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CEMLA'’s Innovation Hub

- The Hub was announced in March 2019 and officially launched in June 2019.

- The Hub seeks to:

To built capacities in the regional central banks to address issues that arise in areas
as Financial Stability and Financial Market Infrastructures with novel techniques

from Machine Learning, Network Science and Distributed Ledger Technology
(DLT),

To incorporate the knowledge gained from each case into a research work with the
alm to spread its benefits among central banks.

- The projects comprised a variety of problems as the detection of anomalous behavior of
Institutions, transactions and time intervals in the payments systems, interbank
exposures characterization, measurement of systemic and credit risk and its effects,

price rigidity and the study of tiered access to an RTGS system through an DLT-based
approach.
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Svstemic risk and other inter-dependencies among banks in !r oA

Bolivia J Bolivia®
Tt s m e b=y

Jonnnthon Coceres-Santos, Annhi Rodnguwes-Martmes:, Foloo Cococh and Ei"l'ltl'dl Iiﬂlﬂki!ﬁ
Serafin Martines- Jaramalle

& bt rmt

The: Anexcml aysbem i Holivaa bas regisiensd imporieant chengos = eecomd poes. The
develepmeni. of the Anencsl merket end the moderemabion of s mfwstructun promobed
Erimler inlerconmixt s Betwian inkecml enlfis. Hens we provide ks empirical lLu:l:r ol the
Bolivins lerpge value pay men sysiem boiseen 3114 and 35 weed of the seiwerk of miertank
expremur betwoes M08 wed 2000 For bolk gysteme, we charscieriae Lheir setwork stsuckure
and wu perfem a eysicmic rek analysm

W End thad the conmeciivity of the paymeni meiwork bes incressal oo time, snd Uhai
it dimplayw & corepurphsy drectere For this netwerk, we wae tbe Hinkliank slgprahm oo
rank bazks in ferme of their imporienoe in tbe distinboiicn of Bquidity wthin the neteork,
and wu identify two imtitulcn e e mosl imporisst threugicot the pariod under siedy

Conmrning inberimnk cxposuncs, we find that the sverage oember of conseciom per
bank = roaghkly comstent 1 oitbe perind we mmoder, bot thet the seerage @ of nbertank
expemurm increaas The miter quastily alss dwplaps o pered of & v wiaks i whick Lhe
weerage sirergih suddenly incroases. W carry ok & sysieme rsk snelyeis wes cervind ool
using Lhe DhbiResk mothodckgy. bn this aealysm, we sdjust the Thr | capital of the hanks
e sxpmum ko ceedid risk from the comomescml ease porilolng beecd on the od imetion of
url:::l:ch:d lsem, Careres (3 T). Wi Sxd thai sverage Debilisek and volnerabiliiy shere
&0 increRmng .r:n:l ey Lime, and e cleorve spiks in corrmpondenee o bhos: oisesreed
ez the wa=age slnnglk

Fer Both sefworks, we slic exirssl the hackbose of mest imperiant conneclicos s=ng
tw differeet methods. We fcund s mporiem imphestioes oo Lhe neubs ddivensd By
ok ef them

Keywords: Finsrcml noiworka, Sysemic risk, Paymest systcms.

1 Introduction

The fimancial sysiem in Bolivia hes undergome an imporiant irapsformation in recent years. The
development of foancinl merkets and the modemization of Fmancial Market Infrestroctsres
(FMis) ke the large yeloe payment system lead to en ineresse on the level of interrommertod ness
umong fneneial instittions.

In Holivia, as in many cther countries, the 2007 financial crisis showod the relowmnee of
studying the incronsing level of inkercoonectednes and toke it mio account for comagion and

* Diecheimar: Ay ereoes made inlBie pmeer wrs e ele meponaibilicy of the authom The suthen” v ows da
e, nacrssmri by eeflect Uarss of Banen Conirsl do Bolivis, Hancs ds Marics or CEMLA.
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Bolivia. Background and Methodology

In this use case we performed systemic risk analysis and characterized the network structure of
payment system between 2014 and 2020 and for the interbank exposures network between
2018 and 2020.

Systemic risk analysis was carried out using the DebtRank metric for interbank exposures and
the SinkRank for the payment system. For both networks, we also extracted the backbone of
most important connections using the Pdlya and Kobayashi-Takaguchi-Barrat (KTB) filtering
methodologies.

