89 21.66
Reverse expansion repos 0.00 0.41 2.04 4.39 10.02 56.43
Provision of liquidity in the payment system (Banco de la
Repiiblica)
Intraday repos 0.00 0.25 1.20 4.41 11.70 19.46
Reverse intraday repos 0.00 0.00 0.08 0.08 0.57 1.01
Direct transfers from funds in the CUD
Debt securities (uploads and downloads of money) 0.05 5.23 6.58 9.92 13.74 18.89
Intraday interbank repos 0.00 0.00 3.50 48.24 52.35 58.34
Reverse intraday interbank transactions 0.00 0.04 0.04 0.04 0.04 0.35
Interbank overnight (or longer) repos 0.00 0.00 0.00 0.00 0.00 0.03
Reverse overnight or longer-term interbank transactions 0.00 0.00 0.00 1.18 3.37 8.60
Interbank repos: BBI 0.00 0.00 0.00 0.00 0.00 9574
Reverse interbank repos: BBI 0.00 0.00 0.21 1.63 3.72 7.05
Taxes 0.00 0.00 0.62 44.91 937 995
Custodians 0.00 0.00 0.06 0.55 2.06 7.50
Currency exchange settled outside of the Clearinghouse 0.00 0.00 0.09 0.47 1.28 4.01
Deceval

Primary market

Issuances 0.00 0.00 0.00 0.01 0.82 4.11

Payment of capital and returns 0.00 0.00 1.11 2.63 2.66 5.30
Secondary Market

Purchase-and-sales 0.00 0.00 0.00 0.10 0.58 2.82

Money Market

Sell/buy-backs 0.00 0.00 0.00 0.02 0.40 1.94

Reverse sell/buy-backs 0.00 0.00 1.78 31.41 46.57 57.41

Repos 0.02 0.02 0.02 0.52 1.64 6.11

Reverse repos 0.00 0.00 3.11 63.03 77.01 85.26

Temporary transfer of securities 0.00 0.00 0.00 0.51 4.49 19.80
Others

Change of depositor 0.31 0.31 0.31 1.79 6.83 16.83

Neutral effect of liquidity

""" Neutral effect of settled transactions with liquidity savings
Drainage effect of liquidity
Injection effect of liquidity

Source: Banco de la Republica (DSIF).
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Percentage of cumulative settlement in each time slot

COP 136.57
COP 164.23

COP 4,816.76

COP 4,736.67
COP 4,719.71

COP 5,514.37
COP 5,537.20

COP 879.18
COP 854.79

COP 3,776.13
COP 287.92
COP 73.45
COP 295.53
COP 289.46
COP 160.00
COP 160.03
COP 447.40
COP 747.00
COP 200.57

COP 190.91
COP 234.31

COP 184.54

COP 51.84
COP 51.38
COP 9.64
COP 9.54
COP 0.00

COP 177.02
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Table 6 (continued)
Timeline for the Settlement of Transactions in CUD (daily averages for 2015)

8:00 9:00 10:00 11:00

‘ 0:00 ‘ 7:00

Colombian Stock Market (BVC)

Secondary Market: trading stocks
.00
.57

Entity pays debit position to the BVC
BVC pays credit position to the entities

Central Counterparty Risk Clearinghouse (CRCC)

Entity pays debit position to the CRCC l.OO

)]

CRCC pays credit positions to the entities .00
Foreign Exchange Clearinghouse of Colombia (CCDC)
.00
.00

Entity pays debit position to the CRCC

CCDC pays credit positions to the entities

Retail payment systems

[oc]

ACH 0.0 ;

Card and automatic teller machine networks 6.3 8.0 0.1

Checks (Cedec and delegated clearinghouses) 0.0 0.0 100
Percentage of the number of transactions made per hour (not 0.00 9.40 150 3.80 550 11.40

cumulative)

Neutral effect of liquidity

""" Neutral effect of settled transactions with liquidity savings
Drainage effect of liquidity
Injection effect of liquidity

Source: Banco de la Repdblica (DSIF).

C.  CLEARING AND SETTLEMENT OF SECURITIES AND
FINANCIAL DERIVATIVES

In this section, reference is made to other financial infrastructure components
that clear and settle operations with securities and financial derivatives, and
which, in turn, must interact with the large-value payment system in order to
carry out the settlement of the cash leg of their transactions. These are the cen-
tral securities depositories (DCV and Deceval), the BVC and the CRCC.

1. The Central Securities Depository (DCV)

Graph 3 shows the evolution of transactions settled by the DCV. Emphasis is to be
made on the significant increase exhibited by the nominal value and the counter-
value in the course of year 2015. Indeed, daily nominal averages for COP$29.3
b, account for increases of 30.7% and 28%, respectively as compared with the
previous year. However, the number of operations showed a negative variation of
19.2% when it shifted from 3,493 in 2014 to 2,822 in 2015.

In Table 7, operations processed in the DCV are disaggregated according to
their origin. With relation to the primary market, which includes the place-
ment of securities in different (forced, agreed, and auction-related) modali-
ties, as well as the payment of yields and amortizations to principal carried
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12:00 13:00 14:00

4.90 4.90 16.20

15:00 16:00 17:00

14.30 15.20 8.70

Total value settled

18:00 daily on average mm

21:00

19:00 ‘ 20:00

COP 23.12
COP 23.12

COP 23.85
COP 23.85

COP 486.02
COP 486.02

COP 1399.31
COP 157.38
COP 183.56

3.10 0.80 0.30 0.10

Graph 3

Central Securities Depository — CSD (DCV), processed

operations
(daily averages)
(thousand of milllions of pesos)
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Source: Banco de la Reptblica (DCV)

——Number of transactions (right axis)

out by the issuers, it can be seen that, in 2015, both
the nominal value (COP$338 mm) and the coun-
ter-value (COP$363.1 mm) declined by 23.1% and
12%, respectively, compared to the previous year.
Likewise, the amount of operations stood at a daily
average value of 99, registering a negative varia-
tion of 12.4%.

As far as the secondary market is concerned'?, it can be
observed that the nominal value and the counter-value
increased in comparison with the previous year. Par-
ticularly for 2015, the nominal value of operations set-
tled in the DCV for COP $18.9 b and the counter-value
for COP $15 b vis-a-vis 2014, account for increases of
around 14% and 5.1%, respectively. In contrast, the
number of operations was reduced by 20.6% in the

same period by shifting from 3,170 to 2,516.

With regard to services rendered by the DCV to Banco de la Republica, which in-

volve open market operations (OMO) and liquidity provisions to the large-value

12 This market includes purchase-and-sales, delivery versus payment between participants, free-
of-payment transfers, securities account transfer between securities accounts, as well as repos and
sell/buy-backs with their respective retrocessions.
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Table 7
Daily Average Transactions Processed in the DCV, by service
(thousand of milllions of pesos)

Year

2006
2007
2008
2009
2010
2011
2012
2013
2014

2015

Number

1,220
1,135
883
278
206
172
143
128
113

99

Primary market

Nominal
value

287.2
301.4
292.3
368.9
312.9
342.6
249.2
346.1
439.7

338.0

C(\)/er;teer— Number
301.6 7,489
324.1 4,688
314.5 4,023
355.8 5,925
330.8 6,213
367.0 4,197
285.7 3,803
370.7 3,048
412.4 3,170
363.1 2,516

Secondary Market Monetary transactions
N\c/)arruizal Cf)/;lrzlt:r— Number | Nominal value | Counter-value
15,773.3 11,307.3 290 10,293.2 8,664.9
10,535.8 6,816.0 233 9,004.7 7,493.2
11,706.0 7,722.0 212 7,878.4 7,023.6
18,568.2 16,172.8 219 7,891.4 7,888.7
16,804.0 13,361.0 215 7,907.5 7,922.5
14,250.7 10,927.0 263 12,702.3 12,979.7
15,305.9 12,927.0 262 11,189.0 11,999.2
14,152.6 12,120.1 229 8,548.8 8,962.6
16,576.4 14,285.1 210 7,884.0 8,212.9
18,902.5 15,013.4 207 13,292.5 13,942.6

Source: Banco de la Reptblica (DCV)

Table 8
Total Securities Held by the DCV at the Closing of the Year
(thousand of milllions of pesos)¥

Year

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Current

98,906
103,856
114,221
125,739
142,327
155,818
160,443
183,580
202,604
207,943

Constant

141,993
141,072
144,089
155,510
170,606
180,069
181,004
203,182
216,323
207,943

a/ Corresponds to the nominal value of the debt.
Source: Banco de la Reptblica (DCV)
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payment system, positive variations were registered as of
the closing of 2015. With respect to the previous year, the
amount associated with the nominal value for COP$13.3
b, and the counter-value for COP$13.9 b account for an
increase of 69.2% on average. Notwithstanding this fact,
the number of operations went from a daily average of
210 to a 207, which means a 1.1% contraction.

As for the custody service, Table 8 displays the total
value of securities deposited as of the closing of ev-
ery year since 2006, at current and constant prices.

Throughout 2015, the balance in custody in current
Colombian pesos exhibited a 2.6% growth. Nine point
six percent of this balance pertains to securities issued
by the National Government and the rest can be ex-
plained by securities issued by the farming sector fi-
nancing fund (Finagro) (3.4%). From the total issues

in force administered by the DCV, class B TES securities (includes monetary

TES) continued to maintain their high relevance by showing a share of 95.9% of
the total balance and 99.3% with respect to the National Government’s internal
public debt issues (Table 9).

With regard to the distribution of the balance in custody according to the type of

entity, Graph 4 shows that pension and severance administration companies',

13

Includes pension liabilities and collective investment funds.



Table 9

Balance of Securities Held by DCV at the Closing of 2015, Broken down by Issuer

(millions of pesos)

National Government

Class B TES
Monetary TES

Constant Value Bonds series B
Debt reduction securities
Constant Value Bonds series A

Solidarity for Peace Bonds

Security Bonds
CERT

National Government Total

Finagro

Agricultural development Class B

Agricultural development Class A

Finagro Total

General Total

Balance Percentage

194,517,893 93.54
4,924,174 2.37
1,255,640 0.60
96,353 0.05
65,086 0.03
7,748 0.00
116 0.00
82 0.00
200,867,093 96.60
3,790,527 1.82
3,285,623 1.58
7,076,150 3.40

207,943,242 100.00

Source: Banco de la Reptiblica (DCV)

Graph 4

Total Balance Held by the CSD (DCV) by Type of Entity

(December 2015)
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and reinsurance companies

[ Pension Fund Managers

along with the banks, concentrate most of the holdings
with nearly 52% (COP$109.2 b). Legal persons are
in the third and fourth places'* with 18% (COP$38.1
b), and trust companies'> with a 12% (COP$25.1 b).
Then comes the consolidated public sector which in-
cludes both the financial and non-financial sectors as
well as some enterprises of special nature with 11%
(COP$13.2 b). The remaining 6.4% is mostly com-
posed by the holdings of insurance, reinsurance and
capitalization companies with 4.9% (COP$10.1 b).

As far as the DCV operational DCV indicators are
concerned, the system was available to the par-
ticipants during 99.86% of the time of the schedule
established for service in 2015. With respect to the
timing of settlement of transfer orders, Graph 5 al-
lows to see that, before 17:00 hours, nearly 96% of

the operations had been settled.

Graph 6 disaggregates the activation mechanisms used in the settlement of opera-
tions received by the DCV in the last year. It can be perceived, for instance, that be-
tween 8:00 a.m. and 10:59 a.m., all participants activated their operations manually.

14 Includes foreigners, among others.

15 Includes trusteeships and collective investment funds.
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Graph 5

Settlement of Transfer Orders Received in the DCV by Time

Frame

(percentage)
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Graph 6

Distribution of the Transaction Activation Mechanism by
Type, 2015
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Statistics on Value and Volume of Deceval
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Besides, the liquidity saving facility was used between
11:00 and 13:59; and, for the next time slots, the auto-
matic retry of funds (“repique automatico”) was added.
Regarding the liquidity saving facility, the major con-
tributor to the settlement of transactions makes its high-
est contribution during the cycle between 14:00— 15:00
hours. Thus, out of 100% of operations received by the
DCV in 2015, 71.5% were automatically activated (au-
tomatic retry of funds and liquidity saving facility), and
28.5% by direct instructions from participants.

2. Centralized Securities Depository (Deceval)

Graph 7 and Table 10 exhibit the evolution of transac-
tions carried out in the Deceval, which include primary
market operations (fixed-income securities and variable
incomes); secondary market operations (purchase-and-
sale between depositors and free-of-payment transfer-
transactions), and money market (repos, sell/buy-backs
and temporary securities transfers (TTS)) with their
respective retrocessions and cash collaterals. It can be
observed that the average daily volume of transactions
shifted from 5,046 in 2014 to 4,915 in 2015, while re-
cording a negative variation of 2.59%. On the other
hand, by the end of the year, the average daily value
of transfers was likewise reduced when it shifted from
COP$3.53 b in 2014 to COP$3.47 b in 2015 (-1.71%
equivalent percentage variation).

As for the custody service, Table 11 presents the total
securities deposited at the closing of each year since
2006, at current and constant prices.

Throughout 2015, the balance in current Colombian
pesos in custody exhibited a 9.6% decrease. Table
12 shows that out of the total securities issued that
are administered by the Deceval, equities (of ordi-
nary and preference nature) are the securities with
the largest percentage of participation (60.5%), fol-
lowed by fixed-term deposit certificates (“CDT”)
with 23.5%, and ordinary bonds with 9.3%. The
share of the remaining instruments such as commer-
cial papers and acceptances, among others, is 6.6%.

By grouping the balance in custody according
to the class of security and the type of depositing



Table 10
Deceval Statistics

Processed transfers
Daily Average Annual Value
Year Volume Value Average transfer value
h d (thousand (thousand (number of
(thousand (t ousan . (millions of (number of oft milllfams of milllions s e
(number of e of milllions | (millions of . f S
of milllions constant transfers) £ of constant GDP
transfers) of pesos) of constant pesos) 2015 pesos) of pesos) 2015 pesos) )
P 2015 pesos) P
2006 5,103 1,719 2,468 337 484 1,234,906 416,095 597,364 1.08
2007 7,524 2,602 3,535 346 470 1,828,351 632,345 858,946 1.47
2008 5,388 2,920 3,683 542 684 1,320,128 715,288 902,336 1.49
2009 5,244 2,816 3,482 537 664 1,269,071 681,427 842,765 1.35
2010 6,536 3,881 4,652 594 712 1,601,310 950,766 1,139,672 1.74
2011 8,520 5,932 6,855 696 805 2,095,997 1,459,175 1,686,286 2.35
2012 6,032 3,944 4,449 654 738 1,471,831 962,331 1,085,656 1.45
2013 5,752 3,867 4,280 672 744 1,403,374 943,534 1,044,278 1.33
2014 5,046 3,539 3,779 701 749 1,231,272 863,508 921,977 1.14
2015 4915 3,478 3,478 708 708 1,199,378 848,744 848,744 1.06

Source: Deceval (management of securities)

Table 11

Total Securities Held by Deceval at the Closing of the
Year®

(thousand of milllions of pesos)

Year Current Constant
2006 93,883 134,783
2007 138,390 187,983
2008 142,619 179,914
2009 204,058 252,372
2010 281,767 337,752
2011 299,041 345,585
2012 362,513 408,970
2013 387,405 428,769
2014 421,697 450,250
2015 381,310 381,310

a/ Balances valued on the last working day of each year. In the case of variable income
securities, the price value of each equity divided by the number of equities in trusteeship
is used.

Source: Deceval (management of securities)

entity, it is stressed that in variable income securi-
ties (COP$232.5 b), legal persons are in the first
place with 30.0% (COP$69.8 b), followed by bro-
kerage firms with 24.3% (COP$56.5 b) and banks
with 18.5% (COP$42.9 b). Then, the administrators
of pension and severance funds follow with 12.6%
(COP$29.4 b), and trust companies with 12.4%
(COP $28.9 b). The remaining 2.2% (COP $5 b)
consists of entities such as financial corporations
and insurance companies, among others (Graph 8,
panel A). Additionally, in this market dematerialized
issues accounted for 94.8% of the total securities,
the physical issue 5.1%, and in other deposits 0.1%.

With respect to fixed-income securities (COP $148.8
b), composed by CDTs (59.6%), bonds (31%) and
other securities (2.8%), entities with the highest
percentage participation are trust companies 36.2%
(COP $ 53,8 b), followed by pension and severance
funds administrators with 26.1% (COP $38.9 b) and

banks with 10.8% (COP $16 b). Brokerage firms follow with 10.6% (COP
$15.8 b) and insurance companies with 8.7% (COP $42.9 b). Finally, spe-
cial official institutions with 3.9% (COP $ 5.8 b), and others with 3.7%
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Table 12

Balance of Securities Held by Deceval at the Closing of 2015, Broken down by Monetary Specie

(millions of pesos)

Monetary Specie

Common stock

Certificates of Deposit

Ordinary bonds

Preferred stocks

Corporate securities

Domestic public debt bonds
Mortgage Credit Securities
Pension bonds

Credit securities

Tax Refund Securities (TIDI in Spanish)
Treasury bonds (TES)

Real Estate participation securities
Colombian foreign debt securities
Structured mortgage bonds
Non-mortgage Credit Securities
Debt reduction securities (TRD)
Bank acceptances

General Total

Balance Percentage
201,057,705 52.73
89,658,388 23.51
35,516,048 9.31
29,742,048 7.80
9,731,795 2.55
7,833,472 2.05
3,156,026 0.83
1,735,731 0.46
1,445,512 0.38
643,150 0.17
394,328 0.10
165,433 0.04
130,060 0.03
85,073 0.02
14,945 0.00
236 0.00
30 0.00
381,309,980

Source: Deceval (management of securities)
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(COP $5.6 b), of which legal persons, commercial financing companies, capi-
talization companies and financial corporations stand out (Graph 8, panel B).
In this market, 99.1% correspond to dematerialized issues, 0.6% to physical
issues, and 0.3% to other deposits.

Finally, in the total balance in the custody of Deceval, natural persons account-
ed for 8.6%.

As regards the opportunity in the settlement of transfer orders in the large-value
payment system, after having implemented a series of improvements during the
year 2010 (like the automatic retry of funds and the automatic debit for most
participants in the deposit), it was observed that for 2015 nearly 79.0% of op-
erations were settled before 17:00. This result is satisfactory if it is considered
that in the year previous to the implementation of these measures, in the same
time period only about 59.0% of total operations were being settled (Graph 9).

3. Colombian Stock Exchange (“BVC”)
The BVC is an entity of private nature created on 3rd July 2001 as the result of the

merger of the stock exchanges of Bogota, Medellin, and Occidente. In the devel-
opment of its task as a financial infrastructure, the BVC provides and administers



Graph 8
Total Balance Held by Deceval by Type of Entity
(December 2015)
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Graph 9
Settlement of Transfer Orders Received in Deceval by Time
Frame
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electronic platforms that allow their participants to
carry out offers to purchase and sell in the different
markets. The market with the highest number of par-
ticipants is the fixed-income market (106), followed
by that of standardized derivatives with 33 and the
variable income market with 20 participants. While
in the fixed-income and standardized derivatives mar-
kets several types of entities take part (i.e. banks, trust
companies, and so forth), the stock market is composed
by brokerage firms only. As of the closing of 2015, the
daily average amount negotiated in these three markets
through the local stock exchange totaled COP $ 5.4 b.

Particularly in the variable income market, the BVC
manages both services associated with the trading
system and those involving the key aspects of clear-
ing and settlement. For this purpose, it uses its own
developments along with the services provided by
other infrastructures among which worth mention-
ing are Deceval (in the settlement of the securities
and cash legs) and the large-value payment system
of Banco de la Republica (cash leg’s settlement). In
all, the interaction of these entities shapes the finan-
cial infrastructure of the variable income market.

In the course of 2015, the evolution of transactions
carried out in the stock market'® exhibited a decrease
in comparison with the previous year. Indeed, the
daily amount averages, for COP $164.2 mm, and of
number of operations, for 2,653, accounted for nega-
tive variations of 18.3% and 10.9% with respect to
those attained in the previous year (Graph 10).

Table 13 disaggregates the variable income operations
carried out in the BVC, by type of operation. With
relation to the spot market (i.e., purchase-and-sales)
it can be observed that for 2015, the amount traded
of COP $134.3 mm daily average and the number of
operations of 2,543 were reduced vis-d-vis the previ-
ous year by 18.8% and 10.0% respectively. Likewise,
the repo market with variable income securities had
a negative behavior where the daily average amount
(COP $27.9 mm) and number of operations (103)

16 Includes cash operations, repos, and temporary transfer of
securities (TTS).
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Graph 10

Transactions Processed by BVC
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Table 13
BVC Statistics

exhibited a drop of 16.9% and 28.0%, respectively.
Regarding the market of loans of variable income se-
curities (i. e.: TTS) which operates since year 2011, a

(nu:ZzZ negative behavior was also observed by recording a
3,500 total operated amount of COP $475.2 mm (COP $1.96
3,000 mm daily average) throughout 2015 which, in com-
2,500 parison with COP $494.4 mm (COP $ 2.03 mm daily
2,000 average) in 2014 means a 3.9% drop.

1,500

L 000 As already mentioned, the BVC uses both its own

<00 developments and a series of interconnections with

. other infrastructures for its clearing and settlement

processes. Likewise, and according to the type of
Number (rght axis market, it employs different compensation models in
order to make the exchange of assets easier (money
in exchange for securities or vice versa) when appro-
priate. In the spot market, for instance, the BVC carries out a gross settlement
of the securities leg, which consists of settling transactions one by one. Never-
theless, given that the Deceval maintains the centralized custody of the variable
income securities, the BVC provides instructions on a permanent basis to this
infrastructure throughout the day in order that it, in turn, may carry out the rel-
evant book entry. The amounts related with this process are part of the statistics

of the respective securities depository described in the above sub-section.

