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Aditya Anta Taruna’, Cicilia Anggadewi Harun ™
Raquela Renanda Nattan™"

Macroprudential Liquidity Stress
Test: An Application to Indonesian
Banks

Abstract: This paper develops a macroprudential liquidity stress test
model for Indonesian banks. Our model incorporates two factors
driving liquidity runs: (i) idiosyncratic factors; and (ii) macroeco-
nomic factors. We estimate this model using a sample of 113 banks
over the period of January 2011 to June 2018, and dynamic panel data
estimators. We establish significant transmission channels from
macroeconomic and idiosyncratic (bank idiosyncratic risks) factors
to liquidity runs. By using the macroeconomic scenario transmis-
sion, we find the liquidity stress test to be more consistent with the
solvency stress test.

Key words: Liquidity stress test; Stress test; Financial stability;
Banking.

JEL Classification: G21; G33.

1. Introduction

This paper develops a macroprudential liquidity stress test
(LST) model for Indonesian banks. The global financial cri-
sis (GFC) of 2008 shifted attention towards the management
of liquidity risks in the financial industry (especially in the
banking sector), since many views global liquidity stress as
having triggered the financial market meltdown. One ma-
jor improvement in the global financial regulatory reform
for banks is the addition of requirements on liquidity ratios.
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Since the crisis, Basel Committee for Bank Supervision (BCBS) has prescribed two
relatively new instruments: liquidity coverage ratio (LCR) for short term liquid-
ity needs and net stable funding ratio (NSFR) for structural funding requirement
(BCBS, 2013). Although the design of the liquidity ratios incorporates the capacity of
banks to face liquidity stress, it has not given any information on how banks should
react, when they face the dynamic market-wide stress. This implies, without a clear
way of dynamic market-wide stress, the possibility of dry-up of market liquidity, and
consequently the loss of values in liquid assets because of fire sale, and the disappear-
ance of contingent credit lines.

In order to assess the financial system resilience, financial authorities use stress tests
to measure the loss absorbing capacity of banks in facing various macroeconomic
scenarios (Schuermann, 2014). Although various stress tests typically extend to as-
sess the solvency of banks during market-wide and idiosyncratic stress, generating
a consistent scenario for all credit, market, and liquidity risks remains a challenge
(Schmieder et al, 2012; Melecky and Podpiera, 2012). In most cases, the liquidity
stress tests employ scenarios that are independent of the solvency stress tests, which
measure credit and market risks. Therefore, it is important to develop a liquidity
stress test that does not only gather information on the resilience of the banking
system in the presence of both system-wide and idiosyncratic liquidity stress but also
implement consistent macro scenarios that are contained in the solvency stress tests.

In addition to the need for a consistent scenario, a stress test should also establish the
amplification and propagation mechanisms in order to present a complete picture of
the impact of certain macroeconomic developments on the banking system. The im-
pact of a system-wide stress can be easily detected in the first round of impact using
the exposure data at the point of impact (common exposure) (Clerc et al, 2016). How-
ever, as the stress continues, the banking system is not out of the woods yet. Systemic
risks may still amplify and propagate through the transmission channels of financial
and information linkages (Dang et al, 2015). In the second round, anything can hap-
pen. For instance, a troubled bank may provide additional stress to the other banks
(especially if the bank is systemically-important) (Hataj, 2013). Panicking depositors
may exacerbate the stress (Diamond & Dybvig, 1983). Banks may reduce credit that
can cause a decline in real sector activities, which may reduce the repayment capac-
ity of debtor corporations (Stiglitz & Weiss, 1981). In defense, banks may start to
hoard liquidity, which dries up alternative funding from interbank loans (Heider et
al, 2009). Hence, implementing each scenario in a stress test model is a daunting task.
In this sense, some degree of effort to capture the impacts from various sources can
help authorities assess the banking system’s resilience more objectively.

! In Dang et al (2015), they pointed out that the information contained in an asset will affect
it price - tail risk. In this paper, we consider systemic risk as tail risk, since it reflects tail risk
characteristics.
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Our paper takes this seriously when developing a macroprudential liquidity stress
test model for Indonesian banks. As mentioned above, a LST becomes very impor-
tant especially nowadays since the GFC was characterized by global liquidity squeeze
that eventually create contagion channels to banking systems all over the world. Most
banking problems originate and amplified through liquidity risk (see Tirole, 2011).
Banks face two different liquidity risks: funding liquidity risk, since they have to
match their long-term assets to long-term liabilities; and market liquidity risk, since
they need to be aware of prices, interest rates, and exchange rates that may affect
the value of their counterbalancing capacity during a system-wide liquidity stress
(Brunnermeier & Pedersen, 2008). Furthermore, they argued that during a system-
wide stress, these two types of liquidity risks may reinforce each other. Therefore, it
is important to capture both risks in the liquidity stress test, in addition to capturing
the reinforcing factors.

