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Abstract

We assess the impact of the leverage ratio capital require-
ments on the risk-taking behaviour of banks both theo-
retically and empirically. Conceptually, introducing binding
leverage ratio requirements into a regulatory framework
with risk-based capital requirements induces banks to re-
optimise, shifting from safer to riskier assets (higher asset
risk). Yet, this shift would not be one-for-one due to risk
weight differences, meaning the shift would be associated
with a lower level of leverage (lower insolvency risk). The
interaction of these two changes determines the impact on
the aggregate level of risk. Empirically, we use a difference-
in-differences setup to compare the behaviour of UK banks
subject to the leverage ratio requirements (LR banks) to oth-
erwise similar banks (non-LR banks). Our results show that
LR banks did not increase asset risk, and slightly reduced
leverage levels, compared to the control group after the
introduction of leverage ratio in the UK. As expected, these
two changes led to a lower aggregate level of risk. Emperi-
cal results indicate that credit default swap spreads on the
5-year subordinated debt of LR banks decreased relative to
non-LR banks post leverage ratio introduction, suggesting
the market viewed LR banks as less risky, especially during
the COVID 19 stress.
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1 | INTRODUCTION

In the years leading to the 2007-2008 great financial crisis (GFC), households, companies, banks and even govern-
ments borrowed intensively, leading to unprecedented levels of leverage. This was driven by factors such as financial
innovation (e.g., securitisation) and falling real interest rates in major economies. These factors increased affordabil-
ity, facilitated access to debt and reduced credit standards. When the crisis hit, several major banks, such as Lehman
Brothers, were highly leveraged. Given their unique position in the system, the high leverage of banks has contributed
significantly to the propagation of the crisis effects. Following the crisis, the Basel Committee on Banking Supervi-
sion (BCBS) introduced a set of reforms aiming to increase the level of bank regulatory capital and improve its quality,
enhance the measurement of risk, address excessive leverage and liquidity risk, mitigate systemic risk, and improve
bank supervision and market discipline (Basel Committee on Banking Supervision (BCBS), 2017). The reforms included
changes to the pre-existing risk-based framework, introducing new capital and liquidity requirements and additional
requirements for global systemically important banks (GSIBs), supporting stronger banking supervision (Pillar 2), and
enhancing disclosure requirements (Pillar 111).1 The leverage ratio was a part of the new capital measures introduced in
2010. It is equal to Tier 1 capital divided by total leverage ratio exposure measure (LEM). LEM generally follows gross
accounting values (i.e., no netting of assets against liabilities), and does not consider collateral (physical or financial) or
other credit risk reduction techniques (e.g., guarantees). It consists of four main components, (i) on-balance sheet expo-
sures (accounting assets), (i) off-balance sheet exposures (for instance, credit facilities), (iii) derivatives exposures,?
and (iv) securities financing transaction exposures (SFTs), such as repo and repo-like transactions. Therefore, both on-
balance sheet and off-balance sheet exposures of banks are captured by the leverage ratio in risk-neutral fashion,
without applying risk weights, as opposed to the risk-based capital requirements. By adequately measuring sources
of leverage, the ratio aims to prevent the build-up of excessive leverage during credit booms and the corresponding
destabilising deleveraging in busts (BCBS, 2014) and reduce the risk of bank runs (Dermine, 2015).

When introduced into a regulatory regime with only risk-based requirements, the leverage ratio imposes a de
facto floor risk weight for all exposures. This floor would be binding for the low-risk activities with low-risk weights
(e.g., repo lending and client clearing services), increasing the capital base required to support these activities, and
making them relatively more costly economically compared to other riskier activities (for instance, lending to small
businesses). As a result, the leverage ratio introduction may induce a risk-shifting towards riskier assets, especially
when it is the binding constraint (Choi et al., 2020). However, for a constant level of capital, the increase in asset-risk
would be accompanied by a lower level of leverage (i.e., lower insolvency risk). Thus, the impact on the aggregate level
of risk relies on the interaction of these two forces. This paper aims to investigate the impact of the leverage ratio on
asset risk, insolvency risk and aggregate level of risk of UK banks, since it was introduced to the regulatory regime in
2016.

The leverage ratio framework was first introduced as a requirement in the UK in 2016 and was applicable
at the time to banking groups with £50 billion® or more in retail deposits®. It has since been part of the reg-
ulatory regime for banks in the UK, which consists of the same components of the Basel Il reforms discussed
above. Since the leverage ratio was only applicable to a subgroup of banks, its implementation provides an ideal
framework for a difference-in-differences (DiD) empirical exercise. We start our assessment by building a stylised

analytical model to illustrate how the leverage ratio introduction affects asset risk, insolvency risk and aggregate
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level of risk. The model assesses how the introduction of the leverage ratio affects the size and composition of

a stylised bank’s assets, subject to risk-based capital requirements only. We then test the insights from the theo-
retical model empirically using a DiD exercise, which compares the risk-taking behaviour of banks subject to the
leverage ratio (LR banks) relative to similar banks not subject to it (non-LR banks). We assess the effects of the
leverage ratio on asset risk and insolvency risk by comparing the composition of assets in terms of riskiness and
level of leverage of LR banks to those of non-LR banks. To assess the effects on the aggregate level of risk, we track
the movements in credit defaul swaps (CDS) spreads of LR banks relative to non-LR banks after the leverage ratio
introduction.

Our theoretical model indicates that, when the leverage ratio is introduced into a risk-based only regulatory regime,
a bank with binding leverage ratio requirements could reallocate towards assets with higher risk. This shift would not
be one-for-one, due to the higher risk weights the riskier assets attract, making the bank less leveraged.® Nevertheless,
this risk shifting would only happen if the returns of the riskier assets are high enough to incentivise banks to reallo-
cate their capital towards them. If the risk and capital-adjusted returns were lower on riskier assets than safer assets,
the risk shifting will be limited or will not happen entirely. Such scenario is more likely to materialise in a low-yield
environment, like that after GFC up until the second half of 2021.

Our empirical exercise suggests that LR banks did not increase asset risk, and slightly reduced leverage lev-
els, compared to the control group after the introduction of leverage ratio in the UK. These two changes led to
a lower aggregate level of risk. The DiD results show that CDS spreads of LR banks fell substantially relative to
non-LR banks post leverage ratio introduction, suggesting the market viewed LR banks as less risky, especially in
stress.

The remainder of the paper is as follows. Section 2 discusses the relevant literature on the leverage ratio and its
implementation in the UK. Section 3 includes our theoretical model. Section 4 describes our dataset and Section 5
outlines the design of our empirical exercise. Section 6 presents our results, and Section 7 describe the robustness

checks we employed. Section 8 concludes.

2 | RELATED LITERATURE

The risk-based capital requirements came into the scene in the 1980s in an attempt to prevent falls in bank cap-
ital positions like those witnessed in the 1970s (Jacques & Nigro, 1997). These requirements were emphasised by
Basel standards in 1988, and then supplemented by approaches that aim to improve risk management incentives for
banks in Basel Il framework in 2004 (Leeladhar, 2007). While some earlier studies assess the impact of regulation on
bank capital positions (e.g., Ediz et al., 1998; Rime, 2001), many focus on the effects of regulations on bank behaviour,
especially risk-taking incentives. Most authors suggest that banking regulation generally reduce risk-taking of banks
(for instance, Bolt & Tieman, 2004; Godlewski, 2005; Rime, 2001; and Rochet, 1992). However, this effect is largely
determined by several factors such as competition (Gonzalez, 2005), bank market power (Agoraki et al., 2011), bank
(ex-ante) riskiness (Klomp & De Haan, 2012), and corporate governance structure (Laeven & Levine, 2009). Some stud-
ies have attempted to assess the effects of certain parts of the banking regulatory regime on risk-taking incentives,
such as composition of bank regulatory capital (Fatouh & McCunn, 2022; and Martynova & Perotti, 2018), liquid-
ity requirements (Roulet, 2018), and interactions between liquidity and capital requirements (Acosta-Smith, 2019).
We contribute this strand of the literature by assessing the risk-taking implications of the leverage ratio as a main
component of the post crisis reforms.