As for the cash leg of these operations, in a parallel manner the BVC carries out
a net multilateral compensation where, unlike the gross compensation, there is a
unique position associated to all the purchase-and-sale transactions. Thus, once
the participants are acquainted with that position vis-a-vis the market, the BVC,
through the large-value payment system, collects the money of those with a net

Equity purchase-and-sales

Daily Average

Amount
Year Number étfhr?]ﬁi?ggs

of pesos)
2009 1,956 104.9
2010 2,975 151.3
2011 3,251 162.6
2012 3,577 188.2
2013 2,758 167.5
2014 2,827 165.4
2015 2,543 134.3

Equity repos TTS equities
Ammz Daily Average AmmE Daily Average Armusl]
Value Amount Value Amount Value

(thousand Nurmb (thousand (thousand Nurmb (thousand (thousand
of milllions umber 1 ¢ milllions | of milllions umber |- e milllions | of milllions
of pesos) of pesos) of pesos) of pesos) of pesos)
25,376.8 494 53.2 12,872.8 n.t. n. t. n. t
37,058.8 479 66.8 16,354.4 n.t. n. t. n. t.
39,993.7 661 110.5 27,181.4 1.0 0.2 43.6
45,925.1 534 104.3 25,440.4 1.0 0.2 57.0
40,881.6 180 34.2 8,352.1 2.0 0.3 84.2
40,368.6 143 33.6 8,193.2 7.0 2.0 494.4
32,4971 103 27.9 6,754.3 7.0 2.0 475.2

n. t.: no TTS transactions
Source: Colombian Stock Market (BVC).
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balance to be paid by them (net buyers) in order to subsequently, and generally
in the afternoon, deliver it to those participants having gained a net position in
favor (net sellers).

Graph 11 shows the BVC dynamics of receipt and delivery of money in the
clearing and settlement of spot operations for 2015. In the morning, the evo-
lution of net buyers’ money delivery to the stock exchange is observed, the
highest peaks of which take place between 10:00-10:59 and 11:00-11:59 a.m.
with, a COP $6.3 mm and COP $ 6.8 mm daily average. As of 15:00 hours, the
BVC carries out the delivery of money to net sellers where nearly 81.8% of the
money (COP $25.2 mm daily average) is received by the respective brokerage
firms before 17:00 hours. It is important to stress that, as compared with the
amount traded in the spot market, the amounts required by the BVC as a result
of the multilateral clearing process signify savings of nearly 82.8% in the li-
quidity needs of their participants.

Graph 11

Cash Payments in the Market for Equities in the Large-value Payment System
(daily averages, 2015)
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In the other variable income markets (repos and TTS), the BVC administers
the clearing and settlement of transactions. Nevertheless, the settlement of the
securities leg and cash leg is carried out on a gross (trade by trade) basis in
Deceval. In this manner, once the operation to be settled is passed through to
Deceval, it takes care of carrying out both the relevant account entry and the
necessary arrangements aimed at debiting the money. This occurs in the large-
value payment system. Once the procedure has been completed, the BVC is
notified of the final result. Graph 12 shows the evolution during 2015 of the
dynamics of repo and TTS operations processed by Deceval using the large-
value payment system.

39]



Graph 12

Transactions Settled by Deceval Corresponding to the BVC Repo Market
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Graph 13
Repurchase Agreements on Variable Income Securities
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Graph 14
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Particularly in the carrying out of repo and TTS op-
erations, the BVC requests guarantees to the partici-
pants involved in order to ensure compliance with
the transactions. As a result of this task, the average
amount of outstanding reverse repurchase obliga-
tions administered by the BVC stood at a daily av-
erage of COP $582 mm. This value accounts for a
reduction of 8.6% in comparison with the previous
year when the amount of these obligations was COP
$637 mm (Graph 13).

Graph 14 groups the share of the daily average
amount of outstanding repurchase obligations ac-
cording to the term agreed upon. Unlike what had
been occurring until 2013 when, among other things
a generalized trend was noticed of brokerage firms
for obtaining financing in terms of less than sixty
days, from 2014 the agents kept, on average, more
than half of their obligations over a period of over 60
days (56.4% in 2015). This suggests that there is a
recent preference of brokerage firms and their clients
for obtaining, in this market, financing at longer time
frames (although less than one year).

Since 2015, the BVC incorporated the custodians’
model to the clearing and settlement chain of the
fixed- and variable income markets. The implemen-
tation of this model enables market agents with the



Graph 15

possibility of meeting the conditions established in the Ministry of Finance and
Public Credit Decree 1498 of 2013, whereby it is established that the collective
investment funds (“FICs”) will have to delegate in an exclusive way on a custo-
dian the activities dealing with value safeguard activity, clearing and settlement
of transactions and administration of property rights. Currently, three custodi-
ans are linked with the Clearing and Settlement System of the Stock Exchange.

4. Clearing of financial derivatives: the Central Counterparty Risk of
Colombia S.A. (CRCC).

The value of the cleared and settled transactions throughout 2015 amounted to
COP $252.47 b, which accounts for an increase of 45.11% vis-a-vis the value
of the 2014 operations. The share by type of product of the total proceeds of

these operations was 47.88% (COP $120.87 b) on

Participation in Billions of Pesos by Derivative Product standardized derivative financial instruments, and

(value of the transactions in 2015)

COP 112.61

COP 120.87

COP 50.85

COP 18.99

OIS Forwards

M Standardized derivatives (futures contracts)
TES Futures specific references

I Futures (TRM)

Sources: CRCC and Banco de la Republica (DSIF).

52.12% (COP $131.6 b) on non-standardized de-
rivatives, which means an increase of 26.13% and
68.37% as compared to the previous year. The share
by class of standardized future contracts in the total
of this type of product was as follows: TES futures
on specific references, 42.07% (COP $50.85 b);
TRM futures, 54.57% (COP $65.97 b), OIS futures,
2.61% (COP $3.16 b), and 0.75% (COP $0.9 b) for
other products among which futures on equities and

COP 3.16 ' indices can be found. For its part, the share within
B MO Forwards (COPIUSD) the non-standardized products was: Foreign curren-
I OIS Futures cy forwards (NDF Col pesos/US dollars), 85.57%
W Others (COP $112.61 b) and OIS forwards, 14.43% (COP

$18.99 b) (Graph 15).

Since October, the CRCC managed sell/buy-backs operations on a gross basis
on public debt securities, reaching an accumulated value COP of $466.09 b!” at
the closing of the year.

The number of future contracts cleared and settled in the CRCC shifted from
3,877 1n 2014 to 4,491 in 2015 (neither includes NDF Col pesos/US dollars nor
sell/buy-backs transactions). On the other hand, the total amount of operations
accepted for netting in daily average shifted from COP $710 mm in 2014 to
COP 1,043 mm 2015. In this last figure, the daily average values of standard-
ized and non-standardized derivatives were COP $ 499 mm, and COP $544 mm
respectively (Graph 16).

17 In this value, the setting up and retrocession flows of sell/buy-backs operations are taken into
account.
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Graph 16
CRCC Transactions (daily average)
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Graph 17
Transactions in the CRCC (daily average)
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Graph 18
CRCC’s Gross Open Position at the Closing of each Year
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Additionally, the daily average value of sell/buy-
backs transactions was COP $4.16 b calculated from
the date on which this type of operations began to be
accepted.

By detailing the evolution of the CRCC operations
for 2015, it can be observed that in August the high-
est daily average value accepted took place, reach-
ing the amount of COP $1.36 b on operations with
netting, and in November for sell/buy-backs transac-
tions with COP $5.13 b. For the former, this behavior
was in great part due to the increase in the clearing
and settlement of future specific reference TES con-
tracts and TRM futures (Graph 17).

The value of gross open positions!® at the closing of
2015 was COP $50.8 b, this accounting for an in-
crease of 189.66% with respect to the open position
existing at the closing of the year 2014. The standard-
ized derivatives closed the year with an open gross
position of COP $8.87 b (17.46%) and non-standard-
ized derivatives with COP$24.98 b (49.14%), and
those open positions of sell/buy-backs operations
on public debt securities beginning to be managed
through the CRCC since October 2015 with COP
$16,98 b (33.4%)(Graph 18).

The behavior of the open position during 2015 pre-
sented an upward trend, except for the last month,
when its total suffered a drop of 6.5%; this decline
was mainly associated with the decrease of open po-
sitions in NDF forwards NDF and futures on specif-
ic-reference TES.

As for the evolution of open positions of the most
representative product groups, in Graph 19 it is pos-
sible to see that those of products with an underlying
asset BRI (bank reference index) grew on a monthly
average rate throughout the year as follows: OIS
futures 149%, and OIS forwards 12%, by attaining
a share of 23.3% of the total open position for the

18 Both the buying and the selling position created by a same
operation are taken into account. For example, by intervening in
the buying operation of a TES futures contract, the open position
for the CRCC shall be two contracts, because a participant has a
long open position and another one has a short open position.



Graph 19
Open Position by group of Derivative Products during 2015
(considering only the buyer’s position)
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Graph 20
Number of Standardized Derivative Contracts Received
from the Registration or Trading Systems
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closing of the year. The open positions on sell/buy-
backs with TES had an average monthly growth of
18.0%, while that of Non-Deliverable Forwards was
4.4% and, in contrast, the Specific Reference TES fu-
tures had an average monthly decrease of 9.5%.

With regard to the trading and registration systems
having forwarded transactions towards the CRCC,
non-standardized derivative operations during 2015
were totally received through the registration sys-
tems. 36.1% of the standardized derivative opera-
tions were incorporated by the BVC and Derivex
trading systems, and 63.9% by means of their re-
spective registration systems. Graph 20 reflects the
evolution of the number of standardized derivative
contracts carried out through electronic trading sys-
tems and registration systems.

As a consequence of the maturity and instrument
risk compensation processes, efficiencies are gen-
erated in the guarantee requirements and, there-
fore, a possible lower liquidity requirement to the
CRCC members. On daily average, during the year
2015, collateral requirements were reduced as fol-
lows: 43.71% for futures contracts on TES; 26.08%
for future contracts on the Representative Market
Rate “TRM”; 44% for Overnight Index Swap (OIS)
futures, and 26.08% for currency forwards (NDF
pesos / dollar). Liquidity savings are presented
as lower requirements of cash or securities (daily
guarantees) when there are purchases or sales of
the same product at different maturities (for exam-
ple, purchases of short-term TES futures contracts
and sales of TES futures contracts in the medium

term), or when there are different positions in several underlying instruments

correlated with each other (for example, TRM futures contracts and NDF dol-

lar / peso sales).

Throughout 2015, the CRCC experienced three delays and one noncompliance

of a third party, with no impact on the provision of the service, and where no

guarantees were required.

The following can be found among the main changes introduced by the CRCC

during 2015: 1) the incorporation of custodians into the clearing and settle-

ment processes; 2) the expansion of the offer of services to clear and settle

crude operations; 3) the acceptance and subsequent clearing and settlement of
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sell/buy-backs transactions with public debt securities coming from the trading
system SEN', MEC transaction and MEC registration; 4) automation of the
process of release of guarantees; (5) the clearing and settlement of transactions
in non-standardized derivative financial instruments entered into by members
with their third parties as foreign counterparties; and 6) the removal of the re-
striction of being a general liquidation member in order to be a counterparty to
the repo operations with guarantees received in cash, thus expanding coverage
to general and individual liquidation members.

Regarding the acceptance and gross compensation of sell/buy-back public debt
operations, it is important to mention that this step represents a contribution to
the mitigation of risks of the securities market and to the strengthening of cer-
tainty in the fulfillment of the operations. With the interposition of the CRCC
between the original counterparties, these are benefited by the administration of
guarantees, calls to margins, allocation of operating limits and open positions,
and net of guarantees for compensation between maturities. Under normal con-
ditions, the gross clearing and settlement of the sell/buy-backs transactions is
still carried out directly in the central securities depositories, the securities leg
of the transactions, and the cash leg through the CUD, working as it usually
has. The daily clearing and settlement of guarantees is performed by the CRCC.
However, in the event of default with the payment of the obligations of the
members, the CRCC will be in charge of clearing and settling the operations
and, through the execution of the guarantees, cover possible losses in the re-
placement of the assets.

D. FOREIGN EXCHANGE CLEARING HOUSE OF COLOMBIA
(CCDO)

Among the 36 direct participants of the CCDC that were active during 2015, an
average daily volume of 1,823 operations were settled, representing an increase
of 23.1% as compared to the previous year’s daily average. In gross value
cleared and settled terms, the daily average amounted to USD $ 1,164 million
(COP $3,163,720, mm)?°, which represented a decrease of 1.3% in dollars and a
34.3% increase in pesos with respect to 2014 (Table 14 and Graph 21).

Average daily liquidity savings, as a result of net multilateral clearing, were
84.3%, 3.9 pp (percentage points) higher than in the previous year. The daily
average for 2015 of the gross value of operations was USD $1,163.8 million,

19 On the initiative of the Ministry of Finance and Public Credit and through the DGCPTN,
Banco de la Republica and the Central Counterparty Risk of Colombia S.A. carried out the studies
and execution of the activities necessary for the CRCC to compensate, liquidate and to manage the
counterparty risk of sell/buy-backs operations carried out in the first step of the secondary market of
the program of market makers of public debt securities, as defined in Resolution 4161 of 2012 of the
Ministry of Finance and Public Credit.

20 This value is expressed in current pesos.



Table 14

Statistics of the Foreign Exchange Clearinghouse of Colombia S. A.*

Daily Average

Number of transactions
(transactions sent to

Gross value
Liquidity savings
(thousand of millions of

CCDC) (millions of dollars) December 2015 pesos)® (percentage)
Average 2008 1,414 979.2 2,476.0 86.10
Average 2009 1,886 1,181.0 3,136.4 87.57
Average 2010 1,825 1,274.0 2,932.0 88.18
Average 2011 1,544 1,088.0 2,353.0 84.03
Average 2012 1,399 1,037.7 2,117.3 81.58
Average 2013 1,388 1,125.7 2,342.3 81.77
Average 2014 1,482 1,179.2 2,544.8 80.39
Average 2015 1,823 1,163.9 3,256.4 84.34
Ene-15 1,816 1,141.8 2,737.8 83.52
Feb-15 2,227 1,390.3 3,365.0 84.97
Mar-15 1,997 1,223.5 3,164.8 83.34
Abr-15 1,958 1,308.3 3,264.6 85.45
May-15 1,867 1,206.7 2,943.2 83.94
Jun-15 1,666 1,135.4 2,900.8 82.90
Jul-15 1,702 1,141.6 3,118.7 84.97
Ago-15 1,785 1,165.9 3,524.8 82.87
Sep-15 1,990 1,204.7 3,702.1 87.33
Oct-15 1,779 1,213.2 3,564.1 85.44
Nov-15 1,878 1,115.9 3,344.1 87.46
Dic-15 1,216 719.6 2,334.6 79.93

a/ Includes transactions on the spot market and nextday t +1,t + 2, and t + 3.
b/ The pesos of the monthly values for 2015 correspond to current pesos.
Source: CCDC S.A. and Banco de la Reptiblica.

Graph 21

Value, Volume, and Liquidity Savings in the Transactions of
Foreign Exchange Clearinghouse of Colombia S. A.

(daily averages)
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while the average daily net value was USD181.7
million.

From the point of view of risk mitigation mecha-
nisms, during 2015 the CCDC maintained the re-
quired level of guarantees at 6.5% of the net selling
position of each participant for the cleared and set-
tled operations at t + 0. The direct participants con-
stituted guarantees in favor of the CCDC on a daily
average for USD $94.6 m and COP $107.14 mm.
Quotas committed with their liquidity providers
(LPs) in pesos were maintained at COP $ 350 mm
with six banks. Quotas in dollars increased by two
million, reaching USD $ 115 m committed to seven
banks. This increase raised in the same proportions
the maximum limit of the short position that the par-
ticipants can have during the day.
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Table 15

The largest dollar-denominated liquidity provider accounted for 34.78% of total
dollar credit lines by the end of 2015.

On the other hand, the CCDC experienced sixteen delay events?! in fulfilling
the payment obligations of some of its direct participants. Eleven of these cor-
responded to dollars, for a total value of USD $121.27 m, and five in pesos, for a
total value of COP $ 153.31 mm. In the case of delays in US dollars it was neces-
sary to use liquidity providers five times, for a total value of USD $48.5 m. In
addition to the delays in dollars, the first non-compliance event since its incorpo-
ration took place at USD $0.65 m. However, neither delays nor non-compliance
had an impact on the provision of the service and the payments execution of
multilateral rights (Table 15).

Foreign Exchange Clearinghouse of Colombia S. A.:
delays and non-compliances by participants of the CCDC during 2015

Number of delays
Dollars 11
Pesos 5

Value of the delays Number of Total cost of using LP Non-compliances Value (.)f
uses of LP non-compliances
USD 121,265,000 5 USD 48,555,000.00 1 USD 650,000.00
153,307,150,700 0 0 0 0

LP: Liquidity Providers
Sources: CRCC and Banco de la Republica.
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Furthermore, during the year, the CCDC carried out two tests to validate the
availability of credit lines with LPs, for a total value of USD § 20 m.

Among the events that affected the clearing and settlement of foreign exchange
through the CCDC during the year of 2015, the following were highlighted:
1) the decision of the Board of Directors of Banco de la Republica to grant it
access to FX-Swaps Foreign exchange clearing systems; 2) the change of the
technological platform, establishing as main platform the system called Colom-
bian Clearing and Settlement System (CCSS) to replace the Electronic Settle-
ment Network (ESN) of Wall Street Systems Delaware, Inc .; 3) the acceptance
of transfer orders related to foreign exchange next day** transactions and their
subsequent clearing and settlement, from the date of negotiation; 4) compliance
with the concentration limit of pre-approved credit lines with liquidity provid-
ers, defined by Banco de la Republica at 35% with a single supplier, and 5)
linking the DGCPTN as a direct participant.

With regard to the acceptance of next day transactions from the date of their
negotiation, it is important to mention that this service offers the market the

21 The regulation of the CCDC defines delay as the payment of the obligation, as a
result of multilateral net balance, after the deadline (14:30 p.m. for 2015), provided that
it does not exceed 8:00 a.m. of the day following the date of compliance.

22 Next day is understood as spot currency operations, whose compliance date is t + 1,
t+ 2 ort+ 3, where t is the trading date.



Graph 22

protection of operations through the principle of purpose from the date of ne-
gotiation, and the coverage of fluctuations of the exchange rate with the re-
quirements of guarantees between the date of negotiation and compliance. The
CCDC began operations’ acceptance as of December 1, 2015 and by the end of
the year gross daily balances were USD $ 74.5 million, of which 97.3% were
compliant at t + 1, 2.7% for operations at t + 2, and operations with compliance
at t + 3 were not accepted. The gross value of these accounted for 10.3% of the
cleared and settled cash transactions t +0. On the other hand, the methodology
for calculating the necessary guarantees for these operations was defined as
a full guarantee, corresponding to the one required to cover the variation in
the exchange rate during the whole life of the operation, with the following
percentages: t + 1 = 6.5%, t + 2 = 8.0%, and t + 3 = 8.0%. Additionally, it was
determined the use of separate guarantees for the cash market t +0 and for the
next day market.

E. RETAIL PAYMENT SYSTEMS AND PAYMENT INSTRUMENTS

Retail-value payment systems have the function of clearing and settling the
transactions executed through various payment instruments available in Co-
lombia, among which the following are the most important: checks, credit and
debit transfers from the ACH ( retail electronic payments), and credit and debit
cards, among others. This section describes their main characteristics, value,
and number of operations.

1. Checks clearing house and the Cedec system

Value and Number of Checks Cleared in Cedec and Check of Banco de la Repuiblica

Clearinghouses.
(daily averages)

(checks cleared)

450,000

350,000

250,000

150,000

50,000

Number of checks
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a. Checks clearing system and Cedec

(thousand of millions of constant 2015 pesos)
3,000

During 2015, 20.9 million checks were paid (a daily
average of 86,537), which in value corresponds to

2,000 0.36 times the GDP (a daily average of COP $1.17
b)%; less than the 60.5 million checks equivalent to
0.97 times the GDP recorded in 2006 (Graph 22 and
I I 1,000 Table 16).

In reference to the use of liquidity in 2015, it can
be seen in Table 16 that a daily average of COP $
B Vale (right axis) 1.17 b was roughly offset; however, as a result of

Source: Banco de la Repdblica (Cedec).

23 These figures on the use of checks only consider interbank payments, that is, be-
tween customers of different financial institutions; therefore it does not include intra-
bank checks, which do not go through the Checks clearing house. Statistics on intra-bank
payments are exhibited in Table 17.
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Table 16

multilateral netting, COP $183.56 mm was required to settle the obligations
(Table 4), so that liquidity savings were 84.43%.

In the information reported by commercial banks with respect to intra-bank
checks, in which the drawer and drawee share the same bank and therefore
checks are not sent to Cedec or to the central clearing houses of the central

Statistics on Checks Clearing in Cedec and in the Check Clearinghouses.

Year

2006
2007
2008
2009
2010
2011
2012
2013
2014

2015

Daily Average
Number of Average Transaction Annual Value
Value
checks Value
(thOl.JS.and (millions of (thousand (thousand
(thousand of | of millions . . .
(number of millions of N — (millions constant (millions of of millions (number of
transactions) of pesos) 2015 of checks) | millions of constant | times the GDP)
pesos) 202 e50S) of pesos) | 2015 pesos)
pesos) P p p
250,044 1,545 2,219 6.2 8.9 60.5 373,972 536,894 0.97
228,546 1,665 2,262 7.3 9.9 55.5 404,645 549,634 0.94
197,296 1,635 2,063 8.3 10.5 48.3 400,634 505,398 0.83
167,967 1,625 2,010 9.7 12.0 40.6 393,212 486,300 0.78
148,342 1,591 1,907 10.7 12.9 36.0 389,769 467,225 0.72
135,334 1,467 1,696 10.8 12.5 33.3 360,922 417,105 0.58
120,857 1,336 1,508 11.1 12.5 29.5 326,056 367,853 0.49
107,239 1,226 1,357 11.4 12.7 26.2 299,225 331,165 0.42
97,762 1,201 1,282 12.3 13.1 23.9 293,048 312,885 0.39
86,537 1,179 1,179 13.6 13.6 20.9 285,374 285,374 0.36

Source: Banco de la Reptiblica.