Prior to the GFC 2008, banks or financial authorities conduct LST by mostly focus-
ing on idiosyncratic risks, and generating liquidity shock scenarios that are based on
the historical liquidity shocks in the form of deposit withdrawal. This has become
the standard liquidity stress test scenario in many central banks or bank supervi-
sors that lead to the design of the liquidity requirement called Liquidity Coverage
Ratio (BCBS 2008). Subsequent LSTs incorporate the additional scenario of reduced
value of counterbalancing assets, in response to the GFC believed to be triggered by
the loss of asset value (Tirole, 2011). Since banks are interconnected, idiosyncratic
shocks (or liquidity stress among certain banks) may spillover to the global financial
market. For instance, Diamond and Rajan (2005) find that banking crisis can be
caused not only by bank runs, but also by contagious banking failure. An LST test
that only captures liquidity stress of a certain group of banks—the banks exposed
to the subprime mortgage products—ignores the macro-financial environment and
global banking interconnectedness (Jobst et al, 2017).

Our paper develops a LST test, which incorporates consistent macroeconomic, idi-
osyncratic, system-wide, and unknown scenarios. The unknown aspect can be inter-
preted as the possibility of panic in the market that impacts on the banking system
non-linearly. The test is specifically developed for the Indonesian banking system,
which mostly practices a traditional banking business, as found in most emerging
markets.” We employ this test to measure the liquidity-risk-absorbing capacity of
the Indonesian banking system in the face of severe but plausible stress test sce-

2 Traditional banking business includes only collecting short-term debt and convert it into long-
term asset. Non-traditional banking business expands the business to dealing with derivatives,
and later explore the use of financial techonology (Edwards & Mishkin, 1995, and King, 2018).
Other studies on Indonesian banking system include Ashraf et al (2019), Ekananda (2017), Hi-
dayati et al (2017), Ibrahim (2019), Ibrahim and Law (2019), Karim et al (2016), Mulyaningsih et
al (2016), Purwono and Yasin (2019), Sakti et al (2018), Sunarmo (2018).
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Figure 1: Liquidity Procyclicality in narios, namely GDP growth decline to
Indonesian Banking System a value close to Asian Financial Crisis.?

The resulting insights from our LST can
500% 0%  be useful for enhancing the Bank Indo-

40.0%
30.0%
20.0%
10.0%;
0.0%+
-10.0%
-20.0%4
-30.0%
-40.0%

F150%  nesia’s macroprudential liquidity instru-
-100%  ment, thereby helping to mitigate sys-
% tem-wide liquidity stress. Macropruden-
= 1H00%  tial policy is needed to provide discipline
~50%  in banking systems with procyclical be-
~100%  havior (Levy-Yeyati, Martinez Peria, and
50%  Schmukler, 2010; Cho and Hahm, 2014;

Lee, Asuncion, and Kim, 2016; Jung,
— LD LANCD ===~ Credit/GDP yoy Kim, and Yang, 2017; Yang and Yi, 2019).
The Indonesia banking system is prone
to procyclical behavior, and therefore
merits our attention (Figure 1).

The LST framework developed in the paper is a part of the overall macropruden-
tial stress test for Indonesian banking system that is initiated in Taruna and Harun
(2016a), and continued in Taruna and Harun (2016b), and Taruna and Harun (2017).4
This LST framework follows the conceptual framework in the previous setup of LST,
but increases the consistency of the macro scenario to the solvency stress test by
incorporating the impact of the idiosyncratic, macroeconomic variables, and un-
known factors to estimate the run-off/haircut for each liquidity instruments.” We
apply the test to a dataset covering the 113 banks over the period of January 2011 to
June 2018 and unravel the following findings. In general, the macroeconomic condi-
tions do not trigger bank run on market liquidity in the short run. In the long term,
liquidity runs are largely influenced by combined idiosyncratic and macroeconomic
conditions. In terms of funding liquidity risk, the run on customer deposits is heav-
ily triggered by the lagged variables of the deposit portfolios, suggesting a persistent
impact of idiosyncratic conditions on liquidity risk. Overall, the run on customer
deposits is influenced by banks’ idiosyncratic conditions and unknown factors. Mac-
roeconomic conditions do not affect liquidity run within short and medium term.
Our results survive a number of robustness tests.

Further explanation on the scenario, please refer to IMF Indonesia FSSA (2017).

The work is inspired by the Bank of Korea’s Systemic Risk Assessment for Macroprudential
Policy (Seung et al, 2013).