Prior to the introduction of the leverage ratio, the regulatory regime was primarily dominated by the risk-weighted
capital requirements, which induced banks (especially under-capitalised banks) to restructure their assets towards
low-risk activities which carry low risk weights such as sovereign bonds (Acharya & Steffen, 2015; and Fatouh et al.,
2021). As such, there is a growing literature assessing the impact of the leverage ratio on bank behaviour (e.g., Acosta-
Smith, Grill et al., 2020; and Neamtu & Vo, 2021), and especially bank provision of low-risk activities. Earlier studies (for
instance, Baranova et al., 2017; Bicu-Lieb et al., 2020; Cenedese et al., 2021; Kotidis & Van Horen, 2018; and Noss &
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Patel, 2019) suggest that the leverage ratio can affect banks’ incentives to engage in low-risk activities. However, more
recent analyses (e.g., Fatouh et al., 2021; Fatouh et al., 2022; and Gerba & Katsoulis, 2021) indicate that the effects of
leverage ratio are confined to the pricing rather than the amounts of low-risk funding banks provide in the gilt repo

market. Fatouh et al. (2022) argue that the two views can be reconciled by looking at the period the studies cover. The
first set of studies covers early phases just after leverage ratio introduction during which banks were still adapting to
the change in the regulatory regime. Later studies cover later stages, when banks had already adjusted their asset mix.
As banks subject to the leverage ratio have stronger capital positions, the ratio could have positive effects on low-risk
activities provision in stress. We add to this literature not only by assessing the risk-taking implications of the leverage
ratio, but also its effects on the composition of banks asset mix.

3 | THE THEORETICAL MODEL
3.1 | The baseline model

Consider a bank with two assets, safe gilts (S) and risky loans (L). The bank is endowed with a fixed amount of equity

capital (E) and aims to maximise profits.
T =rsS+rl—[6s(S)]S—[6 (L)L (1)

where, r;: gross return on asset i; §;: the probability of default on asset i, an increasing function in the size of the
asset (6, > &s). The bank is subject to risk-based capital requirements set at y4 as follows, where w; is the risk-weight

allocated to asset i (w; > ws):

E
- - >
weS+wL — X1 2

However, the regulator recently introduced the following leverage ratio requirements set at y,:

T2 @®

We assess the impact of leverage ratio introduction on the optimal allocation between gilts and loans. Since the

leverage ratio is applicable at the level of the banking group, both requirements in our model apply to the bank as one

unit. However, a bank may choose to apply the requirements to individual business units. We consider this scenario

in Appendix A2.6 Hence, the bank problem is expressed by Equations (1) and (2) prior to the leverage ratio, and Equa-

tions (1), (2) and (3) after its introduction. The optimal values of S and L before the leverage ratio introduction, S, and
L* ., respectively, are:

pre’

E
:/Ltrs —-rn + 26L_WL)(1
5;re = WL ws (4)
2 (Eas + W_L6L)

ws E
=1 —rs+ 28—

 _ W L=rst SWS)M

bore = =\ (%)
2(W_555+ W_L5L)

When the leverage ratio is introduced, the bank would be bound by either the risk-based or leverage ratio
requirements.” In the first case, Equation (3) would be redundant, and the optimal values in Equations (4) and (5) would
not change. Meanwhile, if the leverage ratio was the binding constraint, the optimal values of S and L post LR, Szost and
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E
I’L—f5+255—
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Pt = T2 (65 +60) 7

Since 8, > 85, w; > ws, W x1 > x2,and wsyq < x», the optimal allocation shifts towards less gilts and more loans,
but total assets fall, implying a lower level of leverage. Since the increase in asset risk is accompanied with lower lever-
age (insolvency risk), the leverage ratio’s impact on the aggregate level of risk depends on the interaction between
these two forces. That is, for a constant level of capital, any risk shifting creates two effects pulling on opposite direc-
tions on the aggregate level of risk of the bank, and the net impact depends on the balance of these two forces. The
aggregate level of risk can be measured by the weighted average probability of default D on the two assets:

D =65 (S>S—iL + 6L(L)SL+L (8)

If the weighted average probability of default post leverage ratio introduction, Dpost, is lower than that before it,
Dp,e, the bank’s aggregate level of the risk falls, and vice versa. In our empirical exercise, we assess the effects of lever-
age ratio on asset risk and insolvency risk by comparing the composition of assets in terms of riskiness and the level of
leverage for banks subject to the leverage ratio (LR banks) to similar banks outside its scope (non-LR banks). To assess
effects on aggregate level of risk, we compare the movements in CDS spreads for LR banks relative to non-LR banks

after the introduction of leverage ratio.

3.2 | Leverage ratio and asset-risk a further look

The predictions above (higher asset risk and lower leverage) after leverage ratio introduction are based on the assump-
tion that conditions in the markets for both gilts and loans make it optimal for the banks to switch towards less gilts
and more loans. In other words, for the shift from gilts to loans to happen, the market conditions should allow the risk-
adjusted-capital-adjusted returns (marginal return on equity, ROE, of an additional £1 of an asset) on the two assets to

be similar. That is:

r5—555 _ ry —55’.

Es E ©)

If market conditions mean 9 that the left-hand side (LHS) of the Equation (9) is considerably higher than the right-
hand side (RHS), the risk shifting will likely be limited. Leverage ratio introduction would increase Es, reducing the LHS.
Yet, if the increase in E; was not large enough, the adjusted return on gilts would remain higher, resulting in no risk
shifting. Such scenario is more likely to materialise in a low-yields environment like that post GFC up until the second

half of 2021, during which the leverage ratio was introduced.®

4 | DATA

Our sample includes 173 UK banking groups, eight of which were subject to the leverage ratio.” Our dataset

runs from January 2014 to December 2020 on quarterly basis, and comes from two main sources, Bank of Eng-
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TABLE 1 Descriptive statistics on the data
Variables Obs Mean Std. Dev. Min Max
Size (log of total leverage ratio exposures, 4,572 21.36647 2.384576 15.17968 28.45957

LREs)

Log(Core Equity Tier 1) 4,643 18.90637 2.070735 15.03349 25.36766
Log(Tier 1) 4,643 18.93763 2.096483 15.03349 25.53545
Off Balance Sheet exposures (to total LRES) 4,575 0.0604918 1661051 0 0.333333
Leverage ratio 4,376 0.0991519 0.0751769 0.0117734 0.4969269
RWA (to total LREs) (%) 4,575 0.993449 28.75438 0 1383.945
Log(Exposures with 0% RW) 4,410 19.30819 2.516401 6.907755 26.42371
Log(Exposures with]0%-12% RW) 1,551 20.26682 3.63618 3.871201 27.15942
Log(Exposures with]12%-20% RW) 4,449 18.55549 2.621793 4.60517 26.0656
Log(Exposures with]20%-50% RW) 4,277 19.68325 2.627352 9.987007 26.773
Log(Exposures with]50%-75% RW) 3,074 17.09705 3.747752 2.873565 26.03647
Log(Exposures with]75%-100% RW) 4,433 18.90037 2.608926 7.833637 26.23265
Log(Exposures in default) 2,954 16.32741 2.816726 5.433372 24.43558
Log(Mortgages) 3,102 19.93467 2.665834 10.6055 26.59538
Log(Sovereign exp) 4,404 19.81806 2.354258 6.726273 26.94187
Log(Bank loans) 4,490 18.47005 2.072866 9.303831 25.29551
Log(Financial corporates loans) 1,674 17.69132 3.343819 0.6931472 24.55176
Log(Non-financial corporates loans) 2,730 18.36485 3.495803 4067316 26.88868
Log(SME loans) 1,904 17.47616 3.525487 3.09603 24.34852
Log(Non-financial businesses loans) 3,239 18.285 3.52331 4067316 26.90185
Log(Retail loans) 3,041 16.44084 3.821936 2.873565 25.7537
Log(Tot Securities exp) 4,466 20.13993 2.550332 6.726273 27.15941
Log(Derivatives exp) 2,918 16.90445 4.153779 2.70805 26.36517
Log(Repos exp) 1,107 20.6049 3.776 5.987004 26.13937
CDS spreads on 5Y subordinated debt (bps) 54,397 162.5631 125.1609 -1.32 1,775

Source: CDS spreads from Refinitive Eikon; exposure data from Bank of England regulatory returns.