Table 17

Comparison of Value and Number of Interbank Checks with Intrabank Checks

Year

2009

2010

2011

2012

2013

2014

2015

Interbank checks cleared” Intrabank checks”
Number Value Number Value
(thousand of (as a percentage (thousand of | (as a percentage
(number of checks) o (number of checks) of the interbank millions of of the interbank
millions of pesos)
checks) pesos) checks)
40,647,982.0 393,212.3 14,992,443 36.9 159,169.7 40.5
36,343,795.0 389,768.8 13,992,620 38.5 164,547.8 42.2
33,292,130.0 360,922.2 15,721,623 47.2 104,215.6 28.9
29,489,131.0 326,056.0 13,362,676 45.3 98,033.5 30.1
26,166,386.0 299,225.0 11,894,023 45.5 88,791.3 29.7
23,853,920.0 293,047.9 13,745,083 57.6 109,281.5 37.3
20,900,000.0 285,374.0 11,207,337 53.6 106,209.0 37.2

a/ Corresponds to the number and value of the checks cleared in Cedec and physical clearinghouses.
b/ Checks that are settled within each financial institution and do not go through the check clearinghouse.

Sources: commercial banks and Banco de la Repdblica.
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bank or to their Delegates, it is observed that by 2015 these represented
37.2% of the value and 53.6% of the total compensated in the interbank, with
a decrease of approximately 2.81% in value and 18.46% in number compared
to 2014 (Table 17).

b. Concentration and operational efficiency indicators

As of December 31, 2015, there were 27 entities related to the checks clear-
ing process (Table 18). However, the trend in the concentration of operations
observed from a long time ago is maintained, as shown by the indicator CRS,
which represents the share in the net worth of the five largest participants,
which went from 68.6% in 2006 to 72.1% in 2015, while the number of par-
ticipants who offset 70% of operations went from seven banks in 2006 to five
in the last year.

Table 18
Cedec and Check Clearinghouses
(participants and concentration)

Year ol oz CR5 indicator Number of P;articipants
(percentage) that clear 70% of value

2006 22 68.6 7.0

2007 18 66.4 6.0

2008 18 70.6 5.0

2009 18 68.8 6.0

2010 23 70.7 5.0

2011 24 70.8 5.0

2012 24 70.3 5.0

2013 25 69.7 5.0

2014 25 72.1 5.0

2015 27 72.1 5.0

Source: Banco de la Repdiblica (DSIF).

In terms of operational efficiency, during 2015 the Cedec had an availability
of 99.72%; meaning that there were occasional suspensions that affected the
provision of the service for a time equivalent to 0.28% of the total.

2. Automated Clearing Houses (ACH)

Two automated clearing houses operate in Colombia: ACH-Cenit (administered
by Banco de la Republica) and ACH-Colombia, owned by commercial banks.
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Graph 23

During 2015, more than 158.7 million transactions were offset in these two
clearing houses, 7.7% more than in 2014 which, on average, pertain to 655,971
payment instructions (44,743 were processed in ACH-Cenit and 611,228 in
ACH-Colombia) for a value equivalent to COP $3.6 b (COP $0.72 b in ACH-
Cenit and COP $ 2.87 b in ACH-Colombia). During 2015 the total value com-
pensated jointly by these ACHs was of COP $871,03 b; that is, 11.3% more than
in 2014, which represented 1.09 times the nominal GDP of 2015.

a. ACH-Cenit

Graph 23 and Table 19 show that, in ACH-Cenit

Value and Number of transactions in ACH Cenit

(daily averages)

(number of transactions)
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more than 10.8 million transactions (44,743 aver-
age daily) were carried out between credit and debit

250 transactions, with a gross value exceeding COP $
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Source: Banco de la Repdblica (Cenit).
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700 1749 b (COP $722.8 mm average daily); which,
600 with respect to 2014, showed a 6.7% decrease in the
;5)8 number of operations and a 6.9% increase in value.
233 The low liquidity savings (3.8% for 2015), result-
B ing from netting of the ACH-Cenit net values, is due
;gg to the majority share of 84.56% that the DGCPTN
150 and the General System of Royalties recorded in the
1(5)3 value of the payments sent.

B Value (right axis) Within the total number of transactions, in 2015

the high participation in number (96.1%) and value

(99.71%) registered in credit operations is highlight-
ed. With regard to debits, there was a 27.4% decrease in the number and a
17.8% increase in the value of operations compared to 2014 (Table 19).

In terms of operational efficiency, in 2015 Cenit had an availability of 99.56%;
meaning that there were occasional suspensions affecting the service provision
for a time equivalent to 0.44% of the total.

b. ACH-Colombia

In ACH-Colombia during 2015, between credit and debit transactions, 147.9
million transactions were carried out, for a gross value that exceeded COP
$696.1 b, which, with respect to 2014, shows an increase of 8.9% in number of
transactions and 12.5% in value (Graph 24 and Table 20).

The ACH-Colombia liquidates the net values resulting from the compensation
in five intraday cycles. Once net positions are calculated, participants with net
debit positions transfer funds to ACH-Colombia’s deposit account at Banco
de la Republica, so that, at a later time, from their deposit account, they may



Table 19

Statistics of the ACH Cenit Clearinghouse”

Year

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Year

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Number of transactions

5,224
9,646
26,599
27,967
31,150
41,005
38,504
39,852
47,586

44,743

(thousand of millions

of pesos)

241.1
299.0
335.6
415.6
464.4
500.4
539.2
607.0
670.8

722.8

Number of transactions

Credit

1,261,895

2,341,551

6,497,852

6,725,741

7,587,763

10,042,726

9,378,640

9,522,192

11,035,981

10,410,511

Debit

2,235

2,522

18,899

42,272

43,912

44,405

93,385

201,586

574,941

417,239

Total

1,264,130

2,344,073

6,516,751

6,768,013

7,631,675

10,087,131

9,472,025

9,723,778

11,610,922

10,827,750

Daily Average

Value

(thousand of millions of
constant 2015 pesos)

346.1

406.2

423.4

514.0

556.7

578.3

608.3

671.8

716.2

722.8

Annual total

Average transaction value

(millions of pesos)

46.2

31.0

12.6

14.9

14.9

12.2

14.0

14.1

16.2

Value of transactions
(thousand of millions of pesos)

Credit

58,310

72,577

81,818

100,277

111,993

122,829

132,504

147,926

163,238

174,408

Debit

34.7

89.7

403.4

291.3

1,781.5

268.0

129.0

188.5

429.0

505.5

Total

58,345

72,666

82,222

100,568

113,775

123,097

132,633

148,114

163,667

174,914

(millions of constant
2015 pesos)

Annual Value
(thousand
of millions
of constant

2015 pesos)

83,763

98,703

103,722

124,376

136,384

142,259

149,635

163,924

174,746

174,914

66.3

42.1

15.9

18.4

Number of

times the

GDP

0.15

0.17

0.20

0.21

0.20

0.20

0.21

0.22

0.22

a/ Includes credit and debit transfers.
Source: Banco de la Republica (Cenit).
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Graph 24
Value and Number of Transactions in ACH Colombia
(daily averages)

(number of transactions) (thousand of millions of constant 2015 pesos)

650,000 3,000
600,000 2,800
550,000 2,600
500,000 2,400
2,200

450,000 2000
400,000 1,800
350,000 1,600
300,000 1,400
250,000 1,200
200,000 1,000
150,000 800
' 600
100,000 400
50,000 200

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Number of transactions M Value of transactions (right axis)

Sources: Asobancaria, Office of the Financial Superintendent of Colombia, and ACH-
Colombia.

distribute to participants in net creditor positions.
For all of 2015 the net value settled for COP $ 170.4
b (COP $ 704.3 mm average daily) was equivalent to
24.47% of the gross value, which represents a saving
of 75.5% in liquidity.

As can be seen in Table 21, the CRS5 concentration in-
dex, constructed as the sum of the five largest shares
in the value of ACH-Colombia transactions, in 2015
was placed at 70.22% for credit operations, which
is very similar to that for 2014 (70.24%), while for
debit transactions the index reflects a fall of 4.35%
from 92.1% in 2014 to 88.1% in 2015.

In Graph 25, it can be observed that the service of the
Online Payments-PSE button exhibited an increase

in the number of operations of 28% and in value of 20% with respect to 2014.

Table 20
ACH-Colombia Statistics
Daily Average
Annual Value
Value Average transaction value
Ye -
ear Numbe‘r of (thousand (thot.Js.and N (millions of (thousand (th(?LJ.SBnd of (humber
transactions . of millions (millions of | constant (number of of millions of .
of millions . - of times
of constant pesos) 2015 transactions) millions constant 2015
of pesos) the GDP)
2015 pesos) pesos) of pesos) pesos)
2006 108,319 596,1 855.7 5.5 7.9 26,213,261 144,248 207,091 0.38
2007 184,546 905,3 1,229.7 4.9 6.7 44,844,589 219,986 298,810 0.51
2008 292,086 1,112.0 1,402.8 3.8 4.8 71,560,987 272,437 343,678 0.57
2009 371,325 1,283.2 1,587.0 3.5 4.3 89,860,749 310,546 384,064 0.62
2010 407,587 1,558.2 1,867.8 3.8 4.6 99,858,818 381,754 457,618 0.70
2011 455,086 1,710.6 1,976.8 3.8 4.3 111,951,241 420,796 486,299 0.68
2012 471,629 1,920.7 2,166.9 4.1 4.6 116,020,691 472,495 533,064 0.71
2013 516,603 2,238.1 2,477 1 4.3 4.8 126,051,206 546,108 604,401 0.77
2014 556,449 2,535.9 2,707.5 4.6 4.9 135,773,574 618,750 660,634 0.82
2015 611,228 2,876.5 2,876.5 4.7 4.7 147,917,150 696,124 696,124 0.87

Sources: Asobancaria, Office of the Financial Superintendent of Colombia, and ACH-Colombia.
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Table 21
ACH-Colombia

(participants in and concentration of the value of payments sent)

Credit transactions

Number of

Debit transactions

Year Number of CRS5 indicator Participants that Number of CRS5 indicator N'umber of
. . Participants that
participants (percentage) account for 70% participants (percentage) clear 70% of value

of value ’

2009 19 69.6 5 15 75.5 4

2010 19 70.1 5 15 72.6 5

2011 21 68.0 6 21 77.8 5

2012 20 76.1 6 20 71.2 5

2013 21 68.5 5 21 93.5 5

2014 20 70.24 5 20 92.1 5

2015 20 70.22 5 20 88.1 5

Source: ACH-Colombia

Graph 25

Value and Number of PSE Service Transactions
(ACH-Colombia)

(daily averages)

(number of transactions) (thousand of millions of pesos)
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Source: ACH-Colombia.

Table 22

In order to complement the statistics on the use of
electronic funds transfer as a payment instrument,
and with information submitted by commercial
banks from 2010 to 2015, Table 22 shows the figures
for intra-bank transfers, in which the originator and
receiver of the funds belong to the same bank and,
therefore, are not compensated in the ACH.

By 2015 intra-bank transfers in number of transac-
tions accounted for about 91.9% of the interbank, a
different situation with respect to the value, given
that intra-banking corresponded to 1.8 times the in-
terbank ones.

Comparison of Value and Number of Interbank Transactions with Intrabank Transactions

Interbank transactions cleared?

Number of transactions

Value

Year Numbevr of (thousand of (number of

{ransactions millions of pesos) transactions)
2010 107,490,493 495,529.2 74,964,949
2011 122,038,372 543,892.5 82,950,682
2012 125,492,716 605,127.9 70,701,523
2013 135,774,984 694,221.8 96,171,547
2014 147,384,496 782,417.0 112,103,184
2015 158,744,900 871,037.9 145,895,871

Intrabank transactions®
Value

(number of times
the interbank
transactions)

(as a percentage
of the interbank
transactions)

(thousand of
millions of pesos)

69.7 1,436,046 2.9
68.0 1,347,365 2.5
56.3 1,005,437 1.7
70.8 1,050,129 1.5
76.1 1,025,864 1.3
91.9 1,581,650 1.8

a/ Corresponds to the number and value of the transactions cleared in ACH Cenit and ACH-Colombia.

b/ Transfers that are settled within each financial institution and do not go through the ACH.

Sources: commercial banks and ACH.

24

Includes transfers carried out on Internet, interactive voice response (IVR) and offices.
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With interbank and intra-bank data for both checks and transfers, it can be es-
tablished that for 2015 transfers exceeded checks by 9.49 times in number of
transactions and 6.3 times in value.

3. Payment instruments

Among the main instruments in the Colombian economy that allow the extinc-
tion of payment obligations in the market of goods and services are cash, cards
(debit and credit), check, and fund transfers (debit and credit).

The instruments most used by natural persons are cash and cards. On the other
hand, legal persons use more fund transfers and checks (Table 23).

Table 23
Main Instruments of Payment in the Colombian Economy

Greatest use by type of person

Market Instrument
Individual Legal entity
Cash X
Debit Card X
Goods and Services Credit Card X
Check X
Transfers X

Source: Banco de la Reptiblica.

Of the previous payment instruments, the ones different to cash (banknotes and
coins) are characterized by having an electronic process or by incorporating
an electronic format (for example check) somewhere in the payment process
chain. These instruments are used for the purpose of transmitting fund transfer
orders from the account that a payer has in a financial institution to a payment
beneficiary, for reasons such as the consideration of goods or services granted
by the latter, or the transfer of resources in itself. Earlier versions of this Report
outlined the detailed integration processes of the instruments in question with
the clearing and settlement of retail payment systems.?

25 See the 2015, 2014, and 2013 editions of the Payment Systems Report at: http://www.banrep.
gov.co/publicaciones-serie/2041.



Cash

To follow up on the use of cash as a payment instrument, Banco de la Republica

applies a biannual survey. The most recent result was obtained in 2014, when,

by number and value of transactions, about 90% of individuals indicated that

they pay their monthly expenses of food, beverages, clothing, transportation,

housing, public services, among others in cash. The merchants ratify these re-

sults and point out that the payment instrument preferred by its customers is

cash. The results of this survey are detailed in the Payment Systems Report

Graph 26
Banknotes in Circulation

(millions of banknotes)
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Source: calculations by Banco de la Repdiblica.

Graph 27
Value of Banknotes in Circulation vs. Cash Outside of the
Financial System/CDP

(value of banknotes in circulation,
billions of 2015 pesos)

70

(percentage cash outside of
the financial system/GDP)

of 2015. Another way to monitor cash usage is by
analyzing the variable circulation of banknotes and
coins, understood as an approximation to the poten-
tial use of this instrument in the economy, and not as
a direct reference to payments made in cash.

In order to identify the evolution of banknotes in
circulation®®, Graph 26 shows that in the period of
2006-2015 the number of pieces increased on aver-
age by 7.0% annually, reaching 2,905 million pieces
in the last year.

By denomination, the banknotes of fifty and twenty
thousand-peso (COP $50,000 and COP $20,000)
represented close to 50%, followed by banknotes
of two thousand-peso (COP $2,000) with 17%, ten
thousand-peso (COP $10,000) 11%, and all other de-
nominations, each one under 8.0%.

Graph 27 shows the evolution of the total value of
banknotes in circulation for the period 2006-2015.

14.0
60 10 In the same way as the performance of the number
50 10,0 of pieces, the average growth of value in the period
40 was around 7.0%, representing in 2015 a value close
8.0
” to COP $ 65.1b.
6.0
20 4.0 . . .
By denomination, in 2015 the fifty thousand-peso
10 2.0
banknotes (COP $50,000) represented 79% of the
0 0.0 . . .
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 total value in c1rcu1at10n, the twenty thousand-peso
M Others cop1,000  HMCOP2,000 COP 5,000 banknotes (COP $20,000) accounted for 13%, while
cop cop copr —— Cash ide th .. . .
Wcopioooo  Mcop20000  MCoP 0,000 financil system/GOP each of the remaining denominations were below
(right axis) 5.0%.
Source: calculations by Banco de la Repdiblica.
26 Given that in 2015, the value in circulation of banknotes represented 98.0% and coins repre-

sented the remaining 2.0%, only the development of banknotes is presented.
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Graph 28

A. Debit Card
(daily average value and number of cards)

(daily average value
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Source: Office of the Financial Superintendent of Colombia, calculations by Banco de la
Repdblica.

On the other hand, the effective ratio outside the fi-
nancial system / GDP in the same period maintains
an average of 5.49%, and presents an increasing
trend during the last years.

Cards

The use of debit and credit cards has been increasing
in a steady manner over the last decade (Graph 28).
The monthly average of the number of debit cards
in 2015 was 21.8 million, and their usage attained a
daily average of COP $ 570.7 thousand of millions,
of which, the withdrawals accounted for 85% and
purchases represented the remaining 15%.

In 2015 the monthly average of the number of cred-
it cards was 13.1 million and their usage attained a
daily average value of COP $128.8 thousand of mil-
lions, with purchase operations around 74% and ad-
vances reaching 26%.

Check

Although the check has shown a downward trend
during the last ten years, in 2015 inter and intra-bank
checks as a whole represented a daily average gross
pay value of COP $1.61 b, a representative amount
in the set of payments in the market of goods and
services.

In Graph 29, with the information of most commercial banks it can be seen that,

in value terms, 84% of checks is drawn by companies and the remaining 16%

is used by natural persons. When analyzing by ranks the greater participation

of checks drawn by companies (41%), pertains to individual checks in amounts
up to COP$ $50 m. Similarly, 63% of checks drawn by individuals amount to

up to COP $50 million.

Fund transfers

The use of credit and debit transfers has been increasing steadily over the last

decade: in 2015 intra and interbank transfers as a whole reached a daily average

gross value of COP § 10.1 b, becoming the electronic payment instrument most

used in our country in the market of goods and services.
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Graph 29
Checks by issuer, 2015
(thousand of millions of pesos)
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Source: commercial banks.

Graph 30
Transfers by issuer, 2015
(thousand of millions of pesos)
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Source: ACH-Colombia.
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Graph 31
Payment Instruments by Originator, Individuals, 2015
(thousand of millions of pesos)
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Sources: commercial banks, Office of the Financial Superintendent of Colombia, ACH-
Colombia, calculations by Banco de la Republica.

Graph 32
Number of Transactions by Payment Instruments
(daily average)

(thousands of transactions)
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Sources: Banco de la Repdblica, ACH-Colombia, and Office of the Financial Superinten-
dent of Colombia.

With the information provided by ACH-Colombia
(COP $ 2.8 b, daily average), 97% of the transfers are
of business origin and only 3.0% are used by natural
persons (Graph 30).

Fifty-nine percent of the transfers made by compa-
nies pertain to the range wider than COP § 200 mil-
lion, and per natural person, 90% of transfers are
below COP § 50 million.

By discriminating information solely for natural per-
sons, Graph 31 compares which instrument enjoys
higher preference within this population based on
value. The results showing the following order: cards
with 44% (purchases) followed by checks with 38%,
while the remaining 18% pertains to electronic fund
transfers.

Comparative use of instruments with electronic
processes: cards, checks, and fund transfers

Number of transactions

The behavior in number of transactions of the differ-
ent payment instruments is shown in Graph 32. The
use of debit and credit cards (domestic purchases), as
well as debit and credit transfers has been increasing
steadily over the last decade. In the same period, the
check shows a smaller number of transactions. For
2015, 1,117,000 daily*’transactions were recorded
on average by (debit and credit) cards, 656,000 by
(debit and credit) fund transfers and 87,000 by check.

Graph 33 for 2015 presents the behavior of payment instruments by number of

transactions. It is possible to observe that the participation of cards accounted
for 60% (debit 36% and credit 24%), followed by (debit and credit) fund trans-
fers with 35% and checks representing 5.0%.

27 For checks and fund transfers, data do not include intra-bank transactions.
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Graph 33

Percentage Share in the Number of Transactions by
Payment Instrument, 2015

(daily average)
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2015 87 656 661 456

Sources: Banco de la Reptblica, ACH Colombia, and Office of the Financial Superinten-

dent of Colombia.

Graph 34

Value of Transactions by Payment Instrument, 2015
(daily average)
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Value of transactions

The behavior in value of the transactions observed
in Graph 34, presents the same trends as in the num-
ber of operations: the check, with a descending be-
havior, and the fund transfers and the cards with an
ascending one. However, the value of the fund trans-
fers and the check far exceeds that of the cards. For
2015, in a daily average value®, (debit and credit
fund transfers) accounted for around COP $ 3.5 b,
while for checks COP $ 1.1 b and the cards used for
purchases (debit and credit) COP $ 179 mm.

In Graph 35, for 2015, the value of (debit and cred-
it) fund transfers accounted for 72%, followed by
checks with 24%, and cards with about 4.0% (1.67%
debit and 1.93 % credit).

Graph 35

Percentage Share of Value of Transactions by Payment
Instrument, 2015

(daily average)

Cards 4%

[T Check M Debit card (purchases)
I Fund transfers [ Credit card (purchases)
Year (thousand X .
of millions of Check Fund transfers Debit card Credit card
(purchases) (purchases)
pesos)
2015 1,179 3,599 83 96

Sources: Banco de la Repdblica, ACH Colombia, and Office of the Financial Superinten-
dent of Colombia.

28 See previous footnote.
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CASH AND THE USE OF ELECTRONIC INSTRUMENTS
IN THE INTERNATIONAL CONTEXT

During the last decade, it is possible to observe in the
international arena that both the availability of cash for
payments and the use of other payment instruments in
general have shown an increasing trend.

The cash in circulation/GDP ratio in 2014, and for the
sample of countries in Graph A, averaged about 8.0%,
where Japan is the country with the largest share with
20.1%, and Colombia with 7.5%, is below the afore-
mentioned average. The only country in the sample that
shows a downward trend is Sweden: in 2014 its partici-
pation was 2.1%, which is supported by its advance in
electronic payments, due to public policy decisions and
private sector momentum in that country'. On the other
hand, the ratio of electronic payments to GDP (Craph A),
i.e. those made mainly with fund transfer, check, debit
and credit cards, in all countries of the sample, shows
an upward trend. Mexico exhibit a growth of more than
150% during the last ten years, and in 2014 electronic
payments accounted for 15.7 times the GDP. This indi-
cator is similar to that obtained in the CPMI countries?,
with 14.4, and the United States, where electronic pay-
ments accounted for 11.7 times GDP. In Colombia, elec-
tronic payments represented 1.5 times the GDP.

Instruments and electronic payments
Payment instruments other than cash are fund trans-

fers, checks, cards (debit and credit)® and the so-called
e-money.* In Graph B can be seen that during the last

1 Sveriges Riksbank (2013). “The Riksbank’s review of the retail
payment market in Sweden,” The Swedish Retail Payment
Market, Riksbank Studies, June.

2 Australia, Belgium, Brazil, Canada, France, Germany, India,
Italy, Japan, Korea, Mexico, Netherlands, Russia, Saudi Ara-
bia, Singapore, Sweden, Turkey, the United Kingdom and the
United States.