We refer to Schmieder et al (2012) definition on run-off/haircut rates. He defines run-off rates
as a portion of bank’s liquidity funding which does not rolled over. Whereas haircuts rate is a
percentage of capital market assets indicate that it is sold at fire price.
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The rest of the paper is organized as follows. Section II outlines the three main li-
quidity stress tests, explains liquidity testing in Indonesia, and presents some styl-
ized facts about liquidity in the Indonesian banking system. Section III describes the
LST model and data. Section IV presents the results. Section V concludes.

2. Liquidity Stress Tests and Stylized Facts

2.1 Liquidity Stress Tests

Basel Committee for Banking Supervision (BCBS, 2013) classifies stress testing into
three groups, namely bottom up macro test, top down, and combined approach-
es. The bottom up stress test is usually carried out by financial institutions using
scenarios or assumptions instructed by the authority. It may also be performed by
authorities and consists of regular liquidity risk reports and occasional horizontal
exercised using common stress assumptions. Top down stress test is regularly per-
formed by authorities to measure the banking system resilience. One way to assess
top down stress test is using balance sheet data. Scenario shocks are manifested
through haircuts on assets and run-off rates of liabilities applied to balance sheet
positions. According to BCBS (2013), this method is able to identify the source of in-
dividual vulnerabilities yet backward-looking, static, and limited to the first-round
of impact of liquidity stress. Beside the balance sheet approach, several central banks
employ a top-down approach with the methodology varying from basic simulation
to a more complex integrated framework. The combined approach typically incor-
porates second-round effects into liquidity stress tests by adding behavioral reactions
into a bottom-up stress test design. The benefit of the combined test is that it allows
a cash-flow rather than a stock approach and weigh market liquidity shocks against
the counterbalancing capacity (see BCBS, 2003).

We explored the practices of LST in several central banks and financial authority,
including China, European Union, Italy, Japan, Brazil, Sweden, the Netherlands,
Austria, Canada and England, and find that, although most of them have the same
objective of producing a measurement of liquidity risk of the banking system, the
results of the test vary.®

2.2. Liquidity Risk Measurements in Indonesia

Indonesia complied with the BASEL III requirements for the implementation of li-
quidity coverage ratio (LCR), and net stable funding ratio (NSFR) (BCBS 2013a &
BCBS 2016). These ratios together with other liquidity indicators (e.g. the ratio of liq-

¢ References for the practices of LST in these countries are listed in the bibliography.



Journal of Central Banking Theory and Practice - Special Issue Proceedings from 13" BMEB International Conference in Bali:
170 Maintaining Stability, Strengthening Momentum of Growth Amidst High Uncertainties

uid asset to total asset) are used to measure liquidity risk in the banking system. To
ensure bank resilience against liquidity risk, Bank Indonesia performs the Granular
(bottom up) Liquidity Stress Test (GLST) to assess individual bank liquidity.” GLST is
calculated using data from banks regulatory reports such as balance sheet, and other
information such as on-site bank examination.® Scenarios used must be extreme but
plausible (IMF, 2015). The scenarios employed are idiosyncratic stemming from li-
quidity pressure within the internal bank and system-wide stress stemming from
global and domestic shocks. The methodology employed is cash-flow based analysis
with three distinct components: counterbalancing, inflow, and outflow (IMF, 2017).
This analysis assesses banks resilience based on the net cash balance after funding
outflow shocks in two currencies-Indonesian rupiah and foreign currency (e.g. US
dollar) and in several time buckets.

Based on the GLST, a bank is experiencing a liquidity shortfall when there is any
threshold exceeded in any time bucket calculations in both rupiah and foreign cur-
rency. The GLST uses two difference scenarios, (i) idiosyncratic risk; and (ii) market-
wide stress. In idiosyncratic scenario, GLST estimates run-oft/haircut rates on each
liquidity instrument by estimating a percentile 5% of historical data. The rates will
indicate the stress condition which is unique to each bank. Different from idiosyn-
cratic scenario, market-wide stress defined as a stress that cause a huge loss to bank’s
counterbalancing capacity and worse liquidity run. In order to create this scenario,
the GLST approaches two risk channels, which are: (i) Capital markets (counterbal-
ancing instruments) run, which is reflected by increase in run-off/haircut rate’; and
(ii) government bond price drop, which is calculated based on two approaches.'

Similar to other balance sheet approaches, the GLST is able to reveal individual vul-
nerabilities based on their historical performance, and yet it fails to directly connect
with the macroeconomic state (author’s interpretation on Cihak 2007, Basel, 2013a,
& Jobst, 2017)."" We are also aware that individual vulnerabilities may have noth-

7 Granular ST is a form of top-down ST which enriched by using individual bank data. The data
tries to capture bank specific behavior by combining bank’s individual model with financial
authority view on the bank. Further information please contact Financial System Surveilans
Department (widi, email: Wahyu_w@bi.go.id).