land’s regulatory returns and Refintiv Eikon. The regulatory returns contain detailed information about banks,
including types of assets/exposures (for example mortgages, loans to businesses, securities, off-balance sheet
exposures), risk weighted assets (RWAs), decomposition of leverage ratio total exposures by risk weight buck-
ets, and capital positions. In line with the reporting requirements, these regulatory returns include information
for all banks at different levels of consolidation. We focus on consolidated group data, as the leverage ratio
requirements at inception applied at the group consolidation level'®. Hence, although the leverage treatment of
on-balance sheet exposures is generally based on the accounting treatment, our analysis would not be contami-
nated by the effects of intra-group exposures, which are dropped with the consolidation of accounts of different
subsidiaries of a group. More specifically, if our assessment was carried out at the level of banking entities, our
assessment could be largely affected by exposures between different entities of the same group. We use reg-
ulatory data to assess the leverage ratio effects on asset risk and levels of leverage. For the aggregate level
of risk, we use spreads on 5-year subordinated debt from Refintiv Eikon. Table 1 provides an overview of our
dataset.
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5 | EMPIRICAL DESIGN
5.1 | Baseline DiD model

At its introduction, the leverage ratio was applicable only to a sub-group of banks. This provides a suitable setup
for a DiD exercise. The DiD model allows us to compare the behaviour of LR banks to non-LR banks post the lever-
age ratio introduction, and hence test our theoretical predictions. Following Giansante et al. (2022), our main DiD

regression is:
log (Y,-,t) = i + &1 (Treated; LR) + &, (Treated; Cibls; LR) + y1LR + y,LRCibls; + 6X;+ + ¢ (X,~Yt LR) + vy (10)

where, Y;: log of exposures (in different risk weight buckets, or of different types), average risk weight, actual lever-
age ratio, or CDS spreads. ;: bank fixed effect; Treated;: treatment dummy, set to 1 for LR banks and O otherwise. LR:
treatment time dummy, which is set to O before 2016 Q1 and 1 afterwards. Cibls;: a dummy for The UK government’s
Coronavirus Business Interruption Lending Scheme (CIBLS) %, which is equal to 1 for banks participating in the scheme
and O otherwise. Treated; x LR: interaction of treatment and time dummies. Treated; x Cibls; x LR: triple interaction of
treatment, CIBLS and time dummies. X; ;: a matrix of controls; X;; LR: interaction variables to control for heterogeneous
responses due the nature of the banks. To allow for serial correlation over time, we use standard errors clustered at

bank level.

5.2 | Propensity score matching

As mentioned earlier, the leverage ratio in the UK was applicable only to banks with retails deposits of £50 billion or
more. Hence, the selection into the treatment group (i.e., LR banks) is not random, as it reflects certain bank charac-
teristics, such as size and business model. LR banks are relatively bigger and have more diverse business models than
non-LR banks. This makes our results prone to selection bias effects, since differences in risk-taking behaviour could be
driven by these bank characteristics rather than the treatment status. Indeed, as Figure 1illustrates, there were some
differences between LR banks and LR banks and non-LR before the introduction of the leverage ratio. For example, the
trend of falling average risk weights and increasing leverage ratios (Panel (c)) of LR banks pre-dates the leverage ratio
framework (and even started before our sample). As such, by implementing a DiD on the whole treatment and control
groups, we may underestimate or overestimate the effects of the leverage ratio.

To address the potential selection bias and isolate the impact of the leverage ratio, we use a propensity-
score-matching to create a comparable control group for each treated bank, following Rodnyansky and Dar-
mouni (2017) and Giansante et al. (2022). We do the matching in three steps. First, we regress the treatment
dummy on bank-level variables, reflecting size, business model, and capitalisation to determine bank character-
istics correlated with the treatment status. We then match each of the treated banks with the most similar
banks in the control group in terms of these characteristics. We use 1:5 matching ratio, where we match each
treated bank with the most similar five banks in the control group.’? Lastly, we rerun the regressions in the
first step on the matched sample, to check whether differences between the treatment and control groups
disappear.

Table 2 shows correlations between treatment status and size and business models of banks before and
after matching, based on 2015 Q4 data (just before leverage ratio introduction). As the estimates in model
(1) indicate, LR banks were bigger and had more securities and off-balance sheet exposures than non-LR
banks. Post matching, average differences between the treatment and control groups vanish, as model (2)

suggest.
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Panel (a) — Exposures by risk weight buckets (in logs)
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TABLE 2 Propensity score matching

(1) (2)

Variables Treated
Size 1.374* 1.626
(0.273) (1.449)
RWA —-0.387 15.972
(3.419) (10.007)
Tier 1 0.040** 7.183
(0.017) (6.203)
Tot securities —2.758* —21.613
(1.497) (21.910)
Off Balance Sheet exp. 4.820** 18.836
(1.934) (23.465)
Matching -pre -post
Adj. R-squared 0.863 0.553
p-value 0.000 0.002
N 151 42

Note: Probit regressing the treatment on bank characteristics in 2015Q4. The dependent variable is the bank treatment status.
The independent variables are size measured as the log of total leverage exposures, risk weighted assets over total leverage
exposure, Tier 1 capital over risk weighted assets, total securities over total leverage exposure and off-balance sheet exposure
over total leverage exposure. Model (1) reports the pre-matching results while model (2) reports the post matching results
with a matching ratio of 1:5. Coefficients and standard errors are reported for each variable. Standard errors are clustered at
the bank level and reported between parentheses.

*p <0.10.

**p < 0.05.

***p <0.01.

6 | RESULTS

6.1 | Asset risk

Our earlier theoretical assessment suggests that introducing the leverage ratio into a regulatory regime with only risk-
based capital requirements may induce banks to increase riskiness of their assets. To assess this insight empirically, we
run the DiD model in Equation (10) for average risk weight, and exposures in different risk weight buckets, to investi-
gate whether LR banks show any shift towards higher risk weight buckets and/or any increases in average risk weights,
relative to the control group. Results are shown in Table 3.

On average, the decomposition of total exposures by risk weight buckets of LR banks does not show statistically
significant differences relative to non-LR banks. This suggests that compared to non-LR banks, LR banks did not shift
towards assets in higher risk weight buckets following the leverage ratio introduction. Nevertheless, the negative
coefficient on the average risk weight gives an indication that LR banks reduced their average risk weight by about
7 percentage points, in line with Figure 1 panel (c). This suggests that LR banks did not increase asset risk, compared
to non-LR banks. Results hold even if we exclude the COVID period (panel (b) of Table 3). We also further support this
assessment by running the DiD model for different asset classes or exposure types. The results of these regressions

are in Appendix A4.
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TABLE 4 DiD results for CDS spreads on 5-year subordinated debt
Including COVID Excluding COVID
period period
CDS spreads on 5Y
subordinated debt (1) (2)
Treated * LR —150.0"** —-110.3***
(19.12) (17.87)
Observations 16,377 15,615
R-squared 0.471 0.529
LR YES YES
Controls YES YES
Controls * LR YES YES
Bank FEs YES YES

Note: Coefficient estimates of daily CDS spreads on 5-year subordinated debt from 1 January 2014 to 31 December 2020.
Treatment status Treated; equals to 1 for LR banks and O for non-LR banks. Controls are size measured as the log of total
leverage exposure, Tier1 capital ratio, risk weighted assets, securities over total leverage exposure and off-balance sheet over
total leverage exposure to control business models. Standard errors (in parentheses) are clustered at the bank level.
Abbreviation: LR, leverage ratio.

*p < 0.10.

**p < 0.05.

***p<0.01.

6.2 | Insolvency risk

Our theoretical model results indicate that any shift from safer towards riskier assets would be less than 1-for-1,
due to the higher risk weights riskier assets attract. As such, the introduction of leverage ratio requirements would
lead to lower levels of leverage and insolvency risk. To assess effects on insolvency risk, we run the DiD model for
the (regulatory) leverage ratio, defined as Tier 1 capital divided by total leverage ratio exposure measure. As such,
a positive change (an increase) in the leverage ratio reflects lower level of leverage and lower insolvency risk. As
results in Table 3 show, LR banks increased their leverage ratios compared to non-LR banks by 6.2 bps, on aver-
age. In terms of magnitude, this increase resembles only a marginal improvement in the solvency of LR banks, as
it represents around 1%-1.5% rise in the leverage ratios of LR banks. This indicates a slight reduction in insol-
vency risk of LR banks, relative to the control group. This is not unexpectable given that LR banks did not increase
their asset risk as shown above. We think that these increases are driven by banks desire to disclose strong capital
positions to the market and meet other requirements that changed with the introduction of leverage ratio such as

stress-testing.