Polya filter is based on the idea that the networks observed are the aggregate outcome of
repeated interactions over time. Each node distributes its weights among its links following a
Polya process with a reinforcement parameter a.

The KTB filter assumes there is a permanent probability of interaction between a pair of nodes.
The method for the calculation of the backbone is based on undirected edges without weights
but is a dynamic method.
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DebtRank adjusted by losses Stress-Test

Bolivia. Results M T

035 ——— DebtRank P90

Figure 9: Monthly Original and Validated Payments using Pélya Filter
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Chile
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Thiered Access in RTGS: a DLT-based approach

Musa, M., Morales-Resendiz, B, Tasea, P (the)

July 200

Alstmcl

il Time (Cross Souloment Sysiems ere the backbone of cho Amanciel symom. L pro-
whides imaerbenk funds wransfierring and are che prime sehicl v orsune shorewem . quidiyy
In Mnancial markoss, and they are mlso & key supporeing Infnascrucione oo ouher PRyTTL
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L0 EoriEs Lo fomrel bank maoney, In caher words, bnmaday [and overnighe) eredic. Fimach
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Falr end open compeziclon In cho roall domein.

1 Imtroduction

Heal Time Gross Settkement (KTOS) systems embody the hackbone of modern finnneinl systoms
aril are the come of cther payment infrstructures. They provide o platiorm for the settlement of
(wholeale) timo-critical interbank funds trarsfors and are the prime vebicle for the conteal bank
to ensure short-term Liguidity transmission in finencinl morkets. Ower the yoors, contral banks
have achieved to contribute with the efficency nnd safety of the overall domestic payment systems
by comtimue reforming this systemically important payment infrastructure with Last-genemtion
techinclogies amdd policy devdopments.

In umison, mew fmancial technologies and the overall digitization of the ecomomy are trans-
forming the aconomics of payments, especially i the retail domnin. For instonee, now entrongs'
nre puiming prosenco &8 payment sorvies providers (PEP) nddressing speeifle market michos that
have been poorly served by conventionnl PSP, sy banks. 3uch PSF may sometimes operate
without acees to o retnil payments infrmstnacture, posing parils for end-usors -individoals and
businmsses- relying in payment instruments offerod by such new entrants.  According with the
RIS, retnil payments make up noorly M pereont of the total volume of payments (i.e number of
tramsactiors), yot less than 1 poreemt of the total whie Thus, roteil payments are vory relovant
for the entire ecomomy. Nonethelms, the payment infrastructures enahling retnil transactioes bo-
twmn individuals, bosineses ore relatively costly for end-msers and PSP given the infmstructure

II"l.:rr.L::l. mrviam previders (FEFa) other than banks, |r|.:.'u:||.r|,5 lizeraal rl:nh.rlh ansd Enleck ertikio (2.
crems barder curmmcy platformms, FIF keuading plegfomms, D-CI!I:I:I:_' moras, o), meely
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Chile. Motivation

= Fintech developments has unveiled the need for central banks to review whether their
RTGS access policy contributes to keep retail payments safe and efficient, given new
entrants gaining relevance.

CPMI-IOSCO Principles (2012) recommend that relevant actors should have a fair access to
core payment infrastructures, under certain risk management conditions

= Distributed Ledger Technologies (DLT) could enable a widened (tiered) access to
RTGS account-services, especially for nonbanks, in the search of promoting fair and
open competition in the retail domain.

DLT have been extensively tested by central banks and the industry as a vehicle to enhance
existing payment infrastructures.

= Our goal is very specific and subject to be explored further to conventional technology
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Chile. Approach

= We de-structure the RTGS in the elements that RTGS de-structuring

could mostly contribute to competition (i.e. tiered s

process ing

access for nonbanks). i .
Bl R ==
= We present DLT operational architecture options B = [ e
that could fit the purpose of providing a tiered o | s [ NS
access for nonbanks. This is accompanied by a B S - R © Sl
(conceptual) performance analysis of competition £ |
indicators. ———— R
pw B T =

= We present a DLT-based operational architecture
addressing the most relevant interactions of the
RTGS elements, taking the competition indicators
as well. (to be completed)
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Chile. Further steps

= Selecting the most suitable DLT
architecture that meet the goal of wide
access for non banks

Privacy
Processing rules
Legal framework
Interoperability

= Pinpointing issues which may not fit in
the selected architecture

Cyber resilience and fraud risk
Scalability
Costs structure
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DLT architecture options