8 Please see footnote no 7 (above).

° The rates are calculated using tail-risk of DSIB (domestic systemically important bank) run-off/
haircut rates which calculated using past historical data. The rates are estimated to replicate

Global Financial Crisis effect to liquidity run in Indonesia banking system. The approach is
applied to all banks (see footnote no. 7).

10 The Mathematical expression of both approaches are in the appendix.

I The common practice in liquidity stress is using historical highest run-off/haircuts rate as the
stress scenario. While the rates might be the result, but in stress testing framework, it is hard to
explain which macroeconomic scenario caused the rates.
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ing to do with the system-wide condition, so it can generate either too mild or too
severe scenario for the particular banks during system-wide stress. The focus of this
paper is to make improvements in terms of the transmission of the macroeconomic
scenario toward the liquidity shock. This improvement is very important to conduct
the macroprudential surveillance and help in calibrating any macroprudential buffer
before a shock happens.

2.3. Stylized Facts of Indonesian Banking System

Harun et al (2016) point out the existence of liquidity procyclicality in the Indo-
nesian banking system. Figure 1 is an illustration of liquidity procyclicality in the
Indonesian banking system. The ratio of liquid asset to non-core deposits and the
ratio of liquid asset to deposits, which serve as the proxy of Indonesian banking li-
quidity, move in opposite direction with the ratio of credit to gross domestic product
(GDP), which serves as the proxy of economic performance. This means when the
economy is doing well, banking liquidity is decreasing, indicating the shift in banks’
preference towards lending in order to generate bigger profits. That is, during such
times, most banks believe the market is able to supply banks liquidity at reasonable
interest rates. Duijm and Wierts (2014) find similar liquidity procyclicality in the
Netherland.

3. Model and Data

3.1. Model

We argue that macroeconomics conditions, together with idiosyncratic factors con-
tribute to liquidity runs. Hence, model liquidity runs function of macroeconomic
and idiosyncratic factors in an ARDL specification. The specification is as follows:

L L L
Yig = a; + Z BinzXit-nz + Z YinYit-n t Z VinCAR; ¢ n&;; 1)
n=0 n=1 n=1

where y, is month-to-month rates of liquidity instrument for each bank, i and time #;
o, is fixed-effect coefficient; 8, is the coefficient of the macroeconomic variables; CAR
is capital adequacy ratio; X, is the vector of macroeconomic variables; z denotes
GDP and CPL y, is the coefficients of the lagged liquidity instrument; y,,  lagged
month-to-month rates of liquidity instrument; L is the maximum lags in the model;

and ¢, is the residual for each i and t.

We use three different maximum lags: no lag, up to 6 months, and from 6 to 12
months to represent contemporaneous or short-term, medium-term and long-term
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phases. We presume within the shorter term that most runs are caused by idiosyn-
cratic and unknown factors, while macroeconomic conditions should have the big-
gest impact to cause a persistent liquidity run. The idiosyncratic factors are captured
by the lagged dependent variable, macroeconomic variables reflect system-wide fac-
tors, and residual reflect the unknown factors. We control for other conditions using
capital adequacy ratios (CAR). CAR is suitable because it captures liquidity interac-
tion with the triggering factors. What we meant by triggering factors here are all the
changes in the macro variables that may have impacts to the liquidity ratios. We do
not use any liquidity ratios as control variables because most liquidity instruments
are strongly correlated with the dependent variable.

3.2.Data

Based on the structure of the money market of Indonesia and according to the char-
acteristic of HQLA (BCBS 2013a), we use the following liquidity instruments: Corp
bond rated AA- (both Rupiah and foreign currency) run-off rates; Corp bond rated
A+ to BBB (both Rupiah and foreign currency) run-off rates. For customer deposits,
we used the classification in practice. They are: (i) depositor: individual, non-finan-
cial agent entities, non-residence, government, other financial institution, and inter-
bank; (ii) currency denominations: Rupiah and foreign exchange (as a total nominal
of available foreign currency deposit in Indonesia); (iii) guaranteed by Indonesia De-
posit Insurance Company: insured and uninsured; (iv) time horizons: within 1 day,
within 1 month, within 3 months, within 6 months, and beyond 6 months. Govern-
ment securities are excluded because they are stable and backed by the government.
Unless the issuer, government, defaulted, then the securities are secured. In addition,
it is common that Bank Indonesia’s open market operation uses government securi-
ties to influence market liquidity, thereby making the price biased. MBS and other
securities are excluded due to their small outstanding value.