6.3 | Aggregate level of risk

The effects on the aggregate level of risk in our theoretical exercise rely on the interaction between the increase in
asset risk and the fall in insolvency risk. With a stable asset risk and slightly falling insolvency risk, as the two sec-
tions above show, we expect the aggregate level of risk of LR bank to fall, or at least not increase, relative to non-LR
banks. To assess this prediction, we run the DiD model for average CDS spreads on 5-year subordinated debt. Results
in Table 4 suggest that CDS spreads of LR banks fell by 1.5 pps (1.1 pps if COVID stress is excluded) compared to non-
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LR banks. This effect is significant in terms of magnitude, as it is an equivalent to more than 92% (67% when excluding
COVID stress) of the average CDS spread in our sample (Table 1). Therefore, although the leverage ratio led to a slight
fall in the level of leverage, investors appear to have viewed LR banks more creditworthy and resilient, especially in
stress.

7 | ROBUSTNESS TESTS

In this section, we present the experiments we ran to ensure robustness of our results. The first two tests include
rerunning the DiD models with artificial treatment timing, and using an alternative treatment group, to falsify
the treatment timing and treatment status, respectively. In the third test, we rerun our DiD models after drop-
ping the COVID-19 period. The fourth experiment reruns estimations using a shorter event window, whereas the
fifth uses a collapsed pre-post event window. We drop bank level controls and use entropy balancing match-
ing method in the in the sixth and seventh tests. The eighth and ninth experiments drop high disequilibrium
between returns on risky and safe assets, and use event studies with staggered treatment techniques, respec-
tively. In the last test, we run our DiD model using equity returns as an alternative measure of aggregate level of

risk.

7.1 | Timing effects

We do two separate experiments on the timing of treatment. In the first experiment, we drop the leverage ratio period
from our sample completely (i.e., all observations from 2016 onwards). This leaves us with 2 years (eight quarters) of
data. We create an artificial treatment at the middle of that period (end 2014) and rerun our three DiD regressions.
In the second experiment, we keep the original dataset, but move the treatment timing from beginning of 2016 to the
middle of the entire sample (i.e., start of July 2017), and rerun the DiD regressions. Results for both experiments are
presented in Table 5. As the results suggest, in contrast to the baseline, the treatment effects for the leverage ratio
(insolvency risk) disappear, and the treatment group starts to show some relative differences from the control group
in terms of the decomposition of exposures by risk weight buckets. The CDS spreads of LR banks increase rather than
decrease relative to control group (Panel (b)).

To further investigate the timing effects, we estimate the marginal treatment effects for each year in our
sample. These effects are presented in Figure 2. Panel (a) shows that the average risk weights of LR banks
show non-statistically significant increases relative to those of non-LR banks. Meanwhile the leverage ratios of
LR banks (Panel (b)) started to increase relative to non-LR banks in 2015, and continued this trend in the fol-
lowing years, except for 2017. However, the differences between the treatment and control groups were not
statistically significant, except in 2016. This suggests that most of the treatment effect of the level of lever-
age crystallised within 1 year of the introduction of the leverage ratio. This largely explains the patterns we
observe in Panel (c), where CDS spreads of LR banks demonstrate the largest drop relative to those of non-
LR banks in 2016. Smaller dropped appear in the following years, except in 2019. The results shown in the
three panels are in line with our baseline results on asset risk, insolvency risk and the aggregate level of
risk.

7.2 | Using an alternative treatment group

In this experiment, we drop LR banks from the sample, and generate an alternative treatment group that includes

banks from the control group that are most matched with LR banks in the propensity score matching we carried out
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Panel (a) — Average risk weights (asset risk)
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FIGURE 2 Timing effects (marginal
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in the baseline analysis. We then compare the behaviour of this alternative treatment group to the rest of the control
group. The rational of this placebo test is as follows. The alternative treatment group includes banks most similar to
the actual treatment group, which would most likely have been in the treatment group if the LR banks did not exist. As
with the treatment timing experiments, treatment effects for the leverage ratio disappear, some differences appear for
the decomposition of exposures by risk weight buckets, and CDS spreads of the (alternative) treatment group increase
rather than decrease relative to control group (Table 5, 6).

7.3 | Results excluding the COVID period

As documented in recent literature (see Berger & Demirguc-Kunt, 2021, for a well-structured literature review on
banking research during COVID-19), the COVID period represented a very different scenario from other crises. This
is mainly due to its origin, outside the financial system as compared to the 2007-2008 crisis, its direction of causation,
which was also not from banking issues, and the speed and cost of government interventions (Berger & Roman, 2020;
Fatouh et al., 2021). To ensure our results are not driven by the one-off event of COVID-19, we rerun our DiD models
after dropping observations after 2019 Q4. Results for these regressions are displayed in Table 3 and Table 4, and are

consistent with the results of the baseline regressions, but slightly smaller.

7.4 | Using a shorter event window

Instead of using the whole sample, in this experiment we rerun our baseline models using a shorter event window.
Particularly, we truncate our sample at the end of 2017, creating a 4-year event window around the introduction of
leverage ratio (2 years before and after). Results of this test are presented in Table 6, and are in line with the baseline

results.

7.5 | Using a collapsed event window

Bertrand et al. (2004) point out that serial correlation in a DiD estimation can result in a downward bias in estimated
standard errors. To address this issue, we rerun our baseline models using collapsed per-treatment and post-treatment
periods. We create the collapsed periods by averaging our data before and after the introduction of leverage ratio in
2016. The DiD results for this experiment are reported in Table 7 and are consistent with the baseline results.

7.6 | Dropping controls

The existence of time-varying control variables may contaminate DiD estimations (Atanasov & Black, 2016). We mit-
igate this concern by re-running our baseline estimations without any bank-level controls. As Table 8 shows, our
baseline results hold even when the time varying controls are excluded.

7.7 | Using an alternative matching technique (entropy balancing)

Rather than using propensity score matching, in this experiment we employ the entropy balancing method suggested

by Hainmueller and Xu (2013). This method assigns weights to banks in the control group to establish perfect over-

lapping of bank-level controls between the treatment and control groups. The advantage of entropy balancing is in its

85UB017 SUOWIWIOD A1) B|eal|dde au A pausenof aie piLe WO ‘88N JO s8I 104 AXIq1T 8UIIUO /B]IM UO (SUORIPUOD-PUe-SWe}/W00" A3 | 1M AReIq 1 [euUo//:SdhL) SUORIPUOD pUe SLLB | 84} 89S *[£202/2T/02] Uo Aiqiaulju A8|IM 'S JO AiseAIUN UeIBBMION NUIN Aq GBTZT ILY/TTTT OT/I0p/W0d"A8| M Atelq U1 juO//Sdiy WOy papeojumod ‘0 ‘9Tv089KT



14680416, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/fmii.12185 by Ntnu Norwegian University Of S, Wiley Online Library on [20/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

FATOUH ET AL.

(sanuiuo))

S3IA S3IA S3IA S3A S3A S3A S3A S3A S3IA s34>jueg
S3IA S3IA S3IA S3IA S3A S3A S3A S3A S3IA Y7 . S|043u0D
S3IA S3IA S3IA S3IA S3A S3A S3A S3A S3IA s|od3uod
S3A S3A S3A S3A S3A S3A S3A S3A S3A a1
8¢80 GL60 2850 260 8940 S0 9090 GESO 8€L0 paJenbs-y
SSY €€e8 989 (0)4°] 12L €55 609 (0)4°] (0)°] SuoljeAlssqo
(858°C) (S¥Z0) (L2¥T) (£807T) (€26°0) (o£8°€) (0g6'T) (¥150°0) (£ST0°0)
69T~ LYE0 €56C 00€T— 9921 TL5Y €80C 88900~ +xG790°0 YT « PaIDAIL
(6) (8) (2) (9) (s) (%) (€) (2) (t)
Jnejop  saunsodxa (Y saunsodxa MY sadnsodxa M\\Y  sa4nsodxa MY sainsodxa sainsodxa 1yS1om  onjeu a8elanaT sa|qeliep
ursainsodx3y  [%00T-%SL[ [%S£-%0sI [%05-%0z[ [9%0z-%cTl  Mu [%eT-%0[ MY %0 st a8esany