3 In Colombia, the statistics incorporate debit and credit card
data. However, in other countries it is possible to add to the
previous ones other valid cards in their territories, such as
cards with delayed debit function, which allow the holder
to charge their account, up to an authorized limit, but which
do not offer installment credit and the total value of the debt
incurred by a purchase is settled at the end of a period agreed
in the contract.

4 These instruments have a balance with payment service pro-
viders (most of which are non-financial entities), and they
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decade (2005 to 2014), in general, by number of opera-
tions the different payment instruments are used in the
countries of the sample.

In the period under study, fund transfers have increased
their participation in some countries such as the United
States, Brazil, Colombia, and Mexico. The increase in
cards usage is more generalized, as can be seen in all
countries of the sample, except for Japan. In contrast,
the check has decreased its participation in all the indi-
cated countries, while the e-money only reflects an im-
portant contribution in Japan.

Graph C shows the participation by country of the val-
ue of the payment instruments: both fund transfers and
cards grow in the period, although the participation of
the latter is low. Also, it is possible to observe the loss
in the contribution that the check makes during the last
decade. Electronic money is not representative in the to-
tal value of payments with instruments other than cash.

allow payments to be made on the Internet, or via mobile
phones or prepaid cards - see CPMI, BIS, World Bank (2015).
Report on the Payment Aspects of Financial Inclusion 2015.



Diagram A
Cash in Circulation and Electronic Payments” with Respect to the GDP

(percentage of cash in circulation/GDP) (electronic payments, number of times the GDP)
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a/ Payments made with instruments: fund transfers, checks and cards. Although the check is originally on paper, its settlement involves an electronic component.

b/ Countries that are members of the Committee on Payments and Market Infrastructures (CPMI) correspond to the average of the available statistics in each indicator: For cash/GDP: Australia,
Brazil, Canada, China (2005), Hong Kong SAR, India, Japan, Korea, Mexico, Russia, Saudi Arabia, Singapore, South Africa, Sweden, Switzerland, Turkey, the United Kingdom, the United States,
and the euro zone.

For electronic payments: number of times the GDP corresponds to: Australia, Belgium, Brazil, Canada, France, Germany, India, Italy, Japan, Korea, Mexico, Netherlands, Russia, Saudi Arabia,
Singapore, South Africa (2014), Sweden, Switzerland, Turkey, the United Kingdom, and the United States.

¢/ Peru has information available for the “number of times that the value of electronic payments represents the GDP” indicator for the years 2013 and 2014.

Sources: BIS (tables of comparative statistics for 2009 and 2014) and Cemla (statistics on payment, clearing, and settlement systems in Latin America and the Caribbean, 1999-2014) and DANE,

calculations by Banco de la Repdiblica.

Diagram B
Payment Instruments, Number of Transactions

(percentage share)
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Sources: BIS (tables of comparative statistics for 2009 and 2014), Cemla (statistics on payment, clearing, and settlement systems in Latin America and the Caribbean, 1999-2014), calculations by
Banco de la Repiblica.
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Diagram C
Payment Instruments, Value of Transactions

(percentage share)
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Sources: BIS (tables of comparative statistics for 2009 and 2014), Cemla (statistics on payment, clearing, and settlement systems in Latin America and the Caribbean, 1999-2014), calculations by
Banco de la Repdblica.
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Box 1

E-COMMERCE AND INNOVATIONS IN PAYMENTS

Retail e-commerce in Colombia has been increasing; it is
defined as a commercial relationship by means of using
data messages'; in other words, it is the buying and sell-
ing of retail-value goods and services, both in Colombia
and abroad (imports and exports).

According to a study commissioned by the Colombian
Chamber of E-Commerce (Camara Colombiana de Co-
mercio Electrénico) (CCCE)], it is estimated that e-com-
merce in Colombia amounted to USD 9,961 million (b),
a figure corresponding to 2.62% of GDP?, equivalent to
COP $ 19.9 billion (b).

For the same year, and according to a report on elec-
tronic transactions®, among the most commonly products
purchased with the mechanism are: airline tickets and
hotel reservations, coupons, electronic items, clothing
and footwear. The payment instruments most employed
for these purchases were: Credit cards (55%), cash (34%)*
and debits in current and savings accounts (11%).

E-commerce worldwide in 2014 amounted to an esti-
mated USD $ 1.3 trillion, with China and the United
States having a 55% share of the total. For Latin America
in the same year, e-commerce amounted to USD $ 38 b,
with Brazil being responsible for 44% followed by Mexi-
co with 12%, Argentina with 9%, and all other countries
with the remaining 35%.°

T Act527 of 1999: “Whereby the access and usage of data mes-
sages, electronic commerce and digital signatures is defined
and regulated, and the certifying entities are established and
other provisions are enacted”.

2 CCCE (2015). Study of electronic commerce in Colombia,
hired by the CCCE to Price Water House Coopers.

3 Portafolio (2015). “Electronic commerce grew more than 40%
in Colombia,” January 19.

4 The client makes an electronic purchase and receives a code
with which s/he pays in cash at the collection center autho-
rized by the seller.

5  e-marketer.com (2015). “Retail Ecommerce Sales Near $50
Billion in Latin America” [online], available on http:// www.
emarketer.com/Article/Retail-Ecommerce-Sales-Near50-Bil-
lion-Latin-America/1012744; emarketer.com (2014). “Retail
Sales Worldwide Will Top $22 Trillion This Year” [online],
available on http://www.emarketer.com/Article/ Retail-Sales-
Worldwide-Will-Top-22-Trillion-This-Year/1011765

Retail trade has shown payment innovations consolidat-
ed by means of technological development, for example
the use of Internet, making communication and deals
between sellers and buyers of goods and services easi-
er. In general, the usage of new technologies has been
showing an upward trend. In Colombia, eight out of ten
people use the Internet and the penetration rate of mo-
bile telephony is 108.3%.°

Currently, about 74% of micro, small and medium-sized
companies (“Mipymes”) are connected to the Internet’,
and the National Government’s goal is to promote in-
creasing connectedness, with the purpose of fostering
productivity and local competitiveness®. Mipymes® rep-
resented 95% of exporting firms and on average 5.6% of
total exports in the last four years, reaching USD$ 2,891
m'? (total Colombian exports in 2014 amounted to USD
$54.795 m). Therefore, micro, small, and medium-sized
companies have great potential in e-commerce.

6  Ministry of Information Technologies and Communications
and Ipsos Napoleon (2014): Study on digital consumption;
Ministry of Information Technologies and Communications
(2015). Information Technologies and Communications
Quarterly Bulletin, first quarter.

7 National Consulting Center (2014): Description of Colombian
MIPyMEs in relation to Information Technologies and Com-
munications. Study commissioned by Bancoldex and Innpul-
sa. By number and value of operations, the payment channel
most used in Colombia is Internet.

8  According to the Industry and Commerce Superintendent,
in its Management Report, 2014, institutional commitments,
based on the Conpes document 3620 of 2009: “Policy
Framework for the Development and Promotion of E-com-
merce in Colombia,” have been brought forward and it is pos-
sible to consider than advances made in the legal definition
of the different concepts such as electronic document, elec-
tronic invoice, digital signature, among others, will allow for
a standardization of the different terms, thus optimizing the
exchange in the communication that electronic commerce
requires.

9  Procolombia (2015). Report on Foreign Trade of Colombian
MIPYMES, October. “The definition used to classify MIPYMES
[...] the variable average FOB value exported by each com-
pany as proxy of the income variable [...] companies were
classified in the following manner:
- Great exporting enterprise (GEX): Over US$5 million.
- Small and medium-size exporting Enterprise (PYMEX): be-
tween US $500,000 and US $5 million.
- Exporting micro-enterprises (MEX): below US$ 500,000.
10 Procolombia (2015). Report on Foreign Trade of Colombian
MIPYMES, October.

63|



Stages of the electronic retail payment process

Innovations in the payment process are characterized
by being made in the first stages, that is, they involve
new connections between channels and payment in-
struments. Therefore, it is worth noting that the stages
through which electronic retail payments go through. In
Diagram B1.1 a basic description of the electronic pay-
ment process in the goods and services market, or retail
payments, is made, which begins with the buyer autho-
rizing the seller (A) for the resources to be debited from
his means of payment (savings account, current account
or electronic deposit) or from his credit line, using differ-
ent payment instruments.

The payment process begins by using one of the available
payment instruments (B), which transmit orders of funds’
transfer from the account held by a payer in a financial
entity to a beneficiary, for reasons such as purchase of
goods and services. Among the instruments are included:
debit card, credit card, prepaid card, debit transfer and
credit transfer.

In some cases, access devices are required (C) such
as computers, landline phones, cellphones or tablets,
which, attached to the selected instrument, allow for a
connection with access channels (D), among which are
the following: branches, ATMs, PIN terminal, Internet
and land or mobile networks."

After using the access channel, financial institutions pro-
viding services to both payer and recipient (E) have the
payment information available, which at a later time is
forwarded to retail payment systems.

The latter, by means of a multilateral clearing procedure
(E), establish the credit or debit positions between the fi-
nancial entities of payer and recipient, money that after-
wards are settled to eventually accredit the resources in
the recipient’s account or deliver the corresponding funds.

Innovations in retail electronic payments

According to the BIS'?, international innovations in retail
payment processing can be grouped by products as fol-

11 In other cases, connection to the channel is obtained directly
with the instrument itself, for example, when inserting a credit
card in the PIN terminal without the need of a computer or
another device.

12 Bank for International Settlements; Committee on Payment
and Settlements Systems (2012). Innovations and Retail Pay-
ments, BIS.
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lows: card, Internet, mobile network, electronic invoices
and payments, and optimization of infrastructure and se-
curity. Given the different developments, it is possible to
make the following summary on retail payment trends:
1) the payments market is dynamic, however, just a few
innovations have had a substantial effect in the market;
2) most innovations have been developed for the do-
mestic market of each economy, with only a few having
international impact; 3) there is a widespread interest in
the speed of payment processing; 4) financial inclusion
promotes innovation in many countries, from the govern-
ment or from the private sector (because of new business
opportunities), and 5) the role played by new institutions
in retail-value payments has markedly increased, due to
technology always being in evolution and allowing access
to areas where banks are not so competitive.

In Colombia, from the growth of electronic commerce,
with commercial offers on the Internet, there is a service
provided by an additional agent in the chain, known as a
payment gateway'?, which acts as an intermediary between
the establishment and the payer, and which delivers the au-
thentication for the transaction. Payment gateways perform
functions such as: 1) transfer of clients” information to the
financial infrastructure, with the ability to make connec-
tions from the merchant’s webpage (gateway model), and
2) some payment gateways, besides transferring informa-
tion, have a money collection function (merchant account).

Previously, service agreements are made between the
payment gateway and the establishment, and the same
takes place between the payer, the establishment, and
payment gateway, and the infrastructure and financial
entities. As observed in Diagram B1.2, with regard to the
information flow, it is through the payment gateway that
the business allows its clients to initiate payment with
their instruments, such as credit card or electronic trans-
fers, since payment gateways are the entry point for do-
mestic and transnational payments, where information is
transferred in two ways: 1) from the payer to the pay-
ment network or financial infrastructure and, 2) back to
the payer with the response obtained, after the process-
ing required by the network.

International experience of the payment gateways’ in-
volvement in the payment process

An example of payment gateways in the international
front is PayPal®; in the United States it is a non-bank-
ing entity providing domestic and international money

13 Office of the Industry and Commerce Superintendent (2014).
Comercio electrénico en Colombia.



Diagram B1.1
Flow of a Payment Process

Financial institution service
Payer provider for payer
and the recipient

Access channels

Access devices

Instruments

Retail payment
system (clearing
and settlement)

(E)

(D)

(B)

Process initiated by the payer or by the receiver of the payment

:> Flow of money

Sources: BIS, adapted by Banco de la Repdblica (DSIF).

Diagram B1.2
Agents in the General Payment Process in Electronic Trading

m Payment
Gateway

Sources: Banco de la Repdblica (DSIF).

services for clients making online purchases in business-
es. Among the services rendered are: 1) information
transfer for payment (buyer-seller), using payment in-
struments such as credit cards; 2) Paypal accounts (com-
monly known as PayPal balance, without being actual
bank accounts); and 3) PayPal Working Capital, which is
a commercial loan offered to the company’s merchants,
that pay off the loan in an automatic manner with a per-
centage of their daily sales.

(A)

Payments
network
(infrastructure)

Financial
entities

In the beginning of the year 2015, Banco de la Repdbli-
ca’s Financial Infrastructure Oversight Department con-
ducted a survey with central banks, like Spain’s and with
different Latin American countries, with the purpose of
learning about the participation of PayPal. With the re-
sults it is possible to conclude that:

Regarding the transfer of information, Paypal works

as a payment gateway in most of the surveyed coun-
tries. Transnational payments resulting from electronic
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purchases of goods and services are understood to be
originated in PayPal and within the regulatory framework.

When Paypal provides domestic services it is established
as an entity within the country, complying with norms
and domestic licenses (like in Spain and Mexico). Also,
it has made agreements with entities rendering financial
services (Chile and Paraguay). In Brazil it is in the process
of being authorized as a payment entity." In Colombia,
with the current foreign exchange system, residents can
pay for international purchases with credit cards and
monetize the sale of goods abroad through an interme-
diary in the exchange market or a clearing account.

Conclusions:

As a whole, the availability of financial infrastructure en-
ables the making of payments and has developed along
with new technologies, allowing for a breakdown of the
payment process in different stages and increasing the
number of participants in the process.

Given the existing relationship between e-commerce
and payment gateway agents, it is possible to conclude
that innovations in retail payments are being made in
Colombia.

The expansion in the process of payments establishes a
need for evaluating this new cycle and, if necessary, for
considering the enforcement of measures in benefit of
the trust both the public and business have in the differ-
ent payment instruments.

14 Legal person with the following functions:

a) Cash withdrawal and deposit of the payment accounts.
b) Payment instructions.

€) Managing payment accounts.

d) Issuing payment instruments.

e) Acquiring payment instruments.

f)  Remittances.

g) Converting physical money to electronic money or vice

versa. Using electronic money.
h) Other activities relating to provide payment services,
designated by the central bank of Brazil.
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Box 2

EVOLUTION OF PAYMENTS AND LIQUIDITY SOURCES IN THE LARGE-VALUE PAYMENT SYSTEM

An integral part of monitoring the local financial infra-
structure is understanding the behavior of each one of
the participants (financial institutions: Fls) within the in-
frastructure of the financial market (FMI) as well as of all
of them as a whole. The purpose here is to establish be-
havioral patterns (profiles), whose changes in time show
signs that allow for the early identification and dimen-
sioning of financial risks with systemic incidence, related
to the clearing and settlement of operations in the local
financial markets.

An essential element for constructing these profiles is
the identification and quantification of liquidity sources
used by each one of the participants in order to meet all
payment obligations created, among others, by the pur-
chases or sales of financial assets.

This Box analyzes the evolution in the use of different
sources by the Fls as a strategy designed to meet their
payments, in addition to how these payments have
evolved in different periods. Information from the CUD
large-value payment system is used, and the implemen-
tation of the figure of the role or figure of the custodian
of collective investment funds (CIFs) in July 2015 is taken
as a point of reference.

The selected periods comprise January 2014 through De-
cember 2015, as follows: 1) first semester of 2014; 2) sec-
ond semester of 2014; 3) first semester of 2015, and 4)
second semester of 2015. A daily average of payments is
established for each one of the semesters, as well as the
average amount of liquidity sources used to execute them.

The study and its results are constructed by type of financial
entity selecting four of them, namely: 1) banks; 2) finan-
cial corporations; 3) brokerage firms and 4) trust companies
that, when put them all together, constitute about 89% of
the total payments made through the CUD system.

1. Information of the large-value payment system
(CUD)

The information held in the CUD is of the utmost im-
portance, since this system is the central axis of the local
financial infrastructure. The settlement of payment ob-
ligations of the other FMIs converges into it for transac-
tions made by financial intermediaries and other agents
of the stock market, currencies, derivatives, and direct
transfers. Each FI has at least one deposit account in the

CUD with financial resources to meet its different in-
curred obligations.

The CUD operates with the Real Time Gross Settlement
System (RTGS), which guarantees the immediate fulfill-
ment of each money transfer order, subject to the condi-
tion that enough funds should be available in the payer’s
deposit account. This method is demanding, although it
serves to mitigate the counterparty risk, due to the re-
quirement of available funds in order for the transfer of
resources to be carried out; and, for this reason it is rel-
evant to identify and quantify the liquidity sources that
each one of the participating Fls uses.

Among these sources are the following: 1) available bal-
ance in the CUD accounts; 2) access to the money mar-
ket, with or without collateral; 3) access to the Central
Bank'’s liquidity, and 4) use of the payment received from
other participants (liquidity recycling or dynamic).’

The early or late meeting of obligations by the participants
in the CUD during the time the latter offers the service?, is
based on the costs in which these participants may incur,
depending on what financing alternative they choose.

For example, when it comes to the provision of liquidity
with collateral by the Central Bank (CB), the total cost
corresponds to the sum of the opportunity cost of the
frozen securities and the explicit cost at which the CB
provides liquidity. The same calculation is generally used
to estimate funding costs in the money market.

By contrast, funding based on payments received from
other participants in the CUD (liquidity recycling or dy-
namic) does not imply any explicit costs; however, the
timeliness in the reception of liquidity is subject to un-
certainty, which could lead to payment delays (Bernal
et al., 2012). Such delays may result in penalties due

1 In this context, the terms liquidity recycling or dynamic, re-
fer to payments made by some entities (outgoing payments)
using liquidity received from other counterparties (incoming
payments) as their sole source, in order to avoid drawing on
the money market (with or without collateral) which implies
greater costs, or to maintain their own balance in the account
(which represents an opportunity cost, since the central bank
does not remunerate any such account deposits).

2 The CUD system offers funds transfer and payment services
from 7 a.m. to 8 p.m. every working day in the Colombian
calendar.
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to non-fulfillment of the time-critical payment schedule,
reputational costs and loss of future deals because, in
great measure it depends on the liquidity provided by
counterparties (Becher et al., 2008).

2e Entry into force of the custodians figure for the
CIFs

Seeking greater efficiency in the financing of long-term
productive projects by way of a stimulus to investment
and savings in CIFs (collective investment funds), the
National Government issued Decree 1242 of June 14
of 2013 whereby it intends, in addition, to attain inter-
national standards with the use of the best practices in
terms of management, administration, supervision, risk
prevention, and comparable language as far as CIFs are
concerned.

Among others, this decree corroborates that the only
authorized institutions for the administration of CIFs are
brokerage firms, trust companies and investment man-
agement firms that must act in a professional manner
and with the diligence expected of a prudent and careful
expert, in conformity with the investment policy of each
CIF, while putting investors’ interests above any others’,
including those of the managing firm, its stakeholders,
administrators, employees, subsidiaries, parent compa-
ny, and branches.

On the other hand, on July 15 of 2013 the Government
issued Decree 1498 for the regulation of the custodian
activity that has been defined as an exercise of the stock
market whereby the custodian exercises care and vigi-
lance over the securities and money resources in custody
of the owner (the investor) in order to undertake opera-
tions with the securities in question. In the exercise of
this activity, the custodian must at least ensure the safe-
guarding of the securities and the clearing and settlement
of operations?®, as well as the administration of the prop-
erty rights ensuing from the securities.

3 Clearing and settlement of operations: By means of which the
custodian, according to what the investor or the one autho-
rized to act on his or her behalf, takes part from the confirma-
tion stage in the operation clearing process on securities that
the client has validated, and performs the necessary work to
their final settlement. This settlement involves the debit or
deposit of money or securities from or to the client’s account,
as well as the orders required to make the payment associated
with relevant operation, and other arrangements and formali-
ties that may be applicable in order to carry out the operation.
During all the time spent in the provision of its services, the
custodian must keep in place mechanisms serving to protect,
among others, the loss or damage risk due to the non-perfor-
mance of transactions on securities other than aspects relating
to the credit or counterparty risk.
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The decree regulation establishes that only trust compa-
nies authorized by the Office of the Financial Superin-
tendent of Colombia can act as custodians of securities;
besides, it stipulates that firms that administer CIFs should
engage custodian of the securities part of the portfolio
they manage only institutions that, in accordance to the
norm, can act as custodians of securities.

Although the decrees mentioned were issued in 2013,
their entry into force did not take place until July 2015,
and led to changes in the flow of clearing and settlement
of CIF operations, basically consisting of trust companies
now being responsible for confirming, clearing and set-
tling CIF operations. Consequently, the administrators of
these CIFs should in principle provide the money to the
custodians directly in their CUD accounts, so that the
securities depositories (DCV and Deceval)* can settle the
cash leg and the securities leg in the accounts of the rel-
evant custodians.

The custodians receiving the cash leg resulting from a sale
or an equity right from a CIF, shall subsequently make the
delivery of these resources to the relevant administrator
by means of a direct transfer in the CUD.

B Performance of payments and sources for the
analyzed periods

In this Box, the term payment refers to the entity that in
the settlement of an operation delivers resources in mon-
ey, and the term source to the entity receiving that mon-
ey. For example, in a purchase of securities, the payment
is made by the FI that bought the security (delivered the
money) and the source is the Fl that sold it (received the
money). In a sell/buy-back of the money market, a pay-
ment is constituted for the entity that in the first part of
the operation (the constitution) delivered the money and
a source for the entity obtaining it.

In Graph B2.1 it is possible to see, by type of FI select-
ed and for the periods considered, the average daily
amounts and the share within the total of payments set-
tled in the CUD, excluding those made by Banco de la
Republica and the Public Credit and National Treasury’s
office (DGCPTN). Banks, financial corporations, brokerage
firms and trust companies are identified as the most active
types of Fl in the settled value of payments, because they

4 DCV: Central Securities Depository that, among other things,
clears and settled public-debt operations.
Deceval: Centralized Securities Depository that, among other
things, clears and settles operations with private debt and
shares.



Graph B2.1
Payments by Type of Entity
(daily average during each half year)
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Sources: Banco de la Repiblica.

together account for about 89% of the total paid on an
average daily basis.®

As for the participation by type of entity in the average
daily value of transactions in each of the six-month peri-
ods analyzed, it was established that: banks contributed
54.08%, 56.7%, 61.0% and 58.8%; brokerage firms con-
tributed 17.32%, 16.0%, 14.0%, and 12.5%; financial
corporation contributed 10.12%, 8.9%, 9.0%, and 7.9%,
and trust companies contributed 7.04%, 7.3%, 6.0% and
10.5%.