Client wallet system / Server wallet system

Option 1 Option 2 Option 3
Full DLT platform Private (nodes) and a DLT channel | Decentralized applications
Consensus*
POW - POS - POA RAFT - POA - BFT - POET RAFT - POA - BFT - IBFT
Smart contracts Not applicable Applicable Applicable
(Solidity - Kotlin) (Solidity - Kotlin)

Privacy
5 Traditional Privacy enabled by Multilateral Node Privacy enabled by Zero Scalable Zero Knowledge Proofs:
E‘ Zero Coin Protocol Knowledge Proofs Range Proofs - PLONK
E
= -
) Tiered access
&= Direct access to a platform Direct access to a node Direct access through a DAPP

Gridlock resolution

Off-chain/On-chain Forks (On-Chain)/0ff-Chain DAPP functionality (On-Chain)/Off-
Chain
Interoperability*#*
Parallel chains Side-Chain protocols AZTEC-ERC-Ohers
Network
Permissioned / Hybrid Permissioned / Hybrid Permissioned / Hybrid

% | Accounts and wallet design
E‘ 1 account/wallet per direct/indirect 1 account/wallet per node (direct 1 account per direct participant and
¥ participant participant) one wallet per indirect participant
=
g
Z | Participants interface

Client wallet system / Server wallet system

Client wallet system / Server wallet
system




Colombia |
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Pattern recognition of financial institutions’ pavment behavior+*

Carlos Leon®®®, Paolo Barucca®. Oscar Acero®, Gerardo Gage®. Fabio Ortega®

Abstract

We present a general supervised methodology to represent the pavment behavior of financial
mstitutions starting from a database of transactions 1 the Colombian large-value pavment system.
The methodology learns a feedforward artificial neural network parameterization to represent the
payment patterns through 113 features corresponding to financial mstitutions” contribution to
payments, funding habits, pavments timing. pavments concentration. centrality in the pavments
network, and systemic mmpact due to fatlure to pay. The representation 1s then used to test the
coherence of out-of-sample pavment patterns of the same mstitution to 1ts characteristic patterns.
The performance 15 remarkable. with an out-of-sample classification error around three percent.
The performance 15 robust to reductions in the number of features by unsupervised feature
selection. Also, we test that network centrality and svstemic impact features contribute to
enhancing the performance of the methodology defimtively. For financial authorities, this is the
first step towards the automated detection of individual financial institutions” anomalous behavior
1l payment systems.

JEL Classification: C45, E42. G21
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Colombia I. Motivation and Methodology

In this work was used a supervised methodology that represented the payment behavior of individual
institutions by using data from the Colombian large-value payment system.

The methodology learns the payment patterns from each institutions through the implementation of a feed-
forward neural network. The features learned corresponded to financial institutions’ contribution to
payments, funding habits, payments timing, payments concentration, centrality in the payments network
and systemic impact due to failure to pay; leading to a dataset that consisted of 113 features.

In order to test the robustness of the features and the methodology itself three different experiments were
performed. The base experiment uses the full set of features and train and validates the neural network,
then the next experiment repeat this procedure but excluded the network and simulation-based features to
test its importance; third, with the aim to reduce dimensionality and data noise it was applied Principal
Component Analysis before the training and validation of the neural network.

The architecture of all the experiments consisted of one hidden layer, where its number of neurons was
tuned during the training step. Once that the models were trained, its classification performance was tested
with out-of-sample data.
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Colombia |. Results

Full set of features Model

Number of nevrons in the hidden laver
Set
20 30 40 50 60 70 30 90 100 110

Traiming 187 099 084 084 080 080 077 0.74 081 086
(4.60) (0.52) (0.41) (0.38) (037) (0.82) (0.36) (0.34) (0.46) (0.85)

Validation 4.94 346 3.7 302 290 294 280 264 270 287
(447) (0.69) (0.63) (0.60) (0.62) (0.95) (0.55) (0.58) (0.65) (1.07)

Test 520 365 337 325 308 296 23% 280 289 307
(447) (0.72) (0.67) (0.69) (0.58) (0.88) (0.50) (0.50) (0.62) (1.18)

Network and simulation-based features excluded
Model

Number of nevrons n the ludden laver
Set
20 30 40 50 60 70 80 90 100 110

Traiming 211 149 121 130 110 103 109 107 108 113
(0.93) (0.65) (0.51) (0.98) (042) (043) (0.41) (040) (046) (0.73)