$392Nq 3Y319M XsI1 Ag S24nsodxa Jo uoljisodwodap pue s3ysiam ysia d3elaAe ‘oljed a8esaAs)| Sulpus) (e) [sued

(uo13oNpoujul YT J91E pUE 2103 SIEDA Z) MOPUIM USAS I9}I0YS—S)Sa) ssauisnqoy 9 379V.L

® | WILEY



14680416, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/fmii.12185 by Ntnu Norwegian University Of S, Wiley Online Library on [20/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY

‘013e. 98BJ9A3| YT :UoIIeINRIqqY

TO0>d ,,, G00>d ,,0T°0>d, ‘|9A3] Yueq a3 18 paualsn|d aJe (sasayiualed ul) S10.149 pIEPUR]S 'S|9POW $SaUISNJ [041U0D 0] 91Nsodxa 93e4aA3| [e10)

J9A0 193Ys 9due|eq-4J0 pue 21nsodxa 93e49A3]| |B10} JOAO SD1HINIDS ‘$39SSe PaY3IaM X1l ‘olled |ejided 131 ‘9ansodxs 93e4aA9)| |e303 JO 30| 9Y) Se PaJnsesw z|s dJe S|0J4juo)) ‘syueq y-uou
10} 0 pue syueq Y7404 T 03 sjenba 'pajpa) snieys juswieal] */TOZ Joquiadad TE 03 T0Z Adenuer TQ WoJj 3qap pajeulpiogns Jeak-G uo spealds 5D Ajlep JO S93ew}ss Juaidlya0)) :(q) |aued
‘700> d,,, ‘500> d,,

‘0T°0 > d , ‘|9A3] dueq ay3 1e paaalsn|d aJe (sasayjualed ul) S10449 pJepue)S S|9poW SSauUIsn( [0J3U0d 0} 24nsodxs 93e4aA3| |B10] JSAO }93YS 9dUe[eg-4JO pue 94nsodxs 93e4aA3| |BJ0) JSAO
$91314N295 ‘S19sSe Pajy3Iam ysiJ ‘olje. [e3ided Tua1] ‘@insodxa a3e.aaAd] |e303 JO 30| 9y} Se paanseawl 9zIS 9Je S|0Ju0D) ey} 94042q O PUe ‘9T Q7 Ue[ Wo.) T 03 s|enba ¥y "syueq-y7 uou 1oy Q pue
sjueq Y7 404 T 03 s|enba ‘pajpal) sniels Juswiead] ‘oljed Sulydjew G:T e 3uisn O £T0Z 03 TO H10Z WOy syueq Jo saunsodxs Aloje|n3au Ajua14enb Jo sa1ew}sa JusIdIa0)) () |aued 230N

S3IA s343ueg

S3IA a1l

S3IA U1 . s|ouod

S3aA S|0J3u0D

2850 paJenbs-y

C0LTT suoleAIasqo
(S£°8T)

w7 CLE= 7« paI03aiL

3qap pajeulpiogns AG uo speasds s

3qap pajeulpiogns Jeak-g uo speasds g (q) [2ued

(penuiUOD) 9 374dVL

FATOUH €T AL.



14680416, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/fmii.12185 by Ntnu Norwegian University Of S, Wiley Online Library on [20/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

FATOUH ET AL.

(sanuiuo))

€960 paJenbs-y

€5 SuoI}eAIaSqO
(cvey)

A A 7« paI0aiL

3qap pajeulpiogns AG uo spealds s

1gap pajeulpiogns JeaA-g uo speaids a2 (q) [Sued

S3A S3IA S3A S3IA S3A S3IA S3A S3IA S3IA s34>ueg
S3A S3A S3A S3A S3A S3A S3A S3A S3A Y1, S|osuo)
S3A S3A S3A SIA S3A S3A S3A S3IA SIA sjoAuo)
S3A S3A S3A S3A S3A S3A S3A S3A S3A a1
000T 000T 000°T 000T 000T 000T 000'T 0660 6660 paJenbs-y
€9 78 LL 78 78 9S oL 78 ¥8 suoleAIasqo
(869'8) (r9°2) (9¥'1) (og€) (¥92) (L8Y) (88°S) (TeT0) (28800°0)
75€'G— A% ¥59°S 90v'c— 8/E£0— ¢sTe 79€€— 681°0— «»VETO00 4T « p23021L
(6) (8) (2) (9) (S) (¥) (€) (@) (T) sa|qeliep
}nejap saunsodxa sainsodxa saunsodxa sainsodxa saunsodxa sainsodxa WSiamysia onel
u1 saunsodx3 MY MY MY MY MY [%ZT-%0[ MY %0 asesany a5eJansT

[%00T-%S L[ [%5£-%0S[ [%05-%02[ [%02-%¢Tl
s39)2Nnq 3yS1aM ysid Aq saansodxa Jo uoizisodwiodap pue syysiam ysii 93eaaAe ‘onjel agelans| Suipus) (e) |pued

spoltad juswieasi-3sod pue juswiealy-lad pasde|joD—s)sa} ssauisngoy £ 319V1L

2 L WILEY



14680416, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/fmii.12185 by Ntnu Norwegian University Of S, Wiley Online Library on [20/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

-~

WILEY

TO0>d,s

'G0°0>d,,

‘010>d,

‘oned wmew?w_ .w_n_ ‘:uoneinalqqy

‘[9A9] Yueq 9y} Je paJalsn|d aJe (sasayjuaJded ul) S10.419 pIepuelS "S[9POoW Ssaulsnd |043u0d 03 91nsodxe 93e49A3| |BJ0) JOAO J99YS 9dUe|e(-440 pue a1nsodxa 93e.4aA| |10}

J3A0 S31311N235 ‘S3asSe PajySIam dsi ‘oljed [ejided Tual] ‘9insodxa a8esaAs| |e30] Jo S0| ay3 Se paanseaw 9z|s apn|dul pue ‘quawiealy 3sod pue aud padetane aJe S|0JJu0)) “SHueq Y-uou Joj
0 pue syueq ¥ 404 T 01 S|enba pajpai) sniels Juswileal] ‘0Z0Z 01 T0Z WoJ) 1gap pajeulpiogns JeaA-g uo speatds gD Juswieady 3sod pue aud aSelane JO S91eWIISS JUSIDID0D) ((q) |[dued
TO0>d,. ‘SO0>d,, ‘0T°0 > d, ‘|9A9] 3ueq ay3 Je pataisn|d aJe (sasayjuadled ul) siodid

pJepue)s "s|apow Ssauisng |043uod 03 24nsodxa 93eJaA3| |BJ0] JOAO 193YS 9dUe|e(-}40 pue 91nsodxa 93e.1aA3] |30} JOAO S9131INI3S ‘S}asse pajySiam ysiJ ‘olje. [ejided Tua1] ‘9ansodxa a8etans)
|e303 Jo 30| 9y} Se paunseaw 9zIs apn|dul pue ‘Juswiea) 3sod pue a.ad pagdelaAe aJe S[0JJu0)) 1y} 3404a¢ O PUB ‘9T Q7 UBl WO T 03 S|enba 7 "syueq-y7uou Jo) O pue s)ueq y7404 T 03 sjenbs
'pajpai) sniejs Juswieal] -oljes Suiydjew G:T e Suisn D 0Z0Z 03 TO 10T WoJj Syueq Jo saunsodxa Aloje|ndad juawieauy 3sod pue aud aSelane Jo S91eWIIS JUSIDIYD0D) :(B) [aued 910N

SAA s34>ueg
S3AA a1l
S3A U1 . s|o4u0)
S3A s|043u0D)

3qap pajeulpiogns AG uo spealds sad

3qap pajeulpiogns Jeak-g uo speasds sao (q) [2ued

(penuiuod) £ 374VL

FATOUH €T AL.



14680416, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/fmii.12185 by Ntnu Norwegian University Of S, Wiley Online Library on [20/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

FATOUH ET AL.