Since the entry into force of the custodian, trust compa-
nies occupy the third place in the total amount of pay-
ments transacted, displacing the financial corporations
from that position.

In terms of payment (Graph B2.2), it is possible to es-
tablish that among the most relevant changes for banks,
there is an increase in the use of liquidity in the money
markets, where the liquidity obtained by monetary policy
repos predominates, fueled by the increase in the quotas
granted for expansion repos by Banco de la Republica®.

5  Thatis, 88.56% during the first half of 2014; 88.91% in the
second half of 2014; 90% in the first half of 2015, and 89.73%
in the second half of 2015.

6  On average, from the second half of 2014 to the first half
of 2015, the central bank increased the one-day expansion
repos by 60%; in addition, by 2015, it offered quotas with
maturities of 30, 21, 14 and 7 days, not available in 2014.

Graph B2.2
Banks: Payments by Area
(average daily value during each half year)
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The payments of these obligations are reflected in the
concept called retrocessions money market.”

In the second half of 2015 for this same type of entity,
a decrease in purchases of public debt securities is ob-
served, from a daily average of COP $ 3.08 billion(b)
in the first half of 2014 to COP $ 1.4 b (2.2 times less).
The decrease can be a consequence of the behavior
of the domestic public-debt market, affected by sev-
eral phenomena that caused volatility and affected the
long segment of the curve, for instance®: 1) a 125 ba-
sis points (bp) increase in the benchmark interest rate,
from December 2014 to December 2015, a decision
taken by the Board of the central bank in order to con-
tain inflation expectations in the economy. This rise
in the rate drove up short-term credit, which gener-
ated devaluation in the TES in the same time period;
2) the announcement by the Ministry of Finance to is-
sue TES with maturities of less than one year, which
led to the devaluation of short-term securities due to
the expectation of a greater offer in this type of finan-
cial assets; 3) an increase of Colombia’s risk premium,
which increased uncertainty, especially among foreign
investors; 4) the expectation of a change in the Fed'’s

7 Operations of return of the liquidity obtained, plus payment
of interest. In this Box, included within the concept of money
market retrocessions are: retrocession of expansion repos,
sell/buy-backs with public / private debt and equity repos.

8  Source: Fiducoldex. Semi-Annual Market Report, January 8,
2016.
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monetary stance, which pushed up the rates on emerg-
ing bonds, including the Colombian sovereign debt, by
the increase in foreign credit; 5) uncertainty with re-
spect to the international outlook, particularly China’s
lower GDP growth, which increased global risk aver-
sion, generating further upward pressure on long-term
bond rates; 6) the fall in oil prices raised concerns about
the weakness of the Colombian foreign sector in the
face of a deterioration in the nation’s fiscal accounts;
7) devaluation of the exchange rate (peso / dollar), and
8) the increase in inflation expectations and the change
in macroeconomic conditions that generated risk aver-
sion, which in turn ended up causing devaluations.

Financial corporations displayed a similar behavior in the
evolution of payments (Graph B2.3), because they in-
creased their level of payments through money market
retrocessions, and decreased purchases of public-debt
securities.

As for brokerage firms, their purchases of public-debt se-
curities also decreased, albeit to a lesser extent than in
the other two types; and the delivery of liquidity offered
by them was increased by means of sell/buy-backs with
public-debt (Craph B2.4).

For trust companies, the most significant change in the
second half of 2015 was the transfer of funds between
the administrators and custodians of CIFE. This was due
to the new flow mentioned already, needed to clear and
settle this type of transactions, where it is currently es-
sential that the CIF administrators transfer the liquidity

Graph B2.3
Financial Corporations: Payments by Area
(average daily value during each half year)
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Graph B2.4
Brokerage firms: Payments by Area
(average daily value during each half year)
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to the custodians, so that they can then complete, at the
securities depository, the operations of their third parties
in custody (Figure B2.5).

Graph B2.5
Trust Funds: Payments by Area
(average daily value during each half year)
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When analyzing the sources of liquidity by type of en-
tity, it is observed that for the first half of 2015 banks
increased the use of expansion repos and decreased
their utilization by 3.6% in the second half of this year, a
liquidity that was largely replaced by an increase in the
use of sell/buy-backs with public-debt operations.

The above-mentioned 3.6% is supported not only in the
lower quotas that the central bank granted in the second
half of the year, but also in the incentive of lower costs
that the FIs found in sell/buy-backs with public-debt op-
erations for the same period (interest rate of up to 137
basis points below the repo rate).’

Banks also reduced the use of the dynamic and the open-
ing day balance in the deposit account (Graph B2.6).

Graph B2.6
Banks: Sources of Liquidity
(average daily value during each half year)
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Financial corporations increased their use of sell/buy-backs
operations, particularly in the second half of 2015, and
decreased their use of dynamic operations (Graph R2.7).

In the last two semesters, brokerage firms required fur-
ther transfers'® and, to a lesser extent, sell/buy-backs with
public-debt operations; likewise, their use of the dynam-
ic decreased slightly (Graph B2.8).

9  Banco de la Reptiblica (2016). Financial Markets Report, Janu-
ary 2016.

10 Transfer of funds (uploads of money) from leading banks to
brokerage firms and trust companies (called clients), so that
the latter have the necessary liquidity in their deposit ac-
counts to meet the cash leg, of their operations with securi-
ties: banks previously debit these monies from their clients’
current accounts.

Trust companies depend to a greater extent on the trans-
fer of resources from CIF-managing Fls, as they are cur-
rently responsible for confirming, clearing and settling
the CIF operations of their custodians (third-party inves-
tors); in addition, they increased the use of the dynamic
and decreased that of transfers and intraday repos with
Banco de la Republica (Graph B2.9).
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Graph B2.8
Brokerage firms: Sources of Liquidity
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Graph B2.9
Trust Companies: Sources of Liquidity
(average daily value during each half year)
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Conclusions

Although the results are presented in aggregates by type
of participants in the CUD, these can also be obtained
by each FI, thus establishing a pattern of behavior (pro-
file) revealing the individual strategy in the use of existing
sources of liquidity to meet their obligations in the finan-
cial market. The continuous monitoring of this profile’s
evolution (for example, drastic changes in the use of a
particular source and/or its main provider), is useful in
order to have the timely capture of risk signals with sys-
temic incidence.

It is important to acknowledge that when the Fls opti-
mize their efficient use of liquidity sources, this process
does not necessarily reflect well-being in the large-value
payment system as a whole. In some cases, such as those
FIs whose source of liquidity is predominantly the dy-
namic, their dependence has the disadvantage of being
subject to uncertainty and, therefore, can result in de-
lays in making their own payments. In addition, it is sub-
ject to opportunity mismatches between incoming and
outgoing payments so that any tension that exacerbates
those mismatches can lead to significant increases in in-
traday liquidity needs.
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Box 3

INTERNATIONAL DEBATE ON THE CAPITAL LEVEL OF CENTRAL COUNTERPARTIES

Central counterparties (CCPs) offer multiple benefits to
the financial markets, including improved risk manage-
ment practices, in particular counterparty and liquidity
risks; the multilateral netting of operations and their con-
tribution to the stability of markets through mechanisms
of orderly settlement of positions in the event of default
by any of their members. However, with the importance
that these entities have been acquiring, due not only to
the authorities” demand for some derivative products to
be cleared and settled through them, but also to the in-
crease in traded volumes, it is necessary to bear in mind
the costs that this type of financial infrastructure repre-
sent for the markets and the stability of financial systems.
In general terms, the main costs are related to the high
concentration of risk and the possible systemic implica-
tions, were one of its main members to default or the
CCP to be liquidated. The main benefits and costs of
CCPs are summarized in Table B3.1.

Due to the growing and important role of CCPs in glob-
al financial markets, there is an ongoing debate in the

Table B3.1
Benefits and Costs of the CCPs

Benefits

Mitigation of risks by means of:

* Multilateral Netting.

* Improvement in risk-management practices.

* Functioning as a protective barrier or filter that prevents spreading
to other members and markets in the face of any member failing to
comply.

Operational efficiency by means of:

* Reduction in the number of settlement instructions processed.

* Increase in processing levels without an interruption in operations
(Straight Through Processing).

Lower liquidity requirements for the members by means of:

¢ Possible decrease in collateral requirements in comparison to those
required bilaterally.

* Possible lower collateral requirements due the correlations and
clearing between assets.

* Lower capital requirements due to exposure with respect to a CCP vs

bilateral exposures.

Transparency:

* Source of information on markets, especially on the over the counter

transactions.
* Ease of monitoring for the supervising authorities.

international community about the imperative need to
give continuity to the service they offer, not only for
the benefits described, but also for the impact a lig-
uidation of one of these entities would have on the
markets, participants and the financial stability of the
jurisdictions where they operate and in which they are
interconnected.

These concerns become particularly relevant in a crisis
situation and in markets where only a single CCP oper-
ates. In such a case, it becomes a single point of failure
placing all participants in the market and the system
under risk, due to the lack of a substitute in the provi-
sion of a critical service within the value chain of the
financial markets.

Among the market benefits that would be put at risk
are: 1) mitigating counterparty credit risk and facilitat-
ing multilateral clearing of exposures through the legal
or technical substitution of a high quality counterparty
by many potential lower quality counterparties; 2) the

Costs

A concentration of risks with a possible systemic impact due to the
settlement of a CCP.

* Possible losses in the settlement of transactions would have an impact
on the liquidity of the CCP members and others linked to them.

* Possible spread to other markets and financial institutions.

* The lack of a substitute in the provision of the service could
generate a setback in risk-management practices

Participation costs:

* Demand for resources in terms of collateral and contributions to
the established funds.

* Costs of membership.

* Operating Costs.

Economic costs.

* Temporary suspension of the market in view of the liquidation of
a CCP.

* Possible use of public resources to attempt to rescue a CCP if
there are no substitutes.

Source: Central Counterparties: Addressing their Too Important to Fail Nature - Froukelien Wendt- January 2015. Supplemented by Banco de la Repdblica.
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reduction of collateral requirements as a result of ex-
posure netting; 3) the reduction of a potential systemic
impact in the event of default by any of its members,
by maintaining adequate combinations of guarantees,
liquidity and financial capital, or other resources, in
order to face such an event without affecting other
participants , and 4) the decrease in uncertainty sur-
rounding a case of non-compliance by one of the
members and the elimination of bilateral actions by
participants as a result of having clearly defined pro-
cedures for dealing with such an event and having
protections to offset and settle previously accepted
obligations, among others.’

In this regard, financial authorities have the challenge of
ensuring that CCPs have sound business management
frameworks; sufficient financial resources to support
non-compliance events of its members, and have viable
recovery and resolution plans.

From the point of view of business risk, in accordance
with the principles applicable to financial market in-
frastructures published in 2012 by the BIS, CCPs must
identify, monitor and manage their general business risk
and maintain sufficient net liquid assets financed with
their net capital to cover possible general business losses,
so they can continue to operate and provide services as
a company in the event that such losses materialize. In
addition, net liquid assets must be sufficient at all times
to ensure a recovery or orderly cessation of their funda-
mental operations and services.

Faced with an adequacy of financial resources, the termi-
nation of a CCP could take place due to residual losses
caused by the failure of its principal liquidating members
exceeding it totals capital. Diagram B3.1 shows, for ex-
ample, how CCPs have their assets in two of the security
rings: the first is the contribution to the safeguard fund
or collective guarantee, and the second corresponds to
an additional contribution in light of a depletion of re-
sources in the rest of the security rings.

Given that the risks arising from clearing activities are
largely covered by specific financial resources (margins
and collective funds), CCPs must have financial resources
of their own to ensure that they are adequately capital-
ized at all times in order to face credit, counterparty and
market risks, as well as operational, legal and business
risks, which are not already covered by specific finan-
cial resources. This would allow the CCP to carry out

1 See: https://ECC12site-ain.pbworks.com/f/The+Value+Prop
osition+of+Central+Counterparty +Clearing +Houses. pdf
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Diagram B3.1
Order in which CCP¥ Security Rings are Used

Initial and variable guarantees of the defaulting member.

!

Contribution to the collective guarantee fund by the defaulting member.

CCP contribution to the safeguard fund (Skin of the game).

!

Contribution to the guarantee fund by the rest of the members.

!

Remaining capital of the CCP.

!

Additional capital requirements from the
defaulting members (assessment calls).

a/ According to Wendt, 2015, the structure of the security rings varies from CCP to CCP
and there is no single internationally defined structure.
Sources: Banco de la Repiblica.

a restructuring or orderly winding up of its activities if
necessary.

Some examples of capital requirements determining the
optimal capital level of CCPs are presented below.

European legislation

The European Banking Authority (EBA) has approved the
draft regulatory technical standards on capital require-
ments for CCPs under the EMIR regulation (Regulation
on OTC derivative transactions, central counterparties
and trade repositories), which were adopted by the Eu-
ropean Commission. The latter, by way of delegated reg-
ulation number 152 of the year 2013, defined technical
standards related to the capital requirements of central
counterparties. This regulation establishes capital re-
quirements for the purpose of liquidating or restructuring
a CCP and capital requirements to mitigate operational,
legal, credit and market risks that are not covered by
specific financial resources, such as margins and guar-
antee funds. In any case, the capital required for CCPs
must be at least equal to the sum of the items described
in Table B3.2.

In addition, the above mentioned regulation states that
CCPs must have an initial and permanently available
capital of at least EUR 7.5 million (about USD 8.5 m)
and that the guarantee fund and other specific financial
resources must allow the CCP to deal at any time with
the default of at least the two main clearing members



Table B3.1

Capital Requirements for CCPs that Operate in the European Union.

Iltem

Capital required for the purposes of settlement or restructuring

Capital required for legal and operational risks.

Capital required for credit and market risks that are not covered by
specific resources.

Capital required for business risk®

Calculation Method

Gross monthly operating expenses multiplied by the number of
months sufficient to ensure the orderly settlement or restructuring
of its activities even under tight market conditions. The period
shall be proposed by the CCP and authorized by the authority
responsible.

The CCPs should calculate their capital requirements for operating
risk, including legal risk, through the basic indicator approach or by
means of the advanced measurement approaches provided for in
Directive 2006/48/CE which defines the minimum proprietary fund
requirements for credit institutions operational risk.

The method of calculation should consider the risk weighting
established by investment firms and credit institutions as the
standard of reference.

The capital requirements for business risk will correspond to the
estimate approved by CCP and shall be subject to a minimum
amount equivalent to 25 % of the gross annual operating
expenses. Since the level of business risk largely depends on the
individual situation of each CCP and may derive from factors
such as inefficient procedures, an adverse market environment,
an ineffective response to technological progress, or poor
implementation of business strategies, capital requirements should
be based on the CCP’s own estimates subject to the approval of
the authority responsible. A minimum level must be introduced in
order to guarantee a prudent level of capital requirements.

a/ Business risk refers to the risk that a CCP assumes due to its efficiency and the possible change in the general conditions of its work which could jeopardize its financial situation as a result of a
decline in its income or of an increase in its expenditures that leads to a loss that must be charged to its capital.

Source: European Commission regulation number EU-152/2013.

that it is most exposed to, in extreme but viable market
conditions.

The legislation in the United States of America

On the one hand, the Board of Governors of the Fed-
eral Reserve in regulation HH 2, with reference to the
risk standards of the infrastructures designated by The Fi-
nancial Stability Oversight Council, under title VIII of the
Dodd-Frank Act as systemically important, mentions that
such infrastructures should maintain liquid financial as-
sets additional to the resources involved in the manage-
ment of credit and liquidity risk, sufficient to cover the
greater of the cost of implementing the plans to recover?

2 The HH regulation establishes two sets of risk management
rules for certain infrastructures in the financial market: one
for those operating a payment system and the other set for
those operating a central securities depository or a central
counterparty.

3 Recovery plans are the actions that a CCP has stipulated in
its rules, procedures and contractual arrangements, seeking
to deal with any mismatch, loss or lack of liquidity, whether

the CCP or the orderly liquidation plan of the business’
general losses* and six months of current operating ex-
penses. In addition, CCPs should review the calculations
at least every two years and define rules and procedures
in the event of insufficient resources.

With regard to credit risk management, this regulation
defines that CCPs must have pre-funded financial re-
sources that enable them to cover default by the first or
the two main participants and their members® that would
generate the largest exposures to CCPs in scenarios of
market stress.

caused by a participant’s default or other causes, with the
aim of maintaining the service offer and avoiding systemic
impacts.

4 This plan refers to actions to address the permanent cessation,
sale or transfer of one or more of its critical business units or
services, so that they do not generate impacts on liquidity or
accentuate credit risk, affecting markets, participants, other
FMIs or adversely affecting financial stability.

5 It will depend on what the Federal Reserve System’s Board of
Governors defines.
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On the other hand, the Commodity Futures Trading
Commission (CFTC)®, under Title 17 of the US Federal
Code of Regulations, establishes that the organizations
that clear off derivatives must adequately identify and
manage their overall business risks and maintain suffi-
cient liquid resources to cover potential business losses
that are not related to default with the obligations of their
members, in such a way that the provision of the service
is not interrupted. Therefore, financial resources will be
considered sufficient if their value, at the very least, ex-
ceeds the sum of the values that: 1) would allow CCPs
to fulfill their financial obligations with their liquidating
members in the event of default by the member generat-
ing the greatest exposure in extreme but credible market
conditions, taking into account that both affiliated enti-
ties and those under the control of a member shall be
counted as one liquidating member for the purposes of
this provision, and 2) would allow the institutions clear-
ing derivatives to cover their operating expenses for a pe-
riod of at least one year, calculated on an ongoing basis.

Legislation in Brazil

The Central Bank of Brazil establishes the following limits
on capital for the clearing and settlement service provid-
ers: 1) BRL 5 m (about USD 1.5 m), if it is responsible
for a settlement system that is not considered of systemic
importance, or 2) BRL 30 m (about USD 8.8 m), if it is
responsible for a settlement system considered to be of
systemic importance.

If the provider of clearing and settlement service oper-
ates more than one settlement system, the minimum
equity limits mentioned must be the sum of the respec-
tive minimum limits required for the operation of each
system. If the system provider of clearing and settlement
services performs other activities, the capital require-
ments must be considered independent. These limits
may be reviewed by the Central Bank every two years.

On the other hand, in accordance with Brazil’s Payment
Systems’, the Central Bank established 7 that securities
clearing and settlement systems must have special assets
invested in federal securities to ensure the continuity of
service to market participants, for a minimum amount

6  Entity created to protect market participants and the public
from fraud, manipulation, abusive practices and systemic risk
relating to derivatives - futures and swaps - and to promote
transparent, open, competitive and financially viable markets.

7 Circular 3057 of Central Bank of Brazil 7, in accordance with
art. 5 of Law 10214, of March 27, 2001.
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of BRL 10 m (about USD $ 3 m) for each of the systems
deemed to be of systemic importance.

The Colombian case

Decree 2555 of 2010 establishes that in order to request
the creation of a central counterparty the minimum
amount of capital that must be demonstrated (CCP) is
COP $ 19 mm of 2007. This amount must be perma-
nently maintained by the CCP and must be adjusted
annually with the consumer price index (CPI), provided
by DANE. By 2015 the minimum capital requirements
amounted to about COP $ 28.9 mm (about USD $ 9.6
m). This decree additionally provides that the regulations
of the CCPs must have guarantees and other safeguards
to ensure compliance with the operations, and in any
case, these CCPs must maintain sufficient financial re-
sources to support at least the non-compliance of the
counterparty with which it holds the highest position,
under extreme though possible market conditions.

Challenges for authorities and CCPs

While it is evident that there is no single standard for
defining capital requirements for CCPs or for an optimal
level of their own financial resources at the international
level, it is clear that an articulated work is needed be-
tween these type of entities and the respective authori-
ties to define exercises that allow for the establishment
of the levels required to ensure continuity of service and
to avoid negative impacts on the financial stability of
jurisdictions.

Regarding the establishment of an optimum capital level,
it is key to establish, within the regulation of the CCPs,
a requirement that not only contemplates a minimum
capital of incorporation, but also includes requirements
of business risk, recovery and resolution.

Accordingly, it is essential to jointly define periodic re-
views of compliance with capital requirements, based on
stress tests considering extreme scenarios and of market
turbulence.
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Box 4

SECURITIES LENDING MARKET IN COLOMBIA

As mentioned in the previous version of this Report,
in general terms, a securities loan consists of a collat-
eralized transaction between two participants. In par-
ticular, one of them temporarily transfers ownership to
the other at the same time that the latter delivers other
financial assets (for instance, money or other securities)
in order to guarantee the operation. After the deadline,
both parties receive the assets initially delivered. In ad-
dition, the original holder of the securities, by lending
them, receives a monetary compensation. Likewise,
when the receiver of the security has given money to
the party granting the loan, the latter may recognize a
return for such financial resources during the term of
the operation. The way in which the payment of such
return will be made (i.e.: rebates) shall be defined in
the regulations of the loan programs, or agreed upon by
the parties, as the case may be.

According to FSB (2012), the market of securities lend-
ing was one of the sources that allowed insurers such as
AlG to obtain positions of leverage in the US mortgage
securitization market'. In this sense, knowing the opera-
tion and essential characteristics of this type of opera-
tions represents a contribution to the understanding of
the financial markets and their normal functioning, not
only for the participants and the general public, but also
for the different financial authorities, especially those
involved in supervision, monitoring and financial risk
tracking activities. In Colombian regulation, securities
lending activity is characterized as a temporary transfer
of securities, and is defined as an operation in which
one party (the originator) transfers the property of some
securities (object of the transaction) to the other (the
receiver), with the agreement to retransfer them on the
same date or at a later one.

According to the Colombian Stock Market (BVC),
among the benefits motivating market participants to
carry out this type of operations, are: 1) to increase
profitability in the management of portfolios; 2) to
facilitate the clearing and settlement mechanisms of

1 According to insurance sector authorities in New York State,
much of the collateral received by AIG in securities lend-
ing operations was reinvested in financial instruments listed
as triple A. However, about 60% of these instruments were
investments in mortgage backed securities. In turn, 50% of
these investments corresponded to debt of lower credit rating
(including subprime). More information at http://www.bank-
ing.senate.gov/public/ index.cfm? FuseAction = Files.View &
FileStore id = 8ee655c8-2aed-4d4b-b36f-0ae0ae5e5863
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operations when there is a risk of default; 3) to execute
arbitrage strategies that allow risk diversification and
benefit from perceived differences in the price of relat-
ed assets (i.e.: short sales), and 4) increase the turnover
of assets and, consequently, market liquidity.