Validation 576 470 410 394 374 360 3.67 357 353 360
(1.16) (0.79) (0.60) (1.15) (0.66) (0.68) (0.64) (0.72) (0.83) (0.89)

Test 600 465 419 415 381 384 361 371 366 379
(1.25) (0.72) (0.77) (1.18) (0.61) (0.67) (0.57) (0.64) (0.72) (0.92)

PCA denoising Model

Number of neurons in the hidden layver
Set
20 30 40 50 60 70 80 20 100 110

Trainng 430 373 372 362 330 336 334 338 332 331
(0.88) (0.83) (0.67) (0.69) (0.71) (0.68) (0.61) (0.61) (0.70) (0.68)

Validation 7.05 6.61 632 616 603 599 580 594 570 579
(0.99) (0.88) (0.96) (0.85) (0.75) (0.75) (0.78) (0.74) (0.79) (0.78)

Test 752 685 645 625 622 613 605 619 599 6.03
(0.88) (0.76) (0.81) (0.76) (0.84) (0.73) (0.75) (0.80) (0.85) (0.83)
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Colombia Il
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Measuring systemic risk lor bank credit networks®

Edwardo Yamguen, Giacomo Livan, Serafin Martines-Jaramillo,
Damie] E. Osorie and Ricardo Montane:

Abstract

Systemic risk analysis became a very important undertaking in most
omtral hanks after the CGlebal Financial Crisis (7). This paper «e
scribes the Colombian crodit system as a hipartite network of benders amd
harrowers. We are interested on perform network validation to identify a
backbone of nks that are statistically significant doe to their sise (cap
ital) and the characteristics of the lenders and borrowers ivohved. We
used the information contaimed in these finks to perform a prediction ex
ercise. Validated hackbomes typically contain mast of the information i
a network and are rather stable over time. SAuiditionally, we aln perform
a systemie risk stody hased on the Debefiank contrality metric to umoover
the systemic risk profile of the Colombian banking system taking imto
account their commercial loans, consamer loans and mortgages.

1  Introduction

WiLhin the wast lilesatore on Goancial conbagion aod network owelels (see Martioes
Jiraumilbe el al. (B019) for an iobrodeclion), in owr opineon, Chene bae e less
wirk dooe in Lo pnportanl aspecls: Uhe el one is Cthe stalistieal validation of
Lhe melworks ussl Lo pedorm conlagion studes, and secoal, a lob of altedion
B besen puivicl Lo pebworks which inclisde olber players: thian bianks.

Thes mevin conbrilubion of Lthis work = Uhe computation of a systemic sk
melrw: for U Colombian banking systen aod Ube Groes thal bave coedits with
such banks. The mberesting resulls cune [rom Che wsage ol debaile] enelil
rigisbry infonmatin imnchaling comumercial, comsumer loans amd morbgages.

Financial conlagron Uerough the mberlsank markel o been well sbudped.
Hovmrwer, b= b beseny donee Lo imchode infoemastion on banks” loans portlodsos.
I the cwrrepl sibualion in which banks will Gwe a likdy ineresse oo diefall
risbess, il % mooee mopoclanl Chan ever o sbedy possible systemie implicalions
sl Loy s U nebwork information wwalable al cebeal banks.

* Declaiencr: Any creors mesle in this paper ane the sobe nspomibility of the asthors, The
it leors” Vs doe ol neossarily elleet Chose of Haseo de e Hegriblica, Basoo de Maosice o

CEMLA.
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Colombia Il. Methodology

We analyze the exposures network of the banks and their counterparties that stems from the

guarterly regulatory information from the supervisory institutions and the Central Bank of
Colombia.

The relationships among banks include unsecured interbank loans and repos. The relationships
between banks and firms include information from different lines of business, such as
commercial, microcredits and mortgages.

We consider the DebtRank methodology for the systemic risk analysis, which relies on equity.

Since equity cannot be always obtained for all the potential nodes in the network, mostly on the
firms side, we are exploring alternative methods that rely only on the structure of the banks-firms
bipartite network for the analysis of impact and vulnerability of such agents.

We are also considering the methodology to quantify the significance of the loans within the
network to identify relevant relationships among institutions.

CENTER FOR LATIN AMERICAN MONETARY STUDIES I
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Colombia Il. Expected Contributions

We will provide the groundwork for the identification of systemically relevant institutions for the
Colombian financial system from a credit risk view, with a strong consideration on the
construction of the interbank and the bank-firm relations and for the institutions for which the
DebtRank methodology is applicable, by producing the impact, vulnerability, dependency and
another relevant metrics.