2 | WILEY

‘0138 28B12A3] Y] :UOIIBIARIqqY

TO0>d,, ‘G0°0>d,, ‘010> d, ‘[9A3] 3ueq ay] Je paJalsn|d aJe (sasayjualed ul) S10443 paepuels "syueq ¥y7-uou Joy
0 pue syueq ¥ 404 T 03 sjenba 'pajpail sniejs Juswieal] ‘0z0Z 03 T0Z Wo.) 3qap pajeulpiogns Jeak-g uo speauds ggo jJuswieauy 3sod pue aud aSeaAe Jo S91ew11sa JUIDI0D) () |dued
TO0>d,y ‘GO°0>d,, ‘0T°0 > d, ‘|9A3] Yueq ay3 Je pa4a3sn|d aJe (sasayjua.ed ul) S10449 paepuels “jeyl 240Jaq O PuUe ‘9Tz Uer woJj T 03 s[enba Y7 'syueq-y7 uou oy pue syueq y740) T 0}
s|enba pajpai snieys Juswies] onred Sulyslew G:T e Suisn D 0Z0Z 01 TO 107 WOo.) sy ued Jo saunsodxs Aloje|nSau juswiess 3sod pue aud 95esaAe JO S91BWIIS JUSIDID0)) () [dued 210N

S3A s34>ueg
S3A a1
/700 paJenbs-y
66EYS suoleAlasqo
(Lz26'1)
€9 TL— 4T « pa302.1L
19ap pajeuipiogns AG uo spealds sgd
1gap pajeulpiogns JeaA-G uo speaids saD (q) |oued
S3A S3A S3A S3A S3A S3A S3A S3A S3A s34>ueg
S3A S3A S3A S3A S3A S3A S3A S3A S3A Al
€610 €900 0000 2900 8510 9¥€0 €000 ¢L00 SET0 pa.enbs-y
L0L 691°T (41 9LTT LSO'T LLL 198 9LTT 9LTT SuoleAlssqo
(£25T) (08TT) (986°0) (00£T) (899°0) (eeve) (s88°0) (¥2¥0°0) (¢e2000)
GSCC— 100 26900~ 9411 0260~ 0/8¢C— 8870 19600~ «+9%20°0 AT « p2ID21L
(6) (8) (2) (9) (S) (¥) (€) (@ (t) s9|qeLieA
Jnejop  sainsodxa p\Y  sadnsodxa A\Y  saansodxa Ay s@4nsodxa AAY sainsodxa sainsodxa ySivm oneu
ursainsodx3y  [%00T-%SLI [9%S£-%0SI [9%05-%02( [%0z-%2tl MY [%eT-%0l MY %0 st a3esany a3elana]

$392Nq 3Y319M Xsi1 Ag S24nsodxa Jo uoijisodwodap pue s3ysiam ysia a3elaAe ‘oljed agesaAs)| Sulpus) (e) [sued

S|0J3U0D [9A3]-){ueq SUlAJeA aWI} ON—SIS9} ssausnqoy 8 374V



FATOUH €T AL. WI LEY 23

independence of limitations arising from researcher’s discretion on the specifications of the matching model or the
number of matches. It also eliminates the need to drop certain controls to accommodate matching. Nevertheless, we
argue that propensity score matching is better as a baseline approach in the current experiment. Due to the nature
of banks the treatment group, we think comparing them to the entire control group, even with weighing, could lead to
misleading results, given the significant business model differences. The outcome of DiD regressions based on entropy
balancing are presented in Table 9 and show similar patterns to those in our baseline regressions.

7.8 | Dropping high yield-disequilibrium periods

At the end of the section covering our theoretical model (Section 3), we indicate that risk shifting would happen follow-
ing the introduction of leverage ratio if the risk-adjusted capital-adjusted returns on the risky and safe assets do not
indicate significant disequilibrium. We further illustrate this in Appendix A3. To empirically investigate whether our
results would be different if the disequilibrium between safe and risky assets was lower, we use data on interest rates
on lending to small and medium enterprises (SMEs) and gilts yields to calculate representative risk-adjusted capital-
adjusted returns for risky and safe assets. We use these returns to estimate the level of disequilibrium in each quarter
post the introduction of leverage ratio, and rank quarters in terms of the level of disequilibrium (difference between
risk-adjusted capital adjusted returns on SME lending and gilts). We then rerun our baseline regressions after dropping
quarters with the largest 50% disequilibrium levels. The results of DiD regressions for this experiment are presented

in Table 10, and are consistent with the baseline results.

7.9 | Event study with staggered treatment

Following Sun and Abraham (2021), we run our models using a staggered treatment setup. While we do not have
staggered rollout (there is one treatment period only), we use approach as a further test for our baseline assess-
ment. Results for asset risk, the level of leverage and aggregate level of risk (Figure 3) are consistent with our baseline

assessment.

7.10 | Using an alternative measure of aggregate risk

Instead of using CDS spreads, in this experiment we run our baseline DiD regression for the aggregate level of risk
using equity returns. These returns allow us to measure risk based on the market perception of aggregate risk. We
collect weekly share returns for banks listed in London Stock Exchange between 2014 and 2022. Results of DiD regres-
sions of weekly share returns are presented in Table 11. As the results suggest, the weekly returns on LR banks’ shares
fell by around 20 bps compared to non-LR banks, implying that investors perceived LR banks as less risky post the
introduction of leverage ratio. The treatment effect falls to 12.5 bps if the COVID period was excluded, supporting our
argument that investors viewed LR banks more resilient, especially in stress.

8 | CONCLUSION

The leverage ratio was introduced as part of the post 2007-2008 financial crisis Basel reforms as a simple measure,
complementing the risk-based capital requirements for banks. The leverage ratio captures both on-balance sheet and
off-balance sheet exposures of banks in a risk-neutral fashion, without applying risk weights reflecting the riskiness

of exposures, as in the risk-based capital requirements. Consequently, introducing the ratio into a regulatory regime
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Panel (a) — Average risk weights (asset risk)
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TABLE 11 DiD results for weekly equity returns

Including Excluding
Weekly equity COVID period COVID period
returns (1) (2)
Treated * LR —0.198*** —-0.125**
(0.0712) (0.0642)
Observations 6,500 5,492
R-squared 0.012 0.017
LR YES YES
Controls YES YES
Controls * LR YES YES
Bank FEs YES YES

Note: Coefficient estimates of weekly equity returns from 1 January 2014 to 31 December 2020. Treatment status Treated,;
equals to 1 for LR banks and O for non-LR banks. Controls are size measured as the log of total leverage exposure, Tier1 cap-
ital ratio, risk weighted assets, securities over total leverage exposure and off-balance sheet over total leverage exposure to
control business models. Standard errors (in parentheses) are clustered at the bank level.

Abbreviation: LR, leverage ratio.

*p <0.10.

**p < 0.05.

***p <0.01.

with risk-based requirements sets a de facto floor for risk weights. The floor would be binding for the low-risk activ-
ities with low risk weights (for example, repo lending), and hence may prompt a shift towards riskier assets. Yet, due
to higher risk weights on riskier assets, the increase in asset-risk would be accompanied with a lower level of lever-
age and insolvency risk. Thus, the impact on the aggregate level of risk relies on the interaction between these two
forces.

In this paper, we assessed the impact of leverage ratio capital requirements on risk-taking behaviour of banks theo-
retically, using a simple stylised model, and empirically. When introduced in the UK in 2016, the leverage ratio was only
applicable to a subgroup of banks, allowing for a difference-in-differences (DiD) setup, which compares the risk-taking
behaviour of banks subject to the leverage ratio (LR banks) relative to similar banks not subject to it (non-LR banks).
Our theoretical model suggested that binding leverage ratio requirements could induce a shift towards riskier assets
(i.e., higher asset risk), when introduced into a risk-based only regulatory regime. However, this shift would not be one-
for-one, due to the higher risk weights the riskier assets attract, making the bank less leveraged (i.e., lower insolvency
risk). Our empirical results indicate that LR banks did not increase asset risk, and slightly reduced leverage levels, com-
pared to the control group after the introduction of leverage ratio in the UK. As expected, these two changes led to
a lower aggregate level of risk. The DiD results show that credit default swap (CDS) spreads on 5-year subordinated
debt of LR banks fell relative to non-LR banks post leverage ratio introduction, suggesting the market viewed LR banks
as more resilient, especially during COVID stress.

Our results are highly relevant to policymakers. They indicate that the leverage ratio has so far attained its
objective of preventing the build-up of leverage in the banking system, while not causing unintended consequences
in terms of inducing banks to take more risk. As such, our paper represents a strong addition to the evidence
regulators and the Basel Committee on Banking Supervision can rely on to evaluate the post-crisis regulatory
reforms.