All bank data are taken from monthly bank reports. The data sample ranges from
January 2011 to June 2018 and includes 113 banks. In total, we used four liquidity in-
struments from counterbalancing (high-quality liquid assets, HQLA) and 18 instru-
ments from customer deposits, and therefore we run 22 panel data regressions. We
used yearly GDP growth and inflation rate to measure macroeconomic conditions,
as suggested by Drehmaan and Juselius (2013). All macroeconomic data are from
CEIC database. We interpolated the data from quarterly basis into monthly basis in
order to match the bank data.



Macroprudential Liquidity Stress Test: An Application to Indonesian Banks

4, Results

4.1. Baseline Results

We are mainly interested in what triggers a liquidity run. Hence, we only focus on
the statistical significance level of each triggering factor. We do not report the coef-
ficients of the variables, since whether they are large or small is irrelevant, as long as
they are significant, and therefore impact on liquidity runs.

Table 1 shows all the significant variables in the HQLA equation. The results suggest
that macroeconomic conditions (CPI), and the conditioning factor, CAR, influence
changes in run-off/haircut rates in the short term. In the medium term, CPI and
lagged liquidity (or idiosyncratic factors) affect changes in run-off/haircut rates. In
the long term, changes in run-off/haircut rates are determined by idiosyncratic fac-
tors and macroeconomic conditions (CPI and GDP). Here, we find that macroeco-
nomic conditions trigger run on liquidity in short term, which is counterintuitive
with the our expectation that macroeconomic conditions would take effect more in
the long run rather than in the short run, since macroeconomic variables usually
deliver a lagged effect

Table 1: Results of HQLA Panel Estimation

Short term Medium term Long term
Laggedy 0 3 3
~CPI 1 1 2
GDP 0 0 2
CAR 2 0 0

Similar to the HQLA estimates, run on customer deposits are mostly affected by
idiosyncratic factors and unknown factors.!* From all estimation periods, macroeco-
nomic conditions only trigger run on liquidity in the long term. Table 2 shows that
that macroeconomic conditions influence liquidity runs in the short, medium, and
long term. However, the coeflicient estimates suggest that the influence of macro-
economic conditions on liquidity runs depends on the deposit portfolios. Unknown
factors (herding behavior, reference bias, and narrative) tend to influence customer
runs on bank’s liquidity in short and medium term. Table 2 further suggest that
idiosyncratic factors (captured by the lags of liquidity instruments) largely influence
liquidity runs.

2 We do not run the set of customer deposit regressions with the breakdown of unknown factors
since without the unknown factors, the result already showed only a few of the deposit portfo-
lios were affected by macroeconomic and idiosyncratic variables.
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Table 2. Customer Deposits Estimation Result

short medium long
CPI 4 4 8
GDP 5 4 4
CAR 1 1 2
Lagged 1 9 7

Historically, when a financial distress occurs, bank’s liquidity also experienced dis-
tress (Tirole 2011). Based on the results, liquidity distress is not only caused by mac-
roeconomic conditions. It can be triggered by the idiosyncratic conditions and other
unknown factors. Our findings are supported by previous research, for example,
Tabak et al (2012), Gauthier et al (2014), and Wong & Hui (2009).

Figure 2 shows that when financial distress occurs (as a proxy by Bank Indonesia’s Fi-
nancial Institution Stability Index), liquidity distress subsequently occurs (reflected
by Liquid Asset to Deposit or LAD ratio). In all three cases of financial distress post-
Asian Financial Crisis, the LAD ratio dropped. This confirms the propagation and
amplification of financial distress through the liquidity distress channel.

Figure 2. Liquidity Distress Period in Indonesia
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Other research that confirm our findings. Gorton and Metrick (2009a, 2009b, &
2012) point out that during the GFC, while mortgage-backed securities (MBS) suf-
fered only 21 basis points of losses, they impact on the repurchase agreement (Repo)
markets. The failure of Lehmann Brothers affected not only MBS but also other secu-
rities as can be seen as unknown factor in the liquidity run in Figure 3.

Barberis (2011) argues that wealth loss expectation triggered the runs leading to the
GFC. This wealth loss expectation is interpreted as the unknown factor to the bank’s
liquidity run in Figure 4, as shown by bt - bt stands for bubble price. Bubble price
could mean possible wealth loss. It typically difficult to determine the triggering
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Figure 3. The Unknown Factor in the Figure 4. Bubble price and wealth
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factors of a liquidity run happen. While liquidity stress testing frameworks can help
financial authorities to grasp banks’ counterbalancing capacity, the authorities still
have to consider worse scenarios. Furthermore, the tests may under/overestimate the
loss and may cause irrelevant policy responses."?