We will complement the analysis for the induced networks in which the DebtRank is not
applicable. We also expect to describe the cautions regarding the alternative methodology to
DebtRank, so we can help anticipate any pitfalls or shortcomings in further implementations. If
possible, we expect to build on the methodology to overcome those issues.

We will report the analysis on the filtered network with relevant information and the comparison
with the original network. For some cases, due to the volume of information, it would be
Important to reduce the volume of arcs for computational purposes.
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Ecuador
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Classifying payment patterns with artificial neural networks: an
autoencoder approach

Jeniffer Rubio, Paclo Barucca, Gerardo Gage, John Arroyvo and Rail Morales-Resendiz
Abstract

Payments and market infrastructores are the backbone of modern financial systems and play a key
role in the economy. One of their main goals is to concentrate and manage risks, especially in the case
of systemically important payment systems (SIPS) serving interbank funds transferming. We develop
an autoencoder for the Sistema de Pagos mterbancarios (SPI) of Ecnador to detect anomalies, similar
to Triepels-Daniels-Heyjmans (2018) and Sabetti-Heijmans (2020). We train three different
autoencoder models wsing daily data structored in three time-intervals for SPI settlement activity to
reconstruct its related payments network. We introduce bank mn simulations in our models to feature
a baseline scenario to identify relevant antoencoder parametrizations for anomalies detection.

The main contributicn of our weork is training an antoencoder to detect a wide range of anomalies in a
pavment system, ranging from #he nnusual behavior of individual banks, both large and medivm size,
to systemic changes in the overall structure of the payments network. Our work highlights that these
novel technigues are robust encugh to support payments” and market infrastructures” oversight, and
ultimately to monitor financial stability.
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Ecuador. Motivation and Methodology

For this case an oversight tool was developed where the methodology aimed at detecting anomalous
behavior within the network of payments generated from its payments system, Sistema de Pagos
Interbancarios.

The technique implemented for this work was the autoencoder, which is an unsupervised feed forward
neural network that has as objective the reconstruction of the data that is fed into it

The first step that follows the autoencoder is the projection of the data to a lower dimension, which leads to
the learning of the most important features; then the autoencoder follows a reverse process to reconstruct
back the original information. This procedure allows us to label poor quality reconstructions as anomalies,
given that this indicates an unseen behavior.

Before the training of the autoencoder a preprocessing of the data was performed through a log
transformation followed by a min-max standardization with the purpose to reduce the skewness of the

payments flows and the leverage of the features.
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Ecuador. Results
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El Salvador Coniral Banking

Identifying clusters of anomalous payments
in the Salvadorian payments system

Franklim Arevalo, Paclo Bamcea, Gerarde Gage, William Rodriguez

Abstract

The avtomated detection of anomalous patterns in payvment systems allows central banks and other
supervisory avthorities to identify potentially fraudulent transactions. cyber attacks and unexpected
behavioral changes from market participants. There is however a limited experience nsing antomated
machine learning methods to detect anomalous behavior in payment systems.

In this paper, we present an unsupervised methodology to classify payments into clusters and with that
provide a tool to single out anomalies. We apply the methodology in a dataset from the El Salvador
pavment system, using vnlabeled payment data. The methodology is found to be able to identify small
chusters based on a minimal set of network features. These features are fed into a k-means clustering
algorithm which returns a set of clusters of transactions. Finally, we analyse the statistical distribution
of features across clusters. we compute the similarity of the clusterings we obtain from different
methodologies, and provide a detailed analysis of the smallest identified clusters.
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El Salvador. Motivation and Methodology

A methodology was developed that under an unsupervised approach classifies payments from the
Salvadorian RTGS system into clusters. It was found that the methodology is able to identify clusters where
the payments contained can be classified as anomalous based on a set of minimal network features.

In order to get meaning from the original data it were constructed features of two different types; one hot
encoding (OHE) features, which captures the interactions between the RTGS system participants’, and
network features, which are intended to show properties that the complete payments network pose.

After the creation of the above-mentioned features different models were trained by varying the set of
features studied (OHE, network features or both). For the case of OHE features and all features, given its
high dimensionality, it was decided to perform PCA to reduce the noise of the data.