Lastly, we note that our exercise does not directly consider the potential fundamental differences in loan demand
for banks. A further extension of our exercise can employ loan level data linked to proxies for regional economic

activity together with banks’ presence at region level to control for loan demand side.
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ENDNOTES

1More details about the Basel Il reforms can be found on the website of the Bank for International Settlements (BIS): https://
www.bis.org/bcbs/basel3.htm?m=2572

2These exposures differ from derivatives assets or liabilities reported on the financial statements, and are calculated using
the current exposure method (CEM) or the Standardised Approach for Counterparty Credit Risk (SA-CCR).

3 Despite the larger retail deposits, a comparable control group in terms of size and business model could be constructed
using propensity score matching, as shown in Section 5.2.

4The coverage or the scope of application of the leverage ratio framework was expanded to include the ring-fenced sub-
sidiaries of these banking groups (in 2018), and non-ring-fenced subsidiaries (in 2022). From 2023, the framework became
applicable to all banks with foreign exposures of £10 billion or more.

> This assumes banks maintain risk weight assets (RWAs) at their pre leverage ratio levels. Hence, reducing assets with 10%
risk weight by £1 releases capacity sufficient for a £0.50 increase in assets with 20% risk weights.

éWhen it was introduced in the UK in 2016, the leverage ratio was applicable at the level of the banking group, rather than
individual solo entities or business units. As such, both requirements in our model apply to the bank as one unit (bank-level).
Yet, the bank’s internal procedures ultimately determine the level at which the requirements apply. A bank may choose to
apply the requirements at the bank-level or at the unit-level (i.e., to individual business units). In the first case, capital is
fungible across business lines, whereas in the second the bank endows each business line with a specific amount of capital.
There is evidence that some banks follow a benchmarking approach to allocate capital to their business units, under which
they consider the leverage ratio requirements of each unit (e.g., Bank of England, 2018). In this case, the leverage ratio
would be effectively applied at the business unit-level. This was not intended, and the Financial Policy Committee (FPC)
of the Bank of England reiterated that the leverage ratio should not be applied to individual activities (Bank of England,
2019).

7 It would be possible for the bank to be bound by both requirements, if there was an asset with 0% risk weight, which we do
not include in our model.

8See Appendix A3 for an illustration.

?These groups are Barclays, HSBC, Lloyds, NatWest (formerly, Royal Bank of Scotland), Standard Chartered Bank, Santander
UK, Nationwide Building Society and Virgin Money (formerly, Clydesdale). There are no marginal cases (i.e., banks with retail
deposits approaching the £50 bn threshold), as the control bank with largest retail deposits, had less than £25 bn in such
deposits.

10This changed in 2023, when the leverage ratio became applicable at all levels of consolidation. However, this is outside the
scope of our sample.

11 This dummy is only used for lending to non-financial businesses regressions shown in Appendix.

12Sjince our database includes few treated banks, we try several matching ratios (from 1:4 to 1:10) using the covariates from
a probit model that regresses the treatment dummy on bank size (log of total leverage ratio exposures), risk density (risk
weighted assets over total leverage exposures), business model (proxied by total securities over total leverage exposures
and off-balance sheet exposure over total leverage exposures), and capitalisation (Tier 1 capital over risk weighted assets).
Matching results are generally consistent and confirm that we cannot reject the hypothesis that all coefficients are zero in
the post-matching models. We opt for 1:5 matching ratio since it minimises post-matching differences between the treat-
ment and control groups, showing also the best compromise in terms of p-values and groups size. The results of matching
using other matching ratios are non-tabulated and available from the authors upon request.

REFERENCES

Acharya, V. V., & Steffen, S. (2015). The “greatest” carry trade ever? Understanding Eurozone bank risks. Journal of Financial
Economics, 115(2),215-236.
Acosta-Smith, J., Arnould, G., Milonas, K., & Vo, Q. A. (2019). Capital and liquidity interaction in banking.

85UB017 SUOWIWIOD A1) B|eal|dde au A pausenof aie piLe WO ‘88N JO s8I 104 AXIq1T 8UIIUO /B]IM UO (SUORIPUOD-PUe-SWe}/W00" A3 | 1M AReIq 1 [euUo//:SdhL) SUORIPUOD pUe SLLB | 84} 89S *[£202/2T/02] Uo Aiqiaulju A8|IM 'S JO AiseAIUN UeIBBMION NUIN Aq GBTZT ILY/TTTT OT/I0p/W0d"A8| M Atelq U1 juO//Sdiy WOy papeojumod ‘0 ‘9Tv089KT


https://orcid.org/0000-0002-3114-3851
https://orcid.org/0000-0002-3114-3851
https://www.bis.org/bcbs/basel3.htm?m=2572
https://www.bis.org/bcbs/basel3.htm?m=2572

FATOUH €T AL. WI LEY 29

Acosta-Smith, J., Grill, M., & Lang, J. H. (2020). The leverage ratio, risk-taking and bank stability. Journal of Financial Stability,
100833.

Agoraki, M. E. K,, Delis, M. D., & Pasiouras, F. (2011). Regulations, competition and bank risk-taking in transition countries.
Journal of Financial Stability, 7(1), 38-48.

Atanasov, V. A, & Black, B. S. (2016). Shock-based causal inference in corporate finance and accounting research. Critical
Finance Review, 5,207-304.

Bank of England. (2018). Topical article: Banks’ internal capital markets: how do banks allocate capital internally? Bank
of England Quarterly Bulletin, 2018 Q2. Bank of England. https:/www.bankofengland.co.uk/-/media/boe/files/
quarterly-bulletin/2018/banks-internal-capital-markets-how-do-banks-allocate-capital-internally.pdf?la=en&hash=
001038D8207C4CEF74F29E1340ADCCE91AD3CF6C

Bank of England. (2019). Bank of England Financial Stability Report, December 2019. Bank of England. https:/
www.bankofengland.co.uk/-/media/boe/files/financial-stability-report/2019/december-2019.pdf?la=en&hash=
4A650CFOFB871B5094C614C99689D9AD930CAA01

Baranova, Y., Liu, Z., & Shakir, T. (2017). Staff Working Paper No. 665: Dealer intermediation, market liquidity and the impact
of regulatory reform (No. 665). Bank of England.

Basel Committee for Banking Supervision. (2014). Basel Ill leverage ratio framework and disclosure requirements. Bank for
International Settlements.

Basel Committee for Banking Supervision. (2017). High-level summary of Basel Ill reforms. Bank for International Settlements.
https://www.bis.org/bcbs/publ/d424_hlsummary.pdf

Berger, A.N., & Demirglic-Kunt, A. (2021). Banking research in the time of COVID-19. Journal of Financial Stability, 57, 100939.

Berger, A. N., & Roman, R. A. (2020). TARP and other bank bailouts and bail-ins around the world: Connecting Wall Street, Main
Street, and the financial system. Academic Press.

Bertrand, M., Duflo, E., & Mullainathan, S. (2004). How much should we trust differences-in-differences estimates? The
Quarterly Journal of Economics, 119(1), 249-275.

Bicu-Lieb, A., Chen, L., & Elliott, D. (2020). The leverage ratio and liquidity in the gilt and gilt repo markets. Journal of Financial
Markets, 48, Forthcoming.

Bolt, W., & Tieman, A. F. (2004). Banking competition, risk and regulation. Scandinavian Journal of Economics, 106(4), 783-804.

Cenedese, G., Della Corte, P, & Wang, T. (2021). Currency mispricing and dealer balance sheets. The Journal of Finance, 76(6),
2763-2803.

Choi, D. B., Holcomb, M. R., & Morgan, D. P. (2020). Bank leverage limits and regulatory arbitrage: Old question-new evidence.
Journal of Money, Credit and Banking, 52(S1), 241-266.

Dermine, J. (2015). Basel lll leverage ratio requirement and the probability of bank runs. Journal of Banking & Finance, 53, 266-
277.

Ediz, T., Michael, |., & Perraudin, W. (1998). The impact of capital requirements on UK bank behaviour. Economic Policy Review,
4(3).

Fatouh, M., & McCunn, A. A.(2022). Shareholder risk-taking incentives in the presence of contingent capital. Journal of Financial
Regulation and Compliance, 30(1), 25-42.