4.2. Further Analysis of HQLA

The HQLA analysis can be classified into two categories: safe assets and investment
grade assets. Corporate bonds with AA- rate fall into safe assets, whereas corporate
bond with A+ to BBB are investment grade assets. Gorton and Metrick (2012) ex-
plain that safe assets and investment grade assets are information insensitive, which
means investors do not require more information to value the price of these assets.
These bonds should be stable over time. That is, unless there is a huge shock to the
financial system, the value of these bonds does not change.

Looking at the results in Table 3, safe assets and investment grade bonds are unaf-
fected by macroeconomic conditions. This is line with their characteristic—unless
investors are required to put in effort to assess these assets, their value should stay the
same. In the short and medium terms, run on these types of bonds is caused by un-
known factors. If the financial turmoil lasts longer than 6 months, macroeconomic
conditions make the liquidity run worse. If the financial turmoil persists, investors
feel less confident about their investment prospect and fire sale their assets further,
making the liquidity run worse.

B Lucas’s critique on how statistical estimations based on historical data may not be able to cap-
ture current conditions (Lucas, 1976).
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Table 3. HQLA Instrument Estimation Results

Corp bond AA-Rp  Short Term (coincide Medium Term Long Term
mtm rate w/ shock) (till 6 month) (till 1 year)
CPI t0 - -9
GDP - - -
CAR - - -7-9-11,-12
Lagged - - -
Corp bond AA- FX Short Term (coincide Medium Term Long Term
mtm rate w/ shock) (till 6 month) (till 1 year)
CPI - -3 -9
GDP - - -4,-6,7-10,11
CAR - - -
Lagged - 124 3
Corp bond A+ to Short Term (coincide Medium Term Long Term
BBB- Rp mtm rate w/ shock) (till 6 month) (till 1 year)
CPl - - -
GDP - - -
CAR t0 - -
Lagged -1 -1-2,-4-5 -1-2,-47
Corp bond A+ to Short Term (coincide Medium Term Long Term
BBB- FX mtm rate w/ shock) (till 6 month) (till 1 year)
CPl - - -
GDP - - -4,-5,-6
CAR t0 - -
Lagged - -2 -1,-2,-6/-12

4.3. Further Customer Deposit Analysis

Table 4 shows results for customer deposits regressions. The estimates for the cus-
tomer deposit instruments are similar to HQLA estimates (see Table 3). Increasing
claim on customer deposits are highly affected by the bank conditions (idiosyncratic
factors) and other unknown factors. Macroeconomic conditions may worsen run on
certain customer deposits (e.g. deposit sourced from interbank placement), although
these conditions may not broadly influence liquidity run on customer deposits.
As mentioned in the previous section, regardless of whether bonds are classified as
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safe assets or investment grade bonds, run on HQLA might happen due to panic
arising in the financial system and expectation of wealth loss.

When comparing local currency and foreign denominated customer deposit, we
find that Rupiah denominated deposits are more susceptible to unknown factors.
Historically, when a financial turmoil occurs, investors tend to buy foreign currency
thereby pushing down the Rupiah value (Iriana & Sjoholm, 2002, and Hill, 2012).
Arguably this investor behavior is embedded in the unknown factors. The trigger-
ing factors in corporate deposits, both Rupiah and foreign denominated, are the
idiosyncratic conditions and unknown factors (Table 4). Similar to HQLA, macro-
economic conditions may worsen the run if the financial turmoil last more than 6
months (Table 4).

Table 4. Selected Customer Deposits Estimation Results

Interbank

Short Term

Medium

Interbank

Short Term

Medium

within 1 (coincide Term (Lt?lrll? Tzrar:; within 1 (coincide Term h?l?% TZ::;
MoRpmtmrate  w/shock)  (till 6 month) y MoFXmtmrate  w/shock)  (till 6 month) y
Pl - - - Pl t0 -4 1,2
GDP - - - GDP - - -
(AR - - - (AR - - -
Lagged - - - Lagged -1 -1t0-6 -1t0-12
Interbank Short Term Medium Interbank Short Term Medium
S . Long Term s o Long Term
within 6 (coincide Term (tll 1 year) within 6 (coincide Term (tll 1 year)
MosRpmtmrate ~ w/shock)  (till 6 month) y Mos FXmtmrate ~ w/shock)  (till 6 month) y
Pl - - - Pl - - -9-11,-12
GDP - - -7-8-9 GDP t0 - -
(AR - - - (AR - - -
-1t0-3,-5t0
Lagged - - - Lagged -1 -1t0-3,-5,-6 91112
C(.)rp deposit Rp Short T.erm Medium Long Term Corp deposit FX Short Tgrm Medium Long Term
insured mtm (coincide Term (tll1yean insured mtm rate (coincide Term (tll1year)
rate w/shock)  (till6 month) y w/shock)  (till 6 month) Y
Pl - - -1 Pl - 3,4 3,48
GDP - - - GDP - - -5
(AR - -1 13,4612 (AR - - -
Lagged A 1-3-4-6 w0, Lagged A A5 -1-59t0-12