The last step of the methodology consisted on the clustering of the payments which was done by

implementing K-Means. Finally, the clusters obtained for the different models were compared and the
payments inside them were analyzed.
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El Salvador. Results
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Peru
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A network characterzzation of the interbank exposures n
Peru and systemic risk measurement®

Walter Cuba, Annha RodnguesMartine:, Diego A, Chovees,
Fabio Caceicl and Serafin Mortines-Jaremillo

A batrnct
Afier the Clobal Fizancis] Creas (GFC) speicmc red mussenommt e vy impor-
tani for policy mmbkes we well s for acsdemics. We ke wrinoesd ss ooporiant monoee in

the numbar of papers and methodologhs proposed. Amoeg euch propeasls Debilank e
m m ekt one, ax i poscia bo nokwcrk modeling sl capiues the all imporiant sepeci

of plerooemeciodnme in e Enancial sysicm Additiomally, within the noteork modclng
sppromch, Lhee = the mulalayer sppenach which provides s wnh sddfineal inaghis on L
decompoaitcn of gyelemic nisk. |o b paper we neoet o s mekileper octwerk ceslyes for
wudying mpsicme rek in Lhe Porevies Bankoeg system by rescrlasg bo Debl Black cesiradiiy.
The mmin mriribulons of this werk are @) we sre able o Fr.ll;r characterize the mekibper
wxpcmurm metwork of Lhe Paruven bankiog sysiem, and i) weobiss the spsiemic rek prokllk
of Lke bazking speiem by different types ol cxpossns.

1 Imtroduction

After the Clobal Financsl Crisis ({ZFC) it became very clear thet systemic risk messurement
wis n urgent oood. Methodologically speaking, there was an important gap between the rsk
maodels devedoped until then and the modds needed to denl with and understand the cres.
This was also true of the regulatory framewnrk, as it beeame evident that regulation focused on
the finencinl system as & whole was badly peoded. Moreover, the identification of sysiemically
imporiant banks (S1Hs) became a priorty in many jursdictions. The same bappened with
non-hank financi] miermedinnes, alse known as Systemically [mportant Finaneial Institutions
[SIF1s).

The risk of contagion in the interbank market is o koy component of systemie risk m oy
financiad system {Hank for Intermational Settlements, 3048, With this in mind, it is mperutve
to quantify systemic risk snd systemic relevener to dosign edequaie rogulstion and for imancial
stahility monitoring purposss. In Peng, the fimst attempt to dofine systemic relevancse was made
in July 3011, {Espmo and Rsbanal (2001]); bowever, ooly the sme component was considored
without trking mio secounl the crocial sspect of interconnoctedness.

One of the most important sspects thet the GPC revealed & the high level of mierconnect-
ciness in the financia] system.  After the GFC, p surge of works on fipancis] networks and
eontagion using the unseeursd intorbank lending market ook place (Hatiston wnd Martines-
Jaramillo (2018)). However, many of the empirical pupers at the time showed little contagion

" Ieclsimar: Any ereos made o lais pper wre e el reponalbility of the aihers. The authon’ views da
e nacesmnrily eoflect iboss of Banco Conioal de Hessres del Poru, Bane de Mecico o CEMLA
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Peru. Background and Methodology

We analyze the multiplex structure of interbank exposures of the Peruvian banking system,
Including structural and centrality metrics, as well as the DebtRank systemic risk indicator for the
guantification of the systemic importance of financial institutions.

We use daily data of short-term unsecured exposures network to analyze the network in Peru
using structural and centrality metrics.

The multilayer approach provides us with additional insights on the decomposition of systemic
risk. For this analysis we use monthly data for short-term and long-term credit, demand deposits,
term deposits, cross-holding of securities and derivatives.

We use Stochastic Block Model to identify communities of banks.

Finally, we analyze the impact and vulnerability of banks and their relation between them.
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Peru. Results

Figure 13: Stochastic Block Model
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Figure 17: Multilayer DebtRank for multiple dates
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U ru g u ay I Credit risk and its systemic effects* !r m

Vietoria Landaberry, Fabio Caccioli, Anshi Rodrignes-Martines, el
Andrea Baron, Serafin Martinez-Jaramillo and Rodrigo Lluberas I:_:"'I'Ilr-dl Iiﬂlﬂl‘lll%