Fatouh, M., Giansante, S., & Ongena, S. (2021). Economic support during the COVID crisis. Quantitative easing and lending
support schemes in the UK. Economics Letters, 209, Forthcoming.

Fatouh, M., Giansante, S., & Ongena, S. (2022). Quantitative easing and the functioning of the gilts Repo Market, Mimeo.

Gerba, E., & Katsoulis, P. (2021). Staff Working Paper No. 954 The repo market under Basel |Il. Bank of England Staff Working
Paper No. 954.

Giansante, S., Fatouh, M., & Ongena, S. (2022). The asset reallocation channel of quantitative easing. The case of the UK. Journal
of Corporate Finance, 102294.

Godlewski, C. J. (2005). Bank capital and credit risk taking in emerging market economies. Journal of banking Regulation, 6(2),
128-145.

Gonzélez, F. (2005). Bank regulation and risk-taking incentives: An international comparison of bank risk. Journal of Banking &
Finance, 29(5), 1153-1184.

Hainmueller, J., & Xu, Y. (2013). Ebalance: A Stata package for entropy balancing. Journal of Statistical Software, 54(7). https://
www.bis.org/publ/bcbs270.pdf

Jacques, K., & Nigro, P. (1997). Risk-based capital, portfolio risk, and bank capital: A simultaneous equations approach. Journal
of Economics and Business, 49(6), 533-547.

Klomp, J., & De Haan, J. (2012). Banking risk and regulation: Does one size fit all? Journal of Banking & Finance, 36(12), 3197-
3212.

Kotidis, A., & Van Horen, N. (2018). Repo market functioning: The role of capital regulation. Bank of England Staff Working
Paper no. 746.

Laeven, L., & Levine, R. (2009). Bank governance, regulation and risk taking. Journal of Financial Economics, 93(2), 259-275.

85UB017 SUOWIWIOD A1) B|eal|dde au A pausenof aie piLe WO ‘88N JO s8I 104 AXIq1T 8UIIUO /B]IM UO (SUORIPUOD-PUe-SWe}/W00" A3 | 1M AReIq 1 [euUo//:SdhL) SUORIPUOD pUe SLLB | 84} 89S *[£202/2T/02] Uo Aiqiaulju A8|IM 'S JO AiseAIUN UeIBBMION NUIN Aq GBTZT ILY/TTTT OT/I0p/W0d"A8| M Atelq U1 juO//Sdiy WOy papeojumod ‘0 ‘9Tv089KT


https://www.bankofengland.co.uk/-/media/boe/files/quarterly-bulletin/2018/banks-internal-capital-markets-how-do-banks-allocate-capital-internally.pdf?la=en%26hash=001038D8207C4CEF74F29E1340ADCCE91AD3CF6C
https://www.bankofengland.co.uk/-/media/boe/files/quarterly-bulletin/2018/banks-internal-capital-markets-how-do-banks-allocate-capital-internally.pdf?la=en%26hash=001038D8207C4CEF74F29E1340ADCCE91AD3CF6C
https://www.bankofengland.co.uk/-/media/boe/files/quarterly-bulletin/2018/banks-internal-capital-markets-how-do-banks-allocate-capital-internally.pdf?la=en%26hash=001038D8207C4CEF74F29E1340ADCCE91AD3CF6C
https://www.bankofengland.co.uk/-/media/boe/files/financial-stability-report/2019/december-2019.pdf?la=en%26hash=4A650CF0FB871B5094C614C99689D9AD930CAA01
https://www.bankofengland.co.uk/-/media/boe/files/financial-stability-report/2019/december-2019.pdf?la=en%26hash=4A650CF0FB871B5094C614C99689D9AD930CAA01
https://www.bankofengland.co.uk/-/media/boe/files/financial-stability-report/2019/december-2019.pdf?la=en%26hash=4A650CF0FB871B5094C614C99689D9AD930CAA01
https://www.bis.org/bcbs/publ/d424_hlsummary.pdf
https://www.bis.org/publ/bcbs270.pdf
https://www.bis.org/publ/bcbs270.pdf

FATOUH ET AL.

* L WILEY

Leeladhar, V. (2007). Basel Il and credit risk management. speech delivered at the inaugural address in the programme
organised by the Centre for Advanced Financial Learning for the whole-time directors of the commercial banks at Goa,
September, 15.

Martynova, N., & Perotti, E. (2018). Convertible bonds and bank risk-taking. Journal of Financial Intermediation, 35, 61-80.

Neamtu, I, & Vo, QA. (2021). Banks' internal capital allocation, the leverage ratio requirement and risk-taking. Bank of England
Staff Working Paper, no.956.

Noss, J., & Patel, R. (2019). Decomposing changes in the functioning of the sterling repo market. Bank of England Staff Working
Paper No. 797.

Rime, B. (2001). Capital requirements and bank behaviour: Empirical evidence for Switzerland. Journal of Banking & Finance,
25(4),789-805.

Rochet, J. C. (1992). Capital requirements and the behaviour of commercial banks. European Economic Review, 36(5), 1137-
1170.

Rodnyansky, A., & Darmouni, O. M. (2017). The effects of quantitative easing on bank lending behavior. The Review of Financial
Studies, 30(11), 3858-3887.

Roulet, C. (2018). Basel IlI: Effects of capital and liquidity regulations on European bank lending. Journal of Economics and
Business, 95, 26-46.

Sun, L., & Abraham, S. (2021). Estimating dynamic treatment effects in event studies with heterogeneous treatment effects.
Journal of Econometrics, 225(2), 175-199.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Supporting Information section at the end of this article.

How to cite this article: Fatouh, M., Giansante, S., & Ongena, S. (2023). Leverage ratio, risk-based capital
requirements, and risk-taking in the united kingdom. Financial Markets, Institutions & Instruments, 1-30.
https://doi.org/10.1111/fmii.12185

AUTHOR BIOGRAPHIES

Mahmoud Fatouh Bank of England, Department of Economics, Finance and Accounting, University of Leicester,
and Department of Economics, University of Essex; Bank of England, Threadneedle Street, London, EC2R 8AH,
United Kingdom; mfatou@essex.ac.uk

Simone Giansante Department of Economics, Business and Statistics, University of Palermo;
simone.giansante@unipa.it

Steven Ongena University of Zurich, Swiss Finance Institute, KU Leuven, NTNU Business School and CEPR; PLR-
H-114, Plattenstr. 14, 8032 Ziirich; steven.ongena@bf.uzh.ch

85UB017 SUOWIWIOD A1) B|eal|dde au A pausenof aie piLe WO ‘88N JO s8I 104 AXIq1T 8UIIUO /B]IM UO (SUORIPUOD-PUe-SWe}/W00" A3 | 1M AReIq 1 [euUo//:SdhL) SUORIPUOD pUe SLLB | 84} 89S *[£202/2T/02] Uo Aiqiaulju A8|IM 'S JO AiseAIUN UeIBBMION NUIN Aq GBTZT ILY/TTTT OT/I0p/W0d"A8| M Atelq U1 juO//Sdiy WOy papeojumod ‘0 ‘9Tv089KT


https://doi.org/10.1111/fmii.12185

	Leverage ratio, risk-based capital requirements, and risk-taking in the United Kingdom
	Abstract
	1 | INTRODUCTION
	2 | RELATED LITERATURE
	3 | THE THEORETICAL MODEL
	3.1 | The baseline model
	3.2 | Leverage ratio and asset-risk a further look

	4 | DATA
	5 | EMPIRICAL DESIGN
	5.1 | Baseline DiD model
	5.2 | Propensity score matching

	6 | RESULTS
	6.1 | Asset risk
	6.2 | Insolvency risk
	6.3 | Aggregate level of risk

	7 | ROBUSTNESS TESTS
	7.1 | Timing effects
	7.2 | Using an alternative treatment group
	7.3 | Results excluding the COVID period
	7.4 | Using a shorter event window
	7.5 | Using a collapsed event window
	7.6 | Dropping controls
	7.7 | Using an alternative matching technique (entropy balancing)
	7.8 | Dropping high yield-disequilibrium periods
	7.9 | Event study with staggered treatment
	7.10 | Using an alternative measure of aggregate risk

	8 | CONCLUSION
	ACKNOWLEDGEMENTS
	ORCID
	ENDNOTES
	REFERENCES
	SUPPORTING INFORMATION
	AUTHOR BIOGRAPHIES