-11-12
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4.4. Triggering Effect

Bagehot (as summarized by Goodhart, 1999, and Tucker, 2019) and former US Treas-
ury Secretary Tim Geithner (2009) argue that the financial system should be flooded
with liquidity during financial crisis. According to them, the source of liquidity is
irrelevant, as long as it can shorten the liquidity run and calm the unknown factors
circulating in the system. During the Great Depression, liquidity run occurred in
the US repo market and subsequently trigger run in banking sector (Gorton & Met-
rick, 2009a)."* Some banks experienced run although they were solvent. The loss of
confidence caused investors to claim their deposit immediately (Gorton & Metrick,
2009b, Eichengreen, 2016, and Schmidt et al, 2016).

Our findings generally confirm that unknown factors, which can be expressed by
fear of losing wealth and market perception of financial conditions are the primary
triggering factors of a liquidity run. Macroeconomic conditions can worsen the run,
if the financial crisis persists. These mechanisms should be considered when finan-
cial authorities are assessing the probability of a run, especially in doing liquidity
stress testing.

4.5. The existence of unknown factors in the linear regression

To check our hypothesis on liquidity risk triggering factors, we exercise several ro-
bustness checks to the model. The exercise was also done to check the existence of
unknown factor in the system.

In theory, when we use residual as a regressor, we should get a perfect R? and a re-
sidual coeflicient equal to 1. The reason is as follows:

Suppose we have an equation of y=a+ px + ¢, where ¢ is the residual.
Now, we take ¢ and use it as another regressor:
y=a+px+ye.

Since ¢ is the residual in the first regression, we know that setting y to 1 will give zero
errors in the second regression.

Table 5 shows a simple OLS regression of a liquidity instrument. The dependent vari-
able is a corporate bond rated AA- haircut rate (monthly change of its price).

" To distinguish Global Financial Crisis with the Great Recession (stock market crisis) in 1930,
scholar nicknamed it as Great Depression.
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Table 5. An Example of OLS Regression Residual Coefficient Value

Dependent Variable: DAAMINRP

Variable Coefficient Std. Error t-Statistic Prob.
C -12.91 5.76 -2.24 0.03
CAR 0.28 013 218 0.03
GDP 118 0.60 197 0.05
CPI 0.29 0.10 2.83 0.01
DAAMINRP(-1) -0.14 011 -1.26 0.21
Statistics
R-squared 0.1 Mean dependent var 0.18
Adjusted R-squared 0.06 S.D. dependent var 1.36
S.E. of regression 132 Akaike info criterion 345
Sum squared resid 137.36 Schwarz criterion 3.59
Log likelihood -139.85 Hannan-Quinn criter. 3.51
F-statistic 2.35 Durbin-Watson stat 197
Prob(F-statistic) 0.06

The residual consists of all other unobserved (unknown) factor that can explain the

dependent variable. Let ¢ be RESIDTRUE, we have a new estimation result:

Table 6. Residual as Regressor

Dependent Variable: DAAMINRP

Variable Coefficient Std. Error t-Statistic Prob.
C -1291 0.00 -108E+8 0.00
CAR 0.28 0.00 105E+8 0.00
GDP 118 0.00 95E+8 0.00
CPI 0.29 0.00 137E+8 0.00
DAAMINRP(-1) -0.14 0.00 -609E+7 0.00
RESIDTRUE 1.00 0.00 430E+8

Statistics
R-squared 1 Mean dependent var 0.18
Adjusted R-squared 1 S.D. dependent var 1.36
S.E. of regression 0 Akaike info criterion -41.14
Sum squared resid 0 Schwarz criterion -40.96
Log likelihood 1733.77 Hannan-Quinn criter. -41.07
F-statistic 413E+18 Durbin-Watson stat 1.98
Prob(F-statistic) 0.00

As shown by Table 6, the residual coefficient is equal to 1. This estimation result is

true to the theoretical approach on ordinary least square.
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4.6. Unknown factors in liquidity instruments

The second HQLA estimation, using residual as a regressor, we got a residual coef-
ficient which was not equal to 1. As previously mentioned, the residual coefficient
should be 1 when we use it as a regressor. Based on this contradiction fact, we did
several test to check if the estimation result were correct, which are:

o Check all the residual data quality, this includes sample period, re-extracting
the residual from each estimation;

+ Re-estimate the regression using residual as a regressor. This process involves:
- Using exactly the same model with the model that did not include the re-
sidual;
- Using the same sample period with the model without the residual;
- Using regressor which mirror the model without the residual.