Abstract

Interconnectednss among financal institutions has besn recognized
as one of the most important factors for the amplification of the Global
Financial Crisis [GFC). Since then, many different research approachss
have besn developed i order o study systemic nak and ita relataonshp
with inberconnectedness. In this work, we propose to use a systemic nsk
metrie for an extended network which includes the interbank network,
the banks firms bipartite network and the inkbra-firm expoaures netwark
in Uruguay. The s one of the first works, to the best of our knowl-
edge. in which the intra-firm exposures network s estimated with such
an socurncy by using mfcrmation from a firm survey and s used for the
computation of a systemic risk metric. Given that the survey only asks
for the three most relevant debtors and creditors, we bave to complete the
Full intra-firm sxposures matrx by resorting to two well known methods:
the Maximum entropy and the Minimum Density; additionally, we me
an additional method which takes into account the known entries of the
matrix obtamed from the survey. (her results show an important under-
estimation of systemic nsk if the mformation of inbra-frm exposures 1=
ignored. Moreover, even if the marginal liabihties or mssets are used as
an indicator of systemic importance for firms s wused, important netwarck
effects are ignored. The paper has several contnbutions among which
the most important one s the precise estimation of the contribotion of
intra-firm exposures to the overall systemic rek.

1 Introduction

The increasingly complex and interrelated connections in the finenecial system
are considered to be one of the mein sources of risk amplification and propa-
gation of shocks. This was maede evident in the worst possible way during the
GFC after the fall of Lehman Brothers.

*[Msclaimer: Amy arrars made m ths paper ore the sole responsibility of the austhors. The
muthors’ views do not necessarily reflect those of Banco Central del Ureguny, Baneo de Maxico
ar CEMLA.

We would like to acknowledge and sporinl thanks to Ricordo Montafer for his Dmportamt
contribution and support i the develop of this paper.
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Uruguay |. Background and Methodology

We use a systemic risk metric for an extended network which includes the interbank network,
the banks-firms bipartite network and the intra-firm exposures network in Uruguay.

This is one of the first works, in which the intra-firm exposures network is estimated with such an
accuracy by using information from a firm survey and is used for the computation of a systemic
risk metric.

The firm level survey conducted to 240 Uruguayan firms by the Central Bank of Uruguay in
October 2018 contains information for the three most relevant debtors and creditors, we have to
complete the full intra-firm exposures matrix by resorting to two well-known methods: the
Maximum entropy and the Minimum Density.

Additionally, we use a reconstruction method and a fithess model which takes into account the
known entries of the matrix obtained from the survey, then we assign weights to the links using
the RAS algorithm.

We build a network of effective exposures of banks towards firms. We could perform a stress
test on the bipartite network of effective exposures, for instance projecting the network and using
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Uruguay |. Results

Fitiie 7 By ik Figure 9: Maximum entropy matrix
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Price rigidity, sales, and the business cyele: a time series
principal component analvsis®

Fernando Borraz' Giacomo Livan Anahi Rodrigues-Martine:’

Pablo Picardol

Abstract

It is often argued that sales are a channel for price Bexibility. Firms can use them to
change effective prices keeping sticky reference prices. We use n rich database of retail prices
from Unyguay to charsctorize pricss” Sexibility, the behavior of sales, and their relationship
with local market conditions like lnbor market mdicators. We find & positive and significant
relationship between sales and unemploymemt. We also perform a time series principal
compamant analysis to study these relationships. Hesalts show that all product sectors share
& common correlation structare and the highest correlation aod signiflennce s schioved
hetwomm employment warintion aond the Srst principal component, mostly in the second wesk
af the following month.

Kegwords: price rigulity, sales, unemployment, principal component analymis

JEL clazsification codes: E31 E32 E24, CI8

* [Msdalmer: Any errors mede in chis paper are che sole responsthilicy of the auhors. The auchors” views do
not necessarily reflos those of Banco Ceneral del Unsguey, Banen de Moaleo or CEMLA.

f Baneo Cencral del Unspesy, Deparcamenco de Eronomin de ln Feewhad de Clencles Soclale de la Unbyersidad
do ln Ropdblica and Untverskdad do Momevideo, E-mal: fhormedibow peb.uy.

“Untversiwy College London.

§Ceniro de Esudios Moncarios Lavmommerimnos.

THanco Cenvral del Urugusy.
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Uruguay Il . Methodology

We use a rich database of retail prices from Uruguay to characterize prices’ flexibility, the behavior of
sales, and their relationship with local market conditions like labor market indicators.