In Colombia there are two technological platforms
through which temporary securities transfer operations
can be carried out: the BVC and the Central Securities
Depository (DCV) of Banco de la Repiblica: originators
and receivers converge there to conduct their opera-
tions. However, due to the role each of these agents
play in the market, their schemes differ in their func-
tional design.

il Characteristics of temporary transfer of securi-
ties (TTS)

Due to the characteristics of the Colombian securities
market, the temporary loan of securities is typified as
a financial transaction.? Unlike international practice,
where securities lending is a supplementary service, the
local securities lending market is a regulated activity.

In accordance with Decree 2555 of 2010, TTS opera-
tions are defined as:

[...] those where one of the parties (the “Origina-
tor”), transfers the ownership of some securities
(the object of the transaction) to the other party
(the “Receiver”), with the agreement of transfer-
ring them back on the same date or at a later
date. In turn, the Recipient will transfer to the
Originator the property of “other securities” (not
subject to the transaction), or a sum of money of
equal or greater value to the securities’ object of
the transaction, or will deliver such sum of money
or other securities as a collateral to a securities
trading system or to a stock exchange supervised
by the Office of the Financial Superintendent of
Colombia.

In the specific case relating to the delivery of collateral,
either to a stock exchange or to a trading system, the
aforementioned decree states that:

2 Article 2.36.3.1.3., Decree 2555/2010 of the Ministry of Fi-
nance and Public Credit.



When money or “the other securities” are delivered as guar-
antee, the temporary transfer of securities must be carried
out through securities trading systems or stock exchanges
authorized by the Office of the Financial Superintendent
of Colombia, where such guarantees for the performance
of these operations are requested and the same are man-
aged by the respective system or stock exchange, under the
conditions of article 11 of Law 964 of 2005.

In addition, TTS operations have the following charac-
teristics: 1) the maximum term of the operation is one
year, beginning on the initial operation date; 2) the TTS
object of the operation will generate the payment of a
sum of money by the receiver, which will be calculated
in accordance with the regulations of stock exchanges
or securities trading systems, or agreed by the parties, as
the case may be; 3) if, during the term of the transaction,
the securities delivered generate returns or, in general,
some kind of economic benefit, these benefits must be
transferred to the initial holders of such assets; and 4) the
receiver may have mobility restrictions if the securities
are delivered as collateral to the operation. In case the
asset corresponds to money, the recipient will be able to
receive a financial return.

From the normative point of view, TTS in Colombia con-
forms to the international practice. In particular, it is an
exchange of securities between two participants that
can be done either directly between the interested par-
ties or through an agent (e.g., trading system or stock
exchange). In order to guarantee or support the opera-
tion, money or other types of securities can be delivered.
Likewise, during the term of the operation, the initial
holders of the assets enjoy the economic benefits that
may be applicable.’

The regulations contemplate the possibility of carrying
out the TTS operations in the counter market*. However,
these must be registered in accordance with the instruc-
tions given by the Office of the Financial Superintendent
of Colombia, and the securities intermediaries that enter
into them must establish and deliver guarantees, with
their own resources or with those of third parties, in fa-
vor of the stock exchange or a securities trading system.

As for the TTS that are carried out with agents, both the
Colombian Stock Market (BVC) and the Central Secu-
rities Depository (DCV) of Banco de la Republica have
a scheme implemented and currently in operation.

3 With respect to political rights, the parties involved may ter-
minate the operation in advance

4 Decree 2555 of 2010, articles 2.36.3.1.3 and 2.36.3.2.6

However, due to the role played by each of these agents
in the market, these schemes differ in their functional
design. Below is a brief explanation of each.

1.1. Colombian Stock Market (BVC)

The TTS carried out in the BVC are aimed at increas-
ing profitability in the management of portfolios and
facilitating the mechanisms of operation clearing and
settlement when there is a risk of default, among others.
The scheme can be classified as an implementation of
a securities lending program managed by a third party
(i.e.: third party agent model), where its role is to put
into contact, in this case through a transactional system,
the parties interested in lending and borrowing securi-
ties. Once the transaction is closed in the trading and
registration system, both the originator and the receiver
deliver the securities object of the transaction and the
associated guarantees to the BVC through Colombia’s
Centralized Securities Depository (Deceval), the deposit
account system (CUD) or DCV, depending on the case.
Once the BVC has both legs of the operation, it proceeds
to perform the exchange (Diagram B4.1).

Diagram B4.1
Functional Model of BVC Temporary Transfer of Securities

@ Compensation

Compensation

Source: Banco de la Republica.

This functional design has the following additional char-
acteristics: 1) although the originator receives the securi-
ties as guarantee, these are blocked in favor of the BVC
and, therefore, cannot be involved in any subsequent op-
eration; 2) the BVC manages the market and settlement
risks with the Guarantee Administration System (SAC);
however, both the compensation value and the manage-
ment of economic rights are directly carried out by the
parties; 3) no financial returns are generated for collater-
als received in cash, and 4) the possibility of an advance
of the operation (i.e., recall) is defined at its closing.
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1.2.  Evolution of TTS through the BVC

Graph B4.1 shows the evolution of the TTS operations
traded at the BVC between January 2014 and December
2015. The decrease shown in both TTS on equities and
on fixed-income securities is highlighted.

Thus, in the market for variable income TTS, from a
monthly average of COP $ 41.2 mm in 2014, COP $ 39.6
mm were traded in 2015; while in the fixed-income TTS
market COP $389.2 mm were traded in 2014 compared
to the monthly average of COP $282.3 mm in 2015.

With regard to the equity market as a whole, TTS trading
averaged 0.99% in 2014 and 1.21% in 2015, while in the

Graph B4.1
Change in the Temporary Transfer of Securities Operations
TTS
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total fixed-income market traded through the BVC the
TTS accounted for 0.47% in 2014 and 0.33% in 2015.

Regarding the distribution by type of traded securities dur-
ing 2015, Graph B4.2 shows how 29 species of TTS on
equities were traded, the most traded being Bancolom-
bia’s preferential shares, concentrating 34% of the total
market (COP $160 mm), followed by that of the Sura
Group, with 11% (COP $55 mm), Argos Group with 10%
(COP $46 mm), Ecopetrol with 8% (COP $38 mm) and
that of Aval Preferential shares with 7% (COP $32 mm).
The remaining 25 stocks consolidated 30% of the total
market (COP $ 144 mm).

In relation to TTVs on fixed-income securities, only
TES public-debt securities were traded during 2015, of
which 85% (COP $2.88 mm) corresponded to fixed-rate
TES and the remaining 15% (COP $506 b) to TES UVR.

Graph B4.2:
Temporary Transfer of Security Operations TTS, 2015,
Breakdown by Type
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It is important to mention that all transactions, for which
the BVC acted as administrator of guarantees, were car-
ried out through the trading system.

1.3. DCV Scheme

The securities lending program of the DCV is intended
to mitigate possible default by participants who use the
system to clear and settle transactions. For this reason,
the motivations for its use are focused especially on re-
ducing operational costs during the search for securities,
speeding up compliance with pending transactions and
increasing the liquidity of the payment system, among
others.

To participate in the program, each participant must ex-
pressly request it. Additionally, it must inform both the
portfolios that it is willing to lend, as well as the applica-
ble limits according to its risk management policies (e.g.
issuing limit). Likewise, it must inform the financial insti-
tution that will serve as payment or collection agent. The
latter will apply for cases in which the receiver delivers
money to support the operation; in particular, because
the transaction is structured in such a way that the origi-
nator must pay a compensatory interest to the receiver.

There are two types of operations that are part of the
securities lending program (Diagram 2):

Diagram B4.2
Functional Model of BVC Temporary Transfer of Securities CSD

Loan against money as collateral

Security object of the transaction

D OO

Backing
in money

Paying
agent

Loan against other securities as collateral

Securities to deliver

D D D

Backed by other securities
Source: Banco de la Reptiblica.

a. Automatic operations

This modality attempts to automatically cover the missing
or short positions in securities that the system identifies,
at the end of the day. It is executed after the functional

closing of the depository and specifically attempts to
cover transactions involving allowable emissions in the
program, belonging to enrolled participants, with avail-
able quotas and sufficient assets.

b. On-demand operations

In this modality, the participant manually enters in the
depository a request for the required security. Likewise,
it establishes if it is willing to give cash to back the trade,
once all the securities that have been made available for
that purpose have been taken.

Each time a request is entered into the depository, the
system tries to allocate and settle it. The operation is
carried out when the system randomly encounters an
originator with available securities and with sufficient re-
ciprocal quotas with the receiver, provided the latter has
securities or enough cash to support the operation.

The functional design provided by the depository has
other features, such as: 1) it is a one-day operation (i.e.:
overnight); 2) although the originator receives the col-
lateral securities, they are blocked and, therefore, cannot
be involved in any subsequent operations; 3) in case of
delivery of cash as collateral, the originator will pay a re-
munerative interest; additionally, there are no restrictions
on its use by the originator; 4) the DCV manages market
and settlement risks; in addition, it performs all the debits
and credits related with the operation, such as payment
of remuneration, calculation of penalty percentages
and calculation of interest payable when the receiver
has delivered cash as collateral; and 5) the possibility of
an advance of the operation (i.e.: recall) is not defined.
However, the depository excludes those that during the
term of the operation have stipulated a payment.

28 Evolution of TTS operations through the DCV

Although the Colombian Electronic Market (MEC),
through its trading and registration system, allows TTS to
be traded with public debt, these do not arrive as such
(differentiated) to the DCV for settlement.

Particularly, only two trades of this kind have been reg-
istered in the DCV system, one in August and the other
in October 2008. One possible cause that could explain
the low expansion of this type of TTS is the use of other
types of market operations to meet the demand for secu-
rities. As an example, and based on the information on
the rates at which sell/buy-backs transactions are negoti-
ated, it could be assumed that some of these trades are
intended to meet the liquidity needs of some participants
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and other to meet the demand for securities to cover
short operations. Based on the above and the difference
in the rates collected, it was estimated® that the average
daily value of sell/buy-backs seeking the second objec-
tive was COP $1.02 b during the year of 2015.

Final Remarks

In the Colombian case, the BVC and the DCV offer TTS
operations. Those of the BVC could be classified as an
adaptation of a securities lending program managed by a
third party (i.e.: third party agent model), where its role
is to draw connect, in this case through a transaction
system, the parties interested in lending and borrowing
values. Those of the DCV were created by the securities
depository with the purpose of reducing the probability
of default of transactions that are carried out in the re-
spective clearing and settlement system.

Although the regulation allows potential participants in
the TTS market to carry out securities lending opera-
tions without resorting to these infrastructures, i.e. in
the counter market, there is an obligation to register the
transactions and to constitute guarantees in a securities
trading system or a stock exchange monitored by the
Financial Superintency of Colombia. At present, all TTS
operations are carried out through trading systems.

Albeit with different functional models and each one fo-
cused on meeting certain market needs and interests,
both the BVC and the DCV TTS have the same purpose:
to facilitate mechanisms so different participants in the
securities market can temporarily lend and borrow vari-
ous fixed-income and variable-income securities.

For the benefit of the evolution of this type of opera-
tions it is necessary to diagnose the possible aspects that
could be delaying its development. Among the elements
to be considered are: 1) to evaluate if there are excessive
regulatory restrictions to conduct short sales; 2) to evalu-
ate the creation of incentives for those investors who
hold eligible securities (i.e. pension funds) within their
long-term portfolios in order to obtain additional returns
on the management of these portfolios; 3) to evaluate
the convenience of not only lending securities through
operations, but through a specialized service with the
creation of loan programs offered by specialized agents
(e.g. custodians), and 4) to analyze the reasons why the
participants might prefer to use another product, such

5  The parameter defining whether the main factor was the de-
mand for securities, were operations with rates lower than
Banco de la Repdblica’s intervention rate minus 25 bp.
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as sell/buy-backs to cover their temporary needs for
securities.
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[|. THE COST-BENEFIT RATIO
FOR TIERED ACCESS IN THE
LARGE-VALUE PAYMENT
SYSTEM??

Large-value payment system operators (LVPSs), generally central banks,
should define the levels of access they provide in order to participate in their
system and their liquidity facilities. The Bank for International Settlements
(BIS), Principle 18 of “Principles for Financial Market Infrastructures” (BIS-
CPSS, 2012), suggests that the participation of institutions and other financial
market infrastructures (FMIs) in these LVPSs is broad and equitable, in order
to stimulate competition, interoperability and efficiency of these systems. The
cost-risk implied in the settlement of payments is decisive in the definition of
the level of access that is granted in a system.

The trade-off between cost and risk that increases with the number of partici-
pants with access to a large-value payment system will depend on the archi-
tecture of settlement used, be it real-time gross settlement (RTGS) or deferred
netting (DN). In deferred netting systems, the possibility of accumulating pay-
ment orders during the day helps reduce the number of transactions and helps
benefit the participants with savings in the use of liquidity in the central bank.
However, since the liquidation takes place at certain times, usually at the end
of the day, there is no certainty that by then the payment orders will be settled.
So if at that moment a participant fails to settle the orders already processed,
they should be reversed, with the consequent risk of triggering breaches in other
participants and the resulting systemic risk.

By contrast, in RTGS-type payment systems, where the individual settlement
of payment orders is carried out by gross and real-time value, the greater

29 Chapter based on Arango and Cepeda (2016).
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liquidity requirements experienced by participants allow the final settlement to
be achieved during the course of the day, without causing intraday exposures.

However, central banks can obtain the cost-risk allocation that they consider
optimal, given the particular architecture of the LVPS they use, when defining
criteria regarding access to their system in aspects related to the tariff scheme
to be applied, the entities admitted to participate, the provision of liquidity
to be granted, and the type of access to be granted. This last aspect refers to
whether the access that is given to the participants is direct or tiered. Under
tiered access, participants with direct access (DP) must send/receive their own
payments and also those of their clients or indirect participants (IP).

In real-time gross settlement payment systems, the increased degree of tiered
access could reduce liquidity needs for DPs by enabling them to benefit from
their clients’ payment flows. But it could also increase credit risk between IP
and DP. The increased level of tiered access would at the same time increase
the risk of concentration, because direct participants would send their payments
and those of their clients, increasing the risk associated with their size (Too-
big-to-fails, TBTF) or with their greater connectivity in the network of pay-
ments (Too-connected-to-fail, TCTF).

From the scarce literature available related to the estimation of the cost and risk
by tiered access or tiering, the simulation analyses performed by Lasaosa and
Tudela (2008) for CHAPS in the United Kingdom, and Arculus, Hancock and
Moran (2012) for the RITS of Australia®® are known.

With the help of the simulator from the Bank of Finland (BoF-PSS2), Lasaosa
and Tudela (2008) estimate the liquidity needs and bilateral credit risk exposure
between indirect and direct participants, which would be obtained by reducing
the number of Participants with direct access in a system with a high staggering
level such as CHAPS. By extrapolating their results to a system with lower tier-
ing, the authors find that the benefit obtained by reductions in exposure to credit
risk and concentration risk outweighs the slight increase in liquidity needs, and
thus recommend extending direct access to a larger number of participants.

Arculus et al. (2012) find that the increase in liquidity needs in a payment sys-
tem with less tiered access depends on its design. From the simulation results
also obtained with the help of BoF-PSS2, the authors find that in systems where
the liquidation modality is exclusively gross and in real time (pure RTGS), li-
quidity pressures increase, but they are reduced in an important way when these
systems are complemented by liquidity-saving mechanisms. At the same time,

30 These correspond to the large-value payment systems of the countries mentioned above and to the
Clearing House Automated Payment System and Reserve Bank Information and Transfer System
for RITS.



they identify that the broad direct access in the RITS system is justified by the
low costs to access it.

With regard to the case of the CUD large-value payment system in Colombia,
Arango and Cepeda (2016), using the same simulator, estimate the magnitude
of the potential liquidity savings and increases in credit and concentration risks
that would be obtained by allowing increased levels of tiered access. The work
is complemented by a network topology analysis to identify changes in the
structure of the network of transfers, basically with connectivity and centrality
metrics, before successive increases in access scheduling.

A.  CUD, A BROAD DIRECT ACCESS SYSTEM

In Colombia, the large-value payment system CUD, of which Banco de la
Republica is owner, operator and participant, is characterized by the use of a re-
al-time gross settlement (RTGS) scheme, which is complemented by liquidity-
saving mechanisms. Access to financial services provided by the central bank
through payment systems and other components of the financial infrastructure
is not available to all agents of the economy. In the case of Colombia, deci-
sions on access and other aspects of the provision of these services by the cen-
tral bank are in the hands of the Board of Directors of Banco de la Republica
(JDBR). As a central component of the financial infrastructure, the CUD is
directly interconnected with other infrastructures to allow the liquidation of the
cash leg of the operations that these participants incur in these markets.

In this way, the range of entities that have access to deposit accounts to settle
operations in the CUD comprises: 1) credit institutions and other financial in-
stitutions supervised by the Office of the Financial Superintendent of Colombia
(SFC); 2) financial market infrastructures; 3) the nation: Ministry of Finance
and Public Credit, and 4) operators of social security information, exclusively
for the services provided by Cenit.

In 2015, the 146 institutions that participated in the CUD sent a daily volume of
7,430 transactions and a value equivalent to 5.2% of GDP. Within these partici-
pants, twelve credit institutions and two brokerage firms sent more than 70% of
the value of payments.

The rate structure of the CUD, together with the liquidity facilities granted by
the central bank as system administrator, generate enough incentives for finan-
cial institutions to opt for direct access.

One of the reasons that has contributed to explaining the why of broad access
has to do with the interoperability that CUD maintains with other financial mar-
ket infrastructures. Thus, in order to mitigate and eliminate risks in settlement
and clearing, access has been extended to infrastructures participants in the
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securities markets, currencies and other financial products, in order to guaran-
tee the delivery-versus-payment of securities and the payment-versus-payment
of foreign exchange.

B. METHODOLOGY FOR THE ESTIMATION OF THE DILEMMA
BETWEEN LIQUIDITY SAVINGS AND RISKS

Arango and Cepeda (2016) apply the methodology and simulation tool BoF-
PSS2 used by Lasaosa and Tudela (2008) and Arculus et al (2012) to estimate
the benefits for a month of transactions settled in the CUD (April 2014)*!, mea-
sured in terms of liquidity savings, and contrast them with the costs, reflected in
the credit and concentration risks, that would be obtained by increasing tiered
access.

Panel A of Graph 36 illustrates the original network of payment transfers that
was averaged over this month. In both Graph panels the participants are rep-
resented by circles or nodes, and the payment relationships by the arrows that
connect them. Thus, in panel A, where no tiered scenario has been performed,
the green nodes identify the participating candidates to send/receive their pay-
ments through correspondents distinguished by the red circles.

In order to define the scheduling scheme, the authors first estimate the per-
centage share that each of the 151 participating institutions recorded in the
total value of payments sent and received. Based on this relative measure, they
define the order with which they perform the tiered access of 132 participants
with indirect access to a nucleus of direct participants made up of 11 partici-
pants that are maintained during the entire exercise.*

In each simulation scenario and cumulatively, participants with the lowest par-
ticipation are assigned (as clients or IP) to those with greater participation,
with whom they maintain the strongest bilateral relationship for the value of
payments during the sample and who have not yet been assigned (as correspon-
dents or DP). By way of example and as illustrated in panel B of Graph 36, in
the final tiered scenario 132 of a particular day, payments sent and received
by the 132 entities with the smallest participation (green nodes) will now be
executed through their respective correspondents (red nodes). The basic as-
sumption in this allocation scheme is that each IP will be connected to a single
DP, which corresponds to the one with which it maintains a higher value of
payments.

31 They consider this month as representative, because it is the month that comes closest in value
and volume to the monthly average of 2014.

32 The eight entities that complete the total number of participants, by their nature, are not linked
as clients of any DP and are six FMIs, the central bank and the General Directorate of Public Credit
and National Treasury.



Graph 36
Tiered Access to CUD

A. Original Network Scenario

B. Tiered Network Scenario 132
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Source: Banco de la Repdblica (DSIF).
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The estimation of liquidity savings is made in relation to the liquidity needs that each
participant would face to settle under the RTGS modality and in the sequence of pay-
ments used for the original scenario, which is considered as a reference framework (or
benchmark scenario).

Following the methodology proposed by Lasaosa and Tudela (2008), of the total savings
of liquidity that direct participants benefit from, the authors manage to differentiate two
types: those obtained by the possibility of combining their payments with their customers’
payment flows (or pooling); and those resulting from the possibility of liquidating pay-
ments to or against clients in correspondent bank books (or internalization of payments).**

At the same time, the concentration risk is estimated in each tiered scenario by the partici-
pation in the value of the payments of each direct participant (red nodes), a value that in-
creases as the indirect participants that are linked to it delegate their payments (shipments
or receipts). The estimation of bilateral credit risk is made for both direct participants
when exposed by the value of credits against defaults of their clients, as well as of clients
when exposing their liquidity balances to the failure of their correspondent.

C.  RESULTS

To synthesize, and as it can be seen from the red path in Graph 37, Arango and Cepeda’s
results (2016) show that the CUD system could support for up to 90 entities, that were
directly sending/receiving payments, to do so indirectly through correspondents with a
direct access, without incurring in significant growth in the risk of concentration and in
the exposure of counterparty risk between direct and indirect participants. However, when
the tiered access level exceeds this number of indirect participants, credit and concentra-
tion risks grow in an exponential manner.

In the same Graph, the green trajectory shows that the percentage reduction in the value
of the payments settled, relative to the benchmark scenario that would be obtained after
successive stages of tiering, would exceed 20%, as a result of the combined effects of
internalization and pooling.

On the other hand, the liquidity savings achieved with the tiering, relative to the necessary
liquidity under the original scenario of full direct access, as seen in Graph 38, begin to
become perceptible from the indirect linkage of one hundred entities, and reach a maxi-
mum of 13.4%, a saving that is not achieved in the scenario of maximum tiering (132
institutions). This result of reductions in liquidity savings with higher levels of tiering
constitutes an anomaly in the monotonic cost-benefit relationship obtained in the works
of Lasaosa and Tudela (2008) and Arculus et al. (2012).