Allrobustness checks indicated that the unknown factor had an impact to the change
in liquidity instruments, the coeflicient of all residuals did not equal to 1 (as shown
by Table 7). One possibility than can create this condition is that the regressions re-
estimate the fixed effect coefficient which represents the idiosyncrasy of each bank,
thus treat the residual as a new variable instead of just residual. While this finding
did not satisfy the original claim, this finding points that the existence of unknown
driving factors that may influence the estimation via the dynamics with the idiosyn-
crasy of each bank.

Table 7. Robustness Check Using Different Set-ups

Dependent Variable: DAAMINRP

Variable Coefficient Std. Error t-Statistic Prob.
C -13.84 598 -2.32 0.02
CAR 0.29 013 2.23 0.03
GDP 1.25 0.62 2.02 0.05
CPI 033 0.1 3.02 0.00
DAAMINRP(-1) -0.17 0 -145 0.15
RESIDUAL -0.24 012 -2.10 0.04
Statistics
R-squared 0.16 Mean dependent var 0.20
Adjusted R-squared 0.10 S.D. dependent var 141
S.E. of regression 1.34 Akaike info criterion 349
Sum squared resid 129.00 Schwarz criterion 3.68
Log likelihood -130.30 Hannan-Quinn criter. 3.57
F-statistic 2.71 Durbin-Watson stat 2.07

Prob(F-statistic) 0.03




Macroprudential Liquidity Stress Test: An Application to Indonesian Banks

5. Conclusion

The LST framework plays a huge role in assessing the conditions of banks. At pre-
sent, the test is run separately from solvency stress test. While, an island-by-island
run test may be proper when the policymaker is interest in specific conditions of
banks (e.g. liquidity), it does not provide a complete picture of the general develop-
ment in the banking system.

We provide a more complete framework for assessing the banking system by integrat-
ing solvency and liquidity tests. Specifically, we expand the standard LST to capture
the impact of the idiosyncratic, macroeconomic, and unknown factors on haircuts/
run-oft rates. Within our LST framework, the impact of these conditions is transmit-
ted dynamically. We show that both idiosyncratic and macroeconomic conditions
influence run-oft/haircut rates. In the short run, the macroeconomic conditions do
not trigger run on liquidity. By incorporating the unknown factors—(interpreted
as herding behavior, reference bias and narrative) — we find that macroeconomic
conditions affect the run-oft of corporate bonds with higher rating. In the medium
term, unknown factors drive the run-oft of foreign currency denominated corporate
bonds, whereas, in the long term, most liquidity runs are influenced by idiosyncratic
and macroeconomic conditions. In addition, we show that run on customer deposits
is heavily triggered by the idiosyncratic and unknown factors. Macroeconomic con-
ditions do affect run on customer deposits within the short and medium terms; but
this is contingent on the type of instruments.

Our findings imply that financial authorities should consider unknown factors, when
assessing the soundness of banking systems. Idiosyncratic and macroeconomic fac-
tors are very important and should be used as leading indicators of liquidity runs.
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Appendix 1 - Bond Pricing Methods, Mathematical Expression

Modified Duration Mathematical Expression

Mod Durz[Macaulay Duration
(1+yt™M)
n
PV(C)xt PV(C+F)xn
Mac Dur =
acbur Z Market Price Bond+ * Market Price Bond

t=1
Let’s rewrite the formula:

_ n PV(C) xt PV(C+Ft)><n\ 1
Mod Dur = (Z‘=1 PV(C+F)  PV(CHF) [ (1+ytM)

1
NCPF] (X PV(Q)xt+PV (C+Fy) xn)-

Mod Dur =

(T+ytM)

Where (3.f-1 PV(C) X t + PV(C + F;) X n)is the remaining cashflow.

Let X be Mod Dur and H be adjusted cash flow, above formula can be rewritten into

1 1

" PV(C+Fy) ; (1+ytM)

Rearranging the formula

1
(1+ytm)

PV(C+F)= or PV(C+F)=5Z

Here we have PV of a bond as a function of discount factor and its adjusted cash flow
(%). The adjustment comes from change in interest rate or yield to bond price.

Present Value with Stressed Yield

C C+F
(14 yerx+ st 777 (14 yebx+ sepn) B0

PV=
Where x +5,and x + s, are additional factors to yield.

Let’s rewrite the additional factors:

x+s, =0

Now we have:

C C+F
T+ye+ 8t 7T (14 y+ 8 D

PV(C+F)=(

Simplifying the formula, we have:

PV(C+F)=CZ+..+(C+F)Z

Here we have PV of a bond as a function of its cash flow and adjusted discount factor.
The adjustment considers yield changes in all tenure.
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