The database is a weekly panel that includes prices of 23,902 products from August 5th, 2014 to
December 25th, 2019. It is updated on a regular weekly basis and it can also be scraped through the
supermarket website. The categories are: food, fruits and vegetables, drinks, drinks with alcohol,
cleaning products, personal care, tobacco and other products.

First, we use a fixed effect panel regression to analyze the relationship between sales and
unemployment. We find a positive and significant relationship between sales and unemployment.

As the economy worsens with increases in unemployment, the supermarket uses sales to a greater
extent as a mechanism for price flexibility and to stimulate revenue in a negative scenario.

We also estimate the same panel regression but with the price change probability as the dependent
variables (instead of the sale probability). We find a negative and significant relationship between the
probability of price change and unemployment. This result indicates that price change becomes
infrequent in the worst stage of the business cycle.
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Uruguay Il . Results | standznd Pes
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Working Groups on Central Bank Digital
Currencies and Fintech Data Gaps




Working Group on CBDC

The aim of this group was to deepen in practical experience, design and technology, around
Central Bank Digital Currencies (CBDC), to better understand how a central bank must proceed,
If. The jurisdictions that participated were Bahamas, Chile, Colombia, Eastern Caribbean,
Ecuador, Jamaica, Peru, Uruguay and Sweden.

A Peer Review of CBDC pilots in LAC central banks was conducted having as objective drawing
lessons on what technology and an implementation plan implies when rehearsing a CBDC
system in a controlled environment.

The Peer Review summarizes the main findings of pilots from Bahamas, Sweden and Uruguay,
with mainly a focus on aspects of design (technological) and implementation (operational).

The WG identifies key insights on design and implementation of a retail CBDC.
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Working Group on Fintech Data Gaps

The aiming of this group is to identify and evaluate the main problems faced by Central Banks for data

collection in Fintech activities and to identify best practices and recommendations. The jurisdictions that

participate are: Brazil, Chile, Costa Rica, El Salvador, Honduras, Jamaica, Mexico, Trinidad and
Tobago and Spain.

The Fintech industry is still behind the banking sector, but it may have the potential to move credit
intermediation away from commercial banks and placed it into institutions that are currently less
supervised. For this reason it's needed to define a framework with the purpose to provide relevant
information for central banks about this growing sector.

The policy report generated provided an overview on the main issues that central banks faces towards
iIncluding Fintech activities in the regular statistics. The group also revised:

Implications on data gaps in areas as monetary policy, financial stability payment systems and economic activity.

Implications related to the activity of Bigtechs companies and cybersecurity issues.

The IFC survey “Central Banks and Fintech Data” was applied to the LAC countries in order to shed light
on the current position and developments of regional central Banks regarding Fintech data.
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Innovation Hub academic activities 2020 -2021




Innovation Hub academic activities in 2020

. Course on Financial Technologies and Central Banking, from 18-20 February,
2020 in Kingston Jamaica.

. lll Fintech Forum Meeting, from 18-20 August, 2020.

. Course on RegTech and SupTech from 24 — 28 August 2020.

. Policy Implementation Meeting on Cyber resilience, 3 and 4 November, 2020.
. Course on Machine Learning for Central Banking, from 9-13 November 2020.

. Course on Distributed Ledger and Blockchain Technologies for Central Banking,
from 30 November to 4 December, 2020. Four use cases will be developed.

CENTER FOR LATIN AMERICAN MONETARY STUDIES I




Forthcoming activities

. Il Course on Distributed Ledger and Blockchain Technologies for
Central Banking, late September 2021.

. Il Course on Machine Learning for Central Banking, dates to be
confirmed.

. Course on Financial Technologies and Central Banking, November
2021. New Call for Proposals.

. Workshop on Cybersecurity, November 2021.
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Financial Stability related activities 2020 -2021




Financial Stability Activities 2020-2021

= Il Course on Financial Stability, digital format , 16 -20 November, 2020.

= Workshop Climate Risk and the Financial System, digital format, 8, 10
and 15 December, 2020.

= Xl Meeting of Heads of Financial Stability, September 2021.
= |l Course on Financial Stability, November 2021.

= Conference on Financial Stability, 2021.
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Time series for the average DebtRank
from 31 July 2008 to 30 September 2013
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Systemic Risk surface for the combined network from all layers,
from 31 July 2008 to 30 September 2013.

In this figure, we show the dalily

DebtRanks in the combined network 158
from all layers for each bank from 2008
to 2013. D8~

The most systemically important banks
do not change too much over time.
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Climate Change and Financial Stabllity
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