33 This process is performed for each of the 20 days, for the 132 scheduling scenarios, and in three versions:
the original, the tiering, and an additional one to obtain the discrimination between the savings obtained by pool-
ing and internalization of payments. The number of simulations they perform is 20 * 132 * 3 =7,920.
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Graph 38
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Graph 39
Discrimination in Liquidity Savings
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At the same time, with respect to the discrimination
of liquidity savings, the document shows that in the
case of CUD these come mainly from the internaliza-
tion of payments. Graph 39 allows us to appreciate
the tension that is generated between the liquidity
savings that the DP obtains by the mutual commit-
ments with their clients in front of the greater de-
mands of financial resources of some IP with flows
of payments towards other DPs. Between the scenar-
ios 67 and 84 of tiered access, such tension causes
the total liquidity savings to be canceled.

Also, from this Graph it is possible to emphasize that
as the level of tiered access increases, the liquidity
needs of the DPs could increase (or the liquidity sav-
ings be reduced), a result that contradicts the mono-
tonic relation that is reached in the works of Lasaosa
and Tudela (2008) and Arculus et al. (2012).

With relation to the topological structure of the pay-
ment transfer network, which is transformed before
the gradual tiered access, the document that is out-
lined distinguishes two networks: one formed only
by the direct participants (red nodes in the Graph 36)
and the total network, which considers all direct and
indirect participants (red and green nodes).

From the analysis of networks, the authors conclude
that the connectivity increases for the direct network,
but reduces for the total. This fact is intuitive, be-
cause in the direct network a new phasing is captured
both by the adoption by the DP of the relations that
the clients maintained and by the elimination of the
IPs, which reduces the number of potential relations
between nodes. In the case of the total network this
conclusion is achieved, because they are maintained
as components of the network to clients or IP with a
single relation to their correspondents or DP. With
respect to the centrality, it is observed that as the
escalation of access in the direct network increases,
this is reduced to become more democratic by the
similar levels of connectivity between DP. In the
case of the complete network, this may present ups
and downs depending on the relationships that each
of the clients provides in successive tiered scenarios.
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D. CONCLUSIONS

From Arango and Cepeda (2016), the following conclusions can be reached
regarding the CUD large-value payment system: 1) the monotonic relationship
between counterparty risk and liquidity cost can be maintained up to certain
levels of tiering and then it can be broken; 2) the results in the estimation of the
cost-risk dilemma in a large-value payment system with tiered access strongly
depend on the implicit assumptions in the allocation scheme between indirect
and direct participants, and 3) the analysis from the simulation perspective con-
tributes to the understanding of the advantages and disadvantages of modifying
the level and form of access to the payment system. This contribution provides
managers of payment systems with valuable elements to consider in determin-
ing the cost-risk combination that is optimal within the frontier of possibilities.
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[11. THE DILEMMA BETWEEN
COUNTERPARTY RISK AND
LIQUIDITY RISK IN MONEY
MARKET NETWORKS>*

The global financial crisis of 2007-2008 once again demonstrated that the re-
lationship between liquidity risk and counterparty risk plays a key role in the
functioning of the money market, one in which financial institutions exchange
short-term liquidity. On that occasion, given the uncertainty in their counterpar-
ty’s ability to pay (counterparty risk), financial institutions with liquidity surplus
preferred to reduce their money market share. As a result, liquidity exchange
among financial institutions declined sharply, and some faced the difficulty of
securing the short-term funds needed to adequately service their operations and
fulfill their payment obligations (liquidity risk). Faced with potential systemic
risk, central banks intervened to supply the liquidity required by financial insti-
tutions for the normal and safe functioning of financial markets.

The dilemma between liquidity risk and counterparty risk in the money mar-
ket is not a new issue, but it has become a more important issue after the most
recent global financial crisis. An alternative to examine this dilemma is to use
complex network analysis, from which other systems, including those corre-
sponding to financial systems, have already been examined.

In this type of analysis, financial institutions participate in a network of interac-
tions, which correspond to liquidity exchanges. The structure of liquidity ex-
change networks’ connections can reveal how financial institutions face the risk
of not borrowing (counterparty risk) and the risk of not finding counterparties
willing to lend (liquidity risk). Based on the recent literature on the structure of

34 Based in Le6n and Sarmiento (2016)
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Table 24

Types of Money Market Transactions

Type

Collateralized

Non-collateralized

financial networks and the optimization of complex networks (Ferrer i Cancho
and Sole, 2003), as described in Leon and Sarmiento (2016), what follows is
a description of the Colombian money market, and then the trade-off between
counterparty and liquidity risks presented there, is interpreted.

1. The money market in Colombia

As in other money markets, the Colombian one can be divided into three types.
The first belongs among financial institutions that exchange liquidity without
collateral, in what is locally known as an interbank funds market. The second
pertains to the relationship between financial institutions that exchange liquid-
ity with collateral (e.g. equities, bonds). The third is between the central bank
and financial institutions, which is done with collateral.

As shown in Table 23, both collateralized markets, between financial institu-
tions, and between the central bank and financial institutions, are the most rep-
resentative in the Colombian case. At the closing of the year 2015, 44.61% of
liquidity exchanges in the money market corresponded to collateralized loans
between financial institutions, while 51.18% were operations collateralized
with sovereign bonds with the central bank. The remaining 4.21% were inter-
bank funds (without collateral). Most collateralized loans between financial
institutions (98.13%) corresponded to sell/buy-backs with sovereign bonds
(TES) as collateral. Repos and sell/buy-backs with other collaterals (e.g., equi-
ties, private debt bonds) accounted for about 0.8% of the money market; the
analysis conducted by Ledn and Sarmiento (2016) discards this portion of the
monetary market.

The Colombian money market has some particularities that have been high-
lighted in Martinez and Ledn (2015), and Leon and Sarmiento (2016). For ex-
ample, the contribution of the uncollateralized market is small. Only a fraction
of financial institutions are involved in the interbank market, and those that
do so are credit institutions. This can be interpreted as a signal of suboptimal

Contribution

Description (percentage)
Sell/buy-backs with sovereign public debt securities 43.78
Other sell/buy-backs 0.48
Repos 0.35
Open Market Transactions (repos with the central bank) 51.18
Interbank Funds 4.21

Source: Banco de la Reptblica.
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exchange of liquidity, whereby the existence of negative externalities, in the
face of default by a counterpart, induces financial institutions not to exchange
liquidity with anyone (Castiglionesi and Wagner, 2013). This suggests that the
network of the non-collateralized money market is of few participants, where
the homogeneity of the latter must determine its type of connective structure.

In contrast, collateralized liquidity exchange between financial institutions is
highly representative, both as a contribution to the total money market resources
and by the number of participants. The market of sell/buy-backs with sovereign
debt securities mixes a greater variety of institutions (e.g. credit institutions, bro-
kerage firms, trust companies, etc.) of various sizes, types of business and risk
profiles. In this sense, as has been documented for the United States (Allen et al.,
1989), the availability of collateral to mitigate counterparty risk is an important
determinant of access to liquidity in the money market. The number and het-
erogeneity of participants in the collateralized money market suggests that this
network should be larger than the interbank market, and its connective structure
should also differ from that.

The network of liquidity exchange between financial institutions and the central
bank is particular. The central bank is the dominant node, so that the monetary
authority is the only possible counterpart for financial institutions, since those
institutions cannot exchange liquidity among themselves. Since this network is
a result of the normative and operational arrangement of the functions of the
central bank, its structure must correspond with its missionary objectives. The
structure of the open market operations network suggests that the central bank’s
liquidity can serve as the ultimate source of funding for the global financial
crisis (Acharya et al., 2012, Temizsoy et al., 2015), when access to liquidity in
the money market is interrupted as a result of uncertainty.

2. What does the network structure tell us about liquidity and counter-
party risks?

The structure of networks results from the interactions between their partici-
pants, who constantly and mutually make decisions and react to their individual
behavior and that of others. As a result, the network structure reveals how par-
ticipants seek their particular goals, and how this search generally conditions
the system (Freeman, 1979).

For example, faced with the likelihood of contagion of a disease, participants
in a system prefer to minimize risk away from possible sources of contagion,
and may even prefer to refrain from interacting with others to avoid becoming
infected. In the case of an air transport network, for example, airlines will try to
reduce the cost of serving all their destinations. In both cases, should the ulti-
mate goal be to minimize the cost of infecting (e.g., illness, death) or providing
the service (e.g., operating expenses), the optimal structure tends to minimize
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Graph 40
Star-type Network

Source: Le6n and Sarmiento (2016).
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the connections between participants, which coin-
cides with what is known as the star-type network,
as exhibited in Graph 40.

Such a network is one that minimizes the number
of connections between participants without being
disconnected.® In this structure there is a participant
(v1) or node that connects with all others, which are
not connected to each other (v2, v3, ..., v9). In that
sense, it is a network of maximum centralization,
where a single node dominates the network by the
number of connections and its intermediation po-
sition. Also, the density of the network, defined as
the number of observed connections with respect to
the number of potential connections™®, is the lowest
possible.

By minimizing the number of connections, the star-type network can offset the
cost or risk of being connected to the system. In the case of an airline, when
establishing a central-scale airport, or hub (v1), the operating cost is reduced,
because serving all destinations does not require a large hub in each. In the
case of a contagion network, maintaining a connection with a single participant
minimizes the possibility of direct contagion. In the case of a network of loans
between financial institutions, in view of the cost of monitoring their counter-
parties and in the event of non-compliance, participants will seek to maintain a
limited and stable number of counterparties. This is what is known in the litera-
ture as loan relationships in the interbank market (Cocco et al., 2009, Afonso
et al., 2013, Temizsoy et al., 2015), which is related to a suboptimal exchange
level of liquidity (liquidity cross-underinsurance) - according to Castiglionesi
and Wagner (2013); Castiglionesi and Eboli (2015)-.

In the extreme case of a lending network whose ultimate objective is to mini-
mize exposures (without leaving financial institutions disconnected), the
optimal structure is the star network, in which a single financial institution
intervenes among all others. Thus, there is a direct relationship between density
and exposure to counterparty risk, where a lower (higher) density coincides

35 An alternative is a circle or ring network, where the nodes connect sequentially. However, this
structure is not in itself optimal compared to the star-type network, since the distance between nodes
tends to be high. This type is not observed in financial networks.

36 The density (d) is calculated for non-directed networks as d =m / (n (n-1)), and as d = 2m /
(n (n-1)) for directed, where in the former the existence of a connection between two nodes is inde-
pendent of the direction of the relation, while in the second it differs with respect to the direction of
the connection. In both cases m is the number of connections observed in the network and n is the
number of nodes. In the case of Graph 40, which corresponds to an unguided network, it is observed
that n = 9 and m = 8, so d = 0.22. By increasing the number of participants in a star-type network,
the density tends to zero; for example, for an unguided star-type network with one hundred nodes
the density is d = (2 X 99) / (100 x 99) = 0.02.



Graph 41
Complete Network

Source: Le6n and Sarmiento (2016).

with a lower (greater) exposure to noncompliance with other money market
participants.

This type of network coincides with that formed around central counterparties,
which are market infrastructures that precisely seek to mitigate counterparty
risk. In this way, the cost of monitoring and counterparty risk is minimized. In
any case, a star network, such as that resulting from the interposition of the cen-
tral counterparts, is not without risks to the system, because it creates a strong
dependence on the efficient and safe operation of the dominant node.

Conversely, if there are no costs associated with maintaining relationships with
their counterparts, the structure of the network will tend to be complete, where
the number of connections is as close as possible; that is, there is a tendency to
form a dense network (intensely interconnected). For example, in the case of an
air transport network, if the costs of maintaining operations at all destinations
are negligible or non-existent, airlines will find it optimal to maintain direct
routes between all possible destinations - passengers with nonstop flights and
of shorter duration. A network of this type (Graph 41), where all nodes con-
nect together, results in a minimization of the distance between the nodes that
compose it, which tends, on average, towards a single connection between any
pair of participants.’” Also, this network is of minimal centralization, in which
there is no node that dominates the network by its
number of connections or by its position among the
other nodes.

Similarly, if a liquidity exchange network between
financial institutions is exempt from monitoring and
non-compliance costs, it is expected that these will
be closely related to all their counterparts®®. By relat-
ing to all (or almost all) available counterparts, the
distance between financial institutions tends to the
minimum (a connection). Thus, by maximizing the

number of counterparties, the risks associated with
the non-availability of counterparties to exchange li-
quidity are minimized for all participants; however,
the risk that one financial institution is affected by
the default of any other is the maximum. Thus, it can

37 The average distance (1) is calculated as the average of the geodesic distance (minimum dis-
tance) between all possible pairs of participants in the network; pairs of participants who cannot
connect to the network are not considered in the calculation. This distance is measured in number of
connections, where the average distance of a complete network is 1, while the average distance of a
star network tends to 2 as the number of participants grows.

38 This can also happen when the negotiation between financial institutions is carried out on a
platform that ensures the anonymity of the counterparties and the absence of credit quotas between
them. In that case it is not possible to establish loan relationships, and the network structure will
tend to a dense, random and homogeneous organization, as documented in the case of the Electronic
Trading System (SEN) of public debt of Banco de la Republica (Leodn et al., 2016).
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be said that there is a direct relationship between the distance separating finan-
cial institutions in the network and exposure to liquidity risk, where a greater
(smaller) distance corresponds to a greater (lesser) difficulty in obtaining coun-
terparties with which to exchange liquidity .

The degree of similarity of the observed networks with respect to these two
extreme cases, of maximum and minimum centralization, can indicate the way
in which the participants and the system selected a combination of counterpar-
ty and liquidity risks. A network of financial institutions approaching the star
would indicate that participants chose to minimize counterparty risk (density),
while a full network would indicate that they chose to minimize liquidity risk
(the average distance). Intermediate positions, between the star network and the
full network, would indicate a particular combination of preference for those
risks.

3. Counterparty and liquidity risks in the Colombian money market

The main result presented in Leén and Sarmiento (2016) consists of a compari-
son of the main connective characteristics of the three networks that make up
the money market, as well as the network resulting from their aggregation. Two
parameters concentrate attention: the density of the networks and the average
distance between network participants, which corresponds to the exposure to
counterparty risk and liquidity risk, respectively.

As mentioned, the case of a star network is one where the density is minimized,
which corresponds to the number of connections observed as a proportion of
the possible connections. In this case, when minimizing density, counterparty
risk is the least possible, because there are no unnecessary connections that
expose participants to each other (Castiglionesi and Eboli, 2015), and where
the dominant node concentrates the exposures. Also, having liquidity through a
single dominant node, the participants of this type of network are at an average
distance close to two.

In the case of a complete network, in which all the participants are connected
to each other, the density is maximum: any failure in the network will affect
all the participants directly. In this case, given that all participants are at the
shortest possible distance (a connection), liquidity risk is minimized: each has
the possibility to exchange liquidity with all other participants in the network.

The combinations of average density and distance of each of the money market
networks on each of the observed days reveals how the trade-off between coun-
terparty risk and liquidity risk was resolved. As shown in Graph 42, each type
of network in the money market has a combination of density and particular
distance.



With respect to the two networks composed of financial institutions only (not
collateralized and sell/buy-backs with sovereign bonds), it is evident that the
combinations of density and average distance shown by interbank funds market
networks show a smaller distance and a greater density. At first glance, this
result seems contradictory: although there is no collateral to mitigate coun-
terparty risk, financial institutions establish more connections with each other
and, as a consequence, are closer. However, the result is consistent with the
characteristics of the non-collateralized money market, which is made up of a
small group of credit institutions (on average 17) that enjoy access to the facil-
ity of last resort lender of the central bank, which are generally larger than the
other financial institutions, and may (in some cases) be considered of systemic
importance.

Graph 42
Combinations of Counterparty and Liquidity Risk

Liquidity Risk (average distance)
4.0 -

Central Bank Repos
Collateralized (sell/buy-backs)
O Non-collateralized
® All Money Market

Counterparty risk (density)

Source: Leén and Sarmiento (2016).

In this sense, given the homogeneity and small number of participants, the net-
work of the interbank funds market reveals that its members are willing to have
a higher level of exposure to the counterparty risk (higher density), and in turn
obtain a greater facility to exchange short term funds (less average distance).
But, consistent with the concept of suboptimal exchange of liquidity, most fi-
nancial institutions are excluded from this market.

On the contrary, the network that corresponds to the market of sell/buy-backs
with public debt securities has a combination of density and average distance
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according to the great diversity of financial institutions involved there. On aver-
age, there are 42 financial institutions of all types (credit institutions, trust com-
panies, brokerage firms, etc.), with different sizes and different risk profiles.
Therefore, the results suggest that, despite the use of collaterals to mitigate
counterparty risk, institutions prefer to establish fewer connections between
them, resulting in a greater distance between them; that is, institutions choose
less exposure to counterparty risk (i.e. lower density) and greater exposure to
liquidity risk (i.e., greater distance), which can also be considered a signal of
suboptimal liquidity exchange. In addition, this result suggests that in the Co-
lombian case, as in other markets (King, 2008; Gorton and Metrick, 2012),
the counterparty risk is significant, despite the use of collateral (Martinez and
Leodn, 2015).

The network that corresponds to the open market operations of Banco de la
Republica is consistent with expectations: its star-type structure has an average
distance close to two connections, whose density varies visibly. The variability
in density is due to the fact that the number of financial institutions that access
the resources of the central bank varies significantly over time. Due to its con-
nective structure, this network, dominated by the central bank, would allow
money market institutions to reduce their distance (reduce liquidity risk) in the
event that the markets of interbank loans and sell/buy-backs with public debt
securities do not work properly.

By adding the three networks that make up the money market, the complete
network is obtained, something that in the literature can be defined as the mul-
tiplex of the money market. This reveals that the connective structure of the
money market, as a whole, more closely resembles the market of sell/buy-backs
with public debt.

If the contribution of each market to the total were to be taken into consider-
ation in this analysis, this result would not be surprising. However, the present
considers the connective structure only, i.e., the connections (without weight-
ing) between the participants. The reason for this interesting result is, in any
case, simple: the money market as a whole combines a great variety of financial
institutions of different sizes, risk profiles, liquidity needs, and considerations
of systemic importance, so that their connections are rather few (low density)
and the possibility of exchanging liquidity is limited. As in other cases of ag-
gregation of financial networks in a multiplex (Leon et al., 2016), the existence
of a small group of financial institutions with more homogeneous and more in-
tense interrelations tends to determine the heterogeneous structure of the mar-
ket as a whole; that small group tends to be important (very connected) in all
networks, and aggregation reinforces that fact.



4. Main conclusions

From the exercise proposed by Ledn and Sarmiento (2016) to examine how
money market networks solve the dilemma between counterparty risk and li-
quidity risk, some findings and challenges can be highlighted. First, the im-
portance of basic measures of network analysis to examine and compare the
structure of the system in question: in this case, density and average distance
revealed how each type of money market network achieves the balance between
counterparty risk and liquidity risk, according to their intrinsic characteristics
(e.g.: use of collateral, number of participants, etc.).

Second, consistent with the literature (King, 2008, Gorton and Metrick, 2012,
Martinez and Ledn, 2015), Leon and Sarmiento’s findings suggest that the use
of collaterals fails to mitigate the risk of counterpart altogether. However, simi-
lar to the case of the United States (Allen et al., 1989), in Colombia its use
facilitates the access to liquidity to a greater variety of financial institutions.

Third, the network perspective allows us to interpret the central bank’s role
in the money market in a complementary way. For example, in the case of the
most recent global financial crisis, the efforts of the central banks of developed
countries can be interpreted as reducing the gap between financial institutions
(liquidity risk), which increased as a consequence of the reluctance of some
institutions to maintain the connectivity of the money market network in an
environment of uncertainty over counterparty risk. This interpretation of the
role of central banks in the crisis agrees with that of Acharya et al. (2012) and
Temizsoy et al. (2015).

Some of the challenges mentioned by Leon and Sarmiento are the need to
consider other variables as determinants of the structure of money markets.
Variables such as the robustness of participants, differences in risk profiles,
liquidity needs, among others, can help to complement the understanding of
the differences between the different networks that make up the money market.
Also, it is a challenge to include the variables of network analysis in models
that seek to explain the cost of money in money markets. Another challenge
is to consider the recent implementation of the central clearing and settlement
of the market of sell/buy-backs with public debt securities in the local central
counterparty; once there is sufficient historical information, it will be possible
to verify whether the trading of short-term funds with collateral changed by
introducing a central counterparty. Finally, in relation to the network analysis
approach, it will be useful to consider the weightings of connections between
financial institutions.
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IV.  |LLIQUIDITY CONTAGION
IN THE INTERBANK
MARKET>?

The DebtRank methodology (Battiston et al., 2012) is a contagion simulation
model that recursively measures the impact that cessation of payments (default)
of a financial institution might generate in the capital buffer of the other institu-
tions that make up the interbank network. In other words, DebtRank measures
the contagion of solvency problems that could arise in response to the decline
in the solvency position of a particular financial institution. This methodology
makes it possible to quantify the systemic importance of each financial insti-
tution based on its potential contagion effect on other financial institutions’
solvency position.

Individual illiquidity contagion is defined as one that can generate a decrease
in the short-term liquidity of the other institutions in the interbank market. This
section presents a modified version of the DebtRank methodology, originally
proposed by Battiston et al. (2012), to measure the impact that a financial in-
stitution’s default could have on the liquidity of the Colombian interbank net-
work, as presented in Leon, et al. (2015).

Even though the Colombian interbank market represents only 4.11% of the
money market (the sell/buy-backs contribute with 52.22%, the repos with the
central bank 43.38% and other repos 0.29%), its study is deemed to be relevant
since it will allow a better understanding of the interaction between the partici-
pants in this market, and the potential risks likely to arise.

39 Based on Leon, et al. (2015).
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A.  THE DEBTRANK ADVANTAGES

Traditional centrality measures, such as degree centrality (i.e.: number of con-
nections), and strength centrality (i.e.: intensity of connections) are important
local measurements in a network and therefore not suitable to assess global
impact measurements (of the system). In addition, according to Soraméki and
Cook (2013), these are not easily interpretable in matters of financial contagion,
so they are not appropriate for determining the contagion effect of illiquid-
ity that is intended for evaluation. The feedback centrality measures are very
powerful for measuring the individual systemic importance (Brin and Page,
1998; Kleinberg, 1998; Soraméki and Cook, 2013), but they do not allow us to
express the size of the contagion in economic terms.

The DebtRank methodology solves the limitations of the mentioned methodolo-
gies, because it is a global measure that allows quantifying the impact generated
by the contagion in a convenient way. In particular, this methodology makes it
possible to quantify the total economic value of the contagion in the affected fi-
nancial network and, consequently, to obtain an economic interpretation, which
makes it superior to the other alternatives so far available. An important part
of this is that this measure has two specific characteristics: on the one hand,
it prevents the same financial institution from affecting the system more than
once, as with centrality measures (such as PageRank); this characteristic allows
for the precise quantification of contagion effect’s economic value. On the other
hand, it has the advantage of not only including situations in which cessation of
payments spreads to others in the form of insolvency, but also to those that are
affected by a decrease in their solvency. The DebtRank methodology also al-
lows us to determine the systemic importance of each financial institution from
the severity of the impact of the initial default on the solvency of the system.

B.  AMODIFIED DEBTRANK VERSION TO MEASURE THE
CONTAGION BY ILLIQUIDITY

A modified version of the DebtRank methodology, originally proposed by Bat-
tiston et al., is used to measure the contagion effects that a (selected) financial
institution’s default may cause in the short-term liquidity position of the other
institutions (2012).

Its implementation requires defining a network of exposures between financial
institutions with data from the Colombian interbank market, where financial
institutions are interrelated through their uncollateralized (unsecured) loans.
Thus, the information corresponding to the interbank network is organized in
a non-symmetric square matrix, with elements that indicate the relationships
(connections) that exist between each pair of financial institutions. Consistent
with this definition, there should be no nonzero elements on the diagonal of the



matrix, because it is not possible to have a credit relation of a financial institu-
tion with itself.

In addition to the connection matrix, the DebtRank methodology requires ini-
tial conditions to make it operationally possible. The initial liquidity position,
defined as the short-term liquidity of a financial institution, is affected in a
linear fashion, assuming that a participant’s default will reduce that position
according to the exposure between both institutions. In this way, if the payment
value that the affected participant stopped receiving prevents it from making its
own payments, this could generate a chain of defaults that would affect other
participants in the network. If, on the other hand, the initial default does not
prevent the affected entity from making its payments, there will be defaults in
other participants, but its short-term liquidity position will have weakened and,
consequently, the whole system will be affected.

Thus, in response to the initial-payments default of the selected financial insti-
tution, its effects on the other participants in the interbank market are evaluated.
These may result: not stressed (U), stressed (D) or inactive (/). The unstressed
state (U) corresponds to the case in which a particular financial institution con-
tinues to be able to repay its interbank loans, while the other two cases (D and
I) represent participants who cannot pay their loans: the first (D), because it was
affected by the illiquidity shock, and the second (/), because it had previously
entered into default.

The effects that the cessation of payments could generate on the other partici-
pants of the network are monitored until it is possible to determine the final
status of each of them, whether they are classified as inactive or not stressed.

As a result of this methodology, it is possible to determine the economic value
of the contagion and the systemic importance of each participant. The first of
these results is measured as the difference between the liquidity of the system
at the end of the contagion dynamic and the moment in which the first liquidity
shock was observed. The individual systemic importance can be established
from the percentage share that each financial institution has within the mea-
sure of stress of the whole system. Thus, the participants of greater systemic
importance will be those that generate greater stress in the short-term liquidity
position of the other participants.

C.  MAIN RESULTS

In the implementation of this methodology, bilateral exposures were used in the
interbank market, which Leon et al. (2016) calculated using the Furfine algo-
rithm (Furfine, 1999). As a proxy for the short-term liquidity position, we used
the liquidity risk indicator (LRI) that the Office of the Financial Superinten-
dent of Colombia calculates based on the information that financial institutions
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Graph 43
Average llliquidity contagion

(cascade effect, as a percentage of the initial short-term liquidity)

report to it on a weekly basis. In this way, the analysis period includes ninety
weekly observations represented by the Friday of each week, between April 5,
2013 and December 26, 2014.

Some preliminary exercises showed that the contagion effects of assuming a
drop in the short-term liquidity position of a particular financial institution are
considerably low and therefore not significant. This coincides with other exer-
cises performed for other economies (Upper, 2011; Battiston et al., 2015). For
this reason, 100 liquidity scenarios were constructed in the interbank market
to assess how the contagion effects vary in response to generalized reductions
in the system’s short-term liquidity. The base scenario is defined as the one in
which the liquidity of the system remains unchanged. For the next scenario, it
is assumed that the liquidity of all participants is reduced by 1%, and for subse-
quent scenarios it is assumed that it continues to accumulate similar decreases
until the last scenario (100), when the decrease in liquidity of the system would
reach the maximum possible reduction (99%). The dynamics of contagion by
illiquidity is analyzed for each of the proposed scenarios.

1. Contagion effects

As expected, average contagion increases as more extreme generalized illiquid-
ity scenarios are considered (Graph 43). For the base scenario, a slight average
contagion effect is observed, given that the short-
term liquidity of the system is reduced in very low
proportions (between 0.00% and 0.11%). Among the

remaining scenarios, the highest average contagion
EZ EZ would reduce the liquidity of the system by 5.90%;
s | | s however, this result corresponds to a scenario of ex-
40 + | 40 treme illiquidity, which assumes a 99.0% fall in the
35t 35 short-term liquidity of the participants in the inter-
30 ¢ 3.0 bank market.
25 r 2.5
al =0 Although the average contagion effects generate
12 ‘12 interesting results, they may not be appropriate for
os | 0s the heterogeneous distribution of connections (non-

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
(scenario of short-term liquidity, as a percentage
of the actual short-term liquidity)

Cascade effect (average for entire period)
Average cascade effect for each day of the period

Note: The green lines represent the average percentage drop in the short-term liquidity
position for each scenario. The red line is the average of the 90 lines.
Source: Banco de la Reptiblica.

collateralized credits) and the weights represented by
the network of financial institutions. For this reason,
we also considered the maximum contagion effects
for each of the proposed scenarios.

The results of assessing the maximum contagion are
in close correspondence with those obtained from
the average measures. The maximum contagion also
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increases as they are considered scenarios of greater illiquidity of the system.
For the base scenario, a slight drop in short-term liquidity (between 0.00% and
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1.21%) is observed, while for the remaining scenarios the largest reduction in
the liquidity of the system (45.78%) is obtained considering the maximum pos-
sible illiquidity for the system (99.0%).

Thus, for the period considered and the proposed illiquidity scenarios, the re-
sults indicate that the proportion of financial institutions that would default is
particularly low (0.86%), since in only 1,197 of the 138,900 possible cases this
result could be observed.*

In summary, when assessing both the fall in the short-term liquidity position
and the number of institutions entering into default, the results indicate that the
effects of contagion are low and that they correspond to (unlikely) situations
of extreme illiquidity. Therefore, it is not possible to affirm that these might
represent a threat to the system’s stability.

This absence of contagion caused by illiquidity has also been observed in previ-
ous studies, such as that by Upper (2011), who considered the past financial cri-
sis, and found that most bank crises occurred after shocks that simultaneously
affected several banks, and not from domino effects of idiosyncratic failures (as
posed by DebtRank).

2. Systemic importance of financial institutions

Based on the above results, it is possible to deduce
the systemic importance of each participant, under
the premise that institutions that have a greater con-
tribution will be systemically important: 1) to the
fall in total short-term liquidity, and 2) to the total
number of defaults caused by the contagion.

According to the first criterion, financial institution
26 is the most systemically important because it has
the highest contribution (14.2%) to the contraction
in short-term liquidity. But if we consider the second
criterion, financial institution 24 is the most systemi-
cally important (21.2%), followed by institutions 11
and 17, whose shares in the total number of defaults
were 17.6% and 11.0%, respectively (Graph 44).

! !
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Source: Banco de la Reptiblica.
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The conclusions that are obtained from these two cri-

teria (a drop in short-term liquidity, and total number

40 The number of observations (138,900) arises from the product between the number of days
(Friday) that represents each week (90), the number of scenarios proposed (100), and the number of
financial institutions that had loans in the interbank market.
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of cessations of payment caused by contagion) on the individual systemic im-
portance are concentrated in few financial institutions; however, because these
results depend on the occurrence of (unlikely) extreme illiquidity events, they
cannot be considered as totally conclusive.

3. Conclusions

The contagion effects generated by illiquidity situations for the Colombian in-
terbank market are analyzed by the implementation of a modified version of the
DebtRank methodology. As it was to be expected, the results show an increase
in the number of entities that fall into default as a greater contraction in the
system’s short-term liquidity is assumed. However, the contagion effects are
low and, therefore, it is considered that they would not affect the stability of
the financial system. Possible extensions in this area could include assessing
the impact of contagion on solvency and liquidity (Miieller, 2006), and the joint
analysis of these impact measures with probabilities to obtain a measure of risk
(Tabak, et al., 2013; Poledna et al., 2015).
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Annex 1

Infrastructures and financial markets

The description below allows identifying and understanding the role of infra-
structures in terms of the markets they support. For this purpose, they have been
grouped into markets for fixed-income, equities, currencies, and derivatives.
Likewise, aspects relating to the retail payment system are extended.

Fixed income

Diagram A1.1 shows the infrastructures that provide trading, clearing and set-
tlement services for this market. The flow starts at the top with the trading and
registration systems, where participants, with the use of automatic matching
mechanisms (SEN and MEC) and voice and data systems (SET-ICAP Securi-
ties, GFI and Tradition), carry out their operations. In each one of them the
seller must notify the system administrator of the deposit where the values are
kept to then be delivered in order that the settlement process may be carried out.
The securities leg is met with the account entry of the change of entitlement or
ownership in favor of the buyer, and the cash leg with the transfer of funds to
the seller through the CUD, the large-value payment system.

Diagram A1.1
Flow of Operations in the Fixed Income Market

SEN
(Banco de
la Republica)

SET-ICAP Tradition Trading and Registration
Securities Securities Systems of Fixed Income
Securities

v

Clearing and settlement
systems

Large-value

CuUD
payment system

Source: Banco de la Repdblica (DSIF).
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Diagram A1.2

Flow of Operations in the Variable Income Market

Variable

Income
(BVC)

CUD

Source: Banco de la Repdblica (DSIF).
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Trading Systems for
Variable Income Securities

Clearing and
settlement systems

Securities depository

Large-value
payment system

Variable Income

The BVC manages the value chain of the equity
market existing in Colombia, from trading to clear-
ing and settlement. For this purposes it uses own
developments and systems belonging to other inter-
connected infrastructures.

As seen in Diagram A1.2, the flow starts in the trad-
ing system where the participants concur to make
offers on the available values. After closing the op-
erations, these are confirmed and supplemented with
the necessary information required for their clearing
and settlement. At this point, the BVC uses external
systems for securities and cash legs. It uses Deceval
for the former, and the large-value payment system
CUD for the latter.

Foreign currencies

SET-ICAP-FX, GFI and Tradition manage the securities trading and registering

systems of operations of the Colombian foreign exchange market, the former

through a matching system where participants voluntarily decide what offers

they are willing to accept, and the latter privately receive, through voice and

data systems, the offers relating to each participant’s currency offers and subse-

quently disseminate them to the rest of the market. The operations obtained in

these systems are sent to the authorized clearing houses to complete the clear-

ing and settlement process (Diagram A1.3).

Diagram A1.3

Flow of Operations in the Foreign Currency Market

Trading and Registration
Systems of Foreign Currency

Source: Banco de la Repdiblica (DSIF).

Clearing and settlement systems

Large-value payment system
cub & pay W



Currently, CCDC processes spot and next day transactions from SET-ICAP-FX,

the latter on the respective date of compliance. In addition, the CRCC in the

quality of central counterparty offsets and clears NDF dollar/peso operations of

Diagram A1.4
Flow of Operations in the Standardized Derivatives Market

Derivatives B Trading and Registration
(BVC) ) Systems of Standardized
: (Derey Derivatives

Clearing and settlement
systems

Securities depositories

cuD Large-value
payment system

Source: Banco de la Reptiblica (DSIF).

all authorized systems. Nowadays, however, all of
these operations are Standardized Derivatives Mar-
ket Flows Received from SET-ICAP-FX.

Standardized derivatives

The BVC and Derivex manage the trading and regis-
tration systems of the standardized derivatives mar-
ket. Diagram A1.4 shows that the operations carried
out in these systems are sent to the CRCC for clear-
ing and settlement.

From that point on, the CRCC as the central coun-
terparty performs the novation of operations, in this
manner becoming a seller for every buyer and a
buyer for every seller. Subsequently, it generates its
participants’ obligations (clearing) and it proceeds to
settle them in the large-value payment system- CUD.

When the settlement involves the delivery of the underlying asset, the CRCC

uses the securities depositories (DCV and Deceval) in order to receive the secu-

rities from the net debtors and deliver them to the net creditors.

Retail-value payments

In Diagram A1.5, the following are represented: the Electronic Clearing System

for checks, administered by Banco de la Republica which provides the check

clearing service and other payment instruments at the national level; the auto-

mated electronic payments clearing houses (ACH, ACH-Cenit managed by the

Diagram A1.5
Flow of Retail Payment System Operations

CuD

Source: Banco de la Repdblica (DSIF).

>
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Large-value payment system
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central bank, and ACH-Colombia which processes electronic payment orders
and the transfer of funds or retail-value collection originated by the related
entities in the name of their clients, either individuals or legal entities with cur-
rent or savings accounts; and the Credibanco, Redeban, ATH and Servibanca
networks, that process transactions with debit and credit cards (backed by inter-
national franchises) carried out in ATMs and commercial establishments.

Credibanco has its own deposit account in the large-value payment system,
and for that reason it directly manages, clears and settles its operations in the
resources of that account; the other networks do not have an account in Banco
de la Republica'; in this sense, they only clear their operations, while the ad-
ministration and settling of the same are carried out by a commercial bank in
the deposit account opened in its name in the Central Bank.

In addition, it operates the Visionamos network that belongs to the solidarity
economy sector and processes card transactions covered by the participating
cooperatives or international franchises.

Although each entity performs a specific function within the structure of pay-
ment systems, ultimately a significant proportion of the obligations generated
by its participants in the clearing processes are mostly settled in the CUD large-
value payment system.

1 Dotted lines in Diagram A 1.4 allude to the fact that these networks of ATMs and cards do not
have their own deposit account in the CUD system of the central bank.
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The Cost of Collateralized Borrowing in the Colombian Money Market:
Does Connectedness Matter?!

Constanza Martinez and Carlos Leon

Traditional measures of risk, such as financial leverage, size, and indebted-
ness of financial institutions, have shown themselves to be inadequate predic-
tors of the cost of collateralized borrowing in the money market. However,
by including the connectivity between participants within the estimates, given
the existence of operations that denote relationships in multiple directions, it
is observed that the borrowing cost in this market depends not only on tradi-
tional measures of risk, but also, of its spatial (network) effects. This document
shows, using the Spatial Durbin model (SDM), that there are spillovers among
Colombian money market participants, making that a decrease (increase) in the
borrowing cost of collateralized loans to one of the participants, spread to the
other market participants.

1 Accepted for publication in the Journal of Financial Stability (doi:10.1016/j.jfs.2015.10.003).
Published in Borradores de Economia, No. 803, Banco de la Republica, 2014. (http://www.banrep.
gov.co/sites/ default/files/publicaciones/archivos/be 803.pdf).
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Assessing Systemic Importance with a Fuzzy Logic Inference System?
Carlos Ledn, Clara Machado, and Andrés Murcia

This paper offers and compares fuzzy logic and principal component analysis
methodologies, and is used with three new indicators of systemic importance
seeking to capture the size, connectivity and substitutability of local financial
institutions as the main determinants of the impact they can cause in the econo-
my as a result of their malfunction. These indicators are based on balance sheet
information (adjusted asset size), sell/buy-backs market exposures on public
debt instruments, and transactions in large-value payment systems. Both meth-
odologies, with very different approaches, coincide in that credit institutions
are the most systemically important financial institutions in the local financial
market, where the importance of two of them stands out. Other relevant results
have to do with the presence of a brokerage firm and a pension fund within
those institutions of systemic medium importance, as well as the heterogeneity
in the distribution of the chosen indicators and the resulting systemic impor-
tance indices.

Reaction Functions of the Participants in Colombia’s Large-value Pay-
ment System?

Constanza Martinez and Freddy Cepeda

In the large-value payment system, the payments flow can be affected by tem-
porary disruptions caused by different types of failures. In response to these
failures, the entities that take part in the system may decide to collaborate, or
not, in sending payments to their counterparts, which is known in the literature
as reaction functions. These functions measure the entities’ willingness to pay,
once they receive payments from other entities. This paper provides an em-
pirical analysis of how cooperative have been the financial institutions (banks,
brokerage firms and trust companies) that participate in Colombia’s large-value
payment system, taking into consideration four specific incidents. The results
have indicated the presence of considerable differences in the reaction exhibited
by the different types of participants. In particular, these suggest that the enti-
ties’ willingness to pay (marginal propensity to send payments) depends on the
type of incident, as well as on the type of entity and its role in the market.

2 Published in Intelligent Systems in Accounting, Finance & Management, vol. 23, no. 1-2, pp.
121-153, 2015 (http://onlinelibrary.wiley.com/doi/10.1002/isaf.1371/abstract). It is a revised ver-
sion of the document published in Borradores de Economia, No. 800, Banco de la Republica, 2013
(http:www.bankrep.gov.co/sites/default/files/publicaciones/archivos/be_800.pdt).

3 Published in Borradores de Economia, No. 875, Banco de la Republica 2015 and in The Jour-
nal of Financial Market Infrastructures, vol. 4, No. 2, 2015.



Identifying Interbank Loans, Rates, and Claims Networks from Transac-
tional data*

Carlos Leon, Jorge Cely, and Carlos Cadena

Based on information from the CUD large-value payment system, based on the
Furfine algorithm, it is possible to identify loans without collateral between fi-
nancial institutions, as well as their cost and term. When comparing the inferred
loans with those that financial institutions reported periodically to the Office of
the Financial Superintendent of Colombia, it is concluded that the implemented
algorithm performs well and its results are robust to changes in its configura-
tion. Being able to count the loans thus inferred is useful for comparison and
monitoring purposes, while allowing the study of non-collateralized exposures
between and among financial institutions.

Short-Term Liquidity Contagion in the Interbank Market®
Carlos Leon, Constanza Martinez, and Freddy Cepeda

This document uses a modified version of the DebtRank methodology to re-
cursively measure the contagion effects caused by the default of a selected
financial institution. The contagion for illiquidity is evaluated as the fall in the
short-term liquidity of the financial institutions that make up the interbank Co-
lombian network. The results indicate that its negative effects are concentrated
in few financial institutions. However, their total systemic importance is still to
be confirmed, mainly because these are mostly conditional on the occurrence of
unlikely events of generalized illiquidity, as well as the subsidiary contribution
of the interbank market to the local money market.

4 It will be published in Lecturas de Economia, vol. 85, 2016. Published in Borradores de
Economia, No. 881, Banco de la Republica, 2015 (http://www.banrep.gov.co/sites/default/files/pub-
licaciones/archivos/be 881.pdf).

5 Published in Borradores de Economia, No. 920, Banco de la Republica, 2015 http://www.
banrep.gov.co/sites/default/files/publicaciones/archivos/be 920.pdf).
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Equity Markets’ Clustering and the Global Financial Crisis®
Carlos Ledn, Geun-Young Kim, Constanza Martinez, and Daeyup Lee

This paper investigates the similarity of relationships existing between eighty
stock indices of different countries of the world, as well as the hierarchical
structure that results from these relationships for the years that preceded and
followed the global financial crisis of 2008. The methodology used in this doc-
ument is known as agglomeration clustering, and belongs to a set of methodolo-
gies known as unsupervised learning. The hierarchical structure resulting from
this exercise reveals that there is an agglomeration principle of geographic na-
ture, from which some countries are abstracted as a result of differences due to
well-defined idiosyncratic shocks. It was also found that the principle of geo-
graphic agglomeration became stronger after the global financial crisis.

Liquidity and Counterparty Risks Tradeoff in Money Market Networks’
Carlos Leon and Miguel Sarmiento

Based on the basic measures of network analysis (density and average dis-
tance), this document seeks to identify how financial institutions resolve in an
aggregate way the dilemma between access to sources of financing (liquidity
risk) and to maintain exposures to risk of default (counterparty risk) in the Co-
lombian money market. For this purpose, loans between financial institutions,
with and without collateral, and operations between financial institutions and
the central bank with collateral are considered. The results show that in each
type of market there are particularities that condition how financial institutions
as a whole solve this dilemma. For example, it emphasizes that the use of col-
lateral allows a wider access for dissimilar types of financial institutions, but
such access is far from being homogeneous and smooth. On the contrary, the
absence of collateral results in limited access to credit establishments, but more
homogeneous and smooth. When considering the money market as a whole, it
is found that it provides a broad but not homogeneous access, resembling the
collateralized market.

6 Published in Borradores de Economia No. 937, Banco de la Republica, 2016 (http://www.
banrep.gov.co/sites/default/files/publicaciones/archivos/be_937.pdf).

7 Published in Borradores de Economia No. 936, Banco de la Republica, 2016 (http://www.
banrep.gov.co/sites/default/files/publicaciones/archivos/be 936.pdf).



Non-monotonic Tradeoffs of Tiering in a Large—value Payment System?
Carlos Arango and Freddy Cepeda

Although international authorities promote access to large-value payment sys-
tems to be comprehensive and equitable, the question as to their suitability
is still in place. In the case of real-time gross settlement (RTGS) systems the
tiered access level, or tiering, could be determined by the dilemma between
the potentially high liquidity needs facing a large community of direct partici-
pants and the low counterparty credit risk, resulting from the uncovered bilat-
eral credit exposure assumed by a small number of indirect participants with
second-tier access and their correspondent banks. From the simulation analysis
approach, existing literature has identified that by increasing the tiered access
level, a monotonic relationship between growing liquidity savings and increas-
ing credit risk exposure is evident. In contrast, for the case of the Colombian
RTGS system, such a monotonic relationship between savings-risk could be
maintained up to a certain level of tiering, after which marginal tiered partici-
pants could cause that relationship to break; that is, liquidity needs can increase
without additional risk reductions.

8 Published in Borradores de Economia, No. 946, Banco de la Republica, 2016. (http:/www.
banrep. gov.co/sites/default/files/publicaciones/archivos/be 946.pdf)